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CHAPTER I
ORIENTATION TO THE STUDY
Movement

Brief History

The basic premise of movement_educqtion in the United
States is not a new one. The importance of physical laws to
effective and efficient mo%ement was suggested by Wattsl as
early as 1914, Labang‘presented»the idea in 1920 that move-
ment is basic to human existence; and although he valued
dance for its contribution to artistic growth, individual
worth, ‘and scientific and educational benefits, he thought
that the greatest value of dance was its ability to bring

about discovery of self. Two early writers were Curetond and

Karpovich,4 who published articles in the 1930's which dealt

Ipiana Watts, The Renaissance of Greek Ideals (New
York: Fredrick A, Stokes Co., 1914).

2Rudolf‘Laban, Die Welt des Tidnzers (Stuttgart:
Verlag Walter Seiffert, 1920).

3Thomas K. Cureton, "Mechanics and Kinesiology of
Swimming," Research Quarterly, Vol. I, No. 4 (December, 1930),
ppl 87_1211 :

dpeter V. Karpovich, "Water Resistance in Swimming,"
Research Quarterly, Vol. IV, No. 3 .(October, 1933), pp. 21-
28.
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with the application of physical laws to various activities.
The first American textbook which applied the principles of
physical laws to the teaching of physical education was writ-
ten by Glassow! in 1932.. It was not until the 1950's, however,
that any appreciable interest wds shown in movement education
by professional physical educators. It was unfortunate that
movement education was introduced to the profession at this
time as "basic mechanics" or "body mechanics." Because of
this extremely narrow interpretation given to movement educa-
tion, there was littie enthusiasm and acceptance of it and,
in fact, much dissatisfaction resulted. The concept, as it
was presented, did not encompass the entire gamut of'physiéal
education., However, there were professionél individuals who
saw real value in the basic premise of movement education;
individuals who could see beyond the narrow concept of body
mechanics., It was through the efforts of these few individ-
uals that the 1956 Workshop of the National Association for
Physical Education of College Women was devoted to examining
the problems which had resulted from the narrow interpreta-
tion of movement education. It was hoped that the terﬁi-
nology and definitions of terms agreed upog by those present
at the Workshop would, witﬁ general acceptance, do much to

clarify or diminish the confusion and disagreement concerning

l1Ruth B, Glassow, Fundamentals of Physical Education
(Philadelphia: Lea and Febiger, 1932).
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L At the very least, professional physi-

movement education.
cal educators could speak the same language.

The National Association for Physical Education of
College Women maintains that movement is the tool employed
by physical educators who seek to develop their students'
potential; this tool may be used in a variety of ways; and,
it is appiicable to all facets of physical education,

In 1961 the National Section on Dance, more recently
restructured as the Dance Division of the American Associa-
tion for Health, Phy;ical Education and Recreation, made a
unified effort to establish new views and approaches to
understénding mofement. Described below are the six basic
theories of movement, which have developed.over the past 123
years, that were examined by this group in an attempt to
reach a unanimous acceptance of a general concept.2

1. Francois Delsarte based his system of movement
upon the law of trinity, which is comparable to our concept
of time, force and space. His classifications of principles
were: opposition, parallelism, and succession of sequence.

2. Emil Jacques Dalcrosé developed the theory'of

Eurythmicy--a system of developing rhythmic potential through

INational Association for Physical Education of
College Women, "Definitions of Movement Terms," NAPECW
Report (1964}, p. 145,

2National Section on Dance, "Report: Theories of
Movement," Focus On Dance II (Washington, D. C.: American
Association for Health, Physical Education and Recreation,
1962) .




the use of the body which, he believed, serves as .the
interpreter of musical rhythm.

3. Rudolph Laban anaiyzed and investigated the
meaning of movement as it related to art, education, industry,
recreation, and therapy.

4., Martha Graham's main theory--"contraction and
release"~—emphasizés the center of the body as the origin of
movement ,

5. The Humphrey-Weidman theory deals with creative
exploration of movement values with emphasis upon body reac-
tions,

6. Eleanor Metheny and Lois Ellfeldt postulate the
theory that man makes sense out of what he sees, hears,
touches, tastes, smells, and feels by forming concepts con-
cerning these various forms of sensory data, and then trans-
forming these concepts into symbolic forms by moving their
bodies. -

It is regrettable that the National Section on Dance
was unable to reach a unanimous acceptance of a general
concept of movement since this group is so intimately in-
VOI;Ed in movement,

It appears, at least to this author, that the lack
of general acceptance of the concepts qf movement education
is due, not to a disagreement concerning the importance of

movement to the ultimate or total development of the



individual, but, to a problem of semantics concerning the

various components which comprise movement education,

Basic Beliefs

In the past thirty-seven years, it has become in-
creasingly apparent that the mind and body can not be
separated if the individual is to develop to his fﬁllest
capacities. To cling to thé Middle Ages' dualistic concept
of thg individual is totally unrealistic and completely false
in the face of all the scientific evidence which points to
the complexity of the interdependency of the body and mind,
The fact that the body is physical and possesses mass, and
this mass occupies space, proves to be confusing to some
individuals when they are asked to consider it other than
purely bhysical. A very obvious truth overlooked in such a
belief is the fact that the human body is capable of produc-
ing energy and, thus, is able to move itself.l If the
human body were strictly physical this would not be possible;
it could be moved only by an external force.

Slusher indicates that "mind and body can not be
separated nor can one be placed above the other in'impor—
tance."2 1In the case of the human body, one can not exist

without the other nor can one develop'without the other.

lEugene F. Kaelin, "Being in the Body," NAPECW
Report (1964), p. 90.

2Howard S. Slusher, "The Existential Function of
Physical Education,"” NAPECW Report (1964), p. 133.




Some ind&viduals consider the physical aspects of a person
less significant than the intellectual aspects. The results
of such limited considerations can only assure that the
learning process will be less effective than it could have
been. According to the most recent and most widely accepted
theory concerning human learning, the physical aspects of an
individual constitute the process through which learning
takes place and the intellectual aspects represent the
extent, or the results, of the process.l’2 Physical anthro-
pologists indicate that throughout the evolutionary process
it appears that man's increasing capacity for movement and
the growing complexity of the nervous system were mutually
interdependent functions, each contributiné to the develop-
ment of the other.3

The conclusions of studies conducted by psychologists
prior to the 1930's relate that human performance and learning
are based upon reaction to discrete sensory stimuli and that

learning depends upon the strengthening of the bonds between

stimuli and the responses of the organism.4 Since the 1930's,

1Kaelin, Ghe Biltes Pe 99

2Delbert Oberteuffer and Celeste Ulrich, Physical
Education (New York: Harper and Row, 1962), p. 61.

3Julian Huxley, A. C. Hardy, and E. B, Ford, .
Evolution as a Process (London: Jarrold and Sons Limited,
1958) , pp. 197-198. :

4Ernest R. Hilgard,-Theories of Learning (New York:
Appleton-Century-Crofts, Inc., 1948), pp. 15-45, 48-79, 82-
119, 121-182, 185-220.
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psychology theorists have maintained that stimuli within the
environment are organized into patterns and that the result-
ing performance is based upon.the meaning attached to the
total field of experience.1

Research findings indicate that a two-factor theory
of motor performance can be supported.2’3’4’5 The two-factor
theory contends that there are several groupg of general
abilities which are essential or fundamental to performance.
These abilities are largely independent of each other, but
they contribute to the execution of several groups of skills.©
These general abilities include: (1) Efficient utilization
of space in accurate moveﬁent, (2) The ability to summon and

to exert maximum force and speed when needed, (3) Freedom

from excess tension, (4) Motivation, and (5) The ability to

l1bid., pp. 222-255, 258-288, 307-325, 328-366.

2Patricia Woodward, "An Experiméntal Study of
Transfer of Training in Motor Learning," Journal of
Applied Psychology, Vol. XXVII (1943), pp. 12-32,

3Paul M, Fitts, "The Information Capacity of the
Human Motor System in Controlling Amplitude of Movement,"
Journal of Experimental Psychology, Vol., XLVII (1954),
pp. 381-391. . 2

4Bryant J. Cratty, "Comparison of Learning a Fine
Motor Task with Learning a Similar Gross Motor Task Using
Kinesthetic Cues," Research Quarterly, Vol. XXXIII, No. 2
(May, 1962), pp. 121-221.

5Bryant J. Cratty, "Transfer of Small-Pattern Prac-
tice to Large-Pattern Learning," Research Quarterly,
Vol. XXXIII, No. 4 (December, 1962), pp. 523-535.

6Bryant J. Cratty, Movement Behavior and Motor
Learning (Philadelphia: Lea and Febhiger, 1964), pp. 50-51.




analyze a complex task. ! Cratty indicates that, in addi-
tion to these general abilities, individuals have numerous
specific abilities which are ﬁrimarily the result of ones'
opportunity to manipulate and explore within his environ-
ment,

Metheny?2 suggests that much of life and what life
means can not be néatly presented in sentencé form. This
fact in no way limits the importance of these feelings about
life‘because they play an important role in the behavior of
each individual, even though they can not be verbalized or
stated completely in words and sentences. It is true that
individuals behave according to what they think or according
to meanings derived from sensory experiences--it appears to
be so, according to knowledge concerning the learning process--
movement behavior is a mental behavior, just as any other
behavior is mental, An individual learns to move in the same
way he learns to read, by structuring perceptions int; inte-
grated wholes that are meaningful as symbolic forms.3 Move-
ment is created out of the forces which act upon man, the

results of interactions between the internal forces and

lipid.

2Eleanor Metheny, "An Inquiry Into the Nature of
Movement as a Significant Form," Connotations of Movement
in Sports and Dance (Dubuque: Wm, C. Brown Co., 1965),
pp. 17-18. '

3Ibid., pp. 76-7T.



external'forces—-"Too much like thinking to be less than
thought."l
Regarding the superiority of the conditioned response
over the simple reflex action, Kaelin suggests that "it is
reasonable to admit that excitation, conditioning and/or
inhibition do not completely explain all that exists in the
learning behavior‘of human beings."2 He goes on to say that
"existence of the body is a process of meanings which progress
toward the whole, é whole which is interpreted as how much
andvhow good."3 The'purpose of developing motor skill is to
be able to accomplish desires or to meet needs in the most
efficient way without consciously having to think through
each movement before or during each task pérformance. The
possession of motor skills aid in the enrichment of living. "
The development of a cultural environment is a product

of the body having transformed its meanings into symbols.
Kaelin expresses this point ratherrartistically with his
translation from Merleau-Ponty:

Vision and movement are specific manners of relating

ourselves to objects; and if, by all these experi-

ences, a unique function is expressed, it is the

unfolding of an existence which does not supress the

radical diversity of its contents. For, it relates

whatever contents it has not by placing them under

the strict control of an "I think," but by orienting
them towards the intersensorial unity of a "world."

libid., p. 19.

2Kaelin, op.'cit., p. 93.
3Ibid.
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Much of the present research concerning movement
is being conducted in industry, psychology, anthropology,
various aspects of the medicaf profession, the performing
arts, and numerous fields of education. The widespread
interest in this kind of research is an indication that
efficient movement is important to our present society and
also an indication.that there is still much fo be learned
about efficient, effective movement.

It would appear, according to current beliefs, that
the purpose of education is to continuously strive for more
refined, highly developed, and specialized behavioral pat-
terns of human conduct. This can not be done by pretending
that the beginning stages or foundations do not exist or by
considering them less significant than the higher patterns
of behavior, or by denying that the higher patterns have no
relationship to the lower. This concept might be ‘compared-
to a building--there would be no second floor without a
foundation and a first floor, and, how high the building
can be built will deﬁend upoﬁ the characteristics or prop-
erties of .the foundation. How practical, durable, and use-
ful the building will be‘depends entirely upon the thought,
planning, and foresight of the individual responsible for
its construction, The same premise holds true in education,
How fully developed'an individual becomes depends upon
educators' ability to see all of the necessary components

involved in this developmental process. The cultural needs



11
of a society change from time to time as that society moves
through the process of civilization., Education must not
only prepare individuals to cdpe with the future but, more
important, to be able to fashion it in a manner which not
only meets human needs but challenges the best capacities
of man--not the best capacities of a few individuals, but

the best capacitie§ of all individuals.ls2,3

Movement Education

A close look at current physical education programs
reveals that those activities which are most closely related
to the body are the very ones which have either been ignored:
or given a minimum amount of attention.4 The activities
which would make possible the exploration of movement are
noticeably absent in too many programs of physical educa-
tion. Too often the body has been regarded only as a means
to attain an end ana then only as it relates to a.specific‘

activity. There has been a tendency to coach for perfection

of skill development, and in many cases this has resulted in

lEducation Policies Commission, The Central Purpose
of American Education (Washington, D. C.: National Education
Association, 1962).

) 2Education Policies Commission, Social Responsibility
in a Free Society (Washington, D. C.: National Education
Association, 1963).

) 3President's Commission on National Goals, Goals for
ﬂﬂsiigggg (Washington, D. C.: The American Assembly, 1960).

4Seymour Kleinman, "The Significance of Human Move-
men;§6 A Phenomenological Approach," NAPECW Report (1964),
p' .
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an extremely limited repertoire of movement patterns for the
student, Movement becomes significant to an individual
through a knowledge about the body and through an awareness
of self, which develops through moving the body. Slusher
suggests that:

Every question of human existence may be answered
in movement. However, the degree to which this
will be attained will be dependent upon the degree
to which the individual attains awareness.

The major areas of concern in movement education are:

1. Development of physical qualities necessary to
effective movement.

2. Development of an awéreness of the principles
which are involved in human movement. |

3. Development of an understanding of how these
principles affect movement.

4. Development of basic movements.,

5. Application of mechanical principles and combining
basic movements to develop fundamental motor patterns which
may be modified as needed in order to develop specialized
skills which relate specifically to a particular activity.

The basic premise of movement education, as stated
by Broer, is: |

Movement is used in some way to some degree, in
every task accomplished by human beings. The need
of every individual is to understand human movement

so that any task, light or heavy, fine or gross,
fast or slow, long or short duration, whether it

1Slusher, 6p. cit.
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involves everyday living, work, or recreational
skills can be approached effectively.l

The challenge to physical educators is to assist
individuals in learning to use their bodies effectively in
the performance of all tasks demanded of it. Broer? main-
tains that physical educators who understand the basic
mechanical principles and their application to human motion
can teach knowledges important to all skills through any
specific activity. This concept moves beyond the practice
of developing a few isolated, specialized skills. In move-
ment education there is less concern with how the student
looks and more concern with the mechanical efficiency,
energy expenditure, and rhythmic quality of tﬁe movement .3
Basic movement education should include numerous opportuni-
ties for body movement in relation to a great variety of
objects., Hopefully, children who are exposed to this kind
of education will have a large repertoire of movement pat-
terns and an understanding of principles involved in movement
by the time they reach high school.

Cardinal to the theory of movement education is the
premise that the physical laws of motion which govern all
movement also govern human movement. This théory also implies

that the specialized skills which make up all the various

lMarion R. Broer, Efficiency of Human Movement (2nd
ed.; Philadelphia: W. B. Saunders and Co., 1966), p. 3.

2Ibid., p. 328. T : « M

31bid., p. 332.
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physical activities involve the use of the same fundamental
movements and motor patterns, modified‘according to the
specific purpose of the particular activity.1 Therefore,
if the physical principles of movement are learned and under-
stood, applications can and/or should develop, which would
facilitate all motor skill learning.

Theory of Transfer Relevant to
Movement Education

Advocates of movement education and psychologists do
not ;se the terms "motor skill performance" and "motor
learning" synonymously. Motor skillyperformance is specific;
accofding to what is known at the present time about the
establishment of pathways within the nervous system., How-
ever, mator learning is both general and specific.2 .In
addition to the actual task specifics, there are a number of
general conditions thaf contribute to motor performance,

Even though ThorndikeS»? believed very strongly in
the theory of identical elements, he recognized the existence

of general principles. To use his words:

libid., p. 338.

2N. L. Munn, "Bilateral Transfer of Learning,"
Journal of Experimental Psychology, Vol. XV (1932), pp. 343-
353. ‘

3E. L. Thorndike and R. S. Woodworth, "The Influence
of Improvement in One Mental Function Upon the Efficiency of
Other Mental Functions," Psychological Review, Vol., XIII
(1901), pp. 247-261, 384-395.

4E., L. Thorndike; Educational Psychology (New York:
Teachers College, Columbia University, 1924), p. 269.
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Every change must be in a specified bond, and though,
as a rule, these bonds are between concrete, partic-
ular responses, some of these particularized bonds
are of very widespread value. There are bonds
involving situations and elements of situations which
are, in the ordinary sense of the word, general,

Judd, the first individual to propose the theory of
generalization, believed very strongly "that some general
ability to analyze the task factor underlies performance."z’3
He also suggested that the nature of the task and the ability
of the learner to understand and to apply basic performance
principles seems to determine the extent of their effect
upon learning efficiency.

Skinner4 declared that learning simple skills con-
sists of reorganizing into an action pattern movements
already learned. Movements are organized into skills;

’
therefore, readjustments of previously automatized patterns
are necessary.

Trow? contends that there is confirmed evidence to

support the desirability of learning by grouping discrete

g, L. Thorndike, Educational Psychology, Vol., II
(New York: Teachers College, Columbhia University, 1921),
p. 418, .

2¢. H. Judd, "Movement and Consciousness,"”
Psychology Review, Vol. VII (1905), pp. 199-226.

3c. H. Judd, "Special Training and General Intel-
ligence," Educational Review, Vol. XXXVI (1908), pp. 28-42,

4p. F. Skinner, The Behavior of Organisms (New York:
Appleton-Century-Crofts, Inc., 1938), p. 437.

SWilliam Clark Trow, Educational Psychology (Dallas:
Houghton Mifflin Co., 1950), pp. 520-521.




16
items into meaningful wholes, preferably relating them to
some principle. 1In each new learning situation, however,
there are retairned patterns f%om_previnus experience ready
to go into action. It is necessary, therefore, for the
learner to perceive and identify the familiar components in
the new situation and then select the correct response.

From this gnvestigator's review of nﬁmerous studies
and publications, she concluded that leading authorities
agree that transfer of learning does have a definite affect
upon subsequent learning. She further agrees with Cratty
"that transfer is dependent upon a combination of factors
both general and specific,"1 rather than being a simple,
one to one, relationship between factors. The process of
transfer of learning is a complex, complicated, interdepend-
ent functioning of all the various factors; and, continued
study and research is necessary before. it can be fully

understood.

Statement of the Problem

This study involved ninety-three students enrolled
in the reﬁuired'program-of physical education at the Texas
Woman's University in Denton, Texas, during the first and
second semesters of the academic year of 1966-1967, in an
attempt to investigate the contributions and the importance

of movement education as a prerequisite to instruction in a

lCratty, Movement Behavior and Motor Learmning, p. 271.
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selected physical education activity. Specifically, £he
problem was to investigate the effectiveness of a prerequi-
site unit of movement educatian upon the level of achieve-

ment in the specialized skill of bowling.

Purpose of the Study

The general purpose of this inquiry was to test the
following hvpothesis: The result of participation in a
prerequisite unit of movement education will effect a higher
level of achievément in ghe specialized skill of bowling
than will specialized skill instruction without the unit of
movement education.

The specific sub-hypotheses to be tested were:

1. The Thofndike theory of "identical elements" and
the Judd theory of “generalizatian" are not opposing theories
in their meanings for educ;tional practiqes.

2 Student; beginning the bowléng unit one week
after the completion of the movement education unit will
achieve higher bowling scores at the mid-point of the bowling
unit than will the students who do not receive the movement
education‘unit and/or the students beginning the bowling
unit one month after the completion of the movement educa-
tion unit.

3. Students beginning the bowling unit one month
after the completion of the movement educatibn uﬂit will

achieve higher bowling scores at the mid-point of the bowling
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unit tha& will the students who do not receive the movement
education unit, |

4., Students beginning the bowling unit one week
after the completion of the movement education unit will
achieve a higher final bowling score than will the students
who do not receive the movement education unit and/or the
students beginning the bowling unit one month after the
completion of the movement education unit.

5. Students begiﬁning the bowling unit one month
aftér the completion.of the movement education unit will
achieve higher final bowling scores than will the students
who do not receive the movement education unit.

6. The application of mechanical ﬁrinciples to the
specialized skill of bowling will affect bowling scores

favorably.

Definitions and Explanations of Terms

‘The following definitions and/or explanations of
terms were accepted for use as they relate to this study.

1. Movement Education: - Providing experiences through

which an individual develops understanding 'of, appreciation

1

for, and skill in human movement.

2. Basic Movement: Unstructured movement carried

on for its own sake and for increased understanding and

awareness of the movement possibilities available to the

INational Association for Physical Education of
College Women, op. cit. :



19

human body.l

3. Body Mechanics: Physical laws applied to the

human body at rest or in motion.?2

4, Fundamental Motor Patterns: Patterns that form

the foundation for the specialized skills required in daily
life, work, sports, and dance.?

5. Specialized Skill: Motor patterns which are

refined, medified, and/or combined to accomplish specific
purposes.4

6. Learning Curves: A graphic representation of

the successive scores (or group means) of an individual as
he learns a task.

In general, motor learning curves afe characterized
by an initial stage of relatively rapid improvement followed
by a phase in which improvement is not so rapid.

7. Plateau: A period during which little if any
improvement takes place.6 |

8. Initial Mean Score: The average of the scores

of the first three lines bowled (games 1-2-3).
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5Hi1gard, op. cit., p. 370.

S1bid., p. 373.
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9. DMid-point Mean Score: The average of the

scores of the three lines bowled midway in the bhowling
unit (games 9-10-11).

10, Final Mean Score: The average of the scofes

of the last three lines bowled (games 18-19-20),

11. Formal Instruction in Bowling: A formal class

situation with a student-instructor relationship in which a

particular unit of instruction is covered.

Limitations of the Study

The present study was subject to the following
limitations: |

1, Ninety-three students enrolled-iﬁ the required
program of physical education at the Texas Woman's University
in Denton, Texas, during the first and second semesters of
the academic year of 1966-67.

2. A movement education unit of instruction related
specifically to bowling, encompassing ten hours of class time.

3. A teacher-constructed test to determine the
students' knowledge of mechanical principles of movement,

4, A unit of bowling instruction to continue until
the required twenty lines of bowlihg had bgen-recorded.

5. IA rating scale to determine the application of
mechanical principles to the specialized skills necessary in
bowling. |

6. Scores obtained from each student on twenty

lines of bowling.
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Survey of Related Literature

Psychological literature is replete with studies on
the learning process and transfer of learning; whereas,
physical education literature is somewhat limited by compari-
son in reporting studies based upon psychological information
in applied situations. After a thorough review of the
literature in both fields, the investigator concluded that
her study did not duplicate any previous study reported.

The following digests of repofted research are
offered as examples of the many studies in the literature
which provided background information and guidelines for the
deveiopment of this study.

An article appearing in the Psychological Review

in 1901¥ was the first of a number of articles reporting
facts as indicated by Thorndike and Woodworth. The chief
method of investigation was to test the efficiency of some
function or functions, then to give training in some other
function or functions until a certain amount of improvement
was reached, and then to test the first function or set of
functions,

The experiments were concerned with the influence of
the training on efficiency and on abhility as measured by a
single test, not on the ability to improve. The authors
“suggested that it is possible that improvement in one func-

tion might fail to give improved ability in another, however,

LThorndike and Woodworth, op. cit.
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it may make possible faster improvement than would have

1

occurred without the training., Evidence in the investigators
experiments indicated the probability of the following con-

clusions:

1. It is misleading to speak of sense discrimina-
tion, attention, memory, observation, accuracy,
quickness, and the like, as multitudinous sep-
arate 1nd1v1dual functions.

2, It is misleading to speak of these funct1ons as
exercised without narrow fields.

3. The mind is a machine for making particular
reactions to particular situations. It works
in great detail, adapting itself to the special
data it has experienced.

4. Improvement in any single mental function rarely
brings about equal improvement in any other
function, no matter how similar, because the
working of every mental function grcup is con-
ditioned by the nature of the data in each
particular case.

5. No change in data is without effect on the func-
tion and there is always a point where the loss

in efficiency of a function trained with certain
data is complete.

6. In cases of retention or loss of practice effect
makes it seem likely that spread of practice
occurs only where identical elements are con- .
cerne? in the influencing and influenced func-
tion.

Samples of the influence of training in one function
on the efficiency of other functions ?epqrted by Thorndike
and Woodworth included: (1) Influence of special training
in the estimation of magﬁitudes on the ability to estimate
magnitudes of the same general sort; partial formation.of a
number of associations, (2) The influence of training in

observing words containing combinations of letters, and
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(3) The influence of special training in memorizing on the
general ability to memorize,

In each of the experiments, the authors described
and then tested the influence of improvement in a specific
function on other functions closely allied to it, Wissler's
and Norsworthy's studies were cited as being of particular
interest.

The conclusions as stated by the authors were:

In four cases out of six examined ‘it is impossible
to attribute the differences to chance. The
probability that the differences in all the series
are due to chance is small. The differences are,
therefore, not chance, but significant; the abil-
ity to judge one magnitude is sometimes demonstrated
better than the ability to judge another, one func-
tion is better developed than its neighbor. The
functions of judging nearly equal magnitudes are,
sometimes, at least, largely separate and independ-
ent. A high degree of ability in one sometimes
co-exists with a low degree of ability in others.

Judd,2 in his investigation in 1908, indicated that
those who have advocated the doctrine of specific functions
have had a very limited view of the facts involved. Accord-
ing to the results of his experiments, he concluded that
transfer of practice is a complex process which must be
studied from a "variety.of points of view.

The types of transfer suggested by the investigator
are: (1) Joint improvement, (2) Reciprocal interference,

(3) After initial training, a decreased capacity for acquiring

new adjustments.

libid., pp. 260-261.

2Judd, Educational Review, pp. 28-42.




24

Judd contended that there were facis to justify the
statement that mental functions are ingerrelated and inter-
dependent in the most encompassing ways. He further as-.
serted that every experience changes the individual's
capacity for new experiences. The author mentions a study
started by Scholckow which was never finished and explains
how he carried this pxperiment a little further. Judd's
study involved two groups of fifth and sixth grade boys who
were required to hit a small underwater target with a small
dart. The difficulty in hitting the target was that of
refraction, which light experiences'through reflection.,

In this study, one group of boys was given a full
theoretical explanation of refraction. The other group was
left to.practice without the theoretical explanation. The
target was placed under twelve inches of water in the first
test, In the first series of trials, the theoretical
explanation scemed to be of no value since all of the boys
had to learn to use the dart. Theory proved to be no sub-
stitute for practice.

The conditions were changed; and, the target was
placed under four inches of water. At this ﬁoint the dif-
ferences between ‘the two groups were strikiﬁg. 'The boys
without the theory were very confused and they repeatedly
made the same erro?s. The boys who had been.exposed to the

theory rapidly adapted to the changed conditions.
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The author pointed out that the theofy was not of
value until it was backed by practice; but, when practice
and theory were both present, the best adjustment was worked
out rapidly. Theory was not proposed as a substitute for
practice. It was suggested as an additional method, supple-
mentary to practice.

The investigator admitted that the experiment was
not carried far enough to determine how long the boys with-
out'theoretical training would have to work at the problem
in order to overcome their confusion. It was noted that
this group did master the four inches, but again was confused
with eight inches.

Judd maintained that every experience has in it the
possibilities of generalization. Whether or not this gen-
eralization is worked out depends upon the individual's
abilities and interest. He emphasized the point that there
is nothing in such an experience which would lead one to
speak of training as specific and incapable of generaliza-
tion,

Judd was emphatic about his beliéf.that a dogmatic
answer to transfer of tréiqing is totally impossible.

Bruce,1 in 1933, conducted a study concerning the
conditions of transfer of training. This author indicated

that all transfer studies may be classified on the basis of

lRobert W. Bruce, "Conditions of Transfer of
Training," Journal of Experimental Psychology, Vol. XVI
(1933), pp. 343-361.
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whether a differentiation is made between the stimulus and

response terms of the experimental study and the extent to

which these terms are subjected to variation.

ditions

This study was an investigation of some of the con-

of transfer of training -concerning:

l -

Relation of conditions of learning to transfer:
A. New response to old stimulgs.

é. 0ld response to new stimulus.

C. New response to new stimulus.

Relation of the degree of integration of initial
learning to transfer:

A, New response to old stimulus..

B, O0ld response to new stimulus.

Relation of certain similarities between S;R;SgRjp
terms of the initial and subsequent learning
material to transfer:

A. New response to old stimulus.

B, 0ld response to new stimulus.

The learning material used was nonsense syllables.

Eighty-one college students served as subjects. Nine sub-

jects were used in each condition; 'and, each student was

tested individually.

The investigator concluded that: (1) Learning to

make an old response to a new stimulus results in a marked

degree of positive transfer, (2) Learning to make a new

response to a new stimulus results in a slight degree of
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positive'transfer, (3) Learning to make a new response to an
old stimulus results in a slight degree of negative transfer,
(4) Introducing similarities betwgen two or more of the
S1R1S9Ry terms increases positive transfer and decreases
negative transfer, and (5) By intreasing degrees of inte-
gration of the initial 1éarﬁing there is an increase in the
amount of positive transfer and a decrease in the amount of
negative transfer. Where the amount of negative transfer is
light, it shifts to positive transfer,

A Hendrickson Qnd Schroeder,l in 1941, conducted a
study which was an attempt to check on an earlier studied,
started by Scholckow and later finished by Judd, in which the
investigators reported that knowledge of thé principle of
refraction proved to be beneficial in dart throwing at an
underwater target. The intent was to attack the same problem
in a similar fashion, but with no claim of duplication since
there was no complete record of the-previous research design.
The authors maintained that only a vague description of the
procedures and the conclusions of the investigation were
available. |

Ninety eighﬁh grade boys ser{ed as subjects in this
study. These subjects were.divided into three groups of

thirty: experimental group A, experimental group B, and a

lGordon Hendrickson and William H, Schroeder, .
"Transfer of Training in Learning to Hit a Submerged Target,
Journal of Educational Psychology, Vol. XXXII (1941),
pp. 205-213.
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control group. The mean age and the mean percentile rank of
intelligence were used in an attempt to equete the three
groups. Markmanship was not fested for all three groups.

Two of the groups had been compared in a preliminary experi-
ment and the result indiﬁated that there were no negligible
differences between the boys matched in age and intelligence,
Air guns wére used in this study, raiher than darts,
as in the original study. The experimenters recorded each
hit as it was made. Accuracy of the hit was determined on
the basis of visual observations.
Two problems were set up for the control group:
(1) To hit a designated target with the water depth at six
inches, and (2) To hit a designated target with the water
depth at two inches. Three consecutive, successful hits
were required for the first problem before the subjects were
allowed to progress to the second prodlem,
Conaitions and requirements were the same for the
two experimental groups as for the control group. The sub-
jects in the two groups were given a written explanation of
the theory of refraction and were permitted to study until
tth declared that they.knew the principle. The subjects
were not allowed to ask questions. Experimental group B was
given one more sentence of explanétion than groﬁp A receivéd.
The two experimental groups received additional time,

as well as additional information, which certainly could have
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influencéd the results of the study. The following results
were reported:

l. Probiem One:

Both experimental groups learned more rapidly than
the control group; and, group B learned more rapidly
than group A. The differences were not high but were
statistically reliable. |

2. Problem Two;

The degree to which the instructed subjects éurpassed
vthe uninstructed.group appears to have depended upon the
explicitnesslof the theoretical explanation,

The investig;tors acknowledged the fact that motiva-
tion of the subjects might have had a considerable effect
upon the results of the study in that the subjects partici-"
pated with strong enthusiasm, which resulted in very strong
competition,

The authors concluded that the degree of motor skill
necessary for this study was negligible. The real problem
was discovering how and where to aim, The results indicated
that there were large individual differences in the speed of
success within each of the three groups. ﬁhowledge of the
theory proved to facilitate transfer. Theoretical informa-
tion was of aid not only in transfer from one situation to
the other, but also in making the original adjustment to the

situation.
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The purpose of the Woodward! study in 1943 was to
determine whether a significant degree of transfer in motor
learning occurs when the training consists of learning a
task which is identical with the "test" task in the pattern
of motions invélved, but, requires the manipulation of
entirely different materials. The test task was the assembly
of a loom safety switch; the sequence of motions was the same
as the safety switch but entirely different in material,
shape, and appearance.

| One hundred énd seven girls from two vocational high
schools were used as subjects. They were divided into groups
of five for the original and final tests, each test period
lasting forty-five minutes. In the initiai test, six looms
were assembled; in the final test, twelve looms were
assembled,

The control group did only the two tests. The*
experimental group returned for pefiods of forty-five minutes,
five days a week, for fifty-seven times. This group was
taught and then practiced the assembly of the safety switch.
The only instructions given weré those for the as;emblies.

The findings of the study revealed‘that transfer of
learning did occur; and, the author éuggested the following
reasons for tﬁe occurrencé of the transfer: (1) Similarity

of the two assemblies, (2) Near identity of specific motions,

lWoodward, op. cit.
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(3) General patterns of motion, (4) Total work sitdation,
and (5) A combination of all.

In Colville's! investigation in 1957, an attempt was
made to investigate certain questions related to teaching
physical activities in which specific principles of mechanics
were involved.

Three principles of ‘mechanics pertinent to motor
skills and three motor skills which utilized these principles
were selected for use in this study. Two equated groups were
established for each of the skills; one group was taught with
no reference to the principle involﬁed, while the other group
spent part of the time practicing the skill as well as
learning the principle. The total amount of time was the
same for each group. The groups were compared according to
skill performance in a more complicated form of the skill to
which the same principle applied.

The principles selected were:

1. The angle of incidence is approximately equal
to the angle of reflection. )
2. In stopping a moving object, the force opposing

the momentum must be equal to the force of the

momentum; if the object is to be caught, this

momentum must be dissipated by reducing the
resistance of the catching surface. )
3. An object set in motion through the air by an

external force is acted upon by the force of the
momentum and by gravital acceleration.2

1Frances Colville, "The Learning of Motor Skills_?s ;
Influenced by a Knowledge of General Principles of Mechanics,
Journal of Educational Psychology, Vol. XLVIII, No. 6
(October, 1957), pp. 321-32T7.

21bid., pp. 323-325.
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The skills selected were:

1. Rolling a ball against a surface from which it

would rebound. .

2. Catching a tennis ball in a lacrosse stick and
catching a badminton bird on a tennis racket,
% Archery.l

Undergraduate college women were used as subjects:
thirty-six in the ball rolling experiment; forty in the
catching experiment} and, forty-two in the afchery experi-
ment (some men were included in this group).

The investigator concluded that the utilization of
mechanical principles in the performance of motor skills did
not facilitate the initial learning of a skill any more than
did an equal amount of time spent in practicing the skill.
However, such knowledge did facilitate the subsequent learn-
ing of a similar or more complicated skill to which the same
principles applied.

In 1958, Broer,2 investigated the effectiveness of-
a general basic skills curriculum for junior high school
girls. The author recognized that general motor ability,
developmental level, and intelligence would have some influ-
€nce upon the study.

The investigatioﬁ consisted of seventeen periods of

instruction which included volleyball, softball, and basket-

fall, The expefimental group, in addition to the instruction

—————

l1pidg,

. 2Marion R. Broer, "Effectiveness of .a G?neral Basic
Skills Curriculum for Junior High School Girls," Research
QHQLLEELX: Vol, XXIX (December, 1958), pp. 379-388.
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in basic skills of movement, received only one-third as much
specific instruction in volleyball as the control group,
only two-thirds as much specific instruction in basketball,
and the same amount of specific instruction in softball.

The investigator used three previously established classes.
One class served as the control group and the other two classes
served as the experimental group.

The results were measured in terms of improvement
which was determined according to achievement in eight sport
skill tests. The results of the study indicated that the
experimental group scored higher on all of the sport skill
tests than did the control group.

1 study reported in May of

The purpose of Cratty's
1962 was to compare the performance and learning rates of
a fine motor task and of a gross motor task, while holding
constant the sensory cues and the maze pattern utilized.

The task consisted of learning to traverse two
irregularly patterned mazes. The pathway of one was thirty
times longer than that of the smaller stylus maze. The
subjects were blindfolded and learned the pgtterns using
tactual-kinesthetic cues.

The following terms were defined:

1. Gross Motor Task: A task which involves move-
ment of the entire body through space, through

large muscle activity. The body's center of
gravity changes position through locomotion. it

lCratty, Research Quarterly, No. 2.




34
may be accompanied by fine adjustmenté of the

head and/or the extremities.

2, Fine Motor Task: A task that involves move-

ments of the body's segments through space,

while the body's center of gravity remains

fixed. A fine motor task may involve arm and

leg movements, exclusive of, or accompanied by

hand-finger manipulation., The larger muscles

of the body generally act as stabilizers during

the performance of such a task.l

Sixty male university students, divided into two
groups of thirty, were given twelve blindfolded trials to
learn cach of the mazes, They were requsted to move as
rapidly as they could through the irregular patterns which
constitute no blind alleys. They were not informed of their
traversal times, nor did they see either maze until the
completion of the study. They were asked to use the palms
of their hands while moving through the large maze.

Thirty subjects received twelve trials in the large
maze, three times a week (M-W-F) for four weeks. The other
group of thirty learned the smaller maze under the same
conditions., Following twelve trials on their initial tasks
the groups exchanged problems and learned the second maze
under the same conditions.

Traversal times were recorded to thé nearest 1/10
second on both mazes. The subject's verbal comments and
movement characteristics also were recorded. After learning

each maze, the subjects were asked to report, using an

inquiry form, the type of sensory impressions they depended

AThid., p. 218,
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upon while moving through the patterns--that is, vocal,
tactual, motor, visuwal, or a combination of impressions.
They were asked to draw the pattern of the maze they had
just learned on the same inquiry form.

The results were:

1. The subjects held a more accurate conception of
their traversal timgs than they did of the spatial conforma-
tions of the pathways.

2., The main sensory impressidns the subjects
depended upon when learning the large maze were: (a) Motor-
tactual (fourteen subjects), (b) Visual-motor (twelve sub-
jecté). The visual-motor image was usually reported for
learning the smaller maze (twenty-four subjects).

+3. The subjects' traversal speeds, verbal comments,
and their drawings of the pathways all illustrated that a
primacy-recency factor was present in the learning of both
mazes., The first portions of the pathways were learned
first, then the last turns, and finally the middle portions
of the patterns.

4. A contingency coefficient illustrated that little
relationship existed hetween the sensory impressions an indi-
vidual reported using on one maze and those he said he used
to learn the other. Nineteen subjects, however, stated that
they used the same sensory impression when learning both

Mmazes,
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5. Analyses of variances illustrated that ﬁeither
the sensory impression reported, nor the subject's. abilities
to draw the pathways, facilitated or impeded their traversal
speeds.

6. Correiétion of performance levels of both tasks
revealed that no significant relationship existed. The
author indica;ed that the lack of a relationship between the
performance levels of the two tasks was due to a spatial
factor.

The findings seemed to substantiate the recently
formulated neurogeometric theory whiéh holds that human move-
ments are similar only if they occupy identical spatial
dimensions.

The learning curves indicated that some transfer had
taken place between the two tasks. How much of this was due
to similarity of the movement patteras involved was not
known, There was frequent evidence that considerable uncon-
scious (subcortical) learning had taken place.

The author concluded that the results of the investi-
gation led him to believélthat accurate spatial performance
based upon kinesthetic cues is a specific ability.

Mohr and Barrett,l in 1962, reported the results of

a study conducted to determine the effect of knowledge of

1porothy R. Mohr and Mildred E, Barrett, "Effect of
Knowledge of Mechanical Principles in Learning to Perform
Intermediate Swimming Skills," Research Quarterly, Vol.
XXXIII, No. 4 (December, 1962), pp. 574-580.
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mechanical principles in learning to perform intermediate
swimming skills.

Thirty-one students eﬁrolled in two intermediate
swimming classes served as subjects. Two groups were estab-
lished: an experimental group and a control group. The
experimental group, consisting of fifteen students, was
exposed to an undefstanding and application 6f mechanical
principles as they related to the front crawl, back crawl,
side stroke, and elementary back stroke. The control group
reccived identical instruction in the particular swimming
strokes but were not given the material concerning mechanical
principles.

The two groups were equated according to scores
obtained on tests administered to measure initial speed and
power, The same tests also were given at the end of the
experiment. A rating scale was devised; and, three DGWS
Nationally Rated Swimming Officials rated each of the sub-
jects on each of the strokes. The sum of the scores of all
three judges was used to determine the total score for each
student. Objectjve tests were administered at the beginning
and the end of the study;

This experimental study consisted of an initial
three week tesfing period, eight weeks of instruction, and
three weeks of final testing. Mimeographed information was
given to both groups during each class session but only the

experimental group received information concerning mechanical
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principles. Written tests were administered to both groups
periodically covering the material to which the subjects
were exposed,

The means and standard deviations for improvements
were determined and the two groups were compared, using the
t-test. The investigators concluded:

The experimental group made significantly greater
improvement than did the control group, during

eight weeks of instruction, in all strokes but the
elementary back stroke. Specifically, these improve-
ments were in the front crawl sprint, the side stroke
power test, and the form ratings for the front crawl,
back crawl, and side strokes. These findings support
the hypothesis that exposing students to an under-
standing and application of mechanical principles will

effect greater improvement than instruction without
reference to these principles.l

Cratty'52

study, reported in December of 1962, was
an attempt to determine whether transfer occurred between
the learning of two similar spatial patterns, one thirty
times larger than the other, and specifically to assess
whether prior practice of various small spatial patterns
would impede or facilitate the learning of a task involving
larger movements,

Sixty male university students were randomly assigned
to four groups of equal éize. One group received twelve
spaced trials (M-W-F) on a stylus maze containing a pattern

Ssimilar to that of a large locomotor maze. The second group

received practice, under the same conditions, on a stylus

l1bid., p. 579.

2Cratty, Research Quarterly, No. 4.
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maze containing a pattern which was a mirror reversal to
that of the larger maze. The third group had twelve spaced
trials on a stylus maze containing a pattern unrelated to
that of the larger maze. The fourth group received no
small-maze practice, only twelve spaced trials on the large
maze.

The subjects learned all mazes while blindfolded and
saw none until the study was completed. The subjects were
urged to move as rapidly as they could through the irregular
patﬁways. They wereltold that they would not be bothered
during their traversals and that there were no blind alleys. -
After learning the small mazes, the three experimental groups
received the same number of trials under tﬂe same conditions
in a large locomotor maze, having a pathway thirty times
longer, and ninety times wider.

The conclusions of the study were: (1) Prior
reverse small-pattern practice of the larger one caused
initial negative transfer to the larger pattern, (2) Prior
similar small-pattern practice caused initial positive
transfer to the larger pattern,-and (3) The experimenter
was led to consider the negative and positive transfer
largely unconscious, due tb the fact that the subjects did
not report aWareness of the pattern relationship involveq,
¢either during or at the completion of the study.

Cratty was unable to explain the transfer from dif-

ferent sizes of movement patterns and from movements involving
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different muscle groups and dissimilar time intervals
required for performance. He suggested that the Gestalt
theory is able to account for the transfer, in that the pat-
terns are learned as wholes. The subjects attached holistic
meanings to the patterns and did not rely upon the chaining
together of discrete muscle stimuli. The stress placed
upon speed of performance and the fluid nature of the path-
ways seemed to have resulted in a lack of conscious aware-
ness of the pattern relationships involved.

The findings.point to the existence of a temporal
phenomenon associated with the transfer concept. The author -
suggested that specificity of motor skill would appear open
to criticism according to the results of his study. The
neurogeometric theory of human motion advocating specificity
of functioning of postural movements, of limb movements, and
of manipulative movements is particularly difficult to
reconcile with the present findings. Cratty claimed that
many specificity theories seem to ignore past experience as
a molder of behavior, and such basic factors as ability to
analyze a motor task and freedoﬁ from tension.

He further suggested that one might hypothesize
the existence of a general factor involving the accurate
utilization bf space and.eventually arrive at a two-factor

theory of motor learning.
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Summary

Through the investigation conducted by this author
it is apparent that there is general agreeneit, among some
of the authorities in various fields which contribute to
the total 3pectruﬁ of education, that transfer of learning
does have a definite affect upon subsequent learning. It is
apparent, also, that there is a glaring lack of, or use of,
a universal vocabulary referring to learning and fransfer of
learniﬁg. |

Throughout all of the .materials reviewed and cited in
this chapter, the common acceptance'of the Gestalt theory of
learﬁing was inescapable. The Gestalt theory in teaching is
a holistic approach., A theory that advocates the importance
of insidht learning. This theory holds that experience is
always structured, that we react not to separate details,
but to a complex organization or patterns of stimuli. hIndi—‘
viduals attempt to perceive stimuli in organized wholes, not
in disconnected parts.

It seems almost a universally accepted belief that
an individual learns froﬁ,previous task experience through
understandings. Through understanding, the individual is
able to transfer his experience to a wider range of situations.

The a?rangement of the sﬁbject.or task, materials of
instruction, and the order in which they are presented will
greatly enhance the students' observations,-comprehension,

and learning.
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In Chapter I of this dissertation, the author has
presented various concepts of several authorities from the
fields of psychology, educatioﬁ, and physical education
regarding: learning and transfer of learning, as each
relates specifically to movement; and, movement education,
in terms of basic beliefs and understandings. The state-
ment of the problea, the purposes, the definftions and
explanations of terms, and the limitations of the present
study also were presented.

Numerous research reports related to the topic being
investigated were examined; and, the writer presented a
review of ten studies considered particularly applicable to
the development of this research project.

‘Chapter II includes a detailed description of the

procedures followed in the development of the study.



CHAPTER II
THE DEVELOPMENT OF THE STUDY

The present study was designed to investigate the
effectiveness of a unit of movement education, taught as a
prerequisite, upon ﬁhe level of achievement in the special-
ized skill of bowling. Definite procedures were developed
and adhered to in the conduct_of this study. These procedures
are presented in detail in this chapter under the following
major headings: (1) Sources of Data, (2) Development of the
Unit of Movement Education, (3) Development of the Bowling
Unit of Instruction, (4) How the Movement Education Unit
was Taught, (5) How the Bowling Unit was Taught, and (6)

Treatment of Data.

Sources of Data

The data utilized in this study were gathered from
both documentary and human sources. Ths documentary sources
included the judges' rating sheets and the written test
Which were designed to ascertain the subjects' knowledge of
and application of mechanical principles. The scores of
twenty lines (or games) of bowling for each subject also
served as documentary sources of data. The‘human sources of

data included ninety-three women students enrolled in the

43
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p%quired program of physical education at the Texas Woman's
University in Denton, Texas, during the academic year 1966-
1967. Other human sources included the investigator and the
three individuals who served as judges during the bowling

unit of instruction.

The Three Groups of Subjects

In order to determine the effectiveness of the unit
of movement education upon the level of achievement in the
specialized skill of bowling, it was necessary to limit the
subjects for participation in the unit of movement education
(Delayed Experimental Group and Experimental Group) to those
college women who had had no previous formal instruction in
bowling or who had never bowled more than four complete lines.

It was necessary, according to the research design
of the study, that the subjects who participated only in the
unit of bowling insfruction (Control Group) be lim&ted to
those colleée women who had had no previous formal instruc-
tion in bowling or who had never bowled more than four
complete lines., In addition, the subjects in this group
were limited also to college women who had had no previous
formal instruction in a unit of movement education. The
word of the student concerning he; previous experiences in
formal insfruction in a movement education unit and in a
bowling unit of instruction was accepted at face value after

a thorough explanation of the definition of these terms had
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been given to her. The students who served as subjects in
each of the three groups were screenedlempirically by the
investigator in order to eliminate subjects who had any
apparent physical disabilities, or who had more knowledge
of or experience 'in bowling than was desired for participa-
tion in this study.

In order that the purpose of this study might be
accomplished, it waé necessary to establish three groups of
subjects: A Delayed Experimental Group, An Experimental

Group, and A Control Group.

The Delayed Experimental Group (DE)

The Delayed Experimental Group consisted of thirty-
three volunteer subjects enrolled in two body mechanics
classes'taught by the investigator during the first semester
of 1966-67. Each student in this group met the criteria
established for the selection of subjects in this study.

One class met from 4:30 P.M. to 5:30 P.M., Monday, Wednesday,
and Friday, and the other class met from 4:00 P.M. to 5:30
P.M., Tuesday and Thursday. It is important to emphasize

the fact that students were allowed to select or reject the
possibility of being a subject in this study even though

they were enrolled in the particular classes which had been
designated aé available for use in this inquiry during the
first semester, Another point needing emphgsis is that not

all of the students enrolled in these classes met the
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previously described criteria for selection and, thus, were
not eligible to become subjects. In addition to the
volunteers from these two claéses, additional volunteers
from other classes in the required program of physical edu-
cation were included in this group and attended oné of the
two classes, described above, for instruction in movement
education,

The mﬁvement education unit began January 3 and
January 4 and continued for a period of ten hours of instruc-
tion; ending January 12 and January 16. The bowling instruc-
tion for the Delayed Experimental Group began March 7 (forty-
eight days after the cohpletion of the unit of movemznt
education) and continued until each member of the group had

completed the required twenty lines of bowling.

The Experimental Group (E)

Thirty voluﬁteer subjects enrolled in a boay machanics
class taugh£ by the investigator during the second semester
of 1966-67, comprised the Experimental Group. Each student
in this group met the criteria established for the selection
of subjects in this study.

The movement education unit for the Experimental
Grﬂup began February 10 and continued for ten hours of
instructioﬁ, ending on March 3. Upon completion of the
Movement education unit, this group -moved immediately into

the bowling unit of instruction on .March 6. The bowling
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instruction was continued until each member of the group

had completed the required twenty games of bowling,

The Control Group (C)

The Control Group consisted of thirty volunteer
subjects enrolled in a bowling 61355 taught by the investi-
gator during the second semester of 1966-67. Each student
in this group met the criteria for the selection of subjects
in this study. The Control Group continued in the bowling
instruction until each subject had completed the required

twenty lines of bowling.

Judges' Ratings
The intended purpose of the judges' ratings was to
evaluate each subject's ability to apply mechanical principles
as they relate to the human movement necessary to the

specialized skill of bowling.

Selection of Judges

Of the eight characteristics of the ability to suc-
cessfully judge personality traits in others, related Dby
Stagﬂer,I four had direct application to the judging situa-
tion established as a portion of this investigation. The
four characteristics directly applicable were: (1) Experience;
(2) Similarity of the person being judged, (3) Inteliigence,

and (4) Detachment.

—

lRoss Stagner, Psychology of Personality (New York:
McGraw-Hill Bsok Co., Inc., 1936), pp. 276-27T7.
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faftl indicates that the main qualities of the
ability to judge others seems to fall within three areas:
possessing appropriate judgment norms, judging ability, and
motivatioa.

Stroup2

explains that persons making ratings must
have a thorough knowledge of the traits to be judged, an
adequate acquaintance with the individuals to be judged and
a genuine interest in the rating.

According to Symonds3

one method of increasing
reliability of ratin§ scales is to increase the number of
judges., He found that the self-consistency of the average
Judge on a single personality trait is about .55. To raise
the figure of .55 *o .82 requires the use ﬁf four judges.

Stagner points out that reliability of ratings
varied with different traits. Objective traits can be
rated more consistently than can more subjective traits or
ambiguous qualities.

Since personality traits are more subjective in

nature than the physical performance traits to be rated in

this investigation, it was concluded that three judges would

IRonald Taft, "The Ability to Judge People,”
Psychological Bulletin, Vol. LII (1955), pp. 1-23.

®Francis Stroup, Measurement in Physical Education
(New York: Ronald Press Co., 1957), p. 162.

3Percival M. Symonds, Diagnosing Personality and
Conduct (New York: Appleton-Century Co., Inc., 1931), p. 95.

4Stagner, op. _cit,, p. 30,
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provide the necessary reliability of the rating scale., The
investigator was cognizant of the practical and physical
aspects of the judging situation. Because of the number of
subjects to be judged, the arrangement of class sessions and
the period of time during the bowling unit at which the
ratings would be of most value, the investigator further
subscribed to the practicability of using three judges.

The three judges were selected according to the
criteria suggested by the authoritieslpreviously quoted: (1)
Thorough, even exceptional, knowledge of the traits to be

judged, (2) Intelligence, (3) Detacﬁment, (4) Judging

ability, and (5) Genuine interest in the ratings.

Training of the Judges

'

Stagner states that "raters can develop more

reliable and valid techniques through instruction and

3

practice,"l Guilford,2 Barrow and McGee,“ and Scott and

4 also agree on this point. Guided by the opinions

French
of these authorities the investigator planned a training

period for the judges prior to the actual rating sessions.

Lrpid., oo 33,

27, p. Guilford, Psychometric Methods (New York:
McGraw—Hill_Bpak Co., Inc., 1936), pp. 276-277,.

3Harold M. Barrow and Rosemary McGee, A Practical_
Approach to Measurement in Physical Education (Philadelphia:
Lea and Febiger, 1964), p. 534. '

y, Gladys Scott and Esther French, Measurement and
Evaluation in Physical Education (Dubuque: Wm. C. Brown
Co., 1959), p. 39.
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The first phase of this period consisted of a meeting of the
judges with the investigator in which:‘ (1) The purpose of
the rating was explained and discussed, (2) The eight appli-
cations of the principles to be observed were explained and
discussed, (3) The quantitative ratings were explained and
discussed, (4) The minimum amount of time for observation
of each subject was established, and (5) A time for a prac-
tice rating period was agreed upon. This first phase of
training accomplished general agreement and understanding
concerning each of the items discussed.

The second phase of training consisted of a practice
rating session in which eight women bowlers in one of the
city bowling leagues were rated, using the prepared rating
scale. ,After completing the ratings the judges discussed
their ratings and were able to establish some anchor points.1
A rank order correlation was run in order to determine the
agreement between the three judges.2 The results were
Judges X and Y, .77; Judges X and Z, .89; and Judges Y and Z,
.73. The judges were considered to be in agreement since
all correlation coefficients were between the .05 and the

.01 per cent level of significance.

Rating Scale

According to Barrow and McGee, "observation tech-

niques are used when no objective measurement exists for a

—

1Barrow and McGee, op. cit., p. 534.

2Scott and French, op. cit., p. 83.
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quality, or when it appears expedient to supplement objec-
tive measurement by subjective opinionl“l Both of these
purposes were to be served through the use of the rating
scale as it was designed for this study.

Stagner lists five errors commonly made when employing
the use of rating scales or subjectively judging individuals;
errors of: (1) Definition, -(2) Distribution, (3) Unequal

2 He points out

units, (4) Halo effect, and (5) Stereotypes.
that such errors would not only reduce reliability but also
the validity of a rating.

The investigator made every effort to avoid the
errors which are common when rating scales are used by:

1. Employing a training period with judges through
which explanations were given and understandings were
reached concerning:

A. Terms used on the rating scale.

B. Application of particular principles to be
rated.

C. The range of points and/or satisfactory
categories.,

2., Carefully seiecting the judges--each was an
experienced bowler and an experienced teacher of bowling.

Each had demonstrated comprehension of the mechanical prin-

ciples necessary in the specialized skill of bowling. Each

——

IBarrow and McGee, op. cit., p., 524.

2Stagner, op. cit., pp: 30-32.
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had considerable experience in judging performance in
bowling. All three of the judges had, on numerous occasions,
been exposed to a variety of skill abilities in the special-
ized skill of bowling.

3. Making certain that the raters had no contact
with the subjects to be judged except during the designated
judging periods. The subjects were desigﬁatéd by numbers
rather than by name; and, there was no verbal exchange
between the subjects and the judges. The judging periods
were arranged to provide the maximum amount of objectivity.

The investigator found it necessary to construct the
rating scale to be usedlin the judges' ratings since there
was no existing instrument which would meet the specific
needs of this particular research design. The primary
considerations in the construction of the rating scale were
to:

1. Keep the rating scale simple.1

2. Determine and define applications to be
Observed.2

3. Determine and select categories which would
adequately definé the levels of abilities.3

4. Design the rating scale in such a manner that

Iscott and French, op. cit., p. 40.

2Ibid., p. 39.

——

3Barrow and McGee, op. cit., p. 528.
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the evidence available would represent the true ability of
— L2
the beginning bowlers.

5. Construct the rating scale which would facilitate

accuracy and ease of scoring.3

4 there is no

According to Ghiselli anmd Brown
generalization concerning discrete categories as to the
number of steps or standards to be employed when constructing
rating scales., Either reliability or ease of rating may be

5 It appears

used as a basis for the optimal number of steps.
to be a rather generél consensus of opinion that the number
of steps which yield the highest reliability will vary con-
siderably with the nature of the traits being rated. Because
there is no established number of steps or-categories that
should be used on rating scales, this investigator decided

upon a middle position in relation to suggestions offered by

various authorities.®»7s8 The investigator also relied upon

11pid., p. 4o.

2Carter V. Good and Douglas E. Scates, Methods of
Research (New York: Appleton-Century-Crofts, Inc., 1954),
p. 682, ;

3Barrow and McGee, op. cit., pp. 530-331.

4Edward E. Ghiselli and Clarence B. Brown, Personal
and Industrial Psychology (New York: McGraw-Hill Book Co.,
Inc., 1948), p. 107.

SIpid. é1pid., pp. 107-108.

"Deobold B. Van Dalen and William J. Meyer, Under-
standing Educational Research (New York: McGraw-Hill Book

Co., 1966), pp. 318-319.

8Scott and French, op. cit., pp. 406-407.
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the opinions of the judges concerning this matter since
they were all experienced bowling teachers and well
acquainted with the abilities of bowlers at various skill
levels.

The rating scale constructed for use in this investi-
gation consisted of eight applications of mechanical prin-
¢ciples to be rated. A brief definition of each principle
was included below each major heading. Four categories were
used to represent the abilities of each subject on each prin-
ciple bheing applied. The numerical values ranged from a
high of four to a low of one, these values were indicated
to the side of the principle to be rated in such a manner
that the judge had only to check the appropriate value.

Each form was constructed in such a manner that a complete
team could be rated on one page., The sum of the ratings of
the three judges was used as the score‘for the bowling

1 A score of ninety-six was possible for each

rating scale.
subject. A copy of the bowling rating scale may be found
in the Appendix.

Mechanics and Climate of
the Rating Situation

The criteria established- and adhered to for the
control of the situation in which the ratings were conducted

included:
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1. Subjects were rated during class participation
(no competition).l_

2. Judges had no previous knowledge of subjects or
of subject's performance.2

3. Each subject was observed a minimum of six
attempts (six balls rolled). Judges could observe more
than, but not less than, six attempts.3

4. Judges were placed in the best position for an
unobstructed view of subjects.4

5. Judges had sufficient, even ample, time to
execute their ratings.5

6. Judges were instructed to use all'categofies
(i) 4O

7. Rating forms had the subject's identification
number already recorded on them which corresponded to the

number on the back of each subject.7

8. The judges worked independently of each other.®

Barrow and McGee, op._cit., pp. 533, 534.
21bid., p. 532.

3Scott and French, op. cit., p. 404;
4Barrow and McGee, op. cit., p. 534.
%Scott and French, op. cit.

®1bid., p. 406.
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Development of the Unit of
Movement Education

A unit of movement education was developed in which
students were exposed to an understanding and application of
basic movements, body mechanics, and fundamental motor pat-
terns. This unit was planned and conducted in such a manner
as to bring about the learning of gross motor activity as it
related to the specific skiils necessary in bowling., The
established criteria for the construbtion of the unit of
movement education included knowledges concerning: (1)
Transfer of learning, (2) Methods and techniques of teaching,
(3) Body mechanics and fundamental motor patterns as they |
relate to the skills necessary in bowling, (4) Laws of
learning, and (5) Motivation.

"Because of the specific nature of this study and the
time available in which to conduct the study, the movemeﬂt
education unit was limited in that the movement principles
and fundamental motor patterns taught were only those which
related specifically to the specialized skill of bowling.
Bowling was not specifically mentioned in the unit of move-
ment education but the fundamental knowledges and skills
necessary to the development of the specialized skill of
bowling were taught. |

The movement education unit was taught by the
investigator and was as nearly identical as humanly possible

for the experimental groups DE and E with respect to the:
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(1) Length of time for the presentation of the wnit, €2)
Materials presented, (3) Methods of inétruction, and (4)

Actual presentation,

Selection of Principles

The invesiigator has been interested and actively
involved in developing materials and teaching in the area
of movement education at the college level for the past seven
years in an attempt to determine an effectlve course of
movement education to be used as a prerequisite to all other
physical activity instruction. Also the investigator has
been actively involved for the past eleven years in developing
a complete and effective unit of instruction in bowling at
the college level. The investigator's past teaching 2xperi-
ences and interests coupled with her extensive reading in
th2 areas of the psychologyof learning, motor learning, and
Mmovemeat education have supplemented and strengthened her
Preparation for the exescution of this experimental study.

The investigator relied heavily upon the writings of
Scottl and Broer2 in the selection of the movement principles
and motor patterns whicﬁ were included in the unit of move-
Ment education utilized in this inquiry.

The movement principles taught were limited to those

which had direct or indirect application to the specialized

ln, 6 Gladys Ssgott, Analyals of Human Motlon (New
York: ﬂppleton Century—urofts, 1963) .

2Broer, Efficienqx,of Human Movement, pp. 25-103.
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skill of‘bowling. The movement principles selected for
inclusion in the unit of movement education were:

l. Gravity--
A constant force pulling all objects downward. Subjects
were introduced to the ways in which gravity can affect
human movement,

2., Center of Gravity--
The center of a mass (or object). Subjects were exposed
to the theory that the location of the center of gravity
determines the ease with which an object may be balanced.
This was done in relation to the human body, symmetrical
objects, and irregular objects.

3. Balance--
A state of poise, remaining position or stability, or
equal distribution of weight. The fact that balance 1is
an active process was brought out in this presentation,.
The various ways of increasing body balance were
presented.

4. Motion--
The process of moving, or changing place, or position.
A situation in which the-position of an object and its
support is changing. In this presentation the factors
which modify motion were determined. Newton's Laws of
Motion were presented along with the various types of

motion which are possible.
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Friction--
Resistance between two surfaces where one is sliding or
rolling on the other. The importance of friction to
motion was presented as well as ways of increasing or
decreasing friction and making use of existing friction.
Force--
Strength or power exerted upon an object; impetus or
intensity of effect. Magnitude, direction of applica-
tion, and point of application of force were major con-
siderations. Force production within the human body and
methods of absorbing force were also presented.
Centrifugal Force--
Tendency of an object in the process of rotation to go
off ,on a tangent to the arc of rotation. The importance
of this principle in the underhand throwing pattern was
presented, as well as timing of release.
Parallelogram of Force--
The vertical and horizontal lines are in proportion to
a force applied at an angle to an object. The resultant
of the application of force. This principle was pre-
sented in terms of apblying the force produced by the
human body and the ways of determining the direction in
which an object will move in addition to the effective-
ness of the force application.
Momentum--

The product of mass (weight) times velocity (speed) of an
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object. Ways of producing, increasing, and transfer of
momentum were presented. |
Absorbing Force--

Deceleration or stopping a moving object. Reducing
momentum. Reasons for and methods of absorbing force
were presented along with the force of impact when force
is absorbed.

Axes of Rotation--

Center around which parts turn; The two types of axes
were discussed in terms of the human body and the ease
and range of movement.

Levers—-

A simple machine for execution of work, a rigid bar

turping about an axis. The types of levers were presented

in terms of the human body. The type of movement that
results, ways to increase or decrease force production,
the importance of resistance, and the importance of
leverage to maximum force production in the human body
were major considerations in this presentation.
Movement of Inertia in Angular Motion--
Effectiveness_of resistance to angular motion. The
major emphasis was in presenting the theory that the
more concentrated the mass around the axis the less the
amount of inertia and the grea;er the distance the force
is applied from the axis the greater is the effect in
Producing rotation about the axis. This was done in

relation to the arm swing.
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Air Resistance--
Resistance of the air wall to an object passing through
it. The major emphasis was in determining the effect of
air resistance on various types of objects--both projec-
tiles and rolling objects. Ways of increasing or
reducing air resistance upon an object were presented.
Spin--
An object (in this case a ball) is turning around a
vertical or horizontal axis through its center. The
different types of spin were presented along with their
effects upon a rolling object (ball).
Rebound--
An object which meets resistance is acted upon by a
counter-force—--rebound. The rebound of a striking object
as well as the rebound of the object hit were discussed,
in addition to the factors which modify speed and angle

of rebound.

Selection of Motor Patterns

Only those motor patterns which had direct or indirect

application to the specialized skill of bowling were taught.

The motor patterns selected to be included in the unit of

movement education were:

].c

Standing—-

All the aspects which contribute to a balanced standing

posture were considered.
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Balahcing Weight on One Foot--
Knowledges concerning center of gravity and use of
counterbalancing forces.
Walking--
The process of disturbing and regaining the balance of
the body as it moves. Application of force, momentum
of the body, and absorption of momentum were also a
major concern in presenting this pattern of movement.
Holding and Carrying-- |
The major emphasis in this area was centered primarily
on the most efficient way of holding and carrying added
weight in terms of maintaining a balanced body position
and employing counterbalancing forces to gffect this
desirable balanced position while the body is moving.
Underhand Throwing Pattern--
Transfer of momentum, ways of increasing force applica-
tion and decreasing resistance to force, ways to increase
the possibility of accuracy, the direction-of the appli-
cation of force, counterbalancing forces, increasing
the duration of the application of force, application of
centrifugal force, and the effect of tﬁe various types
of spin upon a rolling ball were all included in the

presentation of this motor pattern.
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Movement Education Materials Developed
by the Investigator

Written Qnit for Students

After the investigatdr had selected the principles
and the motor patterns wﬁich were to be included in the unit
of movement education it became épparent that there was a
considerable amount of material to be covered in just ten
hours of instruction. The investigator determined that it
would speed up learning, or at least facilitate the learning
process, if the subjects had written material concerning
each of the principles and motor patterns which they could
learn and understand, or at least be exposed to, before the
instruction, demonstrations, and opportunitieslfor explora-
tion were provided in class. The investigator developed
written explanations of movement principles and motor pat-
terns which were distributed to cach subject. These materials
were distributed periodically rather than all at one time due
to the fact that the materials developed proved to be rather
voluminous, at least in comparison to the materials usually
presented in a regular class of required physical education.
In an attempt to avoid an overwhelmed reaction on the part
of the subjects to the volume of material to be covered,
the investigapor distributed four movement principles‘and
three motor patterns at one time. The materials were given
to the subjects well in advance of the time it was to be

€xplained, discussed, demonstrated, and explored in class.
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The subjeﬁts were instructed to read and learn the material
and to make note of questions they wanted or needed to ask
when the material was actually presented during class.
Copies of these materials may be found in the Appendix of

this manuscript.

The Teaching Unit

The teaching unit for the movement education instruc-
tion was prepared solely for use by the investigator. This
material was developed for the purpose of organizing and
scrutinizing the factual information in order to determine
the best approach to teaching the essential méterials within
a minimum period of time. As an additional teaching device,
short tests were prepared covering the major aspects of each
principle and given to the subjects after each presentation
of four principles. The primary purpose of this periodic
testing was to emphasize the major points which had been

covered in the presentation of the principles.

Written Test

A comprehensive written fest was constructed for the
purpose of determining the subjects' intelfectual ability to
apply their knowledge of movement principles and fundamental
Motor patterns to practical situations. The investigatorjs
concern in the construction of this instrument was to test

the application of the knowledges which were actually taught,
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not the subjects' knowledge of technical terms or facts that
might be memorized.

Every effort was made to utilize common terminology
in the construction of this writtgn test. Technical terms
or terminology associated specifically with movement educa-
tion were kept to an absolute minimum since this test also
was administered to the Control Group in the study, which
had not been exposed to a formal unit of instruction in move--
ment education.

This written test was administered to the subjects
in the Delayed Experimental ahd Experimental Groups upon the
completion of the movement education unit and again at the
completion of the bowling unit of instruction. The subjects
in the Control Group took the test prior to their participa-
tion in the bowling unit and again at the completion of the
unit of bowling instruction.

The results of the written test were not made known
to the subjects and the test was not discussed with the
subjects in any way. After the first administration of the
test, the investigator was aware that this was not the best
dpproach with respect to-the motivation of the subjects, but
the investigator was concerned at this time with protecting
the reliability of the test. It may well be that the pre-
Cautions taken with the written test were unnecessary anq
Were the result of false concern. IA copy of the written test

ls included in the Appendix.
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Development of the Unit of
Bowling Instruction

The bowling unit of instruction included exposure to
an understanding and application of basic movements necessar)
in bowling; physical laws of motion--those related to human
movement (body n»n.chanics) and those related to the objects
involved in bowling (mechanical principles); fundamental
motor patterns which are necéssary in bowling; and a brief
explanation of the history, rules, terminology, and score
keeping. The investigator believed that each of these
aspects could contribute to the end product which was the
development of the specialized skill of bowling.

The established criteria for the development of the
unit of bowling instruction included knowledges related to:
(1) Traésfer of learning, (2) Methods and techniques of
teaching, (3) Body mechanics and fundamental motor patterns
as they affected the specialized skill of bowling, (4) Laws
of learning, and (5) Motivation.

The bowling unit of instruction was taught by the
investigator and was as nearly identical as humanly possible
for all three groups with respect to: (1) Length of time
for the presentation of the unit, (2) Materials.presented,
(3) Methods of iﬂstruction, and (5) Actual presentation.

Every effort was made by the investigator to avoid
Spending time on anything that was not esseptial to skill

development. The bowling unit of instruction concentrated
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on knowledges, fundamentals, and applications which would
facilitate the process of learning the necessary skills
required for successful bowliﬁg. In an attempt to facilitate
learning, the following procedures were adhered to: (1) Only
four bowlers were assigned to a lane, (2) Individual instruc-
tion and assistance was provided after the initial period of
group instruction,.(S) A minimum of rules were presented,
and (4) Individual tally sheets and graphs of learning curves
were available for student reference.

Bowling Materials Developed by
the Investigator

Written Unit for Students

Due to the limited amount of time in which the unit
of bowl@ng instruction could be presented, the investigator
concluded that it would facilitate learning if the subjects
had written material available for reference, whieh they
could read, learn, and understand before the actual class
instruction. For this reason the investigator developed a
written bowling unit for the subjects which included:

l. A brief history of bowling.

2. An explanation of the game of bowling.

3. A brief explanation and example of score keeping.

4. A short summary of rules and etiquette.

S. Definitions of the most frequently used bowling terms.

6. Information concerning the fundamentals of bowling:



68
A, Selecting bowling equipment,
B. The types of approaches:
1) Three step approadh.
2) Analysis of the four step approach.
3) Five step approach.
C. Types of deliveries:
1) Curve.
2) Back-up.
3) Straight.
4) Hook (natural)
D. Aiming:
1) Theories of aiming:
(a) Spot.
(b) Pin.
(&) Line,
2) Spare pick-up.
E. Relecase of the bowling ball.
7. An explanation of the major mechanical principles involved
in bowling which included:
A. Force. |
B. Balance.
C. Direction control.
D. Rebound or counterforce.
This material was distribuped to each subject as a
complete unit. Various parts of the unit were assigned in

advance of the time it was actually covered in class
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instruction., Following the same pattern used with the unit
of movement education, the subjects wefe instructed to read
and learn the material assigned and to make note of ques-
tions they wanted or needed to-.-ask during the actual class

presentation,

The Teaching Unit

As in the movement eﬁucation teaching.unit, the
teaching unit for the bowling instrué;ion was prepared only
for use by the investigator. This material was organized and
~presented according to: (1) Knowledges gained through eleven
years of teaching bowling to college students in the required
program of physical education, and (2) In such a manner as
to determine the best approach to teaching the specific skills
necessa;y to bowling within a minimum period of time. The
areas of major consideration in the teaching unit included:
1. Explanation and drill in the stance and four step
approach, including the principles of movement involved:
A. Leg movements.
B. Arm movements.
C. Coordination of leg and arm movements.

2. The natural hook delivery.

3. Arm swing in.terms of movement in a vertical plane,
emphasizing the importance of the continuation of the
arc of movement (follow-through).

4. Moment of release.



5. Aiming or point of aim in:
A. Spot bowling:
1) Strike pocket.
2) Spare pick-up.
B, Line bowling--for diagonal spare pick-up.
6. Methods for improving accuracy.
7, Fundamentals involved in.and instruction in the various
types of spare pick—ups.
8. Score keeping.

9. Check points for the thinking bowler.

Score Sheets

The regular bowling score sheet was used for the
recording of each game bowled by every subject. Originally
the invektigator had planned to supply score keepers for
each team in cach of the three groups involved in the study.
It soon became apparent that the possibility of securing
this many score keepers for twenty games of bowling would
be next to impossible; therefore, the investigator decided
it would be more practical to take the time to teach the
Subjects to keep score for themselves.

After six hours of bowling instruction, the students
were assigned material to read concerning score keeping.
During the next class session each subject was given pro-
drammed material on score keeping and was asked to complete

the material outside of class and bring it to the next class
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meeting. At the following class session, score keeping was
demonstrated and explained with the use of the telescore--a
machine which throws the scoré sheet upon an overhead screen.
After a thorough explanation of score keeping and when all
questions had been answered, the subjects began to keep
score. The investigator checked all score sheets after each
class in order to &etermine the types of misﬁakes being made.
The old score sheets with the mistakes corrected were returned
to the teams in order for the subjects to see where they had
made mistakes and, hopefully, to correct them,

After twelve hours of instruction, the next game
bowled was recorded by the investigator as the first of the

subjects' twenty games required in the research design.

Individual Tally Sheets

An individual tally sheet was designed by Fhe inves-
tigator for the purbose of recording the score of each gamé
bowled and the current average for each subject. The score
for each game was recorded only after the investigator had
checked the addition of the score according to the way it was
marked on the score sheet.

The pﬁrpose for the individual tally sheet was to
have an accurate, systematic record of speed of learning,
degree of learning, improvement in bowling, and success in

bowling for cach subject.
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Individual Graphs

A graphic record of individual bowling scores was
charted for each subject.' The purpose of charting the indi-
vidual scores was to have a graphic picture of speed of
learning, the degree of learning, improvement and success
in bowling. Originally this was done primarily for the
investigator's benefit; but it proved to be of great interes
to the subjects, As a matter of fact., it turned out to be a
strong motivating factor. The graphs were distributed to
the subjects at the beginning of each class period and were
returned to the investigator after the subject had an oppor-

tunity to see how she was doing.

Graph of Group Progress

‘A graphic record of the progress of each of the
three groups (DE, E, and C) indicating speed of learning,
degree of learning,.and success in bowling was kep£. Record-
ing was donc.at game intervals (initial, mid-point and final)

rather than after each game.

Written Test

The writgen test; described under the heading Devel-
oOpment of the Unit of Movement Education, was administered
upon the compietion of the bowling unit of instruction. The
Procedures for its administration were fully stated in that
Section of the chapter. The purpose of administering the

Written test a second time was to determine whether subjects
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gained in their intellectual ability to apply movement

principles to practical situations.

Rating Scale

A rating scale was constructed by the investigator
for the purpose of determining the application of movement
principles to the fundamental skills necessary in the
épecialized skill of bowling. The rating scale included
the specific skills of:

1. Push away on the first step.

2, Forward incline of body and head.

3. Counterbalance employed.

4. Backswing and swing-through.

9. Facing pins throughout approach.

6. Bending of forward knee.

7. Release of bowling ball.

8 ; Follow—ﬁhrough.

In éach of the major areas of consideration, each
subject in all three groups received a rating which ranged
from a high of four to a low of one. A detailed discussion
of the judges' ratings was presented on pages 47 to 55 in
this chapter. Copies of the materials included in the
bowling unit of instruction are included in the Appendix to

this inquiry,
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How the Movement Education Unit
Was Taught

The unit of movement education was taught to the
Delayed Experimental Group and the Experimental Group.
During the first and second class sessions, for both experi-
mental groups, the volunteers were screened for eligibility
to serve as subjects according to the established criteria.
The students were given an opportunity to select or rejebt
the possibility of serving as subjects. Those students who
decided to serve as subjects were requésted to supply the
investigator with information concerning: (1) Their full
name, (2) Address, (3) Post office box number, (4) Telephone
number, and (5) Their schedule for the next semester,

Because the movement education unit consisted of
sixteen principles and five motor patterns which were pre-
sented to the two experimental groups within ten class hours,
it was necessary to complete, at the very least, iwo prin-
ciples or pﬁtterns, each class period. The investigator was
aware that this was a considerable amount of material to be
covered each class period; and, it was for this reason that
each subject was given written information concerning the
Principles and patterns of movement two class sessions before
the time that the assigned material would actually be pre-
Sented in class.

It was, of course, impossible to cover all aspects

of each selected principle and pattern of movement and this
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was never the intent of the investigator. The intent was to
introduce, explain, demonstrate and all?w the subjects some
time to explore particular aspects of each principle and
motor pattern. Subjects were cencouraged to ask questions
and time was taken to answer each question asked. Since it
was critical that the subjects learn--rather than memorize--
the material presented to them in written form, every effort
was made by the investigator to bring this about through her
explanations, demonstrations, planned éxplorations, and
questions asked of subjects during the ten hours of instruc-
tion. An effort to emphasize points of major importance
took the form of brief periodic quizzes over a limited num-
ber of movement principles (no more than four),

Both experimental groups completed the movement
education unit after ten hours of instruction and the compre-
hensive written examination was administered during the fol-

lowing class session.

The Delayed Experimental Group
The volunteers who comprised the delayed experimental
group were solicited from students already enrolled in the
4:30 pP.M, Monday, Wednesday, and Friday, and the 4:00 P.M,
Tuesday and Thursday, body mechanics classes in which the

movement education unit was taught during the first semester

of 1966-67. Additional volunteers from other classes in the

Tequired program of physical education were also included in

TEXAS WOMAN'S UNIVERSITY
LIBRARY
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these two established classes, which were taught by the
investigator.

The movement education unit for the DE Group 'began
January 3 for the 4:00 P.M. class and January 4 for the
4:30 P.M, class. Since one class met one hour a day three
days a week and the other met an hour and thirty minutes a
day, two days a wekk, it was not possible for the investi-
gator to cover the §ame materials in each class session for
both groups. It was possible and necessary to teach more
material in the class which met for an hour and thirty
minutes twice a week.

Due to the fact that this was the first time that the
investigator had taught this particular movement education
unit, iE was difficult to determine the exact number of class
hours it would require for completion. The investigator had
originally set the time limit at eight hours of instruction,
but this did not prove to be sufficient time to cover the
required material., The time had to be increased to ten hours
of instruction., This extension of time resulted in some
apprehension for the investigator, because there were only
eight hours of class sessions available. The only alterna-
tive available for possible additional class instruction was
for the two groups of subjects to stay a little later each
day, which they very graciously agreed to do. The additional
time was strictly observed for both classes -and the needed

two hours were added fifteen minutes at a time for the
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4:30 P.M., class and thirty minutes ét a time for the 4:00
P.M. class.

The 4:30 P.M. MOnday, ‘Wednesday, and Friday class
completed the movement education unit January 16 and took
the éomprehensive written examination over the movement
education material on January 18. The 4:00 P.M. Tuesday and
Thursday class completed the movement education unit
January 12 and took the comprehensive written examination

over the movement education material on January 17.

The Experimental Group

The subjects which comprised the Experimental Group
were screened when they enrolled for the 4:30 P.M. Monday,
Wednesday and Friday body mechanics class in which the move-
ment education unit was taught by the investigator during the
second semester of 1966-67.

During the first class session for this eiperimental
group the students were further screened for eligibility as
subjects. A general explanation was given concerning the
experimental study being conducted by the investigator, and
8 thorough explanation was given concerning the criteria by
Which students were eligible to become subjects. At this
time students were given an opporfunity to withdraw as sub-
jeCtS, and a gimilar opportunity was presented at the subse-
quent class meeting.

The material in the movement education unit was pre-

Sented to the subjects in this group in a manner as nearly



78
identical as humanly possible, as it had heen présented to
the Delayed Experimental Group during the first semester,
and the ten hours of instruction time was carefully observed.

The movement education.unit for the E Group began
Febrhary 8 and was completed March 1, the subjects in this
group took the comprehensive written examination over the
movement education-material on March 3.

How the Bowling Unit of Instruction
Was Taught

Each of the three groups (DE, E, and C) received the
unit of bowling instruction taught by the investigator during
the second semester of the academic year 1966-67. Before the
bowling unit began, the investigator met with each of the
groups during their designated meeting times in a classroom
setting'and explained the general procedures to be followed
during the bowling instruction. At this time the.investiggtor
stressecd how important it was for the Qtudents not to practice
bowling until after the required twenty games had been
recorded. During this first meeting, the necessary infor-
mation on each subject was either checked for needed correc-
tions or gathered for the first time. Subjects were given
the written materials, prepared by the investigator, related
to the bowling instruction unit; and, ‘they were asked to
read through the material at this time. The subjects were
given time to read the séction of ﬁhe material concerning

fundamentals of bowling. They were asked to re-read the
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material and learn it prior to the next class session, which
was to be held at the bowling lanes.

The subjects were assigned each section of the
bowling material at appropriate intervals, one class period
in advance of the time that the information would be pre-
sented and covered in actual class instruction. As with the
other unit of instruction, the subjects were encouraged to
ask questions and time always was taken to answer all ques-
tions. Sometimes the question and answer was given to the
entire group and sometimes it was done on an individual basis.
The bowling instruction began.as group instruction and
gradually moved into individual instruction.

The bowlers were introduced to score keeping after
six hours of instruction in bowling, and the first of the

‘
required twenty lines of bowling was recorded after complet-
ing twelve hours of instruction. From the first time the
subjects began to keep score, the investigator checked the
score sheets. First, checking the areas in which mistakes
were being made; and later to determine the accuracy of
the game score before it -was officially recorded for each
subject., The scores for each of the twenty games bowled by
each subject were officially recorded on an individual tally
sheet and on an individual graph. A graphic record also was
kept of the progress of each of the three groups involved in

the study. When twenty games of béwling had been completed
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the written examination concerning the application of move-

ment principles was administered to the subjects.

The Delayed Experimental Group

The Delayed Experimental'Group was designated to
have a six week delay between the time they completed the
movement education unit and the beginning of their unit of
bowling instruction.

During the official university registration period
the subjects enrolled-in a 4:00 P.dM. Tuesday and Thursday
bowling class which was taught by the investigator during the
second semester of the 1966-67 academic year. This class was
established specifically for the DE Group.

During the first meeting of this group, at the
beginning of the second semester, the investigator carefully
explained to the subjects that they would have a six weeks
delay before the bowling instruction would begin., They were
told that they would receive a post card reminding them of
the day on which the unit would bhegin., The investigator sent
the post cards on March 1 and informed the subjects that the
class would begin on March 7. On the designated date, thirty-
Séven subjects reported to class. For this group the bowling

instruction began March 9 and was completed May 16.

The Experimental Group

The Experimental Group was the group designated to

move immediately into the bowling instruction upon the
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completion of the movement education unit,

This group consisted of students who enrolled in a
4:30 P.M. Monday, Wednesday, and Friday body mechanics class
taught by the investigator, during the second semester of
1966-67. The reader is reminded that the subjects in this
group were screened, according to the established criteria,
at the time they registered for the class and again during
the first and second class sessions. During the first two
class meetings the students were given the opportunity to
reject the possibility of taking part in the study. The
Experimental Group finished tﬁe movement education unit on.
March 3. The bowling instruction unit began on March 6 and

was completed on May 15 for the Experimental Group.

The Control Group
The Control Group was the group designated to receive
only the bowling instruction with no prerequisite unit of
movement education.

During the official university registration period
for the second semester of 1966-67, the investigator screened
Students wishing to enroil in the 2:30 P.M. Tuesday and
Thursday, bowling class according to the criteria established
in the research design. The students were screened again
during the fifst class meeting of the second semester; and,
they were given a thorough explanation of what would be

expected of them as well as an opportunity to withdraw from
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the study. Again, at the next class meeting, students were
given the opportunity to reject the possibility of serving
as subjects in the experimental study.

The bowling unit of instruction for this group began

February 9 and ended on May 9,

Treatment of the Data

To test the,research'hypotheses which were presented
in detail in Chaoter I of this dissertation, the investigator
selqctéd the statistical techniques wﬁich were appropriate
as tests of significance for the data collected during the
experiment. The .05 level of significance was selected as
being indicative that the results obtained were due to the
experimental conditions rather than factors of chance.

‘Bartlett's test of the homogeneity of variance was
selected as the method of determining whether variation of
the three group variance for the initial bhowling scores
could be attributed to chance. The reader is referred to
Du Bois! for a detailed description of the assumptions which
necessitate the use of Bartlett's test and its computation,

Hypothesis No. l‘was tested according to the results
of the statistical techniques employed to test each of the
Subsequent Hypotheses.

The investigator selected the analysis of variance

1Philip H. Du Bois, An Intfoduction'to Psychological
QLQLLQLLQQ (New York: Harper and Row Publishers, 1965),
pp- 375—376. .
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to test Hypotheses No. 2 and No. 4. McNemar states:

The F technique may be applied as a test of the sig-

nificance of the difference between two or more means

based on large or small samples of equal or unequal

size (per group) regardless of whether there is an

a priori basis for arranging the groups in order.!
The reader is referred to McNamar for a detailed description
of this technique.

The t-test was selected by the investigator to test
Hypotheses No. 3 and No. 5. McNemar states:

When and only when F, as an over-all test, indicates

significant difference among the groups, we may

safely make further tests to see whether two selected

means differ significantly or whether one mean (or

the average of two or more group means) differ more

than chance from the average of the other group means.*®
The reader is referred to‘McNamar3 for the procedures neces-
sary in the computation of this statistical technique.

The Pearson's product moment correlation technique
was applied to test Hypothesis No. 6 in order to determine
the relationship between the final bowling scores and the
scores which represented the application of mechanical
principles. The application scores were the composite score
of the final written and the judges' ratings. The t-test was

applied to the coefficients of correlations in order to

determine the significance of the difference between them.

1Quin'n McNemar, Psychological Statistics (New York:
John Wiley and Sons, Inc., 1962), p. 270.

21bid., p. 269.

31bid., p. 285.

D ——
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The reader is again referred to McNemar! for a description

of this technique. Hypothesis

through the application of the:

of the following:
1., Difference between
scores.
2, Difference between
scores.,
3. Difference between

scores.

No. 6 was further tested

analysis of variance to each

initial and final bowling

initial and mid-point bowling

mid-point and final bowling

4, The final written scores.

Pearson's product moment correlation technique was

used in order to determine the

reliability of the judges'

ratings and this same technique, stepped up by the Spearman-

Brown fdrmula, was applied to determine the reliability of

the written test.

Summary

The present investigation was designed to determine

the effectiveness of a unit of movement education, taught

as a prerequisite, upon the level of achievement in the

specialized skill of bowling.

In order for the experiment

to yield data applicable to the purposes of the study, the

Ibid.

21pid., pp. 139-140.
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investigator established definite procedures whiCh were
followed explicitly throughout the conduct of the study.

Specific procedures guided the investigator in
phases of the study preliminary to the conduct of the
experiment as well as during the experimental period. Addi-
tional procedures were established by the investigator
relative to the analysis and interpretation of the data
collected. 1In Chapter II, a detailed report of all pro-
cedures followed in the development of this study was pfe—
sented.

Chapter III contains the complete analysis and
interpretation of the data collected during the present

study.



CHAPTER III

ANALYSIS AND INTERPRETATION OF THE DATA

The analysis and interpretation of the data collected
during this experimental study are presented in this Chapter.

For the purposes of simplicity and clarity the analysis
and interpretation of the data are presented in relation to
each of the hypothesés which served as guides for the devel-
opment of this inquiry.

Initial, Mid-Point, and Final Status of the
Three Groups With Respect to Bowling Scores

Only those volunteers with no previous instruction
in a unit of movement education who qualified as beginning
bowlers were eligible to serve as subjects for this inquiry.
A detailed explanation of the procedures followed in the
selection of subjects was included in Chapter II of this
manuscript.

The Delayed Experimental Group (DE) and the Experi-
mental Group (E) participated in a prerequisite unit of
movement cducation in which they were taught principles of
movement specifically related to the specialized skill of
bowling. The COntrol Group (C) did not receive this pre-
requisite unit of movement educatibn. The written examina-

tion concerning the application of movement principles was

86
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administered to groups DE and E upon completion of the
movement education unit and to group C'prior to their par-
ticipation in the unit of bowling instruction.

All three groups of students participated in the
bowling instruction unit. The scores of the first three
games of bowling were averaged to determine the initial
score. The scores of the ninth, tenth, and eleventh games
were averaged and désignated as the mid-point score and
the scores of the eighteenth, nineteenth, and twentieth
games were averaged to ascertain the final score. The
fifteenth game was designated as the starting point for the
Judges to begin their observations of the subjects' ability
to apply movement principles to the fundamental skills neces-
sary in‘bowling. The same written examination over the
Movement Education Unit was administered to all three groups
upon their completion of the bowling unit.

Table 1 depicts the mean scores and standard
deviations of the initial, mid-point and final bowling

scores of each of the three groups.



TABLE

1

INITIAL, MID-POINT, AND FINAL MEAN BOWLING SCORES
FOR THE THREE GROUPS OF SUBJECTS
Initial Mid-Point Final
Groups N
Mean SD Mean SH Mean SD

Experimental (E) 30 |84.95551(15.8659 [94.1778 |[14.8600 |99.0000 | 16.7078
Delayed

Experimental (DE) | 33 [85.5999 |11.5487 |88.7445 |15.3774 | 98.0554. | 14.6121
Control (C) 30 |86.5221 (13.3646 |91.4444 |15.2174 | 94.1556 | 11.7671

88
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Examination of Table 1 indicates that the lowest
initial mean score was achieved by the Experimental Group
and the highest by the Control Group. The difference
between the lowest and the highest score was 1.5666.
Bartlett's test of homogeneity of variance was applied to
the initial scores for each group in order to determine
whether the variance among groups at the initial stage of
the experiment was due to chance factors. Table 2 indicates

the results of this test.

TABLE 2

SIGNIFICANCE OF THE CHI—SQUARE VALUE OF
BARTLETT'S TEST OF HOMOGENEITY OF

VARIANCE
Chi-Square Value df P
+227 2 NS
Note: Chi-square value required for significance at .05

level = 5,991,

Table 2 reveals that the chi-square value of .227.
did not approach the value of 5.991 required for signifi-
cance at the .05.leve1. " This finding indicates that the
three groups experienced only chance variance on their
initial bowling score and, therefore, could be considered

honogeneous with respect to their initial skill in bowling.
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Analysis of the Data as They Relate
to the Hypotheses

In an attempt to dete?mine the effectiveness of a
prerequisite unit of movement education upon the subsequent
learning of the specialized skill of bowling, the investi-
gator proposed several hypotheses to be tested through the
development of this inquiry. Each hypothesis will now be
presented with the pertinent data collected from the various

sources utilized in this experiment.

Hypothesis 1
"The Thorndike theory of specificity and the Judd
theory of generalization are not opposing theories in
their meanings for educational practices.”

Upon examination of Tables 2, 3, 4, and 17, pages
89, 91, 93, 103.respectively, the following information
becomes.apparent:

1. The three groups of subjects (Experimental,
Delayed Experimental, and Control) involved in the study
experienced only chance variance on the initial bowling
scores.

2, No one group scored significantly higher on the
mid-point bowliné scores than did either of the other two
groups.

3. No one group scored significantly higher on the

final bowling scores than did either of the other two groups.

4. The difference between the initial and final
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bowling Scores for the three groups was not significant at

the .05 level.

Hypothesis 2

"Students beginning the bowling unit one week
after the completion of the movement education unit
will achieve higher bowling scores at the mid-point
of the bowling unit than will the students who do
not receive the movement education unit and/or the
students beginning the bowling unit one month

after the completion of the movement education
unit,"

Table 3 illustrates the results of an analysis of

variance using the means of the mid-point bowling scores

for all three groups.

TABLE 3

ANALYSIS OF VARIANCE OF MEAN SCORES AMONG THE
THREE GROUPS AT THE MID-POINT OF THE
BOWLING UNIT

Source of Sum of Mean

Variance Squares df Squares F s
Between Groups 386.29 2 193.145 .8232 NS
Within Group . 211158 90 234 .61
Total 21501.49 92
Note: value of 4.85 required for .0l level of significance.-

F
F value of 3.10 required for .05 level of significance.

Examination of Table 3 reveals that the F value

of .8232 is not significant at the .05 level. This result



92
indicates that no one group scored significantly'higher on

the mid-point bowling scores than did the other two groups.

Hypothesis 3

"Students beginning the bowling unit one month

after the completion of the movement education unit
will achieve higher bowling scores at the mid-point
of the bowling unit than will the students who do
not receive the movement education unit.,”

According to the results of the analysis of variance,
illustrated in Table 3, there was no significant difference
between the mid-point scores for groups Delayed Experimental
and Control. Table 3 indicates that the Delayed Experimental

Group had a lower mid-point score than did the Control Group;

however, it was not significantly lower,

Hypothesis 4

i

"Students beginning the bowling unit one week_
after the completion of the movement education unit
will achieve a higher final bowling score than will
the students who do not receive the movement eduga—
tion unit and/or the students beginning the bowling
unit one month after the completion of the movement
education unit."

Table 4 depicts the results of an analysis of
variance using the means of final bowling scores for each
of the three groups.

Scrutiny of Table 4 reveals that the F value of
1.008 is not significant at the .05 level. This result

indicates that no one group was significantly higher on

their final bowling score than were the other groups.
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TABLE 4

ANALYSIS OF VARIANCE OF FINAL MEAN SCORES AMONG
THE THREE GROUPS IN BOWLING

Source of Sum of Mean -

Variance ‘Squares df Squares F P
Between Groups 431.07 2 215.535 1.008 NS
Within Groups 19253.12 1 90 213.923
Total 19684.19 92
Note: F value of 4.85 required for .01 level of significance.

F value of 3.10 required for .05 level of significance.

Hypothesis 5
"Students beginning the bowling unit one month
after the completion of the movement education unit
will achieve higher final bowling scores than will
the students who do not receive the movement
cducation unit."

Referring to the results of the analysis of variance,
presented in Table 4, the final bowling scores for the
Delayed Experimental Group were not significantly higher
than the final scores for the Control Group. As reported
in Table 1, pace 88, the final bowling scores for the

Delayed Experimental Group were higher than the scores for

the Control Group, but not significantly higher.
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Hypothesis 6
"The application of mechanical principles to the
specialized skill of bowling will affect bowling
scores favorably."

In order to test Hypothesis 6, a number of variables
were included in the basic research design, as indicated in
Chapter II of this manuscript. In addition to the bowling
scores, an appraisal was made of each subject's under-
standing of the mecchanical principles of movement through
a written examination; and, her ability to physically apply
these principles while bowling was determined by three
trained judges who observed aﬁd rated her during the final
phase of the bowling ﬁnit.

The reliability of the judges' ratings and the
written examination over the movement education unit was

‘
determined prior to additional statistical treatment of
these data. An analysis of these data are presented in the
ensuing pages.

As explained in Chapter II, pages 49 and 50, the
Judges were considered to be reliable and in agreement
according to the results.of the rank order correlation
applied to the data collected during the orientation program
conducted for the three judges. Tables 5, 6, and 7 reveal
the reliability of the judges' ratings, for the ninety-three

Subjects, according to the results of the Pearson product-

moment correlation, This method was used in preference to
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the Spearman rank-difference because of the large number of

subjects involved.

TABLE 5

COEFFICIENT OF CORRELATION BETWEEN RATINGS
OF JUDGES X AND Y

Variable Mean SD df : P
Judge X 17.9247 B :

21 + 827 >.01
Judge Y 14,3441 5.0364

Note: r value required for significance with 91 df:
.05 level = .2050
.01 level = .2673
According to Table S, Judges X and Y were in agree-

ment. They had a very high positive correlation which was

significant at better than the .0l level.

TABLE 6

COEFFICIENT OF CORRELATION BETWEEN RATINGS
OF JUDGES X AND Z

Variable Mean SD df x P
Judge X 18.4194 36701

91 .198 NS
Judge Z 18.0430 4.6718

Note: r value required for significance with 91 df:
.05 level .2050
.01 level 2673
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Table 6 indicates that Judges X and Z were not
always in agreement. Their ratings did correlate positively
but the correlation was not significant in that it was less

than the .05 level.

TABLE 7

COEFFICIENT OF CORRELATION BETWEEN RATINGS
OF JUDGES Y AND Z

Variable Mean SD df T P
Judge Y 147312 4.6261

91 .214 A3
Judge Z 18.0538 4.6729

Note: r value required for significance wi;h'9l df :
.05 level = .2030
.01 level .2673

An examination of Table 7 reveals that Judges Y and
Z showed a positive relationship in their ratings, signifi-
cant at the .05 level.

The written test over the movement education unit
was administered twice to each of the three groups during
the process of this study. The first administration was at
the completion of the movement education unit, for the two
experimental groups, and prior to the bowling unit for the
Control Group. The same written test was administered thé
second time tolall three groups of subjects updn completion
of the unit of bowling instruction; Both times the reli-

ability coefficient was calculated using the "split-half"
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method, stepped up by the Spearman-Brown Prophecy Formula.
Table 8 presents the reliability coefficient of the
initial written test and Table 9 indicates the correlation

coefficient of the final written test.

TABLE 8

COEFFICIENT OF CORRELATION BETWEEN INITIAL WRITTEN
TEST (EVEN) AND INITIAL WRITTEN TEST (0DD)

Variable Mean SD df o P
Initial Test ?
(0dd) 10.0323 3.1399 ;
91 .693 >.01
Initial Test
(Even) 10.0430 2.7782

Note: 1r value required for significance with 91 df:
.05 level = ,2030
: .01 level . 2673

The reliability coefficient for the initial test

was significant at better than the .01 level.

TABLE 9

COEFFICIENT OF CORRELATION BETWEEN FINAL WRITTEN

TEST (EVEN) AND-FINAL WRITTEN TEST (0DD)

Variable Mean SD df - 4 P
Final Test
(0dd) 9.9824 2.733%
91 .734 2401
Final Test
(Even) 10.3441 2.6171
Note: r value required for significance with 91 df:

.05 level =
.01 level

.2050
.2673
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The coefficient of reliability for the final written
test was also significant at better than the .01 level.

[t may be assumed that the written examination over
the movement education unit was a highly reliable test.

For the purpose of reader reference, the mean
scores of the initial and final written examination over
the movement education unit are shown in Table 10 and the
results of the judgés‘ ratings of the students during the

bowling unit are revealed in Table 11.

TABLE 10

INITIAL AND FINAL MEAN SCORES FOR THE THREE
GROUPS ON THE WRITTEN EXAMINATION OVER
THE MOVEMENT EDUCATION UNIT

‘ Initial Final
Groups N
Mean SD Mean SD

Experi-

mental 30 21.0667 3.5396 21,2333 3.4707
Delayed

Experi-

mental 33 23.3333 95,1532 23.3333 41909
Control 30 13,2667 4.1064 16.4000 3.4795
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TABLE 11

MEAN SCORES OF THE JUDGES' RATINGS FOR
THE THREE GROUPS

Groups N Mean SD
Experimental 30 53.3666 10.0813
Delayed : '

" Experimental 33 49,8333 8.3190
Control 30 45,7666 11.6209

In an attempt to determine the maximum ability of
the subjects to make the application of learned movement
principles to the actual motor task of bowling, the
investigator combined the scores for the final written
test (intellectual application) and the scores for the
judges' ratings (physical application of knowledge) and
labeled this score the composite score for applicétion.

Table 12 divulges the coefficient of correlation
between the final bowling scores and the composite applica-
tion scores for the Experimental Group.

Table 12, page 100, reveals that the correlation
coefficient of .0395, with twenty-eight degrees of freedom,
is not significant at the .05 level. This means that the
relationship between the final bowling scores and the
composite application scores for the Experimental Group

Was not significant.
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TABLE 12
COEFFICIENT OF CORRELATION BETWEEN FINAL BOWLING SCORES

AND THE COMPOSITE SCORES OF FINAL WRITTEN AND
JUDGES' RATINGS FOR THE EXPERIMENTAL GROUP

-Uariable Mean SD df

|=
o

Final Bowling 99.0000 16. 7078
' 28 - .0395 NS

Final Written
and Judges'
Ratings 74,5000 11,3365

Note: r value required for significance with 28 df:
.05 level .374
.01 level .478

Table 13 relates the coefficient of correlation
between the final howling scores and the composite applica-

tion scores for the Delayed Experimental Group.

TABLE 13

COEFF ICIENT OF CORRELATION BETWEEN FINAL BOWLING SCORES
AND THE COMPOSITE SCORES OF FINAL WRITTEN AND JUDGES'
RATINGS FOR THE DELAYED EXPERIMENTAL GROUP

Variable Mean SD df

|=
o

Final Bowling | 98.50497 14,2751
v 31 0164 | NS

Final Written '
and Judges'
Ratings . 18 I3 8.60329

Note: r value required for significance with 31 df:
.05 level i D
.01 level .456

1
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This table indicates that the correlation coefficient
of .0164, with thirty-one degrees of freedom, is not signifi-
cant at the .05 level of confidence. Therefore, there was
no significant relationship between final bowling scores and
the composite application scores. for the Delayed Experimental
Group.

Table 14 discloses the coefficient of correlation
between the final bowling scores and the composite applica-

tion scores for the Control Group.

TABLE 14

COEFFICIENT OF CORRELATION BETWEEN FINAL BOWLING SCORES
AND THE COMPOSITE SCORES OF FINAL WRITTEN AND
JUDGES' RATINGS FOR THE CONTROL GROUP

Variable Mean SD df 3 P
Final Bowling 94,1556 11 TOTL
28 . 2904 NS
Final Written
and Judges'
Ratings 67.0000 10.6583

Note: r value required for significance with 28 df:
.05 level = .374
.01 level = .478
As reported in Table 14, the correlation coefficient
of .2904, with twenty-eight degrees of freedom, is not

significant at the .05 level. Thus, it may be assumed that

there was no significant positive relationship between the
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final bowling scores and the composite application scores
for the Control Group.

Tables 15, 16 and 17 present the results of testing
for the significance of the coefficient of correlation
obtained when comparing final bowling scores and composite
application scores of each group with the other two groups

of subjects.

TABLE 15

SIGNIFICANCE OF THE DIFFERENCE BETWEEN
r's FOR GROUP E AND GROUP C

t-value
Groups ; # df
t P
Experimental (E) .039 .040 '
58 .95 NS
Control (C) .290 .299

Note: t-value required for significance with 58 df:
.05 level = 2,000
.01 level = 2,660



TABLE 16

SIGNIFICANCE OF THE DIFFERENCE BETWEEN
r's FOR GROUP DE AND GROUP C

103

t-value
Groups ¥ % df
£ P
Delayed Experi- .
mental (DE). .016 .020
61 1.052 NS
Control (C) +290 ¢ 299
Note: t-value required for significanec with 61 df:
.05 level = 2,000
.01 level = 2,660
TABLE 17
SIGNIFICANCE OF THE DIFFERENCE BETWEEN
’ r's FOR GROUP E AND GROUP DE
t-value
Groups r % df
& t P
Experimental (E) .039 .040
61 .075 NS
Delayed Experi-
mental (DE) .016 - .020
Note: t-value required for significance with 61 df:
.05 level = 2.000
.01 level = 2.660

The obhtained t-values,

16 and 17, indicate that there

ship between the final bowling scores and the composite

as reported in Tables 15,

was -no significant relation-
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application scores among the three groups of subjects.
Table 18 imparts the results of the analysis of
variance employed to determine the significance of the
difference between the means of the initial and the final

bowling scores for all three groups.

TABLE 18

ANALYSIS OF VARIANCE OF THE DIFFERENCE BETWEEN INITIAL
AND FINAL BOWLING SCORES FOR THE THREE
GROUPS OF SUBJECTS

Source of Sum of Mean

Variance Squares df Squares F P
Between Groups 994.509 2 497.2545°|2.3110 NS
Within Groups 19365.402 90 218.171
Total 20359.911 92

Note: F value of 4.85 required for .0l level of significance.
F value of 3.10 required for .05 level of significance.
Upon inspection of Table 18, it becomes apparent
that the obtained F value of 2,310 for the differences
between the initial and final bowling scores for the three
groups was not significant at the .05 level,
The reader is referred to Table 19, in which the

gains in bowling score means are illustrated.
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TABLE 19

GAINS BETWEEN BOWLING SCORE MEANS FOR

THE THREE GROUPS OF SUBJECTS

Initial to Mid-Point Initial to
Group Mid-Point to Final Final
Experimental (E) 9.2220 4.8222 14.0445
Delayed s
Experimental (DE)- 3.1448 9.3107 12,4558
Control (C) 4.9223 o i 18 B 7.6335

On Table 19 it may be observed that the Experi-

mental Group made the greatest improvement in bowling

scores, 14.0445; the Delayed Experimental Group's improve-

ment in bowling scores was only 1.5890 less than that of

’

the Experimental Group.

The Control Group's bowling

improvement wés 6.4110 less than that of the Experimental

Group's improvement and 4.8220 less than the Delayed

Experimental Group's.

The Experimental Group experienced

the grecatest improvement in bowling from the initial to the

mid-point period.

This group continued to improve from the

mid-point to final scoreé; however, the rate of improvement

declined somewhat.

The Experimental Group exhibited the

greatest total gain in bowling scores and upon completion

of the required twenty games had the highest bowling scores.
However, neither the gains nor the scores were significantly

Jreater than those of the other two groups.
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The Delayed Experimental Group showed less improve-
ment from the initial to the mid-point period than either
of the other two groups. Thi$ group experienced the
greatest improvement from their mid-point to their final
scorés. The difference between the final scores for the
Delayed Experimental Group as compared to the Experimental
Group was only .9446 and as compared to the Control Group
was 3.8998. 'Neithef the gains nor the scores were signifi-
cantly greater than those of the other two grcups.

The Control Group started with a slightly higher
initial bowling score than the other two groups, but this
group displayed the least improvement throughout the experi-
ment, Upon completion of the required twenty games the
Control Group revealed the lowest scores. It is, however,
imperative to point out that the final scores for the
Control Group werc not significantly lower than the final
scores for the other two groups.

| A summary of the means of pertinent data related
to Hypothesis 6 may be observed in Table 20. The reader
is reminded that the differences between and among the

Méans of the three groups were not significant.



TABLE 20

SUMMARY OF MEANS

Bowling Scores Written Test
Group N —] Judges'
Initial |Mid-Point Final Ratings | Initial Final
Experimental (E) 30 84.9555| 94.1778 | 99.0000 | 53.3667 | 21.0667 | 21.2333
Delayed
Experimental (DE) 33 85.5999| 88.7445 | 98.0554 | 49.8333 | 23.3333 | 23.3333
Control (C) 30 86.5221| 91.4444 | 94.1556 | 45.7667 | 15.2667 | 16.4000

LOT
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Summary

In Chapter III the writer presented.the analysis
and interpretation of the data obtained during this inquiry.
Following the statement of each of the hypotheses, pertinent
data were presented in tabular form accompanied by discus-
sion. The reliability of the judges' ;atings and the
written examination over the movement education unit were
presented, also,

Chapter IV will include a summary of the expgri-
mental study, the conclusions drawn accordihg'to the results
of the analysis of data, implicatioﬁs of the findings, and

recommendations for future studies.



CHAPTER IV

SUMMARY, CONCLUSIONS, IMPLICATIONS AND

RECOMMENDATIONS FOR FUTURE STUDIES

This chapter includes a summary of the investigation,
a synopsis of the data as they pertain to the hypotheses,
conclusions and implications based upon the findings, and

recommendations for future studies.

Summary of the Investigation

The most recent and most widely accepted theory con-
cerning human learning implies that the physical aspects of
an individual constitute the process through which learning
takes place and the intellectual aspects represent the extent, -
or the results, of the prcﬁcess.l’2
The conclusions of studieé conducted by psychologists
" prior to the 1930's relate that human performance and learn-
ing are based upon reaction to discrete sensory stimuli and
that learning depends upon the strengthening of the bonds
between stimuli and the responses of the organism. Since

the 1930's, psychology theorists have maintained that stimuli

Within the environment are organized into patterns and that

lKaelin, 0P Cite, P 99.
20bcrtcuffer and Ulrich, op. cit.

109



110
the resulting performance is based upon the meaning attached
to the total field of experience. Research findings indi-
cate that a two-factor theory of motor performance can be
supported. The two-factor theory contends that there are
several groups of general abilities which are essential or
fundamental to performance. Ihese abilities are largely
independent of each other, but, they contribute to the execu-
tion of several groups of skills. These general abilities
include: (1) Efficient utilization of space in accurate
movement, (2) The ability to summon and to exert maximum
force and speed when needed, (3) Freedom from excess tension,
(4) Motivation, and (5) The ability to aéalyze a complex
task. '

It would appear, according to current beliefs, that
the purpose of education is to continuously strive.for more
refined, highly developed, and specialized behavioral pat-
terns of human conduct. ﬁow fully developed an individual
becomes depends upon educators' ability to see all of the
necessary components involved in this developmental process.
The cultural needs of a society change from time to time as
that society moves through the process of civiliéation.
Education must not only prepare individuals to cope with the
future but, more important, to be able to fashion it in a

Manner which not only meets human needs but challenges the

best capacities of man.
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The basic premise of movement education, as stated

by Broer, is:

Movement is used in some way to some degree, in

every task accomplished by human beings. The need

of every individual is to understand human movement

so that any task, light or heavy, fine or gross,

fast or slow, long or short duration, whether it

involves everyday living, work, or recreational

skills can be approached effectively.l

Movement becomes significant to an individual through

a knowledge about the body and through an awareness of self,
which develops through moving the body. The major areas of
concern in movement education are:

1. Development of physical qualities necessary
to effective movement,

2. Development of an awareness of the %rinciples
which are involved in human movement.

3. Development of an understanding of how.these
principles affect movement.

4. Development of basic movements,

5. Application of mechanical principles and combin-
ing basic movements to develop fundamental motor
patterns which may be modified as needed in order
to develop specialized skills which relate
specifically to a particular activity.

Cardinal to the theory of movement education is the

premise that the physical laws of motion which govern all

lBroer, Efficiency of Human Movement, p. 3.
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movement also govern human movement. This theory also
implies that the specializéd skills which make up all the
various physical activities involve the use of the same
fundamental movements and motor patterns, modified accord-
ing to the specific purpose of the particular activity,.
Therefore, it would seem that if the physical principles
of movement are learned and understood, applications can
and/or should develop, which would facilitate all motor
skill learning. The process of transfer of learning is a
complex, complicated, interdependent functioning of all the
various factors; and, continued study and research is

necessary before it can be fully understood.

Purpose of the Study

Thc.general purpose of this inquiry was to deter-
mine if participation in a prerequisite unit of movement
education would effect a higher level of achievement in
the specialized skill of bowling than would speciaiized
skill instruction without instruction in the unit of move-
ment education. The three groups of subjécts established
in the research design of this study were:

1. The Delayed Experimental Group: Received the
Prerequisite unit of movement education and had a six weeks
delay beforé beginning the unit of bowling instruction.

2. The Experimental Group: Received the pre-
reéquisite instruction in movement education and moved

Immediatcly into the bowling instruction unit.
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3. The Control Group: Received no specific
instruction in movement education and participated only in
the unit of bowling instruction.

The following hypotheses were tested through the
development of this study:

1. The Thorndike theory of identical elements and
the Judd theory of generalization are not opposing theories
in their meanings for educational practices.

2, Students beginning the bowling unit one week
after the completion of the movement education unit will
achieve higher bowling scores at the mid-point of the
bowling unit than will the students who do not receive the
movement education unit and/or the students beéinning the
bowling unit six weeks after the completion of the movement
education unit.

3. Students beginning the bowling unit six weeks
after the completion of fhe movement education unit will
achieve higher bowling scores at the mid-point of the
bowling unit than will the students who do not receive the
movement education unit,

4, Students beginning the bowling unit one week
after the completion of the movement education unit will
achieve a higher final bowling score than will the students
Who do not receive the movement education unit and/or the

Students beginning the bowling unit six weeks after the

Completion of the movement education unit.
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S. Students beginning the bowling unit six weeks
after the completion of the movement education unit will
achieve higher final bowling scores than will the students
who do not receive the movement education unit.
6. The application of mechanical principles to the
specialized skill of bowling will affect bowling scores

favorably.

Method of Inquiry

Chapter II of this manuscript dealt exclusively with
a detailed explanation of the procedures followed in the
development of the study. This informétion was presented
under the major headings of sources of data, development of
the unit of movement education, development of the unit of
bowling instruction, how the movement education unit was
taught, how the bowling unit of instruction was taught, and
treatment of the data.

The subjects who volunteered as participaﬁis in this
inquiry were ninety-threec undergraduate students enrolled in
the Texas Woman's University in Denton, Téxas, during.the
first and.second semesters of the academic year of 1966-1967.
Only students with no previous instruction in a unit of
movement education and who qualified as beginning bowlers
were allowed to serve as subjects.

The first phase ;f the study consisted of the

instruction in movement education which was received by the
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Delayed Experimental Group and the Experimental Group. The
movement education unit, as well as the bowling unit, was
taught by the investigator and was as nearly identical as
humanly possible for each group with respect to length of
time for the presentation of the unit, the materials pre-
sented, the methods of instruction, and the actual presen-
tation, The movement principles taught were.limited to those
which had direct or indirect application to the specialized
skill of bowling. The movement principles selected for
inclusion in the unit of movement education were: gravity,
center of graviiy, balance, motion,'friction, force, centri-
fugal force, parallelogram of force, momentum, gbsorbing
force, axes of rotation, levers, moment of inertia in angular
motion, air resistance, and spin. The motor patterns
selected for inclusion in the unit of movement education
were: standing, balancing weight on one foot, walking,
holding and carrying, and the underhand throwing pattern.

The second phase of the experiment consisted of the
instruction in bowling which was received by all three groups
of subjects. The bowling unit of instruction included
€Xposure to an understanding and application of: basic
movements necessary in bowling; physical laws of motion—--
those related to human movement (body mechanics) and those
related to the objects involved in bowling (mechanical
Principles); fundamental motqr pétterns which are necessary

in bowling; and a brief explanation of the history, rules,
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terminology, and score keeping. To facilitate learning,
the following procedures were adhered to: (1) Only four
bowlers were assigned to a lane, (2) Individual instruction
and assistance was provided after the initial period of
group instruction, (3) A minimum of rules were presented,
and (4) Individual tally sheets and graphs of learning
curves were available foi student reference.

Data were collected in the form of performance
scores on: (1) Initial and final written examinations over
the movement education unit, (2) Initial, mid-point, and
final scores accumulated during twenty .games of bowling,
and (3) Judges' ratings of each subject's ability to apply
eight mechanical principles of movement utilized in bowling.
The data collected from the initial bowling scores were
subjectea to Bartlett's test of homogepeity of variance in
order to test the homogeneity of the three groups.

The analysis of variance was utilized to test the
significance of the difference in mid-point bowling scores
among the three groups of subjects. This same statistical
Procedure was utilized to test the significance of the dif-
ference in final bowling scores among the three groups. The
analysis of variance was used also to test the significance
of the improvement between initial and final bowling scores

among the three groups.
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Pearson's product moment correlation technique was
employed to determine the relationship between the final
bowling score and the composite score, representing the
written examination and the judges' ratings. This same
statistical procedure was used in order to determine the
reliability of the judges' ratings and_this technique,
stepped up by the Spearman-Brown formula, waé applied to

determine the reliability of the written examination.

Synopsis of the Data

A summary of the findings resulting from the analysis

and interpretation of the data is presented in relation to

the hypotheses tested.,

Hypothesis 1 _
"The Thorndike theory of identical elements and the
Judd theory of generalization are not opposing theories

in their meanings for educational practices." Accepted.

There was no significant difference in the perform-
ance of either of the experimental groups, in which the
theory of generalization was utilized, as compared to the
performance of the control group, in which the theoryiof
Specificity was utilized.

1. There was no significant difference between the
mid-point bowling scores of either of the experimental
groups as compared to the mid-point scores of the control

group, (Table 3.)
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2. There was no significant difference between
the final bowling scores of either of the experimental
groups as compared to the final scores of the control
group. (Table 4.)
3. There was no significant difference in the
amount of improvement from the initial bowling score to

the final bowling score among the three groups. (Table 18.)

Hypothesis 2

"Students beginning the bowling unit one week after
the completion of the movement education unit will
achieve higher bowling scores at the mid-point of the
bowling unit than will the students who do not receive
the movement education unit and/or the students
beginning the bowling unit six weeks after the com-
pletion of the movement education unit." Rejected.

Group E did achieve higher mid-point bowling scores
than did.gréups DE and C; however, these scores were not

significantly higher. (Table 3.)

Hypothesis 3

"Students beginning the bowling unit six weeks after
the completion of the movement education unit will
achieve higher bowling scores at the mid-point of the
bowling unit than will the students who do not receive
the movement education."” Rejected.

Group DE achieved lower mid-point bowling scores

than did Group C; howeher, these scores were not significantly

lower, (Table 3.)
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Hypothesis 4
"Students beginning the bowling unit one week
after the completion of the movement education unit
will achieve a higher final bowling score than will
the students who do not receive the movement educa-
tion unit and/or the students beginning the bowling
unit six weeks after the completion of the movement
education unit." Rejected. '
Group E did achieve a minutely higher final bowling
score than did Group DE and a slightly higher final score

than Group C., The difference in final bowling scores among

the three groups was not significant. (Table 4.)

Hypothesis 5
"Students beginning the bowling unit six weeks
after the completion of the movement education unit
will achieve higher final bowling scores than will
the students who do not receive the movement
education unit.," Rejected.
Group DE did obtain slightly higher final bowling

scores than did Group C; however, the difference was not

significant. (Table 4.)

Hypothesis 6
"The applfcation of mechanical principles to the
specialized skill of bowling will affect bowling
scores favorably." Rejected.
The final written test score combined with the
Judges' rating constituted the application score. The posi-
tive correlation cocfficient between the application score

and the final bowling score was not significant for any of

the three groups of subjects. (Tables 15, 16, and 17.)



120

Conclusions

Conclusions based on the findings of this inquiry,
with all details stripped away, may now be stated as follows:

1. Prerequisite instruction in mechanical principles
of movement had no appreciable effect upon college women's
"ability to achieve a higher level of performance in bowling,
over a period of twenty games, than students who did not
have such instruction during the present investigation.

2. It would appear that the longer the subjects
were delayed between their instruction in mechanical prin-
ciples of movement and the opportunity tp make application
of this knowledge to the performance of the specialized
skill of bowling, the longer it took for them £0 demonstrate
improvement in the skill. This delay, however, was not a
significant detriment at the mid-point or final period of
scoring.

3. Application of mechanical principles of move-
ment in the actual performance of motor patterns utilized
in bowling, as rufed by trained judges, was not significantly
effected by a prerequisite unit of instruction in movement
education.

4. Knowledge of mechanical principles of movement,
as expressecd through a written examination over these prin-
ciples, appcared to be learned through specialized skill

instruction in bowling as adequately as through prerequisite
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instruction in a unit of movement education in this investi-
gation.

5. The written examination over the unit of move-

ment education was a reliable instrument.

Implications

The following implicat&ons are based ‘upon the data
collected during this inquiry and upon the investigator's
empirical observations of the students' verbalized and non-
verbalized actions and reactions during the process of the
study.

1. It appears that college women require a period
of time to recall and apply general principles of movement
to specialized motor performance. The group of subjects
who had a six weeks delay between the prerequisite unit of
movement education and the bowling unit were somewhat slower
in showing improvement in bowling scores between the initial
and mid-point scoring periods but seemed to make réther
rapid strides between the mid-point and final periods.
Although no significant differences were found to eX1st
between Lhe scoring periods among the three groups of sub-
jects, curiosity prompts this investigator to wonder if the
bowling unit had been continued over a longer period of time
than utilizéd in this investigation, if significant differ-

ences might have been found to exist among the bowling scores

of the three groups.
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2+ . The subjects who received the prerequisite
instruction in movement education seemed to evidence a
better overall understanding of the skills necessary to
bowling. During the time they were at the bowling alley
for class, they were more aware of their mistakes and the
ways to correct them. They became very cognizant of the
fact that even though they knew what they shbuld be doing
it was not always possible for them to actually perform
according to this knowledge. Concern and frustration were
expressed at not being able to perform particular motor
tasks as they should be performed. The subjects who did
not receive the movement education were not as aware of
their mistakes or the ways of correcting them as were the
subjects in the experimental groups. They expressed less
concern and frustration over their inability to perform the
motor tasks successfully.

In this inquiry, the extent of a subject's ability
to make application of the mechanical principles of move-
ment to the specialized skill of bowling was determined by
her bowling scores, judges' ratings, and scores on a written
examination. On the basis of the findings of this inquiry,
it is the investigator's belief that another approach for
determining the application of knowledge of mechanical
Principles of movement should be considered in future studies
designed to mecasure the effectivéness of instruction in move-

ment education as it relates to specialized skill instruction.
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One such approach, which would be particularly useful in a
program of -professional preparation, would be to have the
subjects rate other performers with respect to their use of
principles of movement in their execution of the specialized
skill and compare these ratings with the observations of
trained judges.

3. Although in theory it would appear that knowledge:
of the mechanical principles of movement would aid a college
woman in improving her performance in a specialized motor
skill involving these principles of movement, the findings
of this investigation do not warrant such an assumption for
the specialized skill of bowling. Administrators and
instructors 1in required programs of physical éducation for
women at the college level must determine if the time
required for a prerequisite unit of movement education can
be justified on some other basis than a significant increase
in specialized skill performance in an activity such as

bowling.

Recommendations for Future Studies

The findings of this study have posed additional:
questions for the investigator which brought about the fol-
lowing recommendations for future studies concerning a
prerequisiﬁe unit of movement education and specialized

skill instruction and/or performance.
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1. A study designed to determine the effect of a
prerequisite unit of movemént education upon the level of
achievement in a specialized skill after a delay of a year
and a half.

2. A study designed to determine the effect of a
prerequisite unit of movement education upon the level of
achievement in a specialized skill with no formal class
instruction in the specialized skill.,

3. A study which would result in a valid and
reliable written test which would adequately evaluate intel-
lectual application of movement principles to everyday move-
ment patterns utilized by women.

4. A study designed to develop a valid and reliable
instrument for adequate evaluation of the application of
'movement-principles to actual motor performance.

5. A study similar in design to the present inquiry
with the specialized skill instruction unit extended to
thirty games of bowling.

6. A study to determine the effectiveness of having
Students of movement education rate other performers with
reéspect to their application of movement principles in
Specialized.skills such as bowling, golf, rifle shooting,
and archery,

7. A longitudinai study to determine the effective-

ness of instruction in movement education at the elementary
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school level as it relates to specialized skill acquisition

at the high school and/or college level,
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material arve:
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W. B. Saunders Co., 1966.
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Appleton-Century Crafts. 1963,

MOVEMENT PRINCIPLES

I, GRAVITY

A. DEFINITION

‘ Constant force puiling all objects downward.

B, IMPORTANCE
l. It is constant and universal.
2. Affects all objects.
3« It is always vertical.

C. FACTORS
l. Is proportional to the mass.
2. Falling objects experience gravitational acceleration.
3. Gravity may be overcome, matched, or yielded to.

L. Requires constant work from muscles to offset effects.

134
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IT, CENTER OF GRAVITY

A.

B.

C.

DEFINITION

. The center of the mass.

IMPORTANCE

The location determines ease of balance.

FACTORS

1.

2,

3.

Te

The center of gravity changes with movement of body parts.

The center of gravity is determined at the point of intersection
of 3 planes of weight halves.

a) Transverse. (horizontal—top and bottom)

b) Frontal. (frontal and back)

c) Sagittal. (down the center——two sides)

The location of the center of gravity determines whether the
object can be balanced.

The center of gravity in the adult human body is usually within
the area of the hips.

In any rigid symmetrical body, the geometricai center is also
the center of gravity.

No matter how irregular thé shape of an object it has a point
about which it will balance.

Large shoulders and shoulder muscles rake the center of gravity
high in men,

Large, fatty hips and thighs make the center cf gravity low in

women,
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BALANCE - (equilibrium)

-A. DEFINITION

A state of poise, remaining position or stability, or equal distri=-
bution of weight.
B. IMPORTANCE

1. Steady position for work.

2. Economy of energy expenditure.

3¢ Safety.

C. FACTORS

1. The larger the base the more stable the object,
The base should be enlarged in the direction of the opposing force.
If the base is enlarged it should be done in such a way that move-
rent of the joints is not restricted or strain put on any joint.

2o The smaller the base the less stable the object becomes

3. An object is balanced when its center of gravity is over its
supporting base. ]

Lo If the line of gravity falls near the center of the base, the
more stable the object becones.,

5. The lower the center of gravity, the more stable the object.

6 A small base and a high center of gravity reduce stability.

Ts The heavier an object, all other things being equal, the greater
the stability,

85 Balénce in all activities is an active process, one in which

muscles are attempting to control the center of gravity of the

body in relation to the supporting base.
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IV, MOTION ~ (movement or action)

A. DEFINITION
The process of moving or changing place or position. " A situation in
which the position of an object.and its support is changing. . - -

B. IMPORTANCE | _
Motion produces mﬁmentum,- or kinetic energy. In the human body, motion
varies from fine movemsnts, with little physical work Being'pex'formed,
to gross movements which. involve the entire body in heavy work and re-
resistance. |

C.. FACTORS MODIFYING MOTION
le - Friction.
2e~ MAr- resistance.
3+ Water resistance.
L. --Gravity.

.Ds  NEWTON'S-LAWS OF MOTION.
1, Law of Tnertia_~ (resistance to-motion.or change -of motion)”

a) - A reéting body will remain .at rest.if no external force-
operates.-upon it.

b) " ‘A body moving with uniform motion will retain -this -state--of
uniform motion as long as there is no external force operat-
ing upon ite.

2. Law of Acceleration.
Acceleration is -
‘a) Directly proportional to the mass'of the- body, -and’

b) 1In the same direction as the. force producing it.
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Law of Counterforce
Every force which meets resistance has an equal and opposite

counterforce.

TYPES OF MOTION

1,

2,

Translatory - (linear)

An object moving as a whole inlthe direction of the motion, all
parts move in a straight line and at an equal distance.
Rotatory - (angular)

There is one point within an object which serves as a center,
about which all other points in the object outline a concentric
arc, |

Motion is not always strictly linear or rotatory, often it is a

SdonhinstddntbE the twos

FACTORS

1. Muscles of the body produce the force for most of man's movements.

2. Force behind or distributed eround the center of gravity produces
linear motion. .

3. Force applied away.from the center of gravity produces angular
motion, |

Ls The mass of an object determines the degree of inertia, amount

s + £ a
of acceleration from a given force, and amount of counterforce

necessary.
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V. FRICTION

A.

Be

Ce.

DEFINITION

Resistance between two surfaces where one is sliding or rolling on
the other.

IMPORTANCE

1. Makes motion possible by resistance or counterforce (angular).
2., Makes motion possible by absence of resistance (linear).
FACTOR

1. A heavy object obtains greater friction than a light one.

2. A large surface provides better friction than a small one.

3+ Forces directing the object against the other surface increase

friction, those pulling the object may decrease friction.
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VI, FORCE

A.

B.

Co

DEFINITION

Strength or power exerted upon an object$ impetus or iniensity of

effect.

IMPORTANCE

Force is anything which produées motion or change of motion. Force

as it applies to work must take into consideration:

1. Magnitude.

2. Direction of application.

3. Péint of application.

THE MAJOR TYPES OF FORCE WHICH CAUSE THE HUMAN BODY TO MOVE ARE:

1. Internal—produced by the body itself.

2. External—applied by another person or object and by the downward
pull of gravity.

FACTORS

1. In the human body force is supplied by the muscles which are
innervated by the nervesa.

2. Muscles only exert force by shortening, thus force exerted by
muscles is a pull.

3+ The desired outcome must be considered, whether it requires maxi-
mum force or controlled application of force.

e The greatest total force can be attained only when all of the body
parts that can contribute to the desired movement are used to their
maximum,

5. Strong muscles can exert more force than weak muscles.ll_
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6, The strongest muscle available should be used in order to avoid
strain.

T« Muscles work more efficiently when they begin on a stretch.

8. Unless there is a firm base for action force is not effective in
moving an object (friction between the feet and the ground).

9. If force is applied to én object through its center of gravity
less force is required to move the object and linear motion will
result,

10. An object tends to rotate if force is applied above, below, or on
either side of the center of gravity.

1l. The farther from the center of gravity the force i? applied the
less force it takes to rotate the object.

12. The amount of force depends upon the é%%ggéggg}as well as the
magnitude of the force.

13. Force must be absorbed or spent gradually. An absorbent sur-
face must be provided for the impact (as in landing from a fall,
landing from a Jump, or catching). | |

L. The effectiveness of force, when used with levers is determined
by: -

a) Distance of the point of application from the axis.

b. The angle of application.
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VII. CENTRIFUGAL FORCE - (tangential force)

Ao

B.

C.

DEFINITION

Tendency éf an object in the process of rotation to go off on a

tangent to the arc of rotation.

IMPORTANCE

1, Many throws depend upon this effort.

2, Is a form of moving inertia.

3« May be a safety hazard.

FACTORS

1. There must always be a resisting force to prevent tangential
action.

2+ The greater the speed of angular action the greater the cen-
trifugal force.

3. Timing of release determines accuracye.
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VIIT, PARALLELOGRAM OF FORCE
A. DEFINITION
The vertical and horizontal lines are in proportion to a force ap-
plied at an angle to an object. The resultant of thé application of
force. | |
Bi IMPORTANCE .
1. Destermines the.direction 'in which thé-object will move.
2. Determines the effectiveness of the force and ease of motion.
C. FACTORS
1. A diagonal force applied to an object is in effect the resultant
of two forces.
a) When pulling an object with a diagonal rope, two forces are
being exerted.
(1) One in the direction of the desired movement (forward).
(2) The other upward. |
b) Whether or not the upward force is desirable depends upon
the amount of friction to be overcome. )
c) The greate} the friction the more upward motion is needed.

2. In muscle force the angle between the muscle's line of pull‘and the
axis of the bone to be moved determines the angle at which the
force is applied.

a) This is not constant as when pulling an object, because the

puil of the muscle results in rotation of the bone, which

then changes the angle of pulla

o

) The more nearly the angle of pull approaches 90 degrees the

more effective the contraction will be. This rarely occurse



3.

Le

5.

Te

144

Dorothy M. Coleman

c) When the angle of the pull is less than 90 degrees only part
of the force is effective in producing the desired movement.

d) Much of it acts as a stabilizing force, keeping the bone in
the joint.

The greater the angle in relation to the horizontal plane the

more the lift,

The greater the angle of force on the lever, the greater the

rotation of the lever.

A vertically downward application of force increases frictione

The heavier the load the greater vertical angle needed (overcome

friction). :

Force should be applied in line with the center of gravity of the

body to be moved.

"_-FF“_—.—-‘““"‘\ T
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IX. MOMENTUM - (magnitude of force)

A. DEFINITION
The product of mass (weight) times velocity (speed) of an object.
B. IMPORTANCE
l. That quantity of motion which determines the time necessary
to stop an object's movement.
2, That quantity of motion which determines the force necessary
to obtain a desired result.
C» FACTORS
‘ 1. Force must be'sufficient to overcome the inertia of the object
if momentum is to result.
2. A heavier object moving slowly may have more momentum than a
light one moving fast,
3. Momentum of a light object may be increased by moving it
faster.
e TForce applied over a longer period of time will create more
momentum,
5« Momentum of one object may be imparted to anothers
6. Momentum of one part of an object may be transferred to
another part of that object.
T« Momentum depends upon the speed at which an object is mcving

as well as the mass of the object being moved.
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X. . ABSORBING FORCE

A.

B.

DEFINITION

Deceleration or stopping a moving object. Reducing momentum.

IMPORTANCE -

l. Enables one.to control Ewn body momentum.

2. Able to stop other moving objects.

3, Makes possible smooth movement by continuity into recovery and
next movement.

FACTORS

l. Force must be absorbed, or spent, gradually.
a) The greater the momentum the longer time required to stop.
b) The greater the momentum the more the distance reguired in
ﬁhich to apply resistance.
20 The force of impact depends upon the:
a) The weight of an object. ' r
b) The speed at which it is moving.
3. Balance must be considered in any task involving force

absorption.
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XI, AXES OF ROTATION =~ (fulcrum)

A.

B.

C.

DEFINITION
Center around which parts turn.
IMPORTANCE
The axis is always a point of contact or support of objects attached.
TYPES OF AXES | | '
1. Transverse (acrosswise).
2. Longitudinal (lenghthwise).
FACTORS |
l. The axis is around a center of gravity or imaginary long line
of a segment or total body in a freely moving object.
2. The type of axis determines ease and range of rotation.
3. In body movements action at various axes may occur simultaneously

or in sequence.
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XIT, LEVERS

A,

B.

DEFINITION

A simple machine for execution of work, a rigid bar turning about an
axis.

IMPORTANCE

1. Lengthens the force arm to make force more effective, .

2. Shortens the resistance arm to make the range greater.

3. The movement is rotatory.

L. There must be force to operate the lever and there is a
resistance to overcome,

5. The levers in the human body are the bones,rotating about their
particular attachments (axis) to the adjacent segment.

6. The force for operating the various levers within the body is
produced by muscle contractions.' 4

Te The resistance is the center of gravity of the body part plus

any added weight.

C. TYPES OF LEVERS

l. First Class - the axis (fulcrum) is located between the re-

sistance and the force.

R A ¥

24 Second Class - the resistance is located between the axis and

the point of application of force.
X F

A R

3e Third Class - the force acts at a point between the axis and the

resistance. . The resistance arm always longer than the force arm.

. F
A R
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D. FACTORS
Il; The é}fectiveness of a lever depends upon the location on the
lever of the axis, the point at which the force is gpplied, and
the point at which the resistance is applied,
2., Muscles in the body have two effects on the various levers
since force is applied at an angle less than 90°:
a) Rotatory effect necessary for movement.
b) Stabilizing effect, important in relieving joint strain and
in maintaining joint structure.
3. Lengthen the force arm to make force more effective.
li. Shorten the resistance arm to increase the range of’ movement.
5. ' First class lever favors balance.
6+ Second class lever favor force.
7+ Third class levers favor speed and range of movement.
8. The levers of the body are primarily of the third class, Most
of the muscles attach close to the joints producing a short force
arm. Since the segments are iong the weight_(resistance) is con~
centrated farther from the joint. |
9. The human body does easily those tasks which involve fast move-
ment with light objects.,
10s When heavy work is demanded the human body must use some type
of machine in order to gain a force advantage.
11. Sports instruments lengthen the levers of the body. Through
their use the limitations of human force are compensated for by

the greatly increased speéd of the object imparting the force



#*12,

13.

*¥1l o

153

150

Dofothy M. Coleman
(because of the increased iength of ‘the lever).
Leverage in the human body almost never inv_olves a single body
part (a simple lever). Movement results from a system of levers
working together,
Even when movement of a simple lever does take place, many other
parts of the body must bé immobilized,
When force is produced by the human system of levers is depsndent
upon speed at the extremity (throwing), the levers function in se-
quence, each coming into action at the time that the one before
has reached its maximum speed.
When many levers are brought into a heavy task (pushing) they

function simultaneously.
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XIII. MOMENT OF INERTIA IN ANGULAR MOTION

A.

Be

C.

DEFINITION

Effectiveness of resistance to angular motion.

IMPORTANCE |

1. Related to ease and speed of rotation.

2. Related to the amount of force necessary to produce rotation.

FACTORS

1. The more concentrated the mass around the axis, the less the
amount of inertia. |

2. The moment of inertia varies as the part flexes or extends.

3« The greater the distance the force is applied from the axis the

greater is the effect in producing rotation about the axis.
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{1V, AIR RESISTANCE

A. DEFINITION

B.

C.

Resistance of the air wall to an object pressing through it,

IMPORTANCE

1. Is present in all normal activities of the human body.

2, In some activities it is so small a factor it need not be con-
sidered. In other activities it is an important factor.

3. Is a factor in overcoming moving inertia.

FACTORS

1. Increases as speed increases.

2, Is constant except for alterations from air currents.

3« Is so slight that effects are significant only at high speeds.

Lo The surface, size, shape,and weight of an object help determine

" the air flow around ite

5¢ A light object with a large surface falls more slowly than a small

compact object,
6. If the object has linear motion the air resistance is constant

all over the surface presented to the air wall.

7+ If the object is rotating the side which is turning into the air

wall meets increased resistance.
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SPIN

i

Ba

Ce

DEFINITION
Ball is turning around a vertical or horizontal axis throﬁgh its
center.
Rotation, .top spin, back spin, or side spin,
IMPORTANCE |
1. Spin can raise or lower the line of flight,
2. Spin can increase or decrease length of flight or distance of
roll.
3« Spin can alter the angle of rebound and the speed of rebound.
L. Spin can cause the path of the ball to curve laterally.
FACTORS

l. Spin may occur around a horizontal or around a vertical axis.

2. Spin is discussed in terms of right or left around a vertical
axis; forward or backward around a horizontal axis.

3. A ball must be hit so that the contacting surface of the ball
is moved while in contéct.

L. A rough ball will acquire spin more readily than a smooth one

(because of friction).

5. Spin is produced by the difference in air resistance on the two

sides of the ball:
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a) PTeséure is built up on one sidé, where air resistance to for-
ward motion is in opposition to that of the aid moving around
the ball.

b) A low pressure area results on the opposite side of the ball
where the two forces are in the same direction and the velocity
of the moving air is increaéed.

c¢) The ball tends to move toward the side where the pressure is |
least, If the ball is spinning to the right around a verti-
cal' axis, the pressure is on the left, thus causing the ball
to curve to the right,

In a fast moving ball the spin effect occurs late %p the flight.

Spin has more effect on the direction of a light ball than a heavy

ball because the heavy ball has a greater momentum which makes it

less responsive to aid pressure.

Spin affects the roll of .a ball when it lands.

Spin is caused by an off center application of force.

If the free mofiou of an object is interfered with b& friction

or the presence of some obstacle, rotatory motion results in

spite of the fact that the force is imparted through the center
of gravity (because of friction between ball and ground, )

Spin increases the difficulty of acquiring accuracy in hitting

a desired target.
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XvI. REBOUND

A.

Be

C.

DEFINITION

An object which meets resistance is acted upon by a counterforce,

or will rebound,

IMPORTANCE

1. Ability to anticipate boﬁnce or reaction of an oﬁjeét.

2, Determines where a ball will go and how it should be played.

3¢ Can direct a ball where it could not otherwise be thrown.

L. May be used as an asset or it may result in an error in placement.

5. Strilking surface may be altered to direct the ball.

FACTORS

1. Rebound is modified by the firmess of the striking surface of
the ball and the speed of the ball.

2, Reboun& is modified by the firmness of the surface the object
strikes. -

3+ Round surfaces offer various faces. .

Le The anglé of tﬁq rebound equals the angle at which contact is
made unless modified by spin or lack of firmness of the ‘striking
object'ahd the object struck. ‘

5« The reaction of the object hit is just as great on the striking
surface as the force which projects it into space. The striking
surface should be of firm substance and it should not teive! when

contacting the objecte
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I, GRAVITY

I

2.

3.

Which of the following is not true concerning the pull of gravity(on
earth)? -

a, It is always present.

be Affects all objects.

ce Is horizontal. _

One of the following is not true céncerning the pull of gravity.

2. The weight and size of an object has no effect upon the rate of fall.
be Gravity may be overcome.

¢, Gravity may be matched.

Which of the following is true concerning the pull of gravity upon the
human body? ) - '

a. A heavy body experiences less gravity pull.

be A well -aligned body experiences less gravity pull.

c. It makes no difference how the body is aligned, the grévity pull

is the same.
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1. Which of the statements is not true?

2,

a« The center of gravity may be outside the body in ceftain movements,

b. The center of gravity is in the region of the hips in the standing
positione

ce The center of gravity is at the point of intersection of weight lines
of the body planes,

d. The center of gravity of the bedy is the same for any movement,
The center of gravity in the body is:
a. The geometrical center of the body. b. Easily determined.

c. Lower in the body of the male than de None of the above.
the female. :

3. Mark the center of gravity in each of the following objects.

i < J d. )

O L\
TA/--\) il he /—&\ b
\J/(\, - k.O



161
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1. In the standing position the body is most easily balanced when:
a. Feelt are very close together. b. Feet are in a wide stride position.
cs Feet are a few inches apart.

2+ The most important aspects in balance are:

a. The size of the base. b. The height of the object.

c. Weight of the object. d. Center of gravity of object.
e. Shape of the objéct. fo aandbd

ge aand d he b and c

3. Which of the body positions is the most stable when being pushed from

a forward direction? ‘

a. Teet a few inches apart. b, Wide side stride position with

knees flexed.
¢« Forward position with knees
flexed. de Wide forward stride position.

bs Which of the following objects is the most difficult to balance?

&, v b. ‘] Ce O de v

5. Which of the body types is the most stable?

a. Tall and thin. b. Short and musculars c. Short and fat.
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V. MOTION

l. Newton's first law of motion concernss:
as Acceleration b. Counterforce. ¢e Inertia,

2, Inertia is-the existing state of:
a. Rest. b, - Motion. Ce & andlb.

3« Which of the following is the best example of linear motion?
2. Riding downhill on a sled. be Walking :'l:n a straight 1iﬁe.
ce The flight of a thrown ball.e d. Executing a golf swing.

L. Force applied to an object through its center of gravity will cause it
to move:

a. In an angular path. b. In a straight line. c. In a spinning fashion.

5. Motion involves:

2. Inertia,. b. Rotation. cs Acceleration. d, Counterforce.
e. All of the above. fo © and ds
V. FRICTTION

Which of the following situations creates the greatest amount of friction?
as A large,heavy object being pushed.

be A large, light object being pulled.

‘©s A heavy object being pulled.

ds A large, light object being pushed.
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7I. FORCE
1., In the human body fo;celis sﬁpplied primarily by the:
8e Musbles. - be Bones. ¢e Nerves.
2; Muscles exert force by:
a. Stretching. be Pulling. ce Pushing, =~ d. Shortening.
e« aand c fo band d
3., Muscles work more efficiently when they begin on a:
a. Stretch. bs Pull. ‘. ce Push. |
L. Force as it applies to work must take into consideration which of the
following?
as Magnitude. b. Duration. ce Direction.of application.
d. Point of application. e. All of these. f« Two of the zbove.
5. Force is:
a. Friction between feet and 'be The process of changing position
ground. or place.
cs Center of a body mass. de A state of stability.
e. Strength or power exerted - f, aande
upon an object.
g« band c

VII. CENTRIFUGAL FORCE

1,

3

Centrifugal force is:

a. Tangential force. b. Strength or power exerted upon an objecte.
C. Motion. de a and b. es 2 and c.

Centrifugal force is increased by:

a. Fast rdtary action. b, Fast linear action.

Co Motion in a straight line. d, Motion in an angular direction.
Accuracy involving the use of centrifugal force includes primarily:

as Speed, b. Force. c. Timing of circular motion.

de Timing of release.
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1. A diagonal application of force results in which of the following forces?
a, Upward. b. Forward. ce Friction. d. All of these.
8. a and bn

2, Muscle' pull (force produced by muscles) differs from any other pulling force
due tos : ‘

as Ability to stabilize the complete pulling forces. = be Rotation of levers.
¢. Intensity of force available for desired task. de Great angle of
force on the lever. €. Ghanging angle of pull.

3. Linear motion takes place most efficiently when an object is thrown, if:
a. Force is applied at an angle. b. Force is applied thfough the object's

center of gravity. c¢. Force is applied above the object's center of gravity.

IX. MOMENTUM
l. Which of the following best describe momentums
a. Strength or power exerted upon an object. b. Constant force.
ce The process of moving or changing position. de The product of an ob-
Jects weight times its speed of movement. e. The speed an object is moving.

2, Which of the following statements is true?

a. A light object moving slowly may have more momentum than a heavy object
moving slowly.

be A light object moving fast may have more momentum than a heavy object
moving slowly.

Cs ' Momentum may be transferred from one object to.another tut may neh. he
transferred from one part to another part of that same object.

ds None of the above. e« a, b, and c.

3¢ An increased backswing increases the momentum of a throw due to:

a

The magnitude of the force. be A decrease in resistive forca.

Cs The increase in duration of the application of force.



165

DOROTHY M. COLEMAN
1. ABSORBING FORCE

l, Which of the following factors is (are) of major importance when absorbing
force?

8. Speed object is traveling. . bs Time necessary to stop object.
c. Distance necessary to stop object. d. Weight of object.
ees All of these. fe b and c.

I, AXES OF ROTATION

l. The human body is constructed in such a way that one of the following types
of axes is most economical . and effective. '

a. Transverse. b Longitudinal. c¢. Lengthwise. d. Vertical.
2, An axis can be around the:
@, Line of gravity of a2 segment. be Line of gravity of the total body.

Ce Center of gravity of an object. ds All of these. e, a and c.
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fII. LEVERS "
1., Force is the mid-point in which of the following types of levers?
a. First class. be Second class ¢, Third class.
2, Levers of the human body are almost entirely of the:
a. First class. be Seéopd class. ¢, Third class.
3¢ ‘Which of the following types of levers favors speed and range of movement?
a. Third class. be First class. cs Second class.
by Which of the following types of levers favors balance?
a. Second class. be Third class. Co First class.
5. An example of a third class lever in the body is:
8, Foot raised to a position with weight on ball of foot:
be Forearm, extended by triceps. ¢ Forearm, flexed by the biceps.
do Flexion and exﬁension of the foot, with no weight on it. -

6. When executing an underhand throw, the straight arm, pendulum swing is an
example of which type of lever?

& Second-class. ' be Third-class. Co First-glass

de More than one type..
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fIII, MOMENT OF INERTIA IN ANGULAR MOTION

1. A large ball compared to a small ball.wiil:
a. Take more power to move it be Take less power to move it.
ce Have less momentum.

2, A long lever as compared to a short lever wiil have:

a. Less force. b. Less speed. c» Greater speed.

IIV. AIR RESISTANCE

1. Which of the following factors influence the effect of air resistance on
an object.

a. Shape. b. Size. c. Weight do Momentum. es A1l of these

f. a, b, and ¢,

2, Air resistance has the greatest effect upon the flight of which of the
following objects?

a. Small compact object moving fasti b. Large, light object moving fast.

Ce Large, light object, moving slowly.
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SPIN
1, Ehiig of the following types of spin will affect the speed of a rolling
all?
aes Right. be Back. ce Left.
2, A ball spinning to the left:
aes Is turning about a horizontal axis. b. Has a greater pressure on
its left side. ce IHas a greater pressure on its right side.
REBOUND
1, Which of the following is the major determinent of a solid ball rebounding
at a different angle form the one with which it approached a stationary
object?
.a. Spin on striking object. be Momentum of striking objects
ce Elasticity of striking object. d; ngive" of object struck.
2o The force of the rebound of a solid ball from a solid, stationary object
depends upon: .
2. The speed of the ball. b The inertia of the stationary objects
ce Weight of stationary object. ds Weight of the striking obj?ct.
€. All of these. fe ¢ and d.
3e

Which of the following has the least effect on a rolling ball rebounding
from a stationary object?

2+ Momentun. b. Counterforce. ce Spin. d. Gravity.

€y Il'lel"tia ®
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The sources of reference used in the development of the following
material are:

Marion R. Broer, Efficiency of Human Movement. 2d ed., Philadelphias
We Be Saunders Co., 1966.

M. Gladys Scotty Analysis of Human Motion. 2d ed. New York: Appleton=-
Century Crafts, 1963, :

MOTOR PATTERNS

I, STANDING
A. Standing is not static, it is é proﬁess of balancing on a ataﬁionany
base. There is é constant sway of the body in the positions we refer
to as static. Attempts to eliminate this sway result in discomfort
and often a feeling of faintness. This sway is important in the re-
turn of venous blood to the heart,
Bs The correct standing position requires the balancing of body segments
above each other which minimizes:
l. Friction and uneven pressure in weight bearing joints..
2, Strain on muscles and ligaments.
Co Acute stress can result from chronic (or repeated) small stresses.
D. Efficient posture is that in which:
1. The center of gravity of each body segment is centered over the
Segment immediately below it. _
2. The body is able to utilize the force of gravity to maintain
alignment in the weight bearing joint. |

3o The center of gravity of the body is centered over its bases

169
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Stability is maintained with a minimum of strain.

Balance must be maintained in both the anteroposterior (forward=-

backward) plane and the lateral (sideward) planes.

Balanced standing posture:

L.

2.

3.

Le

5.

The feet -

a) A few inches apart.

b) Toes pointed straight ahead.

c) Weight on heels and outer borders of the feet.

The knees =

a) Should not be hyperextended.

b) Most efficient and the safest position is with the
knees slightly bent ("easy" position).

The pelvis =

a) Held in a balanced position, centered directly above the legs.

b) The control of this ‘segment of the body is extremely important
to the ability to assume and maintain total body aiignmenta

Shoulder girdle -

a) Should be balanced above the hips.

b. Shoulders should be level.

ce Shoulders should be pointing directly sideward.

Head -

a) Should be carried in a level position.

b) Top of head should be up.
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Balanced posture contributes tos

1.
2.
3e

L.

Increased endurance (delayﬁ fatigue);

The ability to move quickly.

The decreased incidénce of strain or injury to muscles,
joints, ligaments, and/or tendons.

A better appearance in all clothes.

171
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II. ' BALANCING WEIGHT ON ONE FOOT -

A.

B.

Ca

Do

E.

Fa

Ge

Ha

de

Balancing the body weight on. one foot occurs in every walking step
but it is for such a brief period it causés'no difficulty, except
when we are first learning to walk. Also weight is balanced on one
foot during the performance of certain stunts, dance routines, and
during the performaﬁce of various Eport skills (kicking, sliding,
and throwing).

The problem is that the same body weight must be centered over a
smaller base.

When standing upright the anteroposterior balance is the same as
when on both feet.

But, the lateral balance becomes a problem.
Raising the arms and shifting the trunk are common adjustmentse
When these adjustments do not maintain balance the supporéing foot
begins to invert or.evert, depending upon the weight shift.

If this does not maintain balance, then movement of the supporting
foot acts as a counteraction.

If the body weight shifts completely outside thé base of support,

a hop often helps re-establish a base of support.

If this fails, the other foot must be placed on the ground in
order to form a larger base.

If the tfunk and arms are extended forward one leg must be extended

backward, if balance is to be maintained.
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The general body position in walking is the séme as it is in stand-
ing~—a well aligned position.

Walking is a process of disturbing the balance of the body. A process
in which the center of gravity is continually shifting.

In order to walk, inertia must be overcome by:

1. Force of the pushing foot.

2, Downward pull of gravity as the body is pushed forward.

The lateral distance between the feet becomes important. Why?

The arm swing should be in opposition to the swing of the legs in
order to:

l. Reduce trunk rotation.

2 Add.to the momentum of the force of the movement.

There is a short perioa of double support in every step when walk-
ing forward. : =

When the foot strikes the ground after the swinging phase of the wallk, .
there is a backward counterpressure of the ground against the foot
which checks the forward momentum of the body,

A slightly forward incline of the body (center of gravity of the body
inclined forward) makes it possible to apply more force in the direc-
tion of . the movement (walking forward)s This incline should bg‘from
the ankles if the center of gravity is to bé shifted.

The speed of the walk is determined by:

1, The magnitude of the pushing force, which in turn, depends upon:
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a) -Force exerted by the foot.
b) Resistance of the ground.

2, The direction of thé application of force.

Jo Friction is necessary if the; counterforce is to be transferred to the

body.

1. The more vertical the force application the more effective the
friction,

25 The less friction the less the power.

3. Shortening the steps keeps the center of gravity vertically

above the base. This increases or decreases friction?
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IV. HOLDING AND CARRYING

A.

Be

Ce

D.

E.

Fo

When an obje'ct is held it becomes part of the total body weight and
the center of gravity of ‘t.he body shifts in the direction of the
added weight.

If balance is to be maintained the new center of gravity must be _
shifted back over t.hé supporting base.

The nearer the weight is held to the body's center of gravity the
smaller the rotary force exerted upon the body.

Weights which are held above or below the center of gravity of the
body must be'compensa.ted for by excessive leaning. This leaning
usually involves strain upon the lower spine and the lower back
muscles. i

A weight held only on one side of the b'ody requires support by the
trunk muscles of the opposite side as well as frqm the arm and
shoulder muscles on the carrying side,

A weight should be held as close as possible to the body. Why?

(Concerns levers).
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V. UNDERHAND THROWING PATTERN

Ko

B.

Ce

D.

Ee

F,

Ge

He

I.

Ke

The faster the hand is moving when the ball is released the faster

it will move.

Increasing the backswing in preparation for the throw increases the
duration of the application of fgrce.

The more body partslthat contributé fo a particular-movemenﬁ the
greater the speed (and force) of the movement.

The shifting of the body weight forward (from the ankles, why?) with
the throw forces more body parts into action.

Bending the knee of the forward leg decreases resistahce to forward
momentum, This bending of the knee also flattens the arc of the throw,
When rolling a ball, in order to place the ball on the ground, it is
necessary to lower the body so that the principles of the parellelo=-
gram of force may be applied most efficiently.

The bending of the knees, the forward lean and the weight of the ball
as it swings through may be compensated for by using the free hand and
arm as counter balancing force.

Throwing while moving requires a great deal of balance, According to
what you have already learned should the steps bé big or litple?

The moment'of release should be at the moment of maximum momentum if
the object is to receive maximum speed. )
The follow through (continuing of the arc which is formed by the pendu-
lum arm séing) allows for the maximum momentum to be transferred to the
ball,

When rolling a ball the vertical plane should not be involved, however,

fricticn does become an important factor(after the release).
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In an underhand throw the arm and hand are moving in an arc, which

means the principles of centrifugal force must be considered, How

can we apply the knowledge of these principles to this particular

situation? |

The flatter the arc in which the hand is moving the greater the

potential for accuracy.

The distance a thrown object will travel depends upon:

1. The force imparted to the object at release.

24 Ihe angle at which the object is released.

3o The counter action of outside force.

Does top spin and back spin affect the direction a rolling ball

travels? Does right or left spin affect the direction a rolling ball

travels?

Analysis-of the underhand throw:

1. The object must be pushed away from the body as an initial pre-
paration for the throw.

2, The object is ﬁow in a position in which gravity can aid in the
dropping and backward movemente

3. As the‘object reaches the height of the backswing gravity again
assista in the swing-through (forward swing), since the arm swing
is in a vertical plane,

L. When the object is released it has gained forward momentum through
the assistance of the puil of gravity.

"This pattern of throwing is not the most effective one when maximum

pPower or distance is required.
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The underhand throw is thé.most'effectivg pattern when control and
accuracy are required.
As force is increased maintaining balance becomes more of a problem,
The greater the distance the ball must travel before reaching the
target the more important are control and accuracy at release.

This incréased distance the ball must travel allows more time
for other forces to act uﬁon it before it reaches the target.

What are the main forces that would act upon a rolling ball

in this situation?
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VI. STRIKING

Ao

B.

Co

Do

E.

Fe

In executing striking skills ferce must be produced and then appliéd

to the object to be struck (either directly or indi;ectly) in a man-

ner that will achieve the desired results,

What is Newton's Third Law of Motion? How would it apply to the

pattern of striking? | '

The surface applying the striking motion must be firm if maximum

force is to be transferred to the object struck.

Discounting other forces which may act upon an object, the speed of

an object being struck depends upon: |

l. Resistance

2. Weight, and

3« Speed

of both the object being struck and the object doing the strikinge

The metheds used to increase force in a striking pattern of motion are

the same as those used to increase force in a throwing pattern:

1, Increase the backswinge _

2, Involve as many body parts in the movement as possible. (How
would this be accomplished?) |

3. Coordination of all body movementss

i, Projection of the object at the moment of maximum momentum

5. Prevent any resistive force. (How is this accomplished?)

Factors which influence the amount of force which is applicable to

striking:

1. Firmness of the surface of the striking implement.
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Weight of the stlrzi.ld.ng instrument.

Length of the, striking implement, (Why would this increase
force?)

Firmness of the s';urface of the‘object struck.

Applying the -striking force through the center of gravity of

.the object being struck. (How would this increase force?)

When a moving object strikes a firm, stationary object the primary

- force to be oonsidered (or contended with) is that of the striking

‘object. . .(Why?)

!

The-angle of rebound depends primarily upon the angle at which the

striking implement contacts the stationary object. What are some

other factors which would influence the direction of the rebound?

_The factozls which influence the distance a rebdunding ebject will

travel are the same as those which determine the distance a thrown

object will travel:

. i

26

- 3o

Momentum of the striking quect.

Angle of impact.

Counter force.



TEACHING UNIT -- MOVEMENT PRINCIPLES

I. GRAVITY =--

Demonstrate ==

A.

B.

Ce

Drop a light ball and a heavy ball.

Discuss the difference in the speed of fall of the iwo objects.

Explain and remind students of the pull of gravity on all body segments,
briefly. This material will be cavered later in greater detail.

Ask for questions from the group.

II. CENTER OF GRAVITY --

Explain and demonstrate the center of gravity ofs

A.

B-

C.

A.Sjnmetrical object,

An irregular object.

The human body:

1. Male P

2. Females:

3. Unusual body positions (canter of gravity outside the body):
a) Kicking. -

b) Longz throw.

I, parANCE --

The larger the base the more stable the object.

Experimentation:
l. " Standing on one foot.

2. Standing on two feet, with the feet as far apart as possible.

3. Feet a few inches apart(noriml standing position).

181
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Base enlarged in the direction of the opposing force.
Experimentation:

1. Pushing against the body, different positions and different directions.

2. Explain about not restricﬁing movement of joints, allowing for some

tgive™ at joints.

=)

a) Ways of allowing for some give.

Center of gravity above the supporting base.
Experimentation:
l. Assume normal standing position, lean forward from the ankles,

moving the line of gravity toward the outer rim of the supporting
base, continue leaning forward until the line is outside the rim.
a) How will you know when this has occurred?
b) Would you agree that there is a2 limit to how far the line of
gravity may be shifted, without adjusting the supporting base?
2. Assume other standing positions, involving this principle:
a) Bending forward with the weight on one foot.
b)  Bending backward with the weight on one foot.
¢) Discuss the adjustments that must be made in order to maintain
balance.
The lower the center of gravit}, the more stable the object.

Demonstrate and Explains

1. A tennis racquet (standing on end) and a bennis racquet (standing on
its side

e Pole and a standard.

Balance in the human body is a process in which the muscles are attempt-
ing to control the center of gravity in relation to the supporting base.
With each movement, body adjustments are necessary if balance is to 'be

maintained.
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Experimentation:

1. Walking L. Carryi e
2. Running ‘5. Holding an object at arms length.
3« Throwing 6. Weight up on the balls of the feet.

IV. NOTIQN —
A. Newton's Laws of Motion:
1. Law of Tnertia -
Resistance to ﬁotiod or change of motion.

Demonstrate:

a) A ball - still,
(1) Heavy
(2) Light
b) A ball - rolling,
(1) Heavy
(2) Light
¢) A ball placed on a slanting board. : -
(1) Heavy
(2) Light
2.  Law of Acceleration -
Acceleration is directly proportional to the force producing it;
acceleration is also proportional to the mass of thé body being moved;

acceleration is in the same direction as the force producing it.

Demonstrate:

a)  Rolling ball.
(1) Fast and slow.

(2) . A light and a heavy ball,
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3. ILaw of Counterforce - -

-

Every force which meets resistance has an equal and opposite counter-

force.

Demonstrate:

a) ﬁounce a ball.

b) A rolling bell striking an object.

(1) still object.
(2) Moving object.

Types of Motion -

1. Translatory - (linear) -
An object moving as a whole in the direction of the motion. All
points move in a straight line and at an equal distance.
Demonstrate: ©5liding a disc across the fldor.

2. Rotatory - (angular) -
One point serves as a center about which all other parts move at a
rate and distance directly related to their distance from that axis.

Demonstrate:
a) Walking.
b) Rolling a ball in & straight line. Is this linear or rotary

motion?

C. Application of force through en object's center of gravity - which

Dl

results in the object moving in a straight line (1inear path).
Demonstrate: '
Application of force away from the center of gravity - producing an

angular path of the moving obJject.

" Demonstrate:
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E. Make a point of explaining the use of the terms;

1. Linear k. Angular
2. Translatory 5. Rotary
- 3. Rotatory

F. Question - |
1. What are the factors which modify motion?
a) Friction -~ d) Water resistance
b) Air resistance e) Gravity
V. FRICTION --
A. Question -
What is friction?
Resistance between two surfaces where one is sliding or rolling
on the other.
B. Sliding an quect:
Demonstpggg:
1. Heavy object.
2. Light object.
C. Pushing an object:
Demonstrate:
1. A big heavy object.
2. A big light object.
D.  Experimentation:
1. Have students push an object in stocking feet and with tennis shoes on.
2. Discuss the differences and why.
3+ Angle of epplication of force.

a) From above (increasing friction). .
b) Pushing an object with attention given to:



VI,

E.

186
(1) Friction between object and the floor.
(2) Friction necessary between the feet and the floor.
c) Pulling an object (decreases friction).

Ask for questions from the group.

FORCE =~

A.

B.

Ce

Force in the” human body is supplied by the muscles,which are brought into
action by the nerves.
Muscles contract to exert force, therefore, they shorten in order to
exert a pulling force.
The amount of force necessary for a given task determines the number of
ruscle fibers within a muscle and the number of muscles which will be
called upon for action. Much of this is determined by certain processes
within the nervous system. But, conscious thought can certainly add to
efficienqy and decrease strain.
Exanple:

Picking up an object that is heavier than you thought it was going
to be. )
To supply maximum force all body varts that can contribute to the move=-
ment must be used to their maximum, however, maximum force 1s seldom
required of the human body.

Quite obviously,strong muscles can exert more force than weak ones.

It is important to ﬁnow which are the strongest muscles of the body

and how to use them in order to avoid strain gnd undue fatigue.

In which part or parts of your body do you have the most strength? )

Experimentation: (using the underhand throw to roll a ball)

—L=2enbaslon:

1. TFeet together and no backswing (natural position of feet).
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Feet together (natural position) and a big backswing.

What happened? (more force bﬁt off balance). |

Feet together, big backswing, and take one step as the ball is swung
through (explaip about R or L foot, whether R or L handed).

Feet in a forward stride position, big backswing, and take one step
as the ball is swung through.

Was there any difference in the two throws? What was it?%

Start with feet:together, big‘backswing as several steps are added.
Set the number of steps(L), big backswing, and roll the ball as
hard as possibles

What adjustments did you make in order to get added strength?
Repeat, paying particular attention to the position of the body
after the ball has left the hand. .

Discuss ways of stopping forward motion of the body after the
release of the ball. (a slide or a few steps after the release of
the ball). |

Repeat, allowing a slide or a few steps after the release. Vhy?

Force is not effective or efficient when moving an object unless there is

a firm base (friction between feet and ground).

The point at which force is applied will determine the path of movement.

Rerember, we discussed this earlier.

Demonstrate:

1.

Application of force through the center of gravity of the object "
moving a piano - in a straight line.

Application of force to the side of the center of gravity of the
object - moving a piano - in a circle.

Bring out the point that if linear motion is desired, then it takes
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more effort, if force is epplied at any point other than that
which- is in line with the center of gravity of the object.

L. And the reverse is true also, if rotary action is desired, it is
much more difficult to obtain this when force is applied through
the center of greavity of the object.

F. Preparation for the application of force. "Set" position. You would not
run up to a heavy object to be moved with any real thought of moving it.

VII, CENIRIFUGAL FORCE ~-- '

Demonstrate | _

A. VWith e string and a weight tied on the end of it--releasing thle string
at :;evere.l different points along (or on) the arc.

B, Discuss what haprens to the o‘bjec‘t vhen it is released et a different
point upon the arc.

C. What is the most important consideration when accufa.cy in hitting a
target is important? (timing or moment of release)

VIIT. PARALLELOGRAM OF FORCE --

A. Pulling an object with a rope:

Demonstrate:

1. The two forces vhich result are? (Up end forward)

2. The heavier the object being pullgd the more desirable the upward
force. Why? (overcome friction).

3. How important is friction in pulling an objecté
a) Between object and floor.

b) Betieen feet and floor.
¢) Advantage when rollers are used on heavy objects.
B. Pushing an object:

Demonstrate:

1. The object is low (force downward end forward)
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2. The object is high (force is primarily forward).
What would be the determining factor as to wether the force is
forward or not?

3. Again, discuss the importance of friction. (a,b, and c)

In the human body,the angle between the muscle's line of pull and the
axis of the bone to be moved, determines the angle at which the force is
applied. We have no conscious confrol over this, other than using thé
parts of the body best suited for the job.. |
Muscle pull within the body is not constant as it 1s when pulling an
object. Because of the attachment of muscle to bone and the general
construction of the body. When one segment of the body is being used
it is virtually impossible to completely stabalize the rest of the body,
because of the flexibility, the give, and the stretch of the body.

The pull of the muscle results in the rotation of the bone, which
then changes the angle of pull.
When the angle of puil is less than 90° only part of the force
available is applicable to the desired task or movement. —
A great deal of avéilable force is used in an effort to stabalize the
bone in the joint, thus prevenping injury.
Within the human body - a 90° angle of pull rarely occurs -- therefore-
within the human body maximum force can not be applied to a specific
movement, part of the force must be used For ot purposes, which in

turn makes the desired movement possible (at all), in the human body.

Ask for questions from the group conceraing c,D,E,F, and G
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The greater the angle of force on the lever, the greater will be the

rotation of the lever.

Explain and draw a diagram on the board, alsoc refer them to the
diagram on page 1l of the principles, Use the.bicepts flexing the fore-
arm. |

Force should be applied in line with the center of gravity of the body

to be moved, if linear motion is desired.

Demonstrate, brieflys (this has been done before but not in relation

to pushing or pulling)
l. Pulling an object, applying force through the center of gravity.
2. Pushing, striking, or throwing an object, this same principle

would apply if linear motion is desired.

I, MOMENTIM —=

You already know that force must be sufficient to overcome the inertia

of an object if it (the object) is to be moved.
Demonstrate:

1. Pushing - a heavy object,the parallel bars with the brake on,
not enough foréelto over come inertia.
2. Picking up a moderately leavy object, using back and leg muscles,
a heavy dumbbell. |
You should have also learned that the-greater the objects mass or,
any resistive forces, such as friction, the greater the inertia of the
object and consequently consequently a greater amount of force is

necessary to move the object.
Remerber, the arount of force produced depends upon the magnitude of the

propelling force and it's duration. In this case what is the propelling
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force? What is the rgsistive force? The duration of force?
Pull from the group, the idea that a heavy object moving slowly may have
more momentum than a light one moving fast, help them think through this

by means of the following experimentation.

Experimentations

1. Have the students roll a light ball and a heavy ball using the
the same amount of force, | ‘
a) Weight on both feet with a very short backswing.
2. Question them about the results:
a) Which had the most forceful impact of the two ba11s§
b) Which.one moved the fastest?
c) Why?
In order to increase the momentum of the lighter ball what must we do?
What adjustments must be made in order that the body may impart more
force?

Experimentation: (using the lizht ball)

l. Allow several preparatory steps with a full arm, pendulum swing.
2.  Question them about the results:

a) Difference in body movement?

b) .Difference in momentum of the ball?
Discuss the idea that momentum of one object may be tfansmitted to
another object or that momentum of one part of an object may be trans-
ferred to another part of that object (since the ball has’now becone a
part of the body),

Experisentation:

1. Roll both the light and the heavy ball using several preparatory

steps and-a full backswing.
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Set a number of steps and instruct them about starting either L
or R, so that they may maintain balance and control,
Di§cus5 the differences in impact of both these objects and what
they did to cause it(the difference).
Roll both balls as ‘hard as possible using total force available.
Discuss the difference in impact of the liéht ball in relation to
the previous throw and the difference in impacﬁ of the heavy ball
in relation to the previous throw, '
Guide them to the conclusion that momentum of an object depends

upon the speed at which an object is moving as well as the mass of

" the object being moved.

Ask for questions from the group and bring out any further in-
formation the group appears to need according to personal ob-

servations.

ABSORBING YORCE --

A,

Force must be absorbed, or spent, gradually in order to prevent injury.

Experimentation:

l. Running and stop immediately.

2. Catching stiff armed. — =========-=7 —
3. Jumping and landing stiff legged. =~ Gentlyl
L. Underhand throwing --

a) Starting position, U steps and big backswing, slight incline
of the body - bend down and slide on the Lth step - continue
the arm in the original arc (followthrough).

b) Questions:
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(1) Vhat purpose does the slide serve?
(2) Way is the forward leg bent?

(3) Why should the arc of the arnm swing be continued?

The speed at which the object is traveling will determine the amount of
time and the distance necessary to stop the object.

The force at impact will depend upon the weight and speed of the object.
Examples: |

ls Bullst fired from a rifle.

2, Batted softball.

3. Tennis ball, thrown.

L. Which would you prefer to attempt to catch?

The importance of balance in absorbing or spending force:

Experimentations:

1. Catching an underhand toss, by reaching way out to one side.
2. Catching an underhand toss, by moving the body directly in line with
the oncoming object.
3. Enlarge the supnorting base.
In which direction should the adjustments be made? Why?
4. When executing the underhand throw, discuss the position of the
free hand and arm!
a) Should it be down at the side of the body?
b) Should it be up andé back during the throw?

¢) Why?
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XI. AXES of ROTATION -~ (fulcrum)
Simply as a review --
A. The two types of axes are:
1. Trénsverse or crosswise -
Who cén give me an-example of a movement involving a transverse axis?
a) Flexion of finger, knee or elbow,
b) Bending at the hips.
2. Longitudinal or lengthwise -
What are some examples of a movement involving a longitudinal axis?
a) Rotation of the palm of the hand in toward the body.(pronation)
and rofation of the palm of the hand out away from the body
(supination).
b) Pronation and supination of hip and knee.
¢) Frog kick in the elementary back stroke or whip ¥ick in the
breast stroke (swimming skills).
d) Walking with the toes turned in or out.
B. The axis is:
1. Around the center of gravity of an object (which we have already
discussed).
2. Around the line of gravity of a segment or total body in a free
moving object.
Examples:
a) Line of gravity of a segment, of the human body - elbow,
knee, or hip.
b) Line of gravity of tihe total body - at particular points on &he
vertebral column (at points where rotation is possible) - waist,

head, and the neck.



Ce

D.

195

The main point to remember is that -- the type of axis determines the

ease and range of rotation.

Of the Pwo types of axes, which do we as human beings utilize most
frequently and effectively? (transverse or crosswise)

In the process of body movement, action may occur in several of the axes
at the same time or the action of the axes may ﬁccur in sequence.
Rarely ever, does human movement involve just one axis. Because of the
lack of force available in each of the segments.and of course due to

the way the body is constructed.

YIT. LEVERS wm

A.

B.

C.

What are the two forces necessary to operate a lever?
1. TForce to operate the lever.
2. TForce to be overcome (resistance).
What type of movement results?
(%otary}
Which creates a greater rotation of force? .
1. Increased force arm?
2. Increased resistance arm?
’hat is it that determines the class of the lever?
1. Depends upon which of the three points is in the mid-position,
a) Axis (fulcrum).
b) Point of force avplication.
¢) Point of resistance .

In a first-class lever which of the three points 1is in the mid-position?

(Axis)
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Demonstrate:

l., Teeter board.
2. Crowbar,

3. Paif of scissors.

L. In the body -

a) The forearm - extended by the triceps.

b) The foot - no weight oﬁ,it - flaxion and extension by move-
ment at the ankle.

¢) The head - pulled forward or bacgward derending upon the action
of the anterior or posterior muscles (force). The antagonistic
muscleé and the inertia of the head are the resistance. The neck
is the axis. |

d) Lower spine - (axis) intervertebral articulation - (force) either
from abdominals or back extensors - (resistance) anvagonistic
muscles and weight of the trunk.

F. Which is the mid-point in a second-class lever? (Resistance)
Demonstrates |
1. Wheelbarrow.
2., In the body -

a) Action of the foot = weight lifted from it's normal position
(heel down) to a position on the ball of the foot. Axis (no
longer at the ankle - this is now an adjustment in maintaining
balance) is around the point of contact, the ball of the foot.
Force - primarily from gasfrecnemius and soleus (back of the
leg) and to some extent from_the peroneus longus and tibialis

posticus (front of the leg). Resistance - lifting of the body

weight.
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b) Opening of the jaw.
Wiilch s She midepotnt 3o & Sifrdecless Tever?  (Force)
The resistance arm is always longer than the force arm. This type of

lever favors range of motion and speed at the expense of force.

Demonstrate:

l. A door - which is closed b} a spring.
I - In the body -
a) Forearm - flexed by the biceps. Axis- the elbow. Force -
the muscle pull (attached a shorﬂ distance from the elbow).
Resistance - weight of the hand and arm, plus the weight of
an object in the hand. |
b) Most hip and knee muscles - operate these segments as third-
class levers.
With few exceptions the levers of the body are of the third-class.
Because muscles insert close to the joint and the weight (resistance)
is concentrated farther from the joint. This results in a shorter force
arm than resistance arm. Which means - the body favors = gpeed and
range of movement at the expense of force.
How can we increase the force available within the body for accomplishing
a desired task?
1. Use of machinery.
2. Use of sports instruments.
Would a long instrument create more force or less force than a
shorter instrument? Whaﬁ purpose does the sports instrument serve?
a) More speed, thus, more forcg.
b) Increases the length of the lever (arm).

3. Using a system of levers.
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Yxperimentation:

1. Lifting a reasonably heavy object:
a) Bend knees.
b) - Back straight (not bent at waist or hips).
¢) Lift mostly with the legs - extending them (or straightening
them).
2. Underhand throw.(Review)
a) Why the step (on the opposite foot) at release?
b) Why the preparatory steps?
¢) Why the forward lean?
d) Why the full pendulum arm swing?
e) How important is timing in this skill pattern? Why is timing
such a problem? .
3. Pushing a heavy object (piano- parallel bars):

a) How does the timinz in this pattern of movement vary from that

of the underhand throw? (All systems working at the same time)

XITI.MOENT of INERTIA in ANGULAR MOTION -~

A.

B,

The mors compact an object around the axis the less the amount of
inertia. The less power it takes to mové it and the less momentum it
will have,

The greater distance from the axis the force is applied the greater will
be the rotation about the axis.

Experimentabtions:

1. Bent arm swing (just swinging the arm).
2. TFully extended, pendulum, arm swing.

3. Question the group about ‘the difference in the, swing, power,
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general feeling of the two arm swings.

L. Mention, again, the use of sports instruments.

XIV, ATR RESTISTANCE ==

A

B,

C.

You already know that air resistance increases as speed increases.
Do you know why? (Counterforce)

Air resistance increas2s very rapidly as speed increases. As speed
doubles, air resistance guadruples.
You also know that air resistance is very siight, except at very high speeds.
Hould you say that a light object will be affected more by air resistance
than will a heavy object? (Yes) Why? (Momentum)

Demonstrate:

How the size, shape and weight of an object deternmine the air flow around
it, or determine the effectiveness of air resistance.
(Be sure that the students are in a position to see the flight path of the
objects) ‘
1. Stroke a tennis ball,
2, Stroke a badminton bird.
3. VWhat was the difference in the flight of the two objects?
a) What was it that made the bird'appear to stop it's foriarc
motion, then fall to the floor? .
b) What forces were acting upon the bird and in what order?
(air resistance, then, gravity)
¢) Why did the tennis ball come down more gradually?
d) Were the same forces working upon the tennis ball as upon the
bird?

e) Why did air resistarce have more influence upon the badminton

bird?
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4. Roll a playgfound ball as far as possible;
5. Roll a hockey bvall as far as possible.
6. What was the difference in the two flight patterns? Why? The
difference in distance? Why?'
D. Remember, we have talked about linear and angular motion earlier?
l. VWhat is linear motion?
2. What is angular motion?
. Wﬂen discussing rota?y motion in relation to a ball‘it is usually
referred to in terms of spin.
Spin builds up air preésure vhich in turn affects the distance
and/or the direction the ball will travel.
SPIN --
Remembering, angular motion in relation to a ball is usually referred to as
spin 2nd that spin builds up air pressure which in turn affects the distance
and/or direction a ball will travel.
Using the information you have been given previously, let us do a
little experimenting.
A. How do we‘impart top spin to the ball?

Experimentation: (Using the underhand toss, rolling a ball)

1. Will it be around a vertical or horizontal axis? (Horizontal)

2. We must spin the ball around iﬁs horizontal axis in such a way
that the top of the ball is spinning forward, in the same direction
that the ball is moving. ‘

3. Force is applied through the center of gravity--palm of the hand

under the ball--pulling it up quickly et the release, keeping the

thumb up.
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What gffect does this have on the speed of the rolling ball?
(Increases it) -

What affect does it have on the direction of the ball? (None)

Kow do we make the ball curve to the right?
Experimentation: (Underhand-rolling)

ll

2.

3

Will it be around & vertical or horizontal axis? (Vertical)

 Force is applied off center (not in line with the center of gravity),

but on which side?

Application of force tekes place as the hand moves from a position

behind and under the ball to a position on the left side and under

the ball, in a clockwize positien.

a) The starting hand position is with the palm of the hand under
the ball and the thumb on top of the ball (a 12 o'clock position).

b) Just before the ball is released the wrist is supinated (or
rotated to the right) éausing the fingers to apply force on
the left side of the ball. The thumb moves from a 12 o'clock
position to a 3 o'clock position.

c) The faster the ball is traveling the later the curve effect

will occur.

How do we make the ball_curve to the left?

Experimentation: (underhand, roll)

l.

2.

It must be eround a vertical axis.

Force is applied off centér, again. This time it is applied on thel

forward, right side of the ball and moves to the left during the

application (counter clockwise direction).

a) The starting hend position is with the palm of the hand under
the ball and the thumb on.top qf—the ball, agein,in a 12 o!

clock position.
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b) Just before the 5&11 is released the wrist is rotated to the
left which causes the fingers to apply force on the right
forward side of the ball. The thumb moves from a 12 o'clock
position to a 9 o'clock position,

¢) Again, the faster the ball is traveling the later the curve
effect will occur.

3. Does this affect the speed of,the ball? (No)

Roll two different weights of balls.,

Experimentation: (underhand, roll)
1. Light .
2, Heavy.

3. Compare difference in curve affect.

Which of the two curves sooner? Why?
Spin does increase the difficulty of accuracy in hitting a desired target.
This can be controlled by knowing how much spin to impart and learning to
apply the same amount of spin each time the ball is hit or released. This
is the reason for starting the underhand toss with the hand (in relation

to the ball) in a specific position.

VI, REBOUND --

A,

Unless there is spin on the ball and the?e is a lack of firmness of the
ball or the object being hit, the angle of rebound will be the samé as the
angle at which contact is made.

If there is spin on the ball the principles concerning spin would anply -
in this situvation.

The direction of the rebound will be changed if the striking surface of
the ball"gives" a£ impact. The direction of the rebound will also be

changed if the object being struck "gives" at impact.
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The force of the rebound will depend upon the momentum of the striking

object in addition to the momentum of the object being struck. If the

object being struck is stationary, inertia of the object will still be an

important consideration.

We are pulling from information we have already had in studying -

momentum and absorbing force, in which force at impact and transmitting

momentum from one object to another wers discussed.

Will the st=tionary object offer any resistance? WWill the ball rebound

at all? If so how do we know in which direction it will rebound?

Experimentation:

1.

2

6.
Te

A light ball is rolled in such a manner that it contacts a stationary
object (hit the object "head on").

A heavier ball is rolled at the same stationary object (hitting the
object in the center).

Discuss the difference in rebound for both the ball and the object,
in each situation.

What would be the affect if the o¢ject struck was huge and very
heavy? (The object would not rebound but the ball would) Would

the rebound be faster than it§ approaching momentum.

Roll the ball so that it strikes the object on it's left side.

Roll the ball so that it strikes the object_on it's right side.
Discuss the difference (direction) of rebound for the ball and the

object.



MOTOR PATILERNS -- THACHING UNIT

L STANDING --

A,

Standing is not static,it is balancing on a station-
ary base. Thus the main concern in standing is stability.
There is a constant sway of the body in the vositions

we usually refer to as static. In standing this is due

. to the alternate dominance of anterior and posterior

muscles.,

The extensors tend to drew the body weight backward,
the awareness of this backward movement automatically
causes contraction of the antazonists, and the body then
sways forward. This forward sway is a stimulus to the
extensors, and in this manner the process continues,

'

Attempts to eliminate this sway result in discomfort
and often in feeling of faintness. This swaying motion
is important in the process of returninz venous blood to
the heart.

Most peonle do not stand in a balanced or well
alizned vposition, The correct standing pdsition is 6ne
in which the %arious body segnenté are balanced above
each other so that thére is a minimum of :

Jiy Frietion and uneven opressure in weight. bearing joints,
2. ostrain on muscles and ligaménts.

There should be a margin of safety in every joint
so that an unexnected force wili not push the joint
beyond its normal limits which would result in injury,

The metabolic cost of standing is slight but the

affect of various positicns upon gfficiency of movewent

204
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are not slizht. Favlty mechanics can cause a variety of
vainful cbnditions:
¥ 5 Pressure by bone, cartilage, or taut muscles on any
nart of a nerve. -

Stretch or strain of a muscle, tendon or ligzament
which contains nerve endings.
Sudden severe stress can result from the
accumulative efforts of cbnstant or repeated small stresses
over a lon3z period of time,
iffective, efficient, posture is that position in which
the center of gravity of each body segment is centered over
the segment immediately below, so that the muscular effort on
one side of the body equals that on the other side, In this
baleanced position the force of gravity is used, as much as
vossible, to maintain the alighment in the welght bearing joints,
The more nearly the center of gravity of the body i1s center-
ed over its base the more stable the object and this stability =
is maintained with & minimum of strain, on the body.
pecause the human body is made u» of various éegments
which are held tozether by muscles and ligaments it does not
fall avpart when one sezment is cut of line with the nart
below, Sécause 3ravity tends to puil this seiment downward,
the center of zravity of the total body shifts in the direction
of the out of line segment and another seiment must be dis-
nlaced in the onnosite direction to bring the center of zravity
back over the supporting-base.
sxnlain and demonstrate this to the group.

Balance rust be maintained in both the anteroposterior
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(forward-backward) plane and the lateral (sideward) plane.

1, Feet --

a) Feet should be a few inches avart, givinz as
large a base as poésible without oroducing a
diagonal force against the ground,

b) Toes should be pointed straight ahead, allowing
the weight to fall on the heels and the outer
borders of the feet. The outer portion of the
foot suppdrts body weizht and the inner border
absorbs force which reduces the jar to the body
with each walking sten.

25 Knees -~

a) Knees should not be hyperextended because the
bones of the knee are forced tozether, If any
backward force should be applieé azainst them
there would be no marzin of safety.

Hyperextention of the knees causes a
forward tilt of the pelvis, which rejuires a
greater muscular force for maintinance,

b) - The most efficient and the safest
pogition of the knecs is "easy" leavinz sone
marzin for backward movement.

3. Pelvis --

a) The pelvis is the major connection between the
upoer and lower segmeats of the body. any
shifting of its position reqguires considerable
reaadjustment of all the body se ments,

b) The nelvie zirdle should be held in a
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balanced position, centered directly above the
legs.

The control of this seament of‘the body
is extremely importagt in the ability to assume

and maintain a well aligned position.

Shoulder Girdle --

a)
b)
e)

Shoulders should be balanced above the hips,
The shoulders should ve level,

The shoulders should voint directly out to the
sides.

If one shoulder is carried higher than the other,

the unper spine is curved. to thaﬁ direction-and this

causes the vertebras to be tilted, the result being

uneven pressures in the joints.,

If the tips of the shoulders are carried forward

the rib cage is denressed.

of

Throwing the shoulders back causes flattening

the unner back and it also increases the lower

back curve.

As wsll as causing tenseness throuzhout the

body, it results in wasted eaeriy, fatisue and strain,

o)

The shoulders should be relaxed.

d)
Ileced --
a) Because the head is heavy and is attached to

the rest of the body by a relatively small
flexible éegﬁent (the neeck) it is imvortant
that it he well balanced above the shoulders,

The head should be carried level to allow for
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- the best_possible line of vision and to avoid
strain on the muscles of the neck and shoulders.

¢) The top of the head should be up.

E, _ Balanced posture contributes to:
1. Increased endurance(delays fatigzue).
2 The ability to move quieckly.
3 The decreased incidence of strain or injury to
muscles, jointé, ligaments and/or tendons,
%, A better apoearance in all clothes.
ixverimentation by Students s with Various Standing Positions
A, Toes out, toes in,
B Feet too far avart, feet too close together.
C. Knees hynerextsnded, bent too much.
D, Pelvie tilt too far forward, too far backtm
Make a point of the involvement of knees and the rest
of the body.
&, One shoulder high, sﬁmulderé too far baék, shoulders

J—_LJ

forward.

Again, makinz a point of the involvement of the entire

upper vortion of the body.

Chin too far down, chin too far forward, head cocled to .

one side,

Discuss the difficulty with vision in each of

these head positions,
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BALANCING WIlGHT &I ONT FOOT --

This oceurs in each walking step for a brief oeriod, it
is for such a brief neriod it causes no difficulty, exceot
when first learning to walk. Also, weight is balanced on one
foot durinz the nerformance of certain stunté, dance routines
and during the nerformance of various qurt skills ( kiekingz,
sliding, and throwing).

Beg The problem.is balahcing the human body on one foot is
that the total weight must be centered oﬁer a smaller:
base.

By When standing uprisht, the anterOpostérior balance is the
.same as when on both feet. |

C. However, this nosition does creatsz a prodlem with lateral
balance.

2, Common a&djustmsnts for correcting lateral balance are to
raise the arms and shift the truak position,

S lnen these adjustrments do not maintain balance, the
supnortinz foot begins to invert or every depending upbn
the weizht shift.

B Iif this does not maintain balance then movement of the

i

sunsortinz foot sezms to offera coanteraction against

L
ct

which the weight can be shifted bacit into lins,
& If the body weizht shifts completely cutside the Dbase
of suppert, the individual is likely to talre a hop Iin

an elfort to re-gsteulish a base of sun-ort,

i, I7 this fails, the other fnot must bde nlaced on the ground

an

in order.tn for~ a larzer vase(or cownletely lose valancse
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; If the trunk and arms are extended forward one lez is

extended packward as a counterbalancing force,.

Lxoerimentation by Studeats -- with Various 3ody Positions in

waich the YWeizght is On One Foot --
A, Standing on one fort with arms at sidesand body in an
upright poéiticn.
B, ~ Standinz on one foot witﬁ the upper body inclined forward.
Give no other instructions, after the studeats have had
a time to practice, discuss the adjustments which were

made in crder to maintain this nosition.

i
-

Assume a pnosition on one foot with the trusnk inclined
forward, arms exteanded out to the sides and head un,
r.aintain this position as lonj; as nossible. Jiscuss the

th

(0]

adjuast~ents that were made.

i_l

otudents will assumc and ~aintain the Tollowini Jdo0dy nositions

for as loaz a neriod of tine as they can manaie;
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LETHG ==

The zeneral boﬂy.nosition in walkine is the same as it
is in standinz, a well alizned oosition.

Jwalking is a process of intentidnally disturbine
the balance of the body, »ushing the body forward and
re-gstablishing a new base. A rrocess in which the
ecnter of cravity of the body is cdnstaﬂtly chanring.

In walkine inertia must be overcome, this is
accomnlished by the:
| Force of the nushing foot.
2e Dovmward null of eravity as the body is pushed

forward.

The stahility of the body is directly related to
the size of the base. Thus the lateral distance
between ths feet becomes iuportant.

The toss shoul”d o20int sﬁrai?Ht ahead and the innzr

41~

hoarders oF the Fset should Tell alons e2ither side of

<J

of the less in order to rzduce trunk rotation and to
add to the momentum of the Torce of the movement. The
bendinT of th2 arms shortens the lever and makés nossible
faster movement of the arms.

Thers is & short'neriod of double suzoort in every
stea vien walkins farvard. The slower the walk the more

overlan thare ia of tha suanartive shasa of tha twva faot,
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o
Since the body as a whole moves forward, walking

can be described as linéar motion. It is impnortant to
understand,however, that this linear notion of the body
is brourht about by two rotary motions of the lesgs,

In the act of walkine each leg exerts force to
pronel the body fﬁrward, coes through a swingine phase,
and then exerts forcs.to resist the forward movement
of the body. 'hen the foot strikes the zround after the
swineine nhase, there is a backward counternressure of
the rround arainst the foot which checks the forward
momantum of the body. This is vhat makes it nossible to
stop the forward momentum of the body at any point in
the walkine szquence.

Demonstrats this with a very fast walk and a run,

ilore force ean be anplied in the direction of the
movement if the center of sravity of the body is inclined
forward. This incline should be from the anles, thus

keenins the hody secments halanced.

Demonstrate this by walking with the weight well back
and then switchine the weicht forward(bent at the hips).
The speed of tre walk is determined by:
2 The marnitude of the nushing force, which denends
uoon :
a) Torce exerted by the foot. ({ice)
b) Resistancs of the cround. (lose sand)

e The dirszction of the adilication of the force.
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Friction is necessary if the counterforce of the
surface is to be ﬁransferred to the body. If there were
little or no friction the backward component of the push-
ing force would simnly move the foot backward across the
surface. The more vertical the avnlication of the force
the more effective the friction. The less the friction
the less the force. Shortening the steos keens‘the center
of eravity vertically above the base thus increasing
friction.

Exnerimentation:

1. Walking on & straight line (one actually marked)-
turn quickly to face the onnosite direction without
missing a sten- and continue to walk tha same line-

in the opnosite direction.

2 Discuss the sensations felt and the movements em-
nloyed to maintain balance.

(e
.

L Rauiking on the balances beam, just a vlain walk and

a walk in which thes free foot is swune slishtly out

and forviard.

o

L. Several walline stens {on the floor) and a slide
on one foot, no limits on the ar=2a in which this
must be done.

5 Several stans and a slide within 2 given area.
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bocdy weiecht and the canter of eravity of the body, ©vlus

the welght being held, shifts in the direction of the

weipght., |

If stability is to be maintained this new center
of sravity must be shifted back over the center of the
base,

1. If this adjustment is made by shiftinez the body as
a unit from the ankles, the alignment of the various
segments is not disturbed.

The use of the total body as counterbalance
for the weizht hald reduces the possibility of
strain on various muscles and joints.

2. 'The nearer the weight is held to the body's center

of rravity the smaller the rotary force exerted

unon the body.

Weists that are held above or below the cznter of

eravity of the body are comvensated by excessive leanins,
This leanine usually involves strain unon the lover

s¥ine.

Al .only on one gidé of tas hody fequirus

gsur ort by tha trank musclss of ths oznosite side as

the ara and shoulder muscles on the carryins sice.

|
-

-
4]
b
—
n

The stroag downward »ull of the weight uoon wrist, elbow,

and shoulder requires muscular =»ull zt 211 Joints of the
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arm which results, »orimarily, in a stabalizine force.
A weight should be held as close as vossible to the
body in order to shorten the weignht arm.

-An object (not too heavy) carrizd at ones side of
the bhody czn be counterhalanced by raising the oprosite
arm sideways, thus making it nossible to keep the hody
in the same basic alisnment. Remeﬁher, the reaction of
a lever is in proportion to it's length. The fact that
it is a consicderable distance from the line of gravity
of the bhody and the added weizht is closer to the line
of sravity makes it an effective counterhalance,

fxnerimantation:

1. Hold a(5lb. )weight, with both hands, out in front

of the body at about eye level.

2 Eold this samz weicht in close to th= body, at about

waist heisht,

3. Comnare the differances in the difficulty of the
two nositions.
L. Tsnzgt 1 and 2 usinz an {& 1lb.) weisht.

5 Hold a weicht,in one hand, out to the side of the

body. Tha weisht is on hoth fz22t and the fres arnm
hody. T cht hoth £ and the T

is dovm at the cids.
6. Hold the same weizght, in one hand, out to the sida

of the body. This tims the weisht may ba shifted
and the free arm may be raissed in an 27f9rt to

counterbhalance the weicht,
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7 Discuss the difference in the feeling in each of the
" positions. |
a) hich direction should the weight shift?
b)  How should the weicht be shifted? At the hios?
At the ankles?
¢) In what position should the free arm be, in
| order to be of the best assistance?
(1) For&ard?
(2) Rackward?

(3) Straicht out to the side?



218
UNDERYAND THROWING PATTERN --
A, “e bave already lsarned that momentum can be transferred

from one part of an object to another vnart of that same

objsct. In this case we will be talking in terms of trans-

ferring the momentum of the body to a ball.

B. Upon beins releasead the ball will move at this same
momentum (velocity) and in the same direction until acted
unon by other forces such as, rravity, air resistance
or friction.

It becomes avoarsent that we must give some thousht to
develoning spzed and to controlling the direction in which

the ball travzale.

C. Spesd
L The faster the hand is movinr at the momsnt of

£

releass tha faster the object will move, whether

throvn or rolled.

P}

. The mor: hosy »arts that contribute to the movement
the osregter the sneed of the motion. For maximum
sneed esach body nart must come into action at the
corract moment {coordination), at the time vhen the
nart bslow has reached it's maxinmum spaed.

The shiftine of th= bqﬁy weisht forward with the

throw forces morz hody narts iato action and also

makes napscihls z bireer(hicher) backswing,
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"hen shifting tﬁe weisht forward in the direction
of.the throw it is important not to offer resistance
to the forward momsntum. This can bes accomnlished
by bendine the knee of the forward les and allowing
a slide on this step.
“nen roilineg a bhall, in order to nlace the ball on
the floor, it becomeé‘nacessary to lower the bhody
and also to slizhtly incline the body forward. If
the lean is too far forwsrd iL crrates a very un-

stzhle +osition and in an &PMfort to szintain

e

g

ance, will causs strain on the back.

o

This can bhe countsracted by emvhrasizing the lowering
or bendinz asvwect with a minimum of Ffobward lean

an® by movirne the onnosite arm backward and upward
at this momsnt.

Inereasing the soeed of the steas in the oreneration
for the throw or roll increases the s:eed_and con -
Faroe arwiied ta o anjlset.
Thpowing whils mowind roeuivres a +peat Jegl of
balanca ans, a3 we have le&rneﬁ before, will re-
quirs takin= small steos,

The moment of relszase should he gt the monment of
maximum smenbum 1T the shjsct is Lo reczive
mavimun gored, Thae hand- e sisyiar 1L0L%s Tasbest

B aPe,; WMogolare VB¢ ohiuch

saauld bha rpeleassd as neay this point as oractical.
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If the hand is jerked back or stonoed immediately

after release, the arc is shortensd and the sneed

)
o)
)
-
n
o
ct
‘-—J
i
0
=
o
2

of thz hand must e slowed befors th
the hand, This is true because human muscles can
not stop momentum surlenly, without injury, spoed
must te recduced gradually. A Jerkinz back to ston
moﬁentum also nroduces a counterforce which acts
against the ?5rward force. The followthrough
(contimuine of the arc) allows the maximum momentum
to be transferred to the ohiect,

“Mether or not zll the forcs that can.be sroduced
by the bocy is necsssary dzzends unon the surnose

4

of the throw, 1!

n

ed T rovanont ohouls hE g

4
th

sp

Diraction --

1.

Nirasction control requirss adjustinz the ansle of
raleass in hoth the:
a) Yertical »lans.
b) “orizontal »nlane.
taen rolline an ohjiect the vertiecal 5lans should
not he involved hut friction doszs hecome an
insortant factor.

If tha hgn? is movine in an arc th2 wrincinla

of ceatrifu=zal Tores is involvad., “That ig thao
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It means there is only ong noint on the arc
at.which the ball can be.released if it is to
travel in the desired direction. |
3. The flatter the arc in which the hand is movineg the
ereater the ootential for acceuracy.
The arc may be flattened by:
a) Rendine the kneé‘of the sun~ortine (forward)
laca,
b) Yovine the shoulders (csntsr of the arc) forwvard
and dovnward.
L. The distance an ohject will travel deoends uoon:
a) The force imparted to the object at release.
b) The anole at which the osh ect is relaasad,
¢) The countaraction »f nutside forcss.

4

So, it becoms2s necessary to acdjust the sH2ed and the

o

o

angle of ralsase according to th2 purvose of the throw.

LI In the unfarhand throi the angle at which the ball is
release” is reduced in order that the forcsz may be
annlied directly bhehind thes object thus making maximum
use of the forece available,

g fravity null is not a2 major consicderstion in thez under-

bangd thrav,in which zn object is to rell, as it is in

-

the overhand and sidearm throws. Howaver, sravity pull
must be considered at the moment of ra2lsasa2 and durinz
the hackswing and swinsthrous» of the arm when rollins

an obj=ct.
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Top spin and back s»in have no effect on th= direction of
of a rolling ball, they do have an effect upon the sneed

of the rollins hall,

Side sain does have a definite effect upon the direction

of

=

a rolling bhall,

Lemamber our discussion about momantum in which we lzarned

I3

~hter

that a heavy object has greater inertia sthan a 1li
one and therefore it takes greater force to throw or roll
this heavy obJject. However, once the force is awnplied

the object travels faster than z lizht object because of

it's ability to ovarcomes air resistance and of course

"N

beczuse of it's mass.

-

h the same amount of force annlied a smaller object

pa:
o

which weiehs the same as a larzer one will travel faster
and farther because of the decreasec in air re2sistance.

This is due to the differencs in surfac2 area pra-

o
cr
o
=

L=
-

(4:}

nted in the direction of the mome
Ramarher also, that an irrecular surface on an objsct

asistance and will therefors reducs

—

will inecrease air
the distance it will travel with & =ziven amount of force.

The unferhand throwing nattern is narticularly adantable

)]
-
+
o0
'-..J
=
s
3
¢t
¥
1=
n
(@)
]
n
8]
—

to throwins or rollins heavy objsct

becaus2:

1. Tha objact is »eld closz to the body center of rravit
2 The ara is sxtsndsd in srensration for ths Lhrow.”

Ty is this an afdvintaes
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Hach of these aids in th2 control of the object and the

body throush-out the throw. The straisht arm decreasss

.

the nead for additional strength nroduction since it is

in a—position in which the uss of eravity may be easily

emnloyed. The ability to %Xeen tha bzll closs to the

center of rravity of the body increasss body balance

through-out the throw,

Analysisg of thz underhand throw:

1 The object must be nushed away from the body as an
initial onreneration for the throw,

2y The ob

ect is now in a vosition in which gravity

.

can 2id in the dro»asing and backward movement.

s As the objzct resaches the heisght of the backswing
eravity again assists in the swine-throush (forward
swinz of tha arm), since the arm swing is in a
vertical glane.

L i As the object is releassd it has gained forward

stance of the pull of

(A
144

momentum throuzh the ass
sravity.
Individuals who are extremesly weak may comoansate with
this ocattern by nlacing the nalm of the »and and arm ' in
such a 2ositisn that thay can assist in the sunnort of
the nbject durine the sxecution of tha throw. It is

. . 1
e

imaoortbant to re=aligs Lthat U018 1s not roygl, adventa s

gite posibian for S any Bt SRR Fak 1§ 18 Sy uw 89

convansale Mo Jaok of S%d -Brth,
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This mattern of throwing (undarhand) is not the most effect-

> 5

ive when maximum sneed or distance are réquired.because
the backswing and body rotation are limited.

This-pattern is most effective in situations where control
and accuracy are .important factors, hecause the throwing

hand follows a straight v»ath throuch-out the total pattern
of movement. Accuracy is almost comhletely a matter of
contraline the vertical releass, The richt and left

movement (horizontzl) should not be a consideration.

Factors which increass sneed and distance:

1. Startines thz ball in a hicher »nosition.

2. Pody slishtly inclinzd forwzr” (flattanine the arc).
3. Increased krackswing(balance limits this some).
L. Transfer of weisht at ralsase.

5 Rending forward nees and sliding on last sten.

6. Increasa srnead of stens,
T Increase the soced of arm-swing.
As force is increased balance will hecoms more of a

nroblem, Thig -roblen can be controlled if ths center

of sravity of th= body 1s kent ;ow.

In taroviny,ths esreater thas distances the ball must travs=l
befors reachinz thz tarzet tha more imnortant are contrnl

and accuracy at the moment of ralease,

Has

glisht Aerres of inaccuracy ab raleass baconss a
ereater dzsrea of inaccuracy tre further the dhizel travels.

If the distanes to bhe coverad 15 rreal then th= objsct ecan
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commletely miss the tarcet due to a slight miscalculation
at the moment of release. The lonzer distance the thrown
objact must travel allows more time for other forces to
act épon it before hitting the target.

What are some of the forces which would act
upon a rolline ball before it could reach it's target?
Lo Friction. .

2 Air resistance.

i S»in

Txnerimentation:

1. Faet in a balanced nosition (few inches avart), Jjust
standing in vlace, with very little bac%swing, roll
the ball.

2 Same startine position with the feet, still just
standineg in nlace, increase the backswins (shoulder
high), roll the ball. )

3. Sanme starting stunce, take L stoens forward durinz
the hzackswine and the swine-throurh, rzlease the

ball.

L, Jtzrtine stance, bhefore the L stens are started,
incline the bhofy glirhtly forward(from the ankles),
on the Abh sten hend the forwszrs knee and'slide,'
release t.e ball. Pe certain the LUh steo is with
thes foot o2vonsits the throwing arm.

€ Rapaat, axecute tho L staads in a shorter -eiiod of
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time (snzed up.the entire throwins pattern).

epeat, this time emphasize holding the ball close
to the body (about waist high) then pushing the ball
forvard away from the body, as the arm with ths bhall
swings hack and down the opoosite arm should

be moved out to the side and us in order to offer a
countear balance for ﬁhe body. The heavier the ball
being thrown the more imoortant the balancing effect
of the non weight bearing arm.

Since the object is to roll ths ball and not throw

it. The moment of releass should be at what vnoint

in the are? If rmaximum force is to he anoliagd
directly bhehind the bhall? Just as the’ arm hagins

it's upswine (just »ast the mid-ooint of the arc).
Repeat the throwine vattern with all the additions,

this time making certain to continue the arc after

dmneat the comnlete 2attarm this time Hith the

grdition 9T, mainline

ct

the throwing hand rigzht at the
tarset (throush the micdle of the tarcet) as the

hand continuegs tharaurh the arc.
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Name | Dorothy M, Coleman

MOVEMENT EDUCATION UNIT EXAMINATION

INDICATE your choice of the ONE best answer to each question by

marking an X in the proper space. If you change your mind erase the
first mark completely.

1. TVhich of the following is true concerning the body and the
difficulty of maintaining a balanced position?

(a) a light body is easier to balance

a well aligned body is the least difficult to balance

a heavy body is easier to balance

it makes no difference how the body is sligned since the
gravity pull is the same on all objects

e
e e S

b
c
d

2. The best standing position for the human body is:

(a) feet a few inches avart with the knees slightly flexed

(b) feet in a wide, side-stride position with the knees
extended

(¢c) feet in a wide, forward-stride position with the knees
slightly flexed

(d) feet in a wide, side-stride position with the knees
slightly flexed

3. In which of the following will the center of gravity be the
geometrical center of the object?

(a) human body
(b) tennis ball
E % shuttlecock (badminton bird)

arrow

Lo oD

L. Why is the vposition of the body not stable while running?

(a) - the supnorting base is shifting

(b) the suprorting base is small

(c) the center of gravity does not fall within the supporting
base

(d) center of gravity is too high

D' If the following objects are dropped to the floor from the
same height, which would strike the floor first?

hockey ball
feather
tennis ball

(
5 |
( they would all strike the floor at the same time

O o®
— e
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Dorothy M. Coleman

A paddling position in canoeing is an example of which of the
following principles?

(a)
(b)
(c)
(d)

a body is balanced when it's center of graV1ty is over
it's supporting base

the object is more stable if the line of gravity falls
near the center of the base

the lower the center of gravity, the more stable the
object

the larger the base, the more stable the object

When carrying an object heavy enough that both hands must be
used, where should it be held?

(a)
b
e
d

P— P —
St S St

approximately eye level

close to the body and approximately waist high
close to the body and approximately chest high
on the hip

When attemnting to counterbalance a heavy object being carried
on one side of the body, at what point should the body weight
be shifted?

T S — —
Q0o
e S S

waist
hips
knees
ankles

Which of the following would require the greatest effort with

the

o o
——

(
(
(
(

least results?

walking along the beach in loose sand

walking on ice

walking in stocking feet on a freshly waxed floor
walking in snow

When walking on a slick surface, which of the fOllOWlng body
adjustments would be the most effective?

(a)

— — —
il o T o
o

lean forward from the ankles
increase the arm swing
lengthen the stride

shorten the stride
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Dorothy M. Coleman

Which factor causes a badminton bird to travel slower than a
tennis ball?

(a) 1longer force arm

(b) air resistance

¢c) length of backswing

d) more inertia to over come

Which of the following slow rolling objects will encounter the
greatest amount of air resistance?

(a) bowling ball

(b) softball -

(é} basketball
tennis ball

Sports instruments:

) lengthen the levers of the body

) add to the balance of the body

) increase the accuracy of the movement
) all of the above

Lo o

(
(
(
(

A long backswing, transfer of weight and rotation of the body
are apolications of what principle?

(a) lengthening the levers of the body

(b) a longer lever gives increased speed

(c) use of the whole body as a lever gives 1ncreased force
and sn»eed

(d) third class levers favor fast movement with light objects

The straightening of the arm in nreperation of an underhand
throw, is an example of':

(a) a 15t class lever
(b) a 28d class lever
(c) a 379 class lever
(d) more than one type lever

Human movement involves which of the following:

resistance to motion or change of motion
change in velocity

onposing force

all of the above

AV T~
a0 0
L L —
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Dorothy M. Coleman

Which of the following is the best example of rotary motion?

{a) walking

b) a rolling ball spinning to the right
[c) downhill skiing

d) executing a golf swing

Which of the following is the best example of linear motion?

(a) coasting straight down hill on a sled

b) riding in a car down a straight highway

¢) cutting a piece of paper with scissors (straight cut)
d) the flight of a golf ball after it is hit

A small heavy ball, as compared to a large ball of the same
weight, will:

) require more power to move it
) have more momentum

) require less power to move it
) travel a greater distance

The primary contribution of a sports instrument used as an
extension of the arms or legs, is:

(a) increased force

b) increased accuracy
¢ increased balance
d) increased speed

Which of the following explains why it is impossible to stop
immediately while running?

momentum of the body

inertia of the body

acceleration of the body

application of counterforce is too slow

T
20 oP
et e e
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Dorotﬁy M. Coleman

Whidh of the following will result in the greatest increase

. in momentum7

full swing with a badminton racquet
bent arm swing with a tennis racquet
full arm swing with a baseball bat
bent arm swing with a golf club

N S~
Lo o
e e St St

When throwing, what is the purnose.of taking several running

steps before releasing the ball?

(a) gain momentum
increase balance
imorove coordination
increase counterforce

.
et e

b
c
d

Shifting the body weight while executing a throwing skill
contributes primarily to:

(2) control
force
accuracy
speed

— — —
— e

b
c
d

The process of taking a backswing when striking or throwing
allows:

{a) * for the lengthening of the lever

time to adJust accuracty of the sw1ng

an increase in time that force is apnlied to the lever
time to establish balance

— — —
e e e

b
c
d

The body is inclined forward when running in order to:

(a) keep the force behind the body
(b) make use of the pull of gravity
(c) reduce dir and/or wind resistance

(d) all of the above

When throwing a ball, the direction of the path of the ball
will be determined DrlmariTV by:.

the position of the feet at the moment of release

the nosition of the hand (on the ball) as it is released
the direction of the follow-through '

all of the above

L0 0Wm
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28. When throwing a ball in such a manner that it will roll, the

29.

30,

31,

3=,

33,

application of force will result in:

(2) forward movement
(b) dincreased friction
(c) downward movement
(d) all of the above

When executing an underhand throwing skill, the bending of the
forward knee with a slight incline of the body as the ball is
being released will:

(a) increase counterforce
enlarge the base of support in the direction of the force
reduce momentum gradually

increase resistance so that forward motion will be
stopned

— — —
S Nt St

b
c
d

The time necessary to stop a moving object depends primarily
upon:

(a) momentum of the object
(b) speed of the object
(c) weight of the object
(@) all of the above

rolling ball which curves to the right:

A

(a) 4is turning about it's horizontal axis .
(b) has built up a greater nressure on it's risht side
(c) is turning about it's vertical axis

(d) is turning about both vertical and horizontal axes

Which of the following best describes the wath of a fast
rolling ball with clockwise (right) spin on it?

curves to the right
curves to the left
goes straight then curves to the left
goes straight then curves to the right

— T
Lo on
— e e

The off-center application of force to an object will:

) cause the object to move in an angular path
cause the object to move in a straight vath
decrease the difficulty in hitting a desired target
) increcase the distance the object will travel

I —
ool
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3%+ The rebound force of a solid ball off of a solid, stationary
object denends upon:

E

35. The result of a solid, heavy ball striking a'solid, lighter,
stationary object is:

) spin on the ball

inertia of the stationary object
momentum of the ball '

all of the above

a0 o

(a) the ball will experience the greatest rebound force

(b) the object being struck will exverience the greatest
rebound force :

(c) both the ball and the object being struck will experience
the same rebound force

(d) the stationary object will offer consideraple counterforce

36. Thich of the following is the major factor in determining the
angle of rebound of a solid ball from a solid,stationary object?

(a) momentum of the ball

(b) weight of the stationary object

(c) the noint at which the ball hits the object
(d) weight of the ball

37« Which of the follbwing will contribute to an increase in
accuracy in executing a throwing skill?

(a) stepping forward with the foot opposite that of the
throwing arm -

(b) follow-through toward the target

(c) arm swing involving only the vertical plane

(d) all of the above '

38. The underhand throwing nattern is best for:
(a) accuracy
(b} force
(c) distance
(d) speed



BOWILING UNIT

-HISTORY =--

Records reveal that a primitive form of bowling was played
by the Egyptians as far back as 5200 B.C.. Bowling is thought
to have originated as a religious ceremony in Germany during
the third and fourth centuries A.D.. The term "Kegler" dates
back to this period of time wheﬂ the German men carried a
small wooden club called a "Kegel" which was used for strength-‘
ening wrists, for recreation, and for religious ceremony.

After the religious ceremony was abolished the game of bowling
continued because of its recreational value.

During the Middle Ages many variations of the game developed
throughout Europe. There is evidence that a form of bowling
was played in northern Italy more than 1,000 years ago. Martin
Luther, an enthuastic bowler of the 15th century, pﬁblished a
set of rules for a game of nine pins. "Nine pins" was played
in Holland, "boccie" in Italy, "skilles" and "lawn bowls" in
England, ”curling"in Scotland, and "keys" and "billards" were
variations of the game in France.

The nine-pin game originated with the Dutch, who introduced
it to Colonial America and it is this game which the present
game most resembles.

Indoor ten-oin bowling is tyoically American, the tenth
pin was added after nine-pin bowling was declaired illegal in
New York, Connecticut, and Massachusetts.

The American Bowling Concress was organized in 1895, the

234
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organization which governs men's league bowling.. The VWomen's
International Rowling Congress was organiged in.l916. These
two organizations are responsible for organizing and standard-
izing rules, equipment and alleys, conducting national, regional
and state tournaments,and providing leadership to the sport.

Twenty million Americans enjoy the sporf of bowling. The
automatic pin setters, emphasis on convenience; comfort and
wholesome atmosphere have been responsible for attracting so
many Americans to bowling establishments. Bowling is good
exercise for young and old alike, from 8 to 80, the family,
énd fof many handicapped people. |
THE GAME -~

Bowling as we know it today 1is played on indoor wooden
alleys (lanes), 60 feet in length (from foul line to the
number one pin) and 41 or 42 inches in width.

The tem pins are set up in a triangular formation on spots
12 inches apart (from center to center). The pins are round
and wooden, 15 inches high and weigh not less than 2 pounds,
14 ounces and no more than 3 pounds, 10 ounces. The pins are

numbered from 1 to 10 (from left to right).
@ ® ® @
® & ©
@ ©
D
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The bowling ball may not be more than 27 inches in circum-
ference and not more than 16 pounds or less than 10 pounds in
weight. Usually the bowling ball is bored with three holes,
it can be less or more, there is no strict rule concerning this.

Good bowling shoes have one sole of leather and the other
of rubber to insure balance and proper delivery. An individual
should never bowl without bowling shoes.

A game consists of 10 frames. A player is entitled to roll
two balls in each frame unless all pins are knocked down with
the first ball; in which case only one ball is rolled in that
particular frame, this applies for all the frames except the
tenth. In the tenth frame, if all pins are knocked down with
the first ball, the bowler immediately rolls gyg‘ additional
ones in order to complete the game. If all remaining pins are
knocked down with the second ball (spare). in the tenth frame,

the bowler immediately rolls one additional ball to complete

the game.

A bowler should not touéh the foul line. Touiching the
foul line is illegai and all pins knocked down on such a
delivery will not be scored. A foul on the first attempt does
not nullify the opportunity to roll a second ball. If the pin-
setters do not automatically re-set pins after a foul, the re-
set button must be used. |

When two or more nersons are boWling, they should take
regular turns on the lane. When participating in team bowling,

teams alternate lanes, the first bowler of each team follows

the last bowler of the other team.
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The objective in bowling is to knock down all 10 pins with
a maximum of two attempts, préferably with one attempt, in each
frame.

III. SCORING --

As previously indicated a complete game consists of ten
frames. Onlthe score sheet, in each of the ten frameées there
will be one or two small squares. The pin count for the first
attempt should be scored in the first small square. If there is
only one small square in the frame, this pin count is recorded
in front of the one square. The pin count for the second
attempt is recorded in the second small square.

Always keep the pin count for both gttempts in every frame!

This is very important in that the bowler will have an accurate
record of his game. The accurate recording of both attempts
can indicaté many of the problems which plague the bowler.

Scoring is a matter of adding the number of pins knocked
dowvn in each frame and carrying the cumulative total in each
succeeding frame.

The following are symbols used in scoring a game of bowling:
. Strike --

An X is recorded when the bowler completes a legal delivery

and knocks all the pins down with the first attempt. A

strike counfs 10 plus the pin count of the next two balls'

rolled. The strike is récorded in the first small square

in the upper right hand corner of the frame.

R e e LSS
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Spare --
A / is recorded when the bowler completes a leral delivery

and knocks down all the remaining vins with the second

attempt (ball). A spare counts 10 plus the pin count of

the next ball rolled. The spare is recorded in the second

small square in the upper right hand corner of the frame.

71/l

i

I—

Foul --
A foul ball is recorded as a ball rolled but any rins
knocked down shall not count.

If a bowler fouls on the first attempt in a given frame,
no pin-coﬁnt is scored and the pins are reset. Only the
pins knocked down by the second ball will be counted.

If a bowler knocks down 21l pins with the second
attempt, after fouling with the-first, it shall Ee scored
as a spare.

If a bowler fouls on the second attémpt only the pins
knocked down with the first ball shall be scored. A foul

™

is desiecnated with an F in one of the squares in the upper

right hand corner of the frame.

e/l 18IF

Gutter or Channel -~

If the bowling ball goes into the gutter, on either side
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of the lane, before reachins the pins it is considered a
gutter ball. A G (be certain it does not resemble a six)
is recorded in one of the small squares in the upper right-

hand corner of the frame.

Gl3| 8|6

Error --

An error is made when the bowler fails to bowl down all
ten pins after two deliveries in a given frame, providing
the pnins left standing after the first attempt do not
constitute a split. The symbol indicating an error is
used only if the ball stays on the lane but hits no pins.
If pins are bowled down on the second attempt, the pin
count should be recorded. A - is recorded in thé second

small square in the upper right hand corner of the frame.

e

Split -

A split is a setup of pins that remain standing after the
first ball has been legally delivered, orovided the head
pin (no. 1) is not standing and at least one pin is down
between two or more standing pins(7-10) (3-10) (10-5-7).
A split is desirnated by a O in the second small square
in the upper risht hand cornef of the frame. Any pins

bowled down with the second attempt are scored inside the



circle.

_ 240
- ﬁ) 7 Dorothy M. Coleman

IV, EXAMPLE OF SCORING --

Frame 1 - first attempt; 8 pins bowled down, 4-7 pins still
standing, second delivery; both pins knocked down.

Frame 2 - first delivery; a gutter ball, sécond attempt; six
pins knocked down.

Frame 3 - first attempt; 7 pins bowled down, 1,3,10 pins still
standing, second attempt; in bowling the remaining
pins down step over the foul line.

Frame L - first attempt; strike. |

Frame 5 - first attempt; 5 pins down, second gttempt; all
remaining pins bowled down.

Frame 6 - first ball; bowler steps on the foul line and gets
a strike, second ball; all pins bowled down.

Frame 7 - first ball; 7 pins down, second ball; ball stays on
the alley but hits no pins.

Frame 8 - first délivery; 5 pins down, second delivery; 2 pins
down. .

Frame 9 - first attempt; 7 pins down, 7-5-10 pins still stand-
ing, second attemot; ball stays on the lane but hits
no pins.

Frame 10 first ball; strike, second ball; 6 pins down; third
ball; all remaining pins knocked down.
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RULES -~

A. No food or drinks should‘be taken up to the bowlers bench
or to the score table.

B. Cigarettes should be deposited in the ash trays not on the
floor.

C. Dress properly for bowling, wear loose- fitting clothes,
not slopvy, Jjust not tight.

D. Legal Pinfall --

1. Pins which are knocked down by another pin or pins
which rebound from the side or rear cushions are count-
ed as pins bowled down. ‘

2. If immediately after the ball has been released, on
either the first or second attempt, it is discovered
that a pin is improperly set (not missing) the ball
coﬁnts as bowled and the pinfall shall count.

1 Pins which are bowled down by a fair delivery and
remain on the lane, in the gutters, or leaning
against other pins or side cushions, are considered
dead wood and counted as pins down and should be re-
moved before the next delivery.

E. Tllegal Pinfall --

Then any of the following incidents occur, the ball counts

as rolled, but pins knocked down shall not count:

1. When pins are knocked down or disnlaced by a ball that
leaves the alley before reaching the pins. ‘

2. TUhen the ball rebounds from the rear cushion.

3. "hen pins come in contact with the body, arms or legs
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of a pin setter and rebound.

L. A standing pin which is knocked down when removing
dead wood, shall not count and should be replaced to
its original position.

5. If in delivering the ball a foul is committed any pins
knocked down shall not be counted.

6. Pins which are howled off the alley, rebound and remain
standing on the alley must be counted as pins standing.

Dead Ball --

A ball is declared dead if any of the following occur, in

which case the ball does not count as bowled. The pins

are reset and the player bowls again.

1. Immediately after the bowler delivers the ball,
attention is called to the fact that one or more pins
aré missing.

2. When a pin setter interferes with any pin or pins be-
fore the ball reaches the pins.

3. 'hen a player bowls on the wrong lane or out of turn.
L. When a player is interfered with by pin setter, another
bowler, spectator or moving objects as the ball is
delivered but before it is completed, a player must
at this moment demand that pins be reset or accept

the resulting pinfall.

5. When the pins are moved or knocked down as the bowler
is delivering the ball and before the ball reaches the
piﬁs.

6. Vhen a bowling ball comes into contact with any foreign

object.
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VI. BOTLING ETICUETTE --

An
Bo

Remain back of the foul line at all timesy
Do not walk in front of or up beside a bowler to secure the
bowling ball from the return rack when that bowler is ready
to bowl.
Use one bowling ball only and wait for it to return.
Do not talk or otherwise distrub a bowler who is on the
approach and ready to bowl. |
"Then two bowlers on adjacent lanes are ready to start théir
approach at the same time the bowler on the'right should
bowl first. |

If one player is ready to bowl the second ball of a
frame that player should be allowed to bowl first.
Do not use a bowling ball that is the personal property
of some individual with out the permission of that
individual.
A player should be ready to bowl when it is his turn.
After deliveriﬁg the ball and watching the results, turn
and walk back to the rear of the approach.

A player should use only the width of his lane for
any "contortions" or "body english™ in which he wishes to

indulge.

t all times, apnreciate and

Use good sportsmanship
compliment good bowling.

A bowler should not make an issue of his "bad luck”.
Do not get discouraged and remember that a bowler must

think about what he is doing or not doing correctly.
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BOYILING TERMS --

Anchor - last bowler on a team.

Blow - an error.

Brooklyn -~ hitting to the left of the head pin for a right
handed bowler, hitting to the right of the head pin for
a left handed bowler.

Cherry - a ball that picks off the front pin of a spare and
leaves the pin behind or to the right or left standing.

Cushion - the upholstered back portion of the pit.

Dog-leg - the 1-2-10 pins standing.

Double -~ two strikes in succession.

Double wood - one pin directly behind another.

Fence posts - the 7-10 split.

Foul - to touch or go over the foul line as the bowling ball
is delivered.

Four-timer - four strikes in a row.

Full hit - when the bowliné ball makes contact at the center
of the pin, most often used in terms of the head pin.

Leave - the pins remaining after the first ball is throwm.

Light - a hit that is not full enough.

Loft - to throw the ball out on tne lane, not placing it on
the lane.

Mark - a strike or spare.

Open frame - a frame without a strike or spare.

Picket fence - the 1-2-4-7 or the_l—}-é-lo.

Pocket - the 1-3 pins for a right hander, 1-2 for a left hander.

Powder puff - a slow ball that does not knock down all the pins.
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Railroad - a split: :

Baby split - 3-10 or 2—7;

Bed posts - 7-10 split, also snake eyes.

Big four - 4-6-7-10 split.

Christmas tree - 3-7-10 or 2-7-10 split.

Sleeper - a hidden pin.

Steal - to get more pins than deserved on a hit.

Strike out - to get successive strikes from any frame through
the remaining frames of a game.

Thin hit -hitin which the ball barely touches the headpin.

Turkey - three strikes in a row.

Turkey out - three strikes in the last frame.

Vlashout - the 1-2-10 or the 1-2-4-10 spare.

foolworth - the 5-10 split.

Vlorking ball - a ball with great spin that produces a lot of
action'among the pins.

FUNDAMENTALS -~

If an individual is to become proficient at bowling he
must concentrate first upon the fundamentals of bowling and
second practice until the performance of these fundamentals
becomes habit.

It seems vitally imbortant to stress the necessity for
consistancy. It is extremely important that the bowler is
able to execute the same anﬁroach, the same release, the same
follow-through each time he bowls. T/hen consistancy has béen
established it is relatively simple to adjust the point of

aim in such a manner that spare bowling is most effective and

efficient.
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Consistancy is more imnortant than force. Force is im-
portant to a point, that point is, adeguate momentum of the
_ bowling ballf Maximum application of force is almost never
a consideration in bowling. Force is important to the extent
that the dgsired rebound action of the pins results and this
imvolves more factors than just the momentum of the bowling
ball. Other factors which are involved include; spin(or lack
of it) on the bowling ball, inertia of the pin or pins, and
the point at which the bowling ball contacts the pin or pins.
The ability of the bowler to continually execute an
efficient, effective; approach, release,and follow-through
will determine that individuals ability to increase or im-
prove his bowling scores and consiquently his average.
A. Selecting A Bowling Ball --
Bowling balls are usually bored with three holes. The
holes éhould be large enough for the fingers to slip in
and out easily. The thumb hole should be comfortably
loose and the finger holes comfortably snug.

To determine the correct fit of the bowling ball,
place the thumb completely in the thumb hole, the fingers
(2nd and 3rd) should be relaxed and spread over the finger
holes. The crease éwrinkles] of the second joint of the
fingers should extend a quarter of an inch beyond the in-
side edce of the finger holes. Obviously,if the finsger
holes are too tight it will be difficult to release the

bowling ball. If the finger holes are too loose the

individual will have difficulty holding the bowling ball.
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If the bowler must consciously think about holding on to
the bowling ball, it does not fit. If it fits.correctly
it requires no conscious thought to hold it properly.

"lomen generally use a bowling ball which is lighter
weight than those used by men.

As a bowler progresses in his ability to master the
fundamentals it is usually wise to use a heavier bowling
ball. The added weight decreases the effect of forces
acting upon it and the heavier bowling ball will have
greater momentum with less effort on the part of the
bowler.

For the individual who plans to continue bowling it
would be advantageous to buy a bowling ball ;hich is
drilled specifically to fit his hand. It is also important
that the serious bowler own his own bowling shoes.
Approach -- _

The 3,4, and 5 step approaches are all acceptable.

The 3 step approach is most often used by very long
legged individuéls, who's steps are likely to be very long.

The 5 step approach-is most often used by very small
and short legged individuals who need the extra step in
order to gain needed momentum.

The L step approach is generally accepted as the best

and the one used most often. The primary reasons for this

preference are, the coordination of arm and leg movements

is less difficult and it provides very definite check points

for the bowler through-out the approach.
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In all of the aporoaches, the steps éhould begin very
slowly and continue with short gliding steps, finishing
with a slide on the forward foot with the knee bent and
the body slightly inclined forward.

For the right handed bowler using ﬁhe 3 or 5 step
approach, the first step will be with the ieft foot. A
right handed bowler using a 4 step approach would step
first with the right foot in order for the last step to
be on the left foot,which enables the bowler to make use
of the principle of opposition.

The underhand throwing pattern (with some modification)
is used in bowling.

1. Analysis of the 4 Step Approach --

Coordination of arm and leg movements (for right hander) .

a) During the slow and short first step - the bowling
ball (held in both hands) is pushed forward (not
up) away from the body. Both arms are simply ex-
tended. This places the bowling ball in such a
position that the pull of- gravity can be vefy
effective. The body shouid be g;;gbﬁlx inclined
forward. :

b) On the second step - the arm with the bowling ball

swings down and back. This arm swing is assisted
by the pull of gravity if no resistance is offered.
The arm with-out the-bowiing ball should move out

- . . L3 L3 ~ = t
and back in such a position that 1t may act as a

counterbalancing force for the_body.
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c) On the third step - the bowling ball continues
back. The backswing should reach about shoulder
height, no higher. |

d) The fourth step - is completed with a slide on the
left foot with the knee bent and the body (still)
slightly inclined forward (head also) which permits
the gradual slowing of the body momentum.

At the beginning of the fourth step the bowling
ball begins it's movement downward and forwafd.,_
Again, a gravity propelled swing will produce
adequate momentum if no resistance is offered.

The bowling ball should be released at the begin-
ning of the upswing. The release should be during
the completion cf the slide. After the release of
the bowling ball the arm should continue it's
original arc of movement (follow-through).

~ The right foot drags, either straigﬁf back or
behind the left foot, in this manner it may act as
a brake in addition to assisting in maintaining
.body balance. |

Body Position =--

Through-out the entire approach the toes should be

pointed straight ahead and the body should be facing

the pins with the éhoulders parallel to the foul line.
The body is slightly inclined forward through-out
This incline makes possible a greater

the apprpach;

backswing and offers counterbalance for the weight of
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the bowling ball as it is swung back at arms length.

The knee bend (or lowering of the body) during the
fourth step increases the body balance by lowering the
center of gravity of the body. The lower body position
enables the bowler to place the bowling ball on the lane
in such a manner that most of the application of force
results in forwara movement of the ball rather than
downward.

The lowering of the body with a slight incline
makes it possible to flatten the arc through which the
bowling ball moves, ihis increases the accuracy of the
pattern of movement.

It is important to realize that too much forward
lean can cause difficulties in balancing the body.

The bending of the knee should be emphasized rather
thén the forward lean.
C. Types of Deliveries --

1. Curve -- the bowling ball travels in a wide arc
(horizontal plane) from the time it leaves the hand
until it hits the pins. This type of delivery is not
a desirable one because it is difficult to control and
of the space neéessary to accomidate the path of the
bowling ball.

2. Back-up -- the bowiin% ball travels straight for a
time then breaks to the right (right handed bowler)
since the bowling ball has right spin on it.

This delivery is difficult to control because of
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the wrist turn involved. The fact that if pin fall
is to be most effective the bowling ball should contact
the pins from the left hand side .of the head pin cre-
ates some difficulty for most right handed bowlers. It
proves to be confusing to a beginner, to say the least.
Strdight -- the bowling ball travels straight down the
lane. This delivery is considered good for beginners
because it does not involve wrist turn. The bowling
ball is held with the thumb up, in a 12 o'clock posi-
tion, with the fingers and palm of the hand under the
ball. In this manner the hand is in a position to
hold some of the weight of the bowling ball. Because
the thumb is shorter than the fingers it slides out
first and then the bowling ball rolls off the finger
tips. During the follow-through the hand remains in
this same position, thumb up (on top) with the palm
of the hand up. A locked wrist is very important in
this type of delivery other wise a back-up or hook
delivery will result. In the straight delivery the
angle at which the bowling ball contacts the pins is
not the most effective angle.
Hook -- the ball travels straight for a time then
breaks (turns) to the left(for a right handed bowler)
since the bowling ball has left spin.

This type of delivery is considered the most de-

_sirable because when it is controlled it has a high

strike percentage due to the angle at which it is able
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to contact the pins. This particular angle is impos~-
sible with the straight delivery. Since the pin contact
is on the same side as the hand and arm delivering the
bowling ball it creates less proBlems for the bowler
when determining point.of aim for spare pick-ups.
For the "natural hook",which is considered the
bestAgype of hook because it is more consistant than
the others, the hand forms a V with the thumb and
the first finger facing up (as in shaking hands).
The thumb is in an 11 o'clock position and the first
finger is in a 1 o'clock position, the wrist is firm
and straight, simply fggping an extension of the arm.
The wrist remgggﬁ_gizgggfﬁgigggjthrough out the
approach and the fcllow-through. There is no ro-
tation of the wrist. . Because the thumb is shorter
than the fingers it should and will come out of the
bowling ball first. As the fingers come out of the
bowling ball a slight left spin is applied to the
ball. If the bowler is relaxed and not attempting
to consciously control or maneuver the bowling ball
a "natural hook" will occur, the bowling ball will
break slightly to the left just before striking the
pins. Although the break will not be as great as
with some of the other types of hooks it will be
quite effective if?gontacts the pins in the correct

spot. The ability to relax will prove to be an im-

portant factor when executing the "natural hook".
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Hints --

a) The weight of the bali should be in the shoulder

. not at the forearm or wrist. The arm should be
kept straight and relaxed.

b) The wrist should be firm énd straight.

¢c) The arm should swing like a pendulum., If it
is relaxed aﬁd if all joints are firm (or
fixed) this will be possible. Relaxing the
arm will add to the ability to swing the arm in
a pendulum fashion.

d) Allow the weight of the bowling ball to pull
on the arm, primarily at the shoulder. This
will help the bowler keep the arm straight.

e) The delivery should be made from the shoulder

and straight forward from the shoulder. Get

in the habit of "reaching for" the target
after the release and during the follow-
througb.
f) Never throw the bowling ball, simply release
it. If the apﬁroach has been executed correctly
there is absolutely no reason (or advantage)
in throwing the bowling béll.
If the approach has not been executed correct-

ly then work on that, but do not attempt to compen-
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sate for errors in the approach by throwing the
bowling ball, | |
D. Aiming --
‘1. Theories of Aiming. --.

a) Spot -- the bowler selecté one of the dots be-
tween the foul line and the pins, over which he
attempts to roll the bowling ball. Either the_dots
or arrows may be used. Once the target is deter-
mined it is simply a matter of adjusting the point
of aim for spare pick-up.

The bowler should concentrate on (look at) the
spot being used for aiming until thF ball passes .
over (or by) the spot.

Spot bowling is very exact. The bowler must
know his exact position on the line when starting
the approach and he must also know the exact spot
the bowling ball rolls over. It is simply a matter
of adjpsting the aim in order fhat tﬁe ball will
contact the pins in such a manner as to knock them
down. Once thé bowler finds and remembers the
correct point of aim for each set-up of pins the
average will improve.

Spot bowling is considered best for beginners
since the dots (or arrows) are a closer target than

are the pins.

b) Pin -- On the first ball the bowler aims for the

5 pin or the 1-3 pocket (right hander). On the
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second ball-thelbowler aims directly at the pin or
piné he intends to hit. This method of aiming is
less accurate than spot bowling.
¢c) Line -- is a combination of spot and pin bowling.
The bowler draws an imaginary line from the stance
position to the strike pocket or the pins to be hit.
This is a precision method of aiming that re-
quires great concentration and a lot of practice.
di Check Points for All Three Methods of Aiming --
(1) Starting position.
(2) Slide position.
(3) Spot
(4) Strike pocket (pins to be picked up)
Spares --
Algood bowler must be able to pick up spares and splits.-
a)- For a right handed bowler, when the 6, 10, or 6-
10 pins are left standing the bowler should move
to the left side of the approach, in order to be
able to use as much of the alley width as pos-
sible. The bowler should walk diagonally toward
the pins when executing the approach. This is the
only time tﬁe bowler should move to the left of
the approach.
b) T'hen pins are 1éft standing dn the left of the‘
alley there are two theories:
(1) The bowler moves to the right of his regular

starting point and moves his point of aim to
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the left.

(2) The bowler stays on his reguiar stafting spot
(strike spot) and moves only his point of aim.
How much the point of aim is moved depends upon
the seﬁup of pins left standing. This method
is the most consistant because there are fewer

 adjustments to be made.

3. Hints ==~

a)

b)

c)

A good general rule in spare bowling is to aim the
ball so that it will cover as mény of the remain-
ing pins as possible.' There are a few exceptions
to this but in general it is a good rule. As the
bowler becomes more advanced he may concentrate

on particular or unusual spare pick-ups or split
pick-ups.

A wide angle of approach is also an important

rule to follow in that it gives the bowler room

to aliow for action of the bowling ball and even

slight mistakes.

" It is very important that the bowler concentrate,

to the extent that every thing else in the bowling
establishment is ignored from the time he starts
his approach until the follow-through is completed.

Do Not Throw the bowling ball, just release it.

A very small change in the angle of the body or

arm swing will cause the bowler to miss his

target.
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(1} Face the pins.
(2) The shoulders should be ﬁarallel with the
foul line. |
(3) The arm swing should be naturél, relaxed and
straigﬂt(only in a vertical plane).
f) The advantage in spot bowling is that the target
is closer to the bowler,
g) It is essential that the point of release be
consistant. |
h) The rebound action of the bowliné ball and the
pins must be considered in planning the exact
target for both strikes and spares. .
When one pin is directly behind another, the
front pin must e hit squarely (full) if the pin

behind is to be knocked down (cleared).

i) In spot bowling, the target must be verv exact
and must be hit squarely if the pins are to be
Hit iﬁ the desired place. Keep your eyes on-the
point of aim until the ball passes through the

' point, |

j) A one pin spare is actually a 23 inch target.

k) If a bowler is thinking he should not make the
same mistake three times.

1) Learn to relax.

m) Concentrate on every shot.

E. Release of the Bowling Ball --
1. The bowling ball should be released at the beginning
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of the gg—gﬂ;gg.

a) If the bowling ball is rgleased too soon(before

" the beginning of the up-swing) the direction of
the application of force is primarily downward
rather than forward.

b) If the bowling bali is held too long dufing the

release:

(1) It will be lofted.

(2) It will go off to the left for the right hand-

er and to the right for the left hander.

The bowling ball should be placed on the lane slightly

in front of the body and slightly to the right of the
body for the right hander or slightly to the left of
the body for the left hander. The arm swing should

be a natural swing from the shoulder.

3. The swing-through (forward swing) of the arm should
be executed when the body has it's maximum.épeed,
L. The slide of the last step and the swing-through of
the arm should be simultaneogs. |
5. Thé bowling ball should have 3 motions if it is re-
leased correctly:
a) Slide or skid.
b) Roll or rotation.
c¢) Turn, caused gy the application of spin(hook or
back-up).
PRINCIPLES -- ‘
A, Force -~
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For the average person maximum force is not necessary

in bowling.

Enough force to knock down pins and to knock pins in-

to other pins, effectively, is necessary - past this

point - control is more important than force.

Since counterforce depends upon the momentum of the

bowling ball it is possible to have too much force.

Concentrating on the application of force often re-

sults in loss of control.

Force developed from a gravity propelled swing will

be consistant.

a)

b)

The bowling ball should not be thrown, it should
simply be released. DO NOT THRO' THE BOYLING
BALL!

Because a straight arm is longer than a bent arm
the arc of the arm swing will be greater and con-
sequently greater force will result with no con-

scious effort by the bowler.

The bowling ball must be placed in a position where

gravity can act upon it most effectively.

a)

b)

Push the bowling ball away from (out in front of )
the body oﬁ the first stép.

It is necessary to have an adequate backswing,

no more than sﬁoulder high. If the backswing '

is higher than the shoulders, control is lost,

too much force results.
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Ways.of increasing force or speed of the bowling ball:
a) Hold the bowling ball higher in the starting pos-
sition.
b) Use more push away on the first sfep.
c) Increase the height of the backswing.
d) Perfect the timing or coordination of the various
movements required in the approach.
The slight forward incline of the body during the
approach will permit a higher backswing without de-
viating - from a straight line (vertical plane).
Force can be increased by increasing the speed of the
approach since momentum can be transferred. It is
most important to realize that when the steps in the
approach are execut2¢ 1in a shorter period of time:
a) The steps must be smaller.
b) The arm swing will also have to be executed in
the same (shorter) period of time.
c) It is important not to rush the foul line,
Top spin increases the speed of the bowling ball.
Thé arc of movement of the arm should be continued
after the bowling ball is releases (follow-through)
to allow for maximum application of force(developed
from a gravity propelled swing) in the desired direct-
ion. |
The follow-through should continue until the arc
is completed (or nearly so). ‘Because the human body

is incapable of abruptly stopping movement, it employs
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a slowing process, which must begin shortly after
the start of the original movement, which would obvi-
ously reduce the amount of f&rce applied to the orig-
inal movement. If the arm is jerked or pulled in a
direction other than that of it's original arc of
movement the applicétion of force will be,entirely or
partially,in the new direction., This will of course
change the direction in which the bowling ball will

travel.

11. Control is more important than force.

Balance --

1.

Ll-o

more distance is covered in the same a

Through-out the bowling approach the body should be
balanced above it's base of support (the feet and the
distance between them). Since the body is constantly
shifting a continuous effort to balance the body is
necessary. _

The free arm should swing to the side, up, and back
away from the body if the weight of the bowling

ball, held by the opposite hand and arm, is to be
balanced.

The slight forward incline of the body helps to
balance the weight of the bowling ball during the
backswing. .

Each step in the approach requireg the same amouny

of time, but each step increases in length. Because

mount of time,

there is acceleration from the Tirst step through the
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last. The first step will be shorter and slower than
the other steps. |

The coordination of the arm swing and the steps is a
very important consideration. Thg time required for
the arm swing depends upon the length of the arm.

The longer the arm, thé slower the steps must be in

order to coordinate them with the arm swing.

Direction Control --

1

The backswing and the follow-through should be in a
vertical plane and in line with the target.

If the arm swing involves a horizontal pléne of move-
ment it will interfere with the accuracy of the path
of the bowling ball.

Egg-spin will not elfcct the direction in which the
bowling ball moves but it will effect the speed at
which it travels. '

Side spin will effect the direction in whiéh the
bowling ball moves. If the bowling ball has re-
ceived right spin it will cut to the right. If it
has received left spin it will cut to the left.

How soon the bowling ball will cut (or turn) depends
upon the speed at which it is traveling. The faster
it is moving the later it will break, that is, it

will travel in a straight line for a time then as it

gets close to the pins it will break (change direct-

-ion).

Side spin will reduce the speed of an object,
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however, because the howling ball is heavy and be-
cause it is rolling (not a projectile), side spin
will have little effect upon the speed at which the
bowling ball travels. |

To develop a consistant hook the bowling ball must
be released with the exact same amount of spin each
time.

The "natural hook" is considered the best type
of hook because it is a natural movement and it does
not require wrist turn. Since no wfiét turn is in-
volved the "natural hook" delivery(or release) is a
consistant one. Because the thumb is shorter than
the fingers, it will come out of the bowling ball
first with the fingers following (if the bowler is
relaxed and not attempting to throw or consciously
control the bowling ball). This method of release
creates slight left spin upon the ball which will
cause the bowling ball to break slightly to the left.
If wrist turn is involved, it should be executed
juét before the bowling balllis released. A definite
pattern should be-established if wrist turn is em-
ployed. There are various patterns used:

a) Start the arm movement with the thumb at 1 o'-
clock and maiﬁtain this hand position during

the backswing and the swing~through until Jjust

before the moment of release, at this point ro-

tate the wrist so that the thumb is at a 9 o'-
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clock ﬁosition.

b)  Start the srm movement with the wrist rotated so

- that the thumb is at 12 o'clock and just before
release,the wrist is rotated to a 7 o'clock posi-
tion, |

Again, when using wrist turn it is vitally im-
portant to establish.a definite pattern so that the
greatest possible consistancy can be developed.

If the wrist turn occurs too soon or too late it
will have no effect upon the direction of the path
of the bowling ball,

D. Rebound -- )

1. Because of the momentum (weight x speed) of the
bowling ball it will experience very little re-
bound from the lighter stationary pins.

The slower the bowling ball is moving the great-
er rebound it will experience.

Reboﬁnd will be slight but it.will bé enough to
caﬁse errors if it is not considered when aiming.

2. The rebound of the stationary pins will be great.
and will depend upon the:

a) Momentum of the bowling Eall.
b) Spin on the bowling ball.

¢) Point at which the bowling ball contacts the pin

or pins.
The rebound of the pins is a very important

aspect of bowling. It is very important to under-
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stand how the pin(or pins)will rebound when con-
tacted at various points. |

A bowling ball with no spin will cause a pin
to rebound at the same angle at which it was struck.
With side spin the angle of rebound will change, it
will not be at the exact same angle at which it was
struck. The degrée of spin will determine the amount
of variation. |

Friction proves to be an advantage when the bowl-
ing ball_has side spin . in that it résdlts in greater
pin action (rebounding a pinhor pins into other pins
at such an angle that the remaining pins are knocked
down) .

Example:

A bowling ball with left spin (hook) contacting
the strike pocket (1-3 for right hander) will cause
the 3 pin to spin right and rebound into the 6 pin
and back toward the space between the 9 and 10 pins.
The 6 pin rebounds into the 10 pin. The 1 pin yill
have left spin and will rebound back in the direct-
ion of the 7 pin, hitting the 2 pin which then hits
the L pin which in turn hits the 7 pin. The bowling
ball will continue its original path,with very little
if any rebound, nioving toward the_5 pin and between
the 8 an& 9 pins. Each pin that is hit will receive

i i i i i ling
some spin and will in turn strike other pins sending

them into still other pins. The 5 pin aftgr being
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struck should knock down the 8 pin and the bowling
ball will take out the 9 pin.

3. The rebound action that must be considered:

a) Pin or pins from the bowling ball.

b) Pins from pins.

c) Very slight (if any) bowling ball from the pin
or pins. The faster the ball is traveiing the
less thé rebound. ‘ |

d) Pins from pit cushions.

L. Other rebound angles(in general):

00,00 0QO®




267
Dorothy M. Coleman

/\\ - /
@ OO0 @O 0P
O|O O 00Q
@ O *ES
Q SRR o B

booe @le 0 0
® O O ® 0O
© O |00
O 0
oYeNe)e
RoReNe
D O
O

THIS IS THE DIFFICULT PART OF BOWLING!

O

The ability to cause the bowling ball to contact the
pin or pins at the exact spot which will cause them

to rebound in the desired direction.
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BOWLING TEACYING UNIT |

The day before the class meets at the bowling lanes explain the:

Fact that it is extremely important that the students participating in
the study do not Prectice until after the required twenty lines of
bowliﬁg have been completed.

Team and lane assiznments.

Procedures to be followed in conducting the class.

Procedures for 6btaining bowling shoes.

Procedures to be followed when piéking out a bowling ball that fits
the students hand.

Procedures to be followed in making assignments and assign the

fundamentals included in the mimeographed material which each student

received at the first class mseting.

The first few days at the bowling lanes will be utalized by having each

student walk through and practice the four step approach. One member from

cach team will 5e'involved in the drill at one time. The following points

are to be given major consideration and executed in this order during this

primary drills

Without the bowling ball ~--

1.

Explain the starting position and the four step approach.

Have students assume the correct starting position.

Students execute four walking stepse.

Students execute four walking steps with a slide on the fourth step,

employing forward incline of the body with forward knee bent.
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Teacher checking the position of the students at the foul line for:

L. Distance from foul line. .

B. Fecing pins (shoulders parallel to foul line).

C. Forward knee bent.

D. Body inclined forward.

E. Path oflapproach.

Pepeat, four steps with the slide, faster count by teacher.

Repeat several tines, increasing the speed‘until it is at the proper
rate.

Students check their own position at the foul line.

Repeat the four steps witﬁ the slide several more times, allowing the
students to move at theif own rate of speed (no counting).

Explain the coordination of arm and leg movements.

Have students practice the first step with the push-away several times
with the teacher giving verbal instructions. Emphasize the importance
of the push-awa& on the first step.

Add the second step during which both arms start back.

Practice the first and second stefs together, slowly with the teacher
counting. Practice without the teacher counting, moving at their own
rate of speed.

Add the third and fourth steps, teacher counting slowly as students
execute four steps and the slide. Do not break the third and fourth
steps down unless it appears necessary, usvally students will do better
if these steps are taught as one part (or movement).

Allow students to pfactice the coordination of arm and leg movements

at their own rate of speed, while the teacher is checking for mistekes,

still carefully observing the body position at the foul line.
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I:plain spot bewling end designats the dot (or spot) to be used in
aiming for the strike poéket.
Explein importance of the straight amm backswing end follow-through
being in line with the point of aim.
A. TImportance of arm movement being in a verticel plane during back-
swing, swingthrough, and follocw-through.
B. Walk toward designated spot.
C. TFollow-through of hand should pass right through the designated
spot and continue until it is abo%e the head.
D. Emphasize looking at the specific point of aim, walking toward the
-point of aim, and follow-through across the point of aim.
Allow the students to go through the complete approach several
times at their own rate of speed with the teacher watching for and
correcting mistakes.

the towling ball--

20.

21.

Explain the mechanics ofthe automatic pin setters, caution students to
check the pins and pin setters before releasing the bowling ball, also
explain the procedure to be followed in teking turns while bowling.
Explain the natural hook release, have the students assume this hand
position in relation to the bowling ball, at which time the teacher
checks the hand position of each student. After the hand position has
been checked the student may begln practicing the entire aprroach wlth

the bowling bell, during which time the teacher is observing and giving

verbal cues and correcting mistakes.

After these students have had several minutes of practice a different

group is brought to the approach, this process continues until all

students have practiced the fundamentals under the direction of the

teacher.
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Such instruction in fundamentals may take several days, depending upon
the number of students in class. At any rate this process continues until

each student in class has had the designated instruction in the fundarentals

of boviling.

The Next Class Session --_- after the completion of the drill in fundamentals

of bovling will include a review of fundamentals with én emphasis upon the

follcwing check points:

1. Starting position on the approach.

24 Coord;nétion of arm and leg movements, particﬁlar é%phasis being given
to the push-away on the first step..

3, Ecdy position at the foul line.

L, Counfer-balancing force employed.

S+ Point of aim which is hit.

6. Executionrof the follow=-throughs

7. Path of the bowling ball and how it hits the pins.

At this point the teacher begins to give individual help and instruction to

the students as they take turns bovlinge

(Class Session =-

The following class session will include:

1. Explanation of etiquette to be followed concerning bowlers on adjacent

lanes.

2. FEmphasis on position at the foul line:

A. Hold the forward incline and the lowering of thg body position at-

the foul line.

B. Stay long enough to see the bowling ball hit the pins.
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3. Assign principles included in the mimeographed material.
L. Review of fundamentals.

5. Teacher giving individual help and instruction.

Class Session ==

1. Explain about picking up spares. Starting position is moved only for
6,10,6-10 (right hander) or L,7,4-7 (left hander. For all other set=-
ups of pins simply adjust the poinf_of aim, working from the basic point
of aim for the strike ball. FEach student will take four attempts at
the ten pin (right handers) or the seven pin (left handers). Students
will be instructed in line bowling, to be used only with these extreme
spare pick-ups.

2. Assign score keeping in the mimeographed material.

3. Review fundamentals. ¢

i, Give individual instruction.

Class Sessicn-=

1. Give out programmed material to be'completed and turned in at the next

class session.
2. Review fundamentals, emphasizing needed points.

3. Skill tests in spare pick-ups. .

L. Give individual instruction.

Class Session ==

1. Uxplain and denmonstrate scorekseping with the use of the telescore

mﬁ%hing. Ansuer all guestions and re-explain as much as necessary.

an u nost
2. Assign two students from each tean to keep score, one person to do rwos

of the score keeping. Score keeping will continue from this point

through-out the semester.
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3. Review fundamentals, emphasizing needed points.

L. Give individual instruction.

Class Session -=

1. Explain the types of mistakes made in score keeping aﬁd return the score
sheets with corrections tg the students who kept score.
2. Explain ahout alternating lanes and check to see that students are
managing it properly.
3. Remind students that they are EEE to practice,
Lo Assigh two different students to keep score.
5. Concentrate on fundamentals.

6. Review picking up spares, set up specific skill tests.

Class Session -=-

1. Explain the mistakes made in score keeping and return the score sheets
to the students who recorded the scores.

2. Assign history and rules of bowling which are included in the mimecgraphed

material. )
3. Skill tests in spare pick-ups.

i. Individual instruction in bowling.

Class Session --

Trom this point on instruction will be almost entirely individualized.

Grevo instruction will be given when it is indicated according to the needs

of the class. Score keeping will continue as will alternating of lanes.

High score and high average will be circulated each day along with

individual talley sheets and individual learning curves.

Students will be helped and encouraged to recognize, understand, and
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correct the mistakes they are making. The teacher will continue to check thé
score sheets and return them,each class session, so that the students will
-be aware of the mistakes they are making. Skill tests of the various types

of spare pick-ups will be continued as will periodic reviews of fundamentals.



BOWLIRG RATIN

Sample Copy of Rating Scale Used by Judges' to Evaluate Subjects' Application of Movement

Principles in Bowling.

PUSH AWAY ON THE FIRST STEP bi3fata 2 b 513
FORWARD INCLINE OF BODY AND HEAD Lf3tafa 2 L b3
COUN@RBAMNCE EMPLOYED 4bi3l21l1 2 L L3
BACKSWING AND SWING-TEROUGH Li3zfa]1 g L b3
FACIKG PINS THROUGHOUT APPRCACH L1321 2 4 L |3
BENDING OF FORWARD KNEE Li13fa]1 2 L L |3
RELEASE OF BOWLING BALL 41321 2 b 413
FOLLOW-THROUGH Lizja (1 2 b L 13

TOTAL -

¢z





