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CHAPTER I 

ORIENTATION TO THE STUDY 

Movement 

Brief History 

The basic premise of movement education in the United 

States is not a new one. The importance of physical laws to 

effective and efficient movement was suggested by Watts 1 as 

early as 1914. Laban2 ·present.ect' the idea in 1920 that move­

me nt is basic to human existence ; and although he valued 

dance for its contribution to ar tistic 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 Cureton3 and 

K~rpovich,4 who published articles in the 1930's which dealt 

York: 
1Diana Watts, The Renaissance of Greek Ideals (New 

Fredrick A. Stokes Co., 1914). 

2Rudolf Laban, Die Welt des T~nzers (Stuttgart: 
Verlag Walter Seiffert, 1920). 

3Thomas K. Cureton, "Mecl~anics and Kinesiology of 
Swimming," Research Quarterly, Vol. I, No. 4 (December, 1930), 
pp. 87-121. 

4Peter V. Karpovich, "Water Resistanc e i'n Swimming," 
Research Quarterly, Vol. IV, No. 3 . (October, 1933), pp. 21-
28. 

1 
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with the application of physical laws to various activities. 

The first American textbook fhich applied the principles of 

physical law s to the teaching of physical education was writ-

ten by Glassow 1 in 1932. It was not until the 1950's, however, 

that a ny appreciable interest wss shown in movement education 

by professional physical educators . It \ as unfortunate that 

movement education wa s introduced to the profession at this 

ti me as "basic mechanics" or " body mechanics." Because of 

this extremely narrow interpretation given to mDvement educa­

tion, there \ as little enthusiasm and acceptance of it and, 

in fact, much dissatisfaction resulted. The · concept, as it 

was presented, did not encompass the entire gamut of· physical 

education . However, there were professional individuals who 

saw real value in the basic premise of movement education; · 

individuals who could see beyond the narrow concept of body 

mechanic s. It was through the effo rts of these few individ-

uals that the 1956 Workshop of the National Association for 

Physical Education of C~llege Women was devoted to exam ining 

the problems which had resulted from the narrow interpreta-

tion of movement education . It was hoped t~at the termi­

nology and definitions of terms agreed upon by those present 

at the Workshop would, with general acceptance, do muc h to 

clarify or diminish the confusion and disagreement conce~ning 

lRuth B. Glassow, Fundamentals of Physical Education 
(Philadelphia: Lea and Febiger, 1932). 
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mo v em e n t e d u ca t i o n • 1 A t t h e v e r y 1 e a s t , p r o f e s s i o ·n a 1 p h y s i -

cal educators coulo speak the same language. 

The Na tional Association for Physical Education of 

College Women maintains that movement is the tool employed 

by physical educators who seek io develop their students' 

potential; t his tool may be used in a variety of ways; and, 

it is applicable to all facets of physical education. 

In 1961 the National Section on Dance, more recently 

r e structured as the Dance Division of the American Associa­

tion for Health, Physical Education and Recreation, made a 

uni f ied effort to e s tabli~h new views and ap~roaches to 

understanding movem ent. Described below are the six basic 

th eories of movement, which have developed over the past 125 

years, that were examined by this group in an att~mpt to 

r each 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 Dalcrose developed the theory of 

Eurythmicy--a system of developing rhythmic potential through 

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

2National Se·ction on Dance, "Report: Theories of 
Movement," Focus On Dance II (Washi-ngton, 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 . 

4 

3 . Rudolph Laban analyzed and investigated the 

meanjng of movement as it related to art, education, industry, 

recreation , and therapy. 

4 . Martha Graham ' s main theory--"contraction and 

·re 1 e a s e " - - e mp h a s i z e s th e c e n t e r of t h e bod y a s the o r i g i n o f 

movement. 

5. The Humphrey-Weidman theot'y deils 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, 

touche~, tastes, smells , and feels by forming concepts con­

cerni ng these various forms of sensory data, and then trans­

forming these concepts into symbolic f~rms by mov ing thei~ 

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

volved in mo~ement. 

It appears, at least to this ?Uthor, that the lack 

of general acceptance of the concepts of movement education 

is due, not to a disagreement concerning the imp,ortance of 

movement to the ultimate or total development of the 



individual, but, to a problem of semantics concerning the 

vario us components which comprise movement education. 

Basic Beliefs 

s 

In the past thirty-seven years, it has become in­

creasi ngly apparent that the mind a nd body can not be 

separated if the individual is to develop to his fullest 

capacities. To cling to the Middle Ages' dualistic concept 

of the individual is totally unrealis~ic and completely false 

in the face of all the scientific evidence which points to 

the complexity of the inter de~enden~y of the body and mind. 

The fact t ha t 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 physical . A very obvious truth overlooked in such a 

belief is the "fact that the hum an body is capable of produc­

ing e nerg y and, thus, is able to move itself . 1 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 In the case of the human body, one can not exist 

witho ut the other nor can one develop wi tho ut the other. 

Rep ort 
1 E u g e n e F • I( a e 1 i n , " 8 e i n g i n t h e B o ct y , " _NAP EC W 
(196 4 ), p . 90. 

2Howard S. Slusher, "The Existential Function of 
Physical Education," NAPECW Report (1964), p. 133 . 
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Some individuals consider the physical aspects of B person 

less significant than the intellectual aspects. The results 

of such limited considerations can only assure that the 

learning process will be l ess effective than it could have 

been . According to the most re~ent 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. 1 , 2 Physical anthro­

pologists in dicate 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 contributing to the develop­

ment of the other.3 

The conclusions of studies conducted by psycholqgists 

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, op. cit., p. 99. 

2oelbert 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: 
Applet~n-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 

e nvironment are organized into patterns and that the result­

ing performance is based upon the meaning attached to the 

total field of experience .l 

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 groups of general 

abilities ~hich are essential or fundamental to performance. 

These abilities are largely independen~ of ~ach other, but 

they contribute to the execution of several groups of skills . 6 

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 expess tension, (4) Motivation, and (5) The ability to 

1Ibid., pp . 222-255 , 258-288, 307-325, 328-366. 

2Patricia Woodward, "An Experim~ntal Study of 
Transfer of.Training in Motor Learning," Journal of 
Applied Psychology, Vol. XXVII (19 43 ), 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. 

4sryant 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 
( M a y , 1 9 6 2_) , p p • 1 2 l - 2 2 1. 

5sryant 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 Fehiger, 1964), pp. 50-51. 



analyze a complex task . 1 Cratty indicates that, in addi­

tion to these general abilities, individuals have numerous 

specific abilities which are primarily the result of ones' 

orpo~tunity to manipulate and explore within his environ-

ment. 

8 

Metheny2 suggests that much of life and what life 

means can not be neatly presented in sentence form. This 

fact in no way limits the importance of these feelings about 

life because they play an important roie in the behavior of 

e ach individual, even though they can not be verbalized or 

stat e d 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, ijccording 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 learris to read, by structuring perceptions into 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 

2Eleanor Metheny, "An Inquiry Into the Nature of 
Movement as a Significant Form," Connotations of Movement 
in Sports and Dance (Dubuq ue : · Wm. C. Brown Co., _1965), 
pp. 17-18 . 

3 Ibid . , pp . 76 - 77. 



ext e rnal forces--"Too much like thinking to be less than 

thought." 1 

. 9 

Regarding the superiority of the conditioned response 

over the simple reflex action, Kaelin suggests that "it is 

reasonable to admit that excita~ion, conditioning and/or 

inhibition rlo 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 

to ward the whole , a whole which is interpreted as how much 

an d how 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 thro~gh 

each movement before or during each task performance. The 

possession of motor skills aid in the enrichment of liying. 

The development of a cultural environment is a produ ct 

of the body having transformed its meanings into symbols. 

Kaelin expresses this poi nt rather art is tically with his 

translation from Merleau -Po nty : 

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 no~ supress the 
radical diversity of its conte~ts. 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 "worlct."4 

1Ibid., p. 19 •. 

2Kaelin, 012 . · cit., p . 93. 

3 Ibid. 

4Jbid ., p • 103. 



Much of the present research concerning movement 

is being conducted in industry, psychology, anthropology, 

various aspects of the merlical profession, the performing 

arts,. and numerous fields of education. The widespread 

interest in this kind of research is an indication that 

efficient mov ement is important to our present society and 

also an indication that there is still much to be l earned 

about efficient, effective movement . 

10 

It would appear, according to 6urrent 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 

consi de ~ing them l ess sig nific ant 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 buildirtg - -there would be no second f l oor without a 

foundation and a first floor, and, how high the building 

can be built will depend upon 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 inaividual 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 
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of a society change from time to time as that society moves 

through th e process of civilization . 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 t he best capacities 

of man- - not the best capacities of a few individuals, but 

the best capacitie; of all individuals.1,2,3 · 

Movement Education 

A close look at current physical education programs 

r e veals that those activities which are most closely related 

to the body are the ve ry ones which have either been ignored -

or given a minimum amount of attention.4 The activities 

which w~uld make possible the exploration of movement are 

noticeably absent in too ma ny programs of physical educa­

tion, Too often the body has been regarded only as a means 

to atta in an e nd and then only as it re)ates td a specific 

activity . There has been a tendency to coach for perfection 

of skill development, an d in many cases this has r e sulted in 

1Education Policies Commission, The Central Purpose 
of American Education (Washington, D. C. : National Educat ion 
Association, i962) . 

2Education Policies Commission, Social Responsibility 
in a Free Society (Washington, D. C,: National Education 
Association, 19_63). 

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

4Seymour Kleinman, "The Significance of Human Move­
ment: A Phenomenological Approach," NAPECW Report (1964), 
p. 126. 
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an extremel y limited r ep ertoire of movement patterns for the 

sturlent . Movement be comes significant to an individual 

through a knowledge about the body and through an awareness 

of se l f, which develops through moving the body. Slusher 

suggests that : 

Every question of human existence may be answered 
in moveme nt. Ho weve r, the degree to which this 
will be attained will be dependent upon the degree 
to which the individual attains awareness . l 

The major areas of concern in movement educatio~ are: 

1. Developm ent of physical qualities necessary to 

effective mov eme nt . 

2. Devel op me nt of an awareness of the princip les 

whi c h are involv ed in human movement . 

3. Develop me nt of an understanding of how these 

principles affect movement , 

4. Development of basic movements . 

S. Application of mechanical principles and combining 

basic movement s 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 ~sed in some way to some d£gree, in 
every task accomplished by human beings. The need 
of every individual is to ~nderstand human movement 
so that any task, light or heavy, ~ine or gross, 
fast or slow, lo~g or short duration, whether it 

1Slusher, op. cit . 



involves everyday living, work, or r ecreationa l 
skills can be approached effectivel y.I 

13 

The challenge to ph ysic al educators is to assist 

individuals in learning to use their bodies effectively in 

the performance of all tasks demanded of it . Broer2 main­

tains that physical ed uc ators who understand th e basic 

mecha ni cal 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 de eloping a few isolated, specialized sk ills. In move-

ment education there is less concern with how the student 

looks and more concern with the mechani cal efficiency, 

energy expenditure, and rhythmic quality of the movement ,3 

Ba sic movement education should include numerous opportuni­

ties for body movement in relation to a great variety of 

objects. Hopefully, childre n 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 wh1ch govern al l 

movement also govern human movement. This theory also implies 

that the specialized skills which make up all the various 

!Marion R. Bree r , Efficie ncy of Human Movement (2nd 
ed ,; Philadelphia : W. B. Saunders and Co., 1966), p . 3 . 

2 Ibid., p . 328 . 

3 Ibid ., p . 332 . 
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phy si cal activities involve th e use of the same fundamental 

movements and motor patter ns, modified a cc ordi ng to the 

specific purpose of the particula r activity . 1 Th e refore, 

if the physical pri ncip les of movement are lear ned and under ­

stoo d , applicatioris can and/or should de velop, which would 

facilit a te all moto r skill learning. 

Theorj of Tran sfe r Rel e vant to 
lovement Education 

Advocates of movement education and psychologists do 

not use the terms "motor skill. performance " a nd " moto r 

1 earni ng" sy nonymous 1 Y.. Motor s k i 11 per f o Tm an c e i s spec i f i c, 

according to what is known at the present time about the 

establishm e nt of pat hway s within the nervous system . How­

ever, m~tor learning is bot h general and speci fic. 2 In 

addition to the actua l task specifics, there are a number of 

general con dit ion s that contribute to mot or performance . 

Even though Thorndike 3 , 4 believed very strongly in 

the the ory of ident ical e lements, he recognized the existence 

of ge neral 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 Me ntal Functio~ Upon the Efficiency of 
Oth e r ental 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 i n a specified bond, and thoug h, 
as a rule, these bonds are between · concrete, partic ­
ular r espo nses, some of these particularized bonds 
are of very widespread value . There are bonds 
involving situations and elements of situations whi ch 
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 un derlies performance . 112 , 3 

He also suggested that the nature of the task and the ability 

of the. 1 earner to understand and to a pp 1 y basic performance 

principles seems to determine the extent of their effect 

upon learning efficiency . 

Skinner 4 declared that learning simple skills con­

sists of reorganizing into an action pattern movements 

already learned . Movements are organized into skills; 

therefore, read ju stments of previously automatized patterns 

are necessary . 

Trow5 contends that there is confirmed evidence to 

support the desirability of learning by grouping discrete 

1E . L . Thorndike, Edu c ational Psychology, Vol. II 
(New York : Teachers Col"l ege , Columbia University , 1921), 
p . 418 . 

2c. H. Judd, "Movement and Con scio usn ess ," 
Psychology Review, Vol . VII ( 1905), pp . 199 - 226 . 

3c, H. Ju dd, "Special Trai ning and General Inte l­
ligence, " Educational Review , Vol. XX XVI (1908), pp . 28-42. 

4s . F . Skinner, The Behavior of Organisms (New Ydrk: 
Appleton -C entur y-C roft s, Inc ., 1938) , p . 437 . 

5william Clark Trow, Educational Psychology (Dallas : 
Houghton Mifflin Co., 1950) , pp . 520-521 . 
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items into mea ningful wholes , preferably rel ati ng them to 

some principle . In each new learning situation , however, 

t 11 e r e a r e r e t a i n e d p a t t e r n s f r o m p r e v i o u s exp e r i e n c e r e a d y 

to gp into action . I t i s necessary, therefore , for the 

learn r to perceive and identify t he familiar components in 

the new situation and then select the correct respo nse . 

From this investig~tor's review of num erous studies 

and publicatio ns, she concluded that leading autho rities 

agr ee that transf e r of learning does ~ave~ definite affect 

upon subseque nt learning . She further agrees \ ith Cratty 

"that transf e r is dependent upon a combination of factors 

both general and specific,"l ra ther than being a si mpl e, 

one to one, relationship be tween fa ctors. The process of 

transfer of learning is a complex , complicated, int erdepe nd­

ent functioning of all the various factors; and, continued 

study and r esea rch is necessa ry before . it can be fully 

understood.' 

Statement of the Problem 

This study involved ninety-thr ee stu dent s enrolled 

in the required ·program ·of physical education at the Texas 

Woman's University in Denton, Te~as, during the first and 

second se~esters of the academic year o f 1966 - 1967, in an 

attempt to investig a te th e contributions and the importance 

of movement ed ucation as a prerequisite to instruction in a 

1cratty , Movement Behavior and iot or Learning, p . 271 . 
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selecte d physical education activity . Specificallj, the 

probl em was to investigate the effectiveness of a prerequi­

site unit of movement education upon the level of achieve­

ment in the specialized skill of bowling. 

Purpose of the s.~ 

The genera 1. purpose of this inquiry wa s to test the 

fo l lowing hypothesis: The result of participation in a 

prerec_iuisite unit of movement education will e~ a higher 

level of achievement in the specialized skill of bowling 

than will specialized skill instruction without the unit of 

movement education. 

The specific sub - hyp~theses to be tested were: 
{ 

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 

af~er 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 

ed ucation unit a~d/or the students beginning the bowling 

unit one month after the completi?n of the movement educa ­

tion unit. 

3. Students beginning the bowling unit one month 

after the completion of the movement education unit will 

achieve higher bowling scores at the mi d-potnt of the bowling 
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un it than will the students who do not receive the movement 

ed ucation unit. 

4. Students beginning the bowling unit one week 

aft e r the completion of the movement education unit wil l 

a ch i e v e a h i g h e r f i n a 1 bow 1 i n g s ·co r e th an w i 11 t h e s t u de n t s 

who do not receive the movement education unit and / or the 

students beginning the bowling unit one month after the 

compl e tion of the movement education unit, 

5. Students beginning the bowling unit one month 

af ter the completion of the movement education unit will 

achieve higher final bowling scores t han wilt the studen t s 

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. 

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, appreciatio n 

for, and skill in human movement.r 

2, Basic Movement: Unstructured movement carried 

on for its owri sake and for increased un derstanding and 

aware ness of the movement possibilities available to the 

1National Association for Physical Education of 
College Women, op. cit. 
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human body. 

3. Body ~echa nics: Physical laws applied to the 

hum an body at rest or in motion.2 
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4. Fun dame ntal Motor P attern s: Patterns that form 

the foundation for the specialized skills required in daily 

life, work, sports, and dance.3 

5. Specialized Skill: Motor patterns which are 

refin ed , modified, 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 are characterized 

by an initial stage of relatively rapid improvement followed· 

b I . . . d 5 ya p1ase In which improvement Is not so rapI • 

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). 

1 Ibid. 

2Ibid. 

3Ibid. 

4 Ibid. 

5Hilgard, op. cit., p. 370. 

6 Ibid., p. 373. 



9 . Mid-point Menn Score: The average of the 

score s of the three lines bowled midway in the bowling 

unit (games 9-10-11) . 

10. Final Mean Score : The average of the scores 

of the last three lines bowled (games 18-19-20) . 
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11. Formal Instruction in Bowling : A formal class 

situation with a stude~t-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. in 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 in struction related 

specifically to bowling, encompassing ten hours of class time. 

3. A teacher-constructed test to determine the 

studen t s' knowledge of mechanical pr i nciples of movement . 

4 . A unit of bowling instruction to continue until 

the requ ir ed twenty lines of bowling had been recorded . 

5. A rating scale to determine the application of 

mechanical prihciples to the specialized sk i lls necessary in 

bowling . 

6 . Scores obtained from each student on twenty 

lines of bowling . 
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Surv e y 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 ~tudies 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 reported research are 

offered as examples of the maoy studies in the literature 

which provided background information and guidelines for the 

development 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 ability as measured by a 

single test, -not on the ability to improve . The authors 

suggested that it is possible that improvement in one fun~­

tion might fail to gfve improved ability in . another, however, 

1Thorndike and Woodwor~h, op. cit. 
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it may make possible faster improvement than would have 

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 disc rimina­
tion, attention, memory, observation, accuracy, 
quickness, and the like, as multitudinous sep­
arate indi~idual functions. 

2 . It is misleading to speak of these functions as 
exercised with6ut 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
ditio ned 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 al ways 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 ele~ents are con­
cerned in the influencing and influenced func­
tioi1.l 

Samples of the influence of training in one function 

on the efficiency of other functions reported by Thorndike 

and Woodworth included: (1) Influence of special training 

in the estimation of magnitudes on the ability to estimate 

magnitudes of the same general soit; partial formation of a 

numb er of associations, (2) The influence of training in 

obs ervin g words containing combinations of l.etters, and 

1Ibid., pp. 249-250. 



(3) The influence of special training in memorizing on the 

ge neral ability to memorize. 
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In each of the exper iments, 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 
pro bability that the differences in all the series 
are due to chance is sm a ll. 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 ind ep end­
en t. A high degree of ability in one sometimes 
co ~exi s ts with a low degree of ability in others. 1 

Judct,2 in his investigation in 1908, indicated that 

those who have advocated the doctrine ~f specific functions 

h~ve 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 

stu died 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 ~raining, a decreased capacity for acquiring 

new adjustments.' 

1Ibid., pp . 260-261. 

2Judd, Educational Re view, pp, 28-42. 
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Judd contended that there were facts to justify the 

statement that ment2l functions are interrelated and inter­

dependent in the most encompassing ways . He further as-. 

serted that every experience changes the individual's 

capacity for new ~xperiences. The author mentions a study 

started by Scholckow which was never finished and explains 

how he carried this experiment a little further. Judd's 

study involved two groups of fifth and sixth grade boys who 

were required to hit a small underwater t2rget with a small 

dart . The difficu l ty in hitt~ng the target was that of 

refraction, which light experiences throu~h reflection. 

In this study, one group of boys was given a full 

theoretical explanation of refraction . The other group was 

l eft to ,practice without the theoretical explanation . The 

target was pla~ed under twelve inches of water in the first 

test. In the first series of trials, the theoretical 

explanation seemed 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 chjnged; and, the target was 

placed under four inches of water. At this point the dif­

ferences between ·the two groups were striking. The boys 

without the theory were very confused and they repeatedly 

made the same errors. The boys who had been . exposed to t~e 

theory rapidly adapted to the changed condiiions. 
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The author pointed out that the theory was not of 

va lue until it was backed by practice; but, when practice 

and t heory were both present~ the best adjustment was worked 

out rapidly. Theiry was not proposed as a substitute for 

practice. It was suggested as in 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 

th i s group did master the four inch e s , 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 belief that a dogmatic 

answer to transfer of tr~ining is totally imp-0ssible. 

Bruce, 1 in 1933, conducted a study concerning the 
. ' 

conditions of .transfer of training. This author indicate.ct 

that all trarisfer studies may be classified on the basis of 

1Robert W. Bruce, "Condftions of Transfer of 
Training," Journal of Experimental Psychology, Vol. XVI 
(1933), pp. 343-361. 



whether a differentiation is made between the stimulus and 

response terms of t he experimental study and the extent to 

which these terms are subjected to variation . 
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This study was an investigation of some of the con­

ditions of transfer of training ·concerning: 

1 • Relation of conditions of learning to transfer: 

A • New response to old stimulus. 

B. Old response to new stimulus. 

C . New response to new stimulus. 

2. Relation of the degree of integration of initial 

learning to transfer; 

A. New response to old stimulus • . 

B. Old response to new stimulus . 

3. Relation of certain similarities between S1R1S2R2 

terms of the initial and subsequent learning 

material to transfer: 

A. New response to old stimulus. 

B. Old 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 conditioni ·and, each student was 

tested individually . 

The investigator concluded that: (1) Learning to 

make an old res~onse to a new stimulus results in a marked 

degree of positive t~ansfer, (2) Learnin~ 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 between two or more of the 

S 1R1S2R2 terms increases positive transfer and dec~eases 

negative transfer, and (5) By increasing degrees of inte­

gration of the initial learning 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. 

Hendrickson and Schroeder,l in 1941, conducted a 

study wh~ ch was an attempt to check on an earlier studied, 

started by Scholckow and later finished by Judd , in ~hich the 

investigators reported that knowledge of the 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 

ava i lable . 

Ninety eighth grade boys served as subjects in this 

study . These subjects were divided into three groups of 

thirty: , experimental group A, experimental group B, ~nd a 

1Gordon Hendrickson and William H. Schroeder, 
''Transfer of Traininef in L~arning to Hit~ Subm~rged 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 equzte the three 

groups . Markmanship was not tested for all three groups. 

Two pf the groups had been compared in a preliminary experi-
/ 

ment and the result indicated that there were no negligib l e 

differences between the boys matche~ in age and intelligence. 

Air guns were used in this study, rather than darts, 

as in the original study. The experimenters recorded each 

hit as it was made . Accuracy of the Hit wjs 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 pro~~em. 

Corrditions 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 un til 

they declared that they knew the princip l e. The subjects 

were not allowed to ask question~. Experimental group B was 

given one · more sentenc~ of explanation than gro~p A received. 

The two ex~erimental groups received additional time, . . 

as well as additional information, which certain l y could have 
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influe nced the results of the study . The following results 

were repo rt ed : 

1. Problem 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 

statistical ly reliable . 

2. Problem Two ; 

The degree to which the instructed subjects surpassed 

the uninstructed group appears to have depended upon the 

exp licitness of the theoretical explanati·on . 

The investigators acknowledged the fact that mot i va ­

tion of the sub j ects might have had a considerable effect 

upon the results of the study in that the subjects partic i- · 

pated with strong enthusiasm , which resulted in very stro ng 

competition . 

The au thor s concluded that the degree of motor sk ill 

necessary for this study was negligible. The real problem 

was discovering how and where to aim . The results indicated 

that there we re large individual differences in the speed of 

success within eac h of the t hr ee groups. Knowledge of the 

theory proved to facilitate transfer . Theoretical informa­

tion was of aid not o~ly in transfer from one sit uati o n to 

the other , but also in making the original adj ustment to the 

situat ion . 
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The purpose of the Woodward 1 study in 1943 was to 

determine whether a significant degree of transfer in motor 

learning occurs when the training consists of learning a 

task 1-vhich is identical with the "test" task in the patter n 

of motions involved, but , requires the manipulation of 

entirely different materials . The test task was the assembly 

of a loom safety switc h; the sequ enc e of moti ons was the sa me 

as the safety switch but entirely diffe r ent in material , 

shape, and appearance . 

One hundred and seven girls from two vocational high 

schools we r e used as subjects. They were divided into gro~ps 

of five for the original and final tests , each test per i od 

lasting forty-five minu te s. I n the initial test, six looms 

were a ss em bl ed ; in t he final test, twelve looms were 

assembled . 

The control group did only the two tests . The· 

experimental group returned for periods of forty-five minutes, 

five days a week , fo r fifty-seven times . This group was 

taught and then practiced the assembly of the safety switch . 

The only i ns truc ti ons given were th ose for the assemblies . 

The findings of the study revealed that transfer of 

learning d id occur; and, the author suggested the following 

reasons for t~e occurre nce of the transfer: (1) Similarity 

of the two as semblie s, (2) Near identity of specific motio ns, 

1woodward, op . cit. 



(3) General patterns of motion, (4) Total work situation, 

and (5) A combination of all. 
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In Colville's 1 investigation in 1957, an attempt was 

made to investigate certain questions related to teaching 

physical activiti'es in which specific principles of mechanics 

were involved. 

Three principles of ·mechanics perti nent to motor 

skills and three motor skills which utilized these principles 

were ielected for use in this study. Two equated groups were 

e s t a b 1 i s h e d f o r ea c h o f t h e s .k i 11 s ; o n e g r o u p w a s t au g h t w i th 

no reference to t he pri nciple involved, while th e oth er group 

spent part of the time practicing the skill as well as 

le arning the principle . The total amount of time was the 

same fo~ 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 th~ object is to be caught, this 
momentum mu st 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 . as 
I ' I I • " · n f 1 u e n c c d b y a K n o w 1 e ct g e o f G e n e r a 1 · P r i n c i p 1 e s o f ~1 e c 1 a n 1 c s , 
Jour nal of Educational Psychology, Vol. XLVIII, No. 6 
(October, 1957), pp. 321_- 327. 

2Ibid ., pp . 323-325. 



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. 

3 .• Archery.I 

Undergraduate college women were used as subjects: 

thirty-six in the ball rolling experiment; forty in the 

catching experiment; and, forty-two in the archery experi­

ment (some men were included in this group). 
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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 equ al amount of time spent in practicing the skill. 

However, such knowledge did facilitate the subsequent learn­

ing of ~ similar or more complicated skill to which the same 

principles applied. 

2 In 1958, Broer, investigated tbe effectiv~ness of-

a general b~sic skills curriculum for junior high school 

g i r 1 s . The author recognized that general motor ability, 

developmental level, and intelligence would have some influ­

ence upon the study. 

The investigation consisted of seventeen periods of 

instruction which included volleyoall, softball, and basket-

fal l, The expe~imental group, in additi~n to the instruction 

1 Ibid. 

. 2Marion R. Broer, "Effectiveness of . a General Basic 
Skills Curriculum for Junior High School Girls," Research 
Quarterly, Vol. XXIX (December, 1958), pp . 379-388. 
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in basic skills of movement, received only one-third as much 

sp e cific 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 resu l ts 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 ski11 

tests than did the control group . 

The purpose of Cratty's 1 study reported in May of 

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 patterns 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 thro~gh locomotion. It 

1cratty, Research Quarterly, No. 2. 



may be accompanied by fine adjustments 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.I 
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Sixty male university students, divided into two 

groups of thirty, were given twelve blindfolded trials to 

learn each of the mazes. They were requsted to move as 

rapid ly 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 t~e 

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 th~ nearest 1/10 

second on both mazes. The subject's verbal comments and 

movement characteristics also were recorded. After l~arning 

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

inquiry form, the type of sensory impiessions they depended 

. 1 Ib id., p. 213. 



upon while moving through the patterns -- that is, vocal, 

tactual, motor, visual, 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: 
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1 . The subjects held a more accurate conception of 

the i r t rave r s a 1 ti rn es t ha n t·h e y d i d of th e spat i al con form a -

tions of the pathways . 

2 . The main sensory impressions the subjects 

depended upon when learning t~e larg e maze were : (a) Motor­

tactual (fourteen subjects), (b) Vi sual -motor (twelve sub­

jects). The visual-motor image was usually reported for 

l earning 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 between 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 bot h . 

mazes . 
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5. Analyses of variances illustrated that neither 

the sensory impression rep orted, nor the sub j ect 's . abilities 

to draw the pathways, facilitated or impeded their traversal 

speeds. 

6, Correlation of performance levels of both tasks 

revealed that no s ignificant relationship existed. The 

author in dicated that the latk of a relationship between the 

performance levels of the two tasks was due to a spatial 

factor: 

The findings seemed tQ substantiate the recently 

f o r mu 1 a t c d n e u r o g e o me t. r i c t h e o r y w h i ch h o 1 d s t h a t h u m a n mo v e - · 

ments are similar only if they occupy identical spatial 

dimensions. 

~he learning curves indicated that some transfer had 

take n place between the two tasks. How much of this was due 

to similarity of the movement patterns 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 believe that 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 

1 D o r o t h y R • M o h r a n d M i 1 d r e d E • B a r r .e t t , " E f f e c t o f 
Knowledge of Mechanic~! Principles in Learning to Perform 
Intermediate Swimming Skills," Research Quarterly, Vol. 
XXXIII, No. 4 (December, 1962) ,. pp. 574-580. 



mechanical principles in learning to perform intermediate 

s w i mm i n g ski 11 s • 
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Thirty-one students enrolled in two intermediate 

swimming classes served as subjects. Two groups were estab­

lished: an experimental group and a control group. The 

experimenta l group, consisting of fifteen students, was 

exposed to an understanding and application of mechanical 

principles as they related to the front crawl, back crawl, 

side stroke, and elementary back strok~. T~e control group 

received 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 experimenta l study ionsisted of an in i tial 

three week testing 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 we re 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 

~-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. · Speci f ically, _these improve­
ments were in the front crawl spri~t, the side stroke 
power test, and the form ratings for the front crawl, 
back crawl, and side strokes. These findings support 
t he hypothesis that exposing students to an under­
standing and application of mechanical principles will 
effect greater improvement than instruction without 
reference to these principles.I 

Cratty 1 s 2 study, reported in December of 1962, was 

an attempt to determine whether transfer occurred between 

the l earnin g of two similar spatial patterns, one thirty 

times larger than the other, and specifically to issess 

whether prior practice of various small spatial patterns 

wo uld impede or facilitate the learning of a task involving 

larger movements , 

Sixty male university students were randomly . assigned 

to four groups of equal size. One group received twelve 

spaced trials (M - W-F) on a stylus · maze containing a pattern 

similar to · that ' of a large locomotor maze. The second group 

received practice, und er the same conditions, on a stylus . . 

1 Ibid., 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 

sma ll-m aze practice, only twelve spaced trials on the large 

maze. 

The sub j ects learned all mazes while blindfolded and 

saw none until the study was completed. The subjects ~ere 

urged to move as rapidly as they could throu~h the irregular 

pathways. They were told that they would not be bothered 

during their traversals and that . there were no blind alley6. 

After learning the small mazes, the three experimen~al groups 

received the same number of trials under the 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 to the fact that the subjects did 

not report awareness of the pattern relationship involved, 

eit he r during or at the completion of the study. 

Cratty was ~nable t~ 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 th e Gestalt 

t heory 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 autho r 

suggested that specificity of motor skill would appe~r open 

to criticism according to the results of his study . The 

neurogeometric theory of human motion advocating specificiti 

of functioning of postura l 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 freedom from tension. 

He further suggested that one might hypothesize 

the existence of a general factor involving the accurate 

utilization ·o~ space and eventually arrive at a two-factor 

theory of motor learning . 



Summary 

Through the investigation conducted by this author 

. ~ ~ it 1s apparent that there is general agreenemt, among some 

of the authorities in various fields which contribute to 

the total spectrum of education, that transfer of learning 
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does have a definite affect upon subsequent learning . It is 

a pp a re n t , a 1 so , th a t . th e re i s a g 1 a r i n g 1 a c k o f , o r u s e o f , 

a universal vocabulary referring to learning and transfer of 

le ar ning. 

Throughout all of the .materials reviewed and cited in 

this chapter, the common acceptance of the Gestalt theory of 

learning was inescapable. The Gestalt theory in t ea ching is 

a holistic approach. A theory that advocates the importance 

of insight 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. Indi-

viduals attempt to perceive stimuli in organized wholes, not 

in disconnected parts. 

It seems almost a universally accepted belief that 

an individual learns from . previous task experience through 

understandings . Through understand i ng, the individual is 

ab 1 e to transfer ·11 i s experience to a wider range of s i tu at ions • 

The arrangement of the subject or task, materials of 

instruction, and the order in which they are presented will 

greatly enhance the students' observations , comprehension , 

and learning. 



In Chapter I of this dissertation, the author has 

presented various concepts of several authorities from the 

fields of psychology, educatjon, and physical education 

rega~ding: 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 problem, the purposes, the definitions and 

explanations of terms, and the limitations of the present 

study also were presented . 
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Numerous research reports related to the topic being 

investigated were exam ined; 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, t aught as a 

pr e requisite, upon the level of achievement in the special­

iz ed skill of bowling. Definite procidures were developed 

and adhered to in the conduct of tl1is study. These procedures 

are presented in detail in this cha~ter under the following 

major heactings: (1) Sources of Data, (2) Development of the 

Unit of MJvement Education, (3) Development of the aowling 

Unit of 1 Instruction, (4) How the Movement Education Un it 

was Taught, (5) How the Bowling Unit was Taught, and (6) 

Tr ea tment of Data. 

Sources of Data 

The data utilized in this study were gathered from 

both doc um entary and human sources. The documentary sources 

included the judges' rating sheets and the written test 

which were designed to ascertain the subjects' knowledge of 

and appl ication of mechanica l principles. The scores of 

twenty lines (or games) of bowling for each subject also 

served as documentary sources of d~ta. The human sources.of 

data included ninety-three women students enrolled in the 

43 
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~~quired program of physical education at the Texas Wo~an ' 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. 

Th~ 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 

su bj e cts 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 bJwled more than four complete lines . 

It was nec~ssary, according to the research des ign 

of the study , that the su~jects who participated only in the 

unit of bowling instruction (Control Gr6up) be limited to 

those college 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 col~ege women who had had no prev i ous 

formal instrurition in a unit of movement education. The 

word of tl1e student concerning her previous experiences in 

formal instruction in a movement education unit and in a 

bowling unit of instruct i on 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 s~bjects in 

each of the three groups were screened empirically by the 

investigator in order to eliminate subjects who had any 

apparent physical disabilities, or who had more knowledge 

of or experience ·in bJwling than was desired for participa­

tion in this study . 

In order that the purpose of this study mi ght be 

accomplished, it was necessary to es;ablish three groups of 

subjects : A Delayed Experimental Gro~p, An Experiment~! 

Group, and A Control Group. 

The Delayed Experimental Group (DE) 

The Delayed Exper i mental Group consisted of thir t y­

tl1ree volunteer subjects enrolled in two body mechanics 
I 

classes taught by the investigator rluring 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 ot her 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 eve n though 

they were enrolled in the part i cular classes which had bee n 

designated as available for use in this inquiry during the 

first semester. Another p oi n t needing emphasis is that ri ot 

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 sub j ects . In addition to the 

volunteers from these two classes, additional volunteers 

from other classes in the required program of physical edu­

cation were included in this group and attended one of the 

two classes, described above, for instruction in movement 

ectu·cation . 

The movement education unit began J anuary 3 and 

January 4 and continued for a period of ten · hours of instruc­

tion, e nding January 12 and January 16. The bowl ing instruc­

tion for the Delayed Experimental Group began March 7 (forty­

eight days after the completion of the unit of movement 

education) and continued until each member of the group had 

completed the required twenty lines of bowling. 

The Experimental Group (E) 

Thirty volunteer subjects enrolled in a body mechanics 

class taught by the investigator during the second semester 

of 1966-67, comprised the Experimental Group . Each student 

in this group met the criteria estab lished for the selection 

of subject·s in this study. 

The movement education unit for the Exper i menta l 

Group b0gan February 10 and continued for ten hours of 

instruction, ending on March 3. Upon completion of the 

movement education unit, this group · moved immediately into 

the bowling unit of instruction on .Mar.ch 6 • . The bowling 



instruction was continued until each member of the group 

had completed the required twenty games of bowling . 

The Control Group (C) 
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The Control Group consisted of thirty volunteer 

su~jects enrolled in a bowling class taught by the investi­

gator during the second semester of 1966-67.. Ea,~h student 

in this group met the criteria for the selection of subjects 

in this study . The Control Group continued in the bowling 

instruction until ea~h subject had completed the required 

twenty lines of bowling . 

Judges ' Ratings 

The intended purpose of the judges; ratings was to 

evaluate each subj e ct's ability to ap~ly mechanical principles 

as they relate to the human movement necessary to the 

specialized skill of bowling. 

Selection of Jug_.~~ 

Of the eight characteristics of the ability to suc­

cessfully judge personality traits in others, rela t ed by 

Stagner, 1 four had direct application to t~e 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) Intel l igence, 

and (4) Detachment. 

1Ross Stagner, Psycholociy of Personality (New York : 
McGraw-Hill B.)ok Co., Inc ., 1936) , pp. 276-277 . 
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iaft 1 indicates that the main qualities of the 

ability to judge others seems to fall within three areas: 

possessing appropriate judgment norms, judging ability, and 

motivation. 

Stroup 2 explains that persons making ratings must 

have a thorough knowledge of the traits to be judged, an 

adequate acquaintance with the individuals to ba judged and 

a genuine interest in the rating . 

According to Symo~ds3 one method of increasing 

reliability of rating scales is to increase the number of 

judges . He found that the se lf- consistency of the average 

j u d g e o n a s i n g 1 e p e r s o n a 1 i t y t r a i t i s a b o u t .. 5 5 • T o r a i s e 

the figure of .55 :o .82 requires the use of four judges. 

Stagn er4 points out that reliability of ratings 

varied with different traits. Objective traits can be 

rated more consistently than can more subjective traits or 

ambig uous qualities. 

Since personality traits are more subjective in 

nature than the physical per·formance traits to be rated in 

this investigation, it was concluded that three ju dges would 

1Ron a ld Taft, "The Ability to Judge People," 
~ychological Bulletin, Vol. LII (1955), pp. 1-23. 

2Franc _is Stroup, ~leasurement in Ph . .u.Jcal Education 
(New York: Ronald Press Co., 1957), r, 162. 

3Percival M. _Symonds, Diagn·osing Personality and 
Conduct (New York: Appleton-Century Co ., Inc., 19~1), P· 95. 

4Stagner, on. cit., p . 30. 
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provide the necessary reliability of the rating scale. The 

inv es tigator was cognizant of the pract ic al and physi ca l 

aspects of the ju dging 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 p~acticability of using three judges. 

The three judges were selected according to the 

criteria suggested by the authorities previously quoted: (1) 

Thorough, even exceptional , knowledge of the traits to be 

judg 2d , (2) Intelligence, (3) De tachment , (4) Judging 

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

Training of the Ju~ 

Stagner states that "raters can develop more 

reliable and valid techniques through instruction and 

practice." 1 Guilforct, 2 Barrow and McGee , 3 and Scott and 

French 4 also agree on this point . Guided by the opinions 

of these authorities the investigator planned a training 

period for the judges prjor to the actual rating sessions. 

1 Ibi.d., p. 33. 

2J. P. G~ilford, Psychometric Methods (New York: 
McGraw-Hill Bo ,Jk Co., Inc., 1936), pp. 276-277 • . . 

3Harold M. Barrow and Rosemary McGee, A Practical 
~Qroach to Measurement in PhysiccI) Education (Philadelphia: 
Lea and Febiger, 1964), p. 534 . 

4M. Gladys Scott and Esther French, 
EvRluation in Physical Education (Dubuque: 
Co., 1959), p. 39. . 

Measurement and 
Wm. C. Brown 
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The first phase of this period consisted of a me etin g of the 

judges with the inv e stigator in which: (1) The purpose of 

the rating was explained and discussed, (2) The eight appli­

ca tion s of the principles to be observed were explained and 

discussed, (3) Th~ quantitative ratings were explained a nd 

discussed , (4) The minimum amount of time for observation 

of e ach subject was established, and (5) A time for a prac­

tice rating period was agreed upon. Th is first phase of 

traini"ng accomplished general agreement and understanding 

concerning each of the items discussed . 

The second phase of training consisted of a practice 

rating session in whic h eigh t women bowlers in one of the 

city bowling leagues were rated, using the prepared rating 

scale . , After completing the ratings the judges d iscussed 

th ~ir 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 

J u d g e s X a n d y , • 7 7 ; J u d g e s X an d z. , . 8 9 ; a n d J u d g e s Y a n d Z , 

. 73. The judges were considered to be in agreement since 

all correlation coefficfents were between the ,05 and the 

,01 per cent l evel of significance. 

Rating Scale 

According to Barrow and ~·lcGee, "observation tech­

niques are used when no objective measurement exists for a 

1 B a r r o w a n d M c G e· e , .Q..Q_:_ c i t . , p • 5 3 4 , 

2 Scott and French, op. cit., p . 83. 



quality, or when it appears expedient to supplement objec­

tiv e measurement by subjective opinion ." 1 Both of these 

purposes were to be served through the use of the rati.ng 

scale as it was designed for this study. 
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Stagner Usts five errors commonly made when employing 

the use of rating scales or subjectively ju dging individuals; 

errors of: (1) Definition, -(2) Distribution, (3) Unequal 

units, (4) Halo effect , and (5) Stereotypes.2 He points out 

that s·uch errors would not only reduc~ reliabi lity b~t 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 ex.plcinations 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 

categori'es. 

2. Carefully selecting the judges--each was an 

e~perienced bowler and an experienced teacher of bowling. 

Each had demcinstrated comprehension of the mechanical prin­

ciples necessary in the specialized skill of bowling. Each 

1 £3 arrow and McGee, .Q.2, cit., p. 524. 

2Str1gner, 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. Maki ng certain that the raters had no contact 

with the sub jects to be judged except during the designated 

judgjng periods. The subjects were designated by numbers 

rather than by name; and , there was no verbal exchange 

between the subjects and the judg es . The j~dging periods 

were arranged to provide the maximum amount of objectivity. 

The investigator found it nec essary to construct the 

rating scale to be used in the judges' ratings since there 

was no existi ng instrument which would meet the specific 

needs of this particular research design. The primary 

considerations in the construction of the rating scale were 

t O: 

1 K . 1. 1 l . . eep the rating sea e s1mp e. 

2. Determine and define applications to be 

observed.2 

3. Determine and select categories which would 

adequately define the le~els of abi lities.3 

4. Design the rating scale in such a manner that 

1Scott and French, op. Cit, , p. 40. 

2Ibid., p. 39. 

313arrow and McGee, op. Cit , , p. 528. 



the evidence available would represent the true ability of 

the beginning bow l ers. 1 , 2 
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5. Construct the rating scale which would facilitate 

accuracy and ease of scoring.3 

According to Ghiselli arrd Brown 4 there is no 

generRlization 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 

used as a basis for the optimal number of steps. 5 It appears 

to be a rather general consensus of opinion that the number 

of steps which yield the highest . reliability ·wil l 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.6, 7 ,8 The investigator also relied upon 

1 Ibid . , p. 40 . 

2carter V. Good and Douglas E. Scates, Methods of 
Research (New York: App l eton-Century-Crofts, I nc . , 1954) , 
p. 682 . 

3 8 a r r o w a n ct Al c G e e , o p • c i t . , p p • 5 3 0 - 5 3 1 • 

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

51bid; 6 Ibid . , pp, 107-108. 

7 D e o b o 1 ct B • V a n D a l e n a n ct W i 1 1 i a m J • ~I e y e r , U n ct ~ -
standing Educntional · Research (New York : McGraw - Hill Book 
Co., 1966), pp. 318 - 3 19 . 

8scott and French, op. cit., pp . 406-407 .• 



the opinions of the judges concerning this matter since 

they were all experienced bowling teachers and well 

acquainted with the abi li ties of bowlers at various skill 

levels. 
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The rating scale constructed for use in this investi­

gation consisted of eight applications of mecha nic al prin-

.ciples to be rated. A brief definition of iach principle 

was included below each major heading. Four cat egories were 

used to represent the abilities of each subject on each prin­

ciple being applied. The numerical values ranged from a 

high of four to a low of one, these values were indicated 

to the side of the princip le to be rated in such a manner 

that the judge had only to check the c1ppropriate 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 bo.wling 

rating scnle. 1 A score of ninety-six was possible for each 

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

in the Appendix. 

Mechanics and Climate of 
the RJting Situation 

The criteria established· and adhered to for the 

control of tHe situation in which the ratings were conducted 

included: 

1 Ibid., p. 402. 



1. Subjects were rated during class participation 

(no competition ). 1 

2. Judges had no previous knowledge of subjects or 

of subject's performance.2 

3. Each subject wa s observed a minimum of six 

attem~ts (six balls rolled), Judges could obs erve more 

than, but not l ess 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 ·categories 

C 4-3-2-U. 6 

7. Rating forms h a d the subject's identification 

number already recorded on them whic h corresponded to the 

number on tile back of each subject. 7 

8. The ju dges worked independently of eac h other. 8 

1 B a r r ow a n d '1 c G e e , ~~. , pp . 5 3 3 , 5 3 4 • 

2rbid., p . 532. 

3scott and French, 0 Q • Cit , , p. 404. 

4Barrow and McGee, OQ • Cit , , p. 534. 

5Scott and French, 012 • cit. 

6 Ibid., p. 406 . 

7 Ibid., p . 405. 

8 Ibid., p. 81. 



Development of the Unit of 
Movement Erlucation 
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A unit of movement education was developed in which 

students were exposed to an understanding a~d 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 skills necessary in bowling . The 

established criteria for the construction of the unit of 

movement education included know l edges concerning : (1) 

Tra11sfer of learning, (2) Methods and techniques of teaching , 

(3) BoJy 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 movement 

education unit was limited in that the movement principles 

and fundnmental 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 fundamen t al 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 possib l e 

for the experimental groups DE and E with respect to the : 



(1) Le ngth of time for the presentation ~f the unit, (2) 

Ma t er ials presented, (3) Methods of instruction, and (4) 

Actual presentation . 

Selection of Principles 

The investigator has been interested and actively 

involved in developing materials and teaching in the area 
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of movement education at the college level for the past seven 

yea rs in an attempt to determine an ~ffective course of 

mo veme nt education to be used as a prerequisite to all other 

physical activity instruction·. Also the investigator has 

be e n 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 e xperi­

enc es a~d interests coupled with her extensive reading in 

th~ areas of the p sycho l ogyof learning, motor learning , and 

mavame~t education have supplemented and strengthened her 

~reparation for the e xecution of this experimental study . 

The investigator relied heavily upon the writings of 

Scott 1 and Broer 2 in the selection of the movement principles 

and motor patterns which .were included in the unit of move­

ment education utilized in this inquiry. 

The move~ent pri n ciples taught were limited to those 

which had direct or indirect application to the specialized 

'fork: 
1M. Gladys SQ,)tt, Analysis of Human · Motion (New 

Appleton-Century-Crofts, 1963) . 

2Broer, Efficiency of Human Movement, pp. 25-103 . 



ski 11 of b o \,· ling . The move men t pr in c i p 1 es s e 1 e ct e d for 

inclusion in the unit of movement education were : 

1. Gravity - -

58 

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 eise with which an object may be balanced . 

This was done in relation to the human bo~y, symmetrical 

ob j ects , and irregular objects . 

3. Balance--

A state of poise, remaining position or stability, or 

equal distribution of weight. The fact that balance is 

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 piesentation the factors 

which modify motion were determined . Newton ' s Laws of 

Motion were presented along with the various types of 

motion which are · possib~e . 
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5 . Frictio n--

Re sistance between two surfaces where one is sliding or 

ro l ling on the other . The importance of friction to 

motion was presented as wel l as ways of increasing or 

decreasing friction and making use of existing friction . 

6. Force - -

Strength or power exerted upon an object; impetus or 

intensity of effect . Magnitude, ~irection 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 ~lso presented . 

7. 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 princip l e in the underhand throwing pattern was 

presented , as wel l as timing of release . 

8. Paralle l ogram 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 applying the force produced by the 

human body an~ the ways of determining the direction in 

which an ~bject wi l l move in addition to the effective­

n e S·s o f t he f o r c e a p p 1 i ca t i on • 

9 · Moment um--

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. 

10. Absorb ing Force--

Deceleration or stopping a moving object. Reducing 

momentum. Reasons for and methods of absorbing force 

were presented along with the forc e of impact when force 

is absorbed. 

11. Axes of Rotation--

Cehter around which parts turn. the two types of axes 

were discussed in terms of the human body and the ease 

and range of movement . 

12. Levers--

A simple machine for execution of work, a rigid bar 

turµing 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. 

13 , 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 greater the distance the f~rce 

is applied from the axis the greater is · the effeyt i n 

producing rotation about the axis . This was done in 

relation to the arm swing . 
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14 . Air Resistance--

Resistance of the air wall to an object passing through 

it. The major emp hasis was in determining the effect of 

air resist ance on various types of objects--both projec­

tiles a nd rolling objects . Ways of increasing or 

reducing air resistance upon an object were presented . 

15. Spin --

An object (in this case a ball) is turning around a 

vertical or horizontal axis through its center. The 

different types o·f spin were presented along with their 

effects upon a rolling object . (ball) . 

16. Rebound--

An object whic h 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 additio n 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 specia l ized skil l of bowling wete taught . 

The motor patterns selected to be inc l uded in the unit of 

movement education were : 

1 . Standing--

All the aspec t s which contribute to a balanced standing 

posture were considered . 



2 . Balancing Weight on One Foot - -

Know l edges concerning center of gravity and use of 

counterbalancing forces . 

3 . Walking- -

The process of disturbing an~ regaining the balance of 

the body as it moves . Applicatio n of force , mome n tum 

of the body , and absorption of momentum were also a 

major concern in presenting this pattern of movemen t. 

4 . Holding and Carrying - -
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The major emphasls 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 counterbala ncing forces to effect this 

desirable balanced position while the body is moving . 

5 . 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 direct i on of the appli­

cation of force, counterbalancing forces , increasing 

the duration of the application of force , app l ication of 

centrifugal force , a nd the effect of the various types 

of sp i n upon a rolli ng ball were all included i n the 

presentatio n of this motor patterri. 



Movement Education Materials Develbped 
by the Investigator 

Writt e n Unit for Students 

After the investigator had selected the principles 
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and the motor patterns which were to be included in the unit 

of movement education it became apparent 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 l earning 

process , if the subj e.c ts had w r i t ten mater i a l con c er n in g 

each of the principles and motor patterns which they could 

learn and understand , or at le ast be exposed to, before the 

instruction , demonstrations , and opportunities for explora­

tion were provided in class. The investigator developed 

written explanations of movement principles and motor pat­

terns which were distributed to eac h subject . These materials 

were distributed periodically rather than all at one time due 

to the fact ~hat the materials developed proved to be rather 

voluminous, at least in comparison to the materials usually 

presented in a regular class of required physical educatio n. 

In an attempt to avoid an overwhelmed reaction on the part 

of the subjects to the volume of material to be covered, 

the investiga~or distributed four movement principles and 

three motor patterns at one time. The materials were giv~n 

to the subjects well in advance of the time it was to be 

explained , discussed , demons~rate~, and explore~ in class . 



64 

The subjects were instructed to read and learn the material 

and to make note of questions they wanted or needed to ask 

when t he material was actually presented during class . 

Copies of th ese 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 inv estigator. This 

material was developad for the purpose of organizing and 

scrutiniz ing the factual information in order to determine 

the best approach to teaching the essential materials wi thi n 

a mi n i 111 um per i o d o f time . As an add i t ion a 1. t e a chi n g de vi c e , 

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 test was constructed for the 

purpose of determining the subjects ' intellectual abili ty to 

apply their knowledge of movement principles and fundamental 

motor pa t ter~s to practical situations . The investigator's 

concern in the construction of this instrument was to test 

the appl ica tio n of the know~edge~ 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 utiliz e common terminology 

in the construction of this written test . Technical terms 

or terminology as~ociated specifically with movement educa­

tion were kept to an absolute minimum since this test also 

was administered to the Con~rol Group in the study, which 

ha d not been exposed to a formal unit of instruction in move- · 

men t c.d u cation . 

This written test was administered to the subjects 

in the Delayed Exp e rimental and Experimental Groups upon the 

completion of the movement education unit and again at the 

completion of the bowling unit of instruction. The subjects 

in th e 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 in vestigator was aware that this was not the best 

approach with respect to the motivation of the subjects, but 

the investigator . was concerned at this time with protecting 

the reliabiltty of the test. It may well be that the pre-

cautions taken with the written test were unnecessary and 

were the result of false concern. A copy of the written test 

is included in the Appendix. 



Development tl the Unit of 
Bowling Instruction 

66 

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 

move men t ( body 1, . ; ch an i cs) and those re 1 ate d to the obj e ct s 

involved in bowling (mechanical principles) ; fundamental 

rnotor patterns which are necessary in bowling; and a brief 

explanation of the history, rules, terminology, and score 

ke e ping . The investigator believed that each of these 

aspects could contribute to t~e end product which was the 

d eve lopment of the specialized skill of bowling . 

The established criteria for the development of the 

unit of bowling instruction included knowledges related to : 
I 

Cl) Transfer of learning, (2) Methods and techniques of 

teaching, (3) Body mechanics and fundamental motor patterns 

as they affected the special ized skill of bowling, (4) Laws 

of learning, and (5) Motivation . 

The bowling unit of i nstruction was taught by the 

investigator and was as nearly identical as humanly possible 

for al l three groups with· respect to: (1) Length of time 

for the presentation of the unit, (2) Materials presented, 

(3) Methods o.f instruction, and (5) Actual presentation . 

Every effort was made by the investigator to avoid 

spending time on anything that was · not essential to skili 

development . The bowling unit of instruction concentrated 
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on knowledges, f un damenta ls, and applications whic h would 

facilitate the process of learning the necessary skills 

required for successful bowling . 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 a nd assistance was provided after the initial period of 

group instruction, (3) A minimum of ru l es 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 bowling instruction could be presented, the investigator 

concluJed that it would facilitate learning if the subjects 

had written material available for reference, whiah they 

c~uld read, · l ear n, and understand before the actual class 

instruction . For this reason the investigator developed a 

written bowling unit for the subjects which included : 

1. A bri,f history of bowling. 

2 . An explan~tion of the game of bowling. 

3. A brief explanation and example of score keeping. 

4 . A short summary of rules and etiq~ette . 

5. Definitions of the most frequently used bowling terms. 

6 . Information concerning the fundamentals of bowling: 



A. Selecting bowling equipment. 

B. The types of approaches : 

1) Three step approach . 

2) Analysis of the four step approach. 

3) Five step approach. 

C. Types of deliveries: 

l) Curve. 

2) Back-up . 

3) Straight . 

4) Hook (natural) 

D. Aiming: 

1) Theories of aiming: 

Ca) Spot. 

Cb) Pin. 

Cc) Line. 

2) Spare pick-up. 

E . Release of the bowling ball. 
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7. An explanation of the major mechanical principles involved 

in bowlin g w hi ch inc 1 u de d : 

A. Force. 

B. Balan~e . 

C. Direction control. 

D. Rebound or counterforce. 

This material was distributed to e ach 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 t he same pattern used with the unit 

of movement education, the subjects we re 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. 

Th e Teaching Unit 

As in the movement education teaching unit, the 

t eacl1ing unit for the bowling instruction was prepared only 

for use by the investigator . This material was organized and 

presenteJ according to : Cl) knowledges gained through eleve n 

year~ of teaching bowling to college students in the required 

program of physical educatio n, and (2) In such a manner as 

to determine the best approach io teaching the specific skills 

necessary 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 movemen ts . 

C. Coordination of l eg and arm movements . 

2. The natural hook delivery. 

3. Arm swing_ in terms of movement in~ vertical plane, 

emphasizing the importance of the continuation of the 

arc of movement (follow-through). 

4 . Moment of release . 
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5 . Aiming or poi n t 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 
I 

the investigator had planned to supply score keepers for 

each team in each 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

grammed material on score keeping &nd was asked to complete 

the material outside ~f 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 score sheet upon an overhead screen . 

Aft e r a thorough explanat ion of score keeping and when all 

questions had been answered , the sub jects began to keep 

score . The investigator checked all score sheets after each 

class in order to determine the types of mistakes 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 jnvestigator as the first of the 

subjects' twenty games required in the research design. 

Individ~al Tally Sheets 

An individual tally sheet was designed by the inves­

tigator for the purpose of recording the score of each game 

bo~led 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 sc6re sheet. 

The purpose for the individual tally sheet was to 

have an accurBte , systematic record of speed of learning, 

degree of l earning, improvement in bowling, and success in 

bowling for each 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 

i~vcstigator'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 kept . Record­

ing was done at game intervals (initial , mid-point and final) 

rather than after each game . 

Written Test 

The written test, described under the heading Devel­

opment 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 



gained tn 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 necessa~y in the 

specialized 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 emp l oyed . 

4 . Backswing and swing-through . 

5 . Facing pins throughout approach . 

· 6 . Bending of forward knee. 

7. Release of bowling ball . 

8 . Follow-through. 
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In each of the ma j or areas of consideration, each 

subject in al l 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 . 



How the Movement Education Unit 
Was Taught 
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The unit of mov eme nt education was taught to the 

Dela yed 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 subjec~s according to the establ~shed criteria . 

The students were given an opportunity to select or reject 

the possibility of serving as subjects. Those students who 

decided to serve as subjects were requested to supply the 

investigator with information concerning : (l) Their full 

n am e , ( 2 ) A d d r e s s , ( 3 ) .P o s t o f f i c e b o x n um b e r , ( 4 ) Te 1 e p h o n e 

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 v~ry least, two prin­

cip l es or patterns, 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 wa~ given ~ritten 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 cours·e, 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 

inLro<luce, explain, demonstrate and allow the subjects some 

time to explore particular aspects of each principle and 

motor pattern . Subjects were encouraged to ask questions 

and time was take~ 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 

explan~tions, demonstrations, planned explorations, and 

questions asked of subjects d~ring the ten hours of instruc-

ti on . An effort to emphasize points of major importance 

took the form of brief periodic quizzes over a limited num­

be r 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 w~o comprised the delayed experimental 

group were solicited from students already enrolled in the 

4:30 P . M. Monday , Wednesday, and Friday , and the 4 : 00 P . M. 

Tuesday and Tbursday , body mechanics classes in which the 

movement education unit was taught during the first semester 

of 1966-67 . Additional vo l unteers from other classes in the 

required program of physical education were also included in 
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these two established classes, which were taught by the 

investigator . 
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The movement education unit for the OE Group ·bega n 

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 same materials in each class session for 

both groups. It was possible and nec~ssary to teach more 

ma t e rial in the class which me t for an hour and thirty 

minutes twice a week . 

Due to the fact that this was the first time that the 

in vestigator had taught this particular movement education 

unit, it was difficul t 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 add iti ona l 

time was strictly ob;erved for both classes -and the needed 

two hours were added f i fteen minutes at a time fo r the 
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4:30 P . M . class and thirty minutes at 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 comprehensive written examination over the movement 

educa tion 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 op Jan~ary 17 . 

The Experimental Group 

The subjects wh_ich 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 ior this experiment~ ! 

group the students were further screened for eligibility as 

subjects. A general explanat i on was given concerning the 

experimental study being conducted by the investigator, and 

a thorough explanation was given concerning the cr·iteria by 

which stude n ts were eligib l e to become subjects . At this 

time students were given an opportunity to withdraw as sub­

jects , and. a similar opportun i ty was prese n ted at the subse ­

quent class meeting . 

The materia l in the movement education unit was pre ­

sented to the subjects i n this aroup in a manner as near)y 



78 

id e ntical as humanly possible , as it had been prasented to 

th e Delayed Exp e rime ntal Group during t he first semester, 

and the t e n hours of instruction time was carefully observed . 

The movement education unit for the E Gro~p began 

February 8 and was completed March 1, the subjects in this 

group took the compr e hensive written examination over the 

mov eme nt 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 s e cond semester of "the academic year 1966-67 . Before the 

bowling unit be gan, the investigator met with each of the 

groups during their designated meeting times in a classroom 

s e tting and explai11ed the general procedures to be followed 

during the bowling instruction. At this time the.investigator 

str e ssed ho~ important it was for the students not to practice 

bowling until aft e r the required twenty games had been 

r e corded . During this first meeting, the necessary infor -

mation on each subject was either checked for needed correc­

tions or gathere~ for the first time. Subjects were given 

th e written materials, prepared ~y 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 section of the material concerni ng 

fundamentals of bowling. They wer~ 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, on e class period 

in advance of the . time that the information would be pre­

s e nted and covered in actual class instruction. As with the 

other unit of instruction, t~e 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 instructio n began as group instruction and 

gradual l y moved into individua l instruc~ion. 

Th e 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 twe l ve hours of instruction . From the first time the 

subjects began to keep score , the invest i gator checked the 

score sheets. First, checking the areas in which mistakes 

were being made; and l ater to determine the accurac y of 

the game score before it , was officially recorded for each 

subjec t. The scores for each of the twe n ty games bowled by 

each subject wer~ officially recorded on an individual tally 

sheet and on ·an i ndividual graph. A graphic record also was 

kept of the progress of each of the three groups involved in 

the study . When twenty games of bowling had been completed 



80 

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 a nd the beginning of their unit of 

bowling instruction . 

During the official university registration period 

t he s u b j e c t s e n r o 11 e d · i n a 4 : 0 O P . ~i . Tu e s ct a y a n d Th u r s ct a y 

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 begin. 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

sev e n subjects reported to class . For this group the bowling 

instruction began March 9 and was completed May 16 . 

The Experimental Group 

The Experimental Groµp wa~ the group designated to 

move immediately into the bowling instruction upon the 
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completion of the movement educatio n unit. 

This group consisted of students who enrolled in a 

4 : 30 P.N . Monday, Wednesday, a nd Friday body mechanics class 

taught by the inve st igator, during th e second semester of 

1966-67. The reader is reminded that the subjects in this 

group were sc reened, according to the est abli shed criteria, 

at the time they registered for the class and again during 

the f irst and second class sessions . During the first two 

class meetings the students wer e giverr the opportunity to 

rejecL th e possibility of taking part in the study. The 

Experimental Group finished the moveme nt 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 bowli ng instruction with no prerequisite unit of 

movem e nt ed ucation . 

During the official university registration period 

for the second semes ter of 1966-67, the investigator screened 

students wishing to enroll in the 2 : 30 P.M. Tuesday and 

Thursday, bowling class according to the criteria estab lish ed 

in the rese a rch design . The students were scree ned aga in 

during the first class meeting of th e second semester; and , 

they were given a thorough explanat-ion of what would be 

expected of thcm · as w~ll as an opportunity to withdraw from 
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the study . Again, at the next class meeting, siudents were 

giv e n the opportunity to reject the po~sibility of serving 

a s s u b j e c t s i n t h e e x p e r--im e n t a 1 s t u d y • 

The bowling unit of instruction for this group began 

Febr uary 9 and ended on May 9 . 

Treatment of the Data 

To test the . research hypotheses which were presented 

in detail in Cha?ter I of this dissertation, the investigator 

selected the statistical techniques which 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 

sel e cted as the method of determining whether variation of 

the three group variance for the initial bowling scores 

could be attributed to chance, The reader is referred to 

Du Bois 1 for a detailed description of the assumptions which 

necessitate the use of Bartlett's test and its computation . 

Hypothesis No. 1 was tested according to the resu l ts 

of the statistical techniques employed to test each of the 

subsequent Hypotheses. 

The investigator selected the analysis of variance 

1Philip H. Du Bois, An Introduction · to Psychological 
~tatistics (New York: Harper and How Publishers, 1965), 
pp , 375-376 . 

j 



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 
~ased on large or small samples of equa l or unequal 
size (per group) regardless of whether there is an 
a priori basis for arranging the groups in order.I 
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The reader is referred to McNamar for a detai l ed descriptio n 

of this technique . 

The t-test was selected by the investigator to test 

H y p o t h e s e s N o . 3 a n d · N o . 5 . ~I c N e m a r s t a t e s : 

When and only when F, as an over-all test, indicates 
sicinificant difference among the groups, we may 
safe ly make further tests to see whether two selected 
me ans differ significantly or whether one mean (or 
the average of two or more group. means) differ more 
t h a n c h a n c e f r o m t h e a v e r a g e o f t h e o t h e r g r o u p me a n s . 2. 

The reader is referred to.McNamar3 for the procedures neces­

sary in the computation of this statistical technique . 

~he 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 t o 

determine the significance of the difference between them. 

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

2rbict., p. 269 . 

3 tbid., p. 285. 



The reader is again referred to Met emar 1 for o description 

of this technique. Hypothesis No. 6 was further tested 
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t h r o \l g h t h e a p p 1 i c a t i o n o f t h e · a n a 1 y s i s o f v a r i a n c e t o c a c h 

of the following : 

1. Difference between initial and final bowling 

scores. 

2. Oiffereflce between initia l and mi.ct-point bowling 

scores. 

3. Difference between mid-poi~t and final bowling 

scores . 

4. The final written scores . 2 

Pearson's produtt moment correlation technique was 

us ed in order to determine the reliability of the judges' 

ratings and this same technique, stepped up by the Spearman­

Brown formula, was applied to determine the reliability of 

the written test . 

Sumi~ 

The present investigation was designed to determine 

the effect iveness of a unit of movement education, taught 

as a prerequisit~, upon the level of achievement in the 

specialized skill of bowling. In order for the experiment 

to yield data applicable to the p~rposes of the study, the 

1 Ibid. 

2 Ibid., pp. 139 - 140. 



investig~tor established definite procedures whith were 

followed explicitly throughout the conduct of the study . 
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Specific procedures guided the investigator in 

phases of the study preliminary to the conduct of the 

experime nt as well as during the experimen tal period. Addi­

tional procedures were established by the investigator 

rtlative to the analysis and int erpretation of the data 

collecte~. In Chapter II, a detailed report of all pro­

cedures followed in the development of this study was pre­

sented . 

Chapter III contains the complete analysis and 

interpretation of the data collected during the pres~nt 

study. 



CHAPTER III 

ANALYSIS AND INTERPRETATION OF THE DATA 

The ana lysi s and interpretation of the data collected 

during this experimental study are presented in this Chapter . 

For the purposes of simp licity and clarity the analysis 

and interpretation of the data are presented in relation to 

each of the hypothes~s which served as guides for the devel­

opment of this inquiry . 

Initial, Mi d-Point, and Final Status tif the 
Three Groups With Respect to Bowlin·g 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 (IDE) and the Experi­

mental Group (E) participated in a prerequi~ite unit of 

movement education in which they were taught principles of 

moveme nt specifically related to the specialized skill of 

bowling. The Control Group (C) did not receive this pre­

requisite unit of movement educat ion. The written examina ­

tion concerning the applicat~on ~f movement principles was 
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administered to groups OE and E upon comple tion 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 fir st three 

games of bowling were averaged to determine the initial 

score . The scores of the ninth, tenth, and e l eventh games 

were averaged and designated as the mid-point score and 

the scores of the eighteenth, nin etee nth, and twentieth 
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games were averaged to ascertain the final score. The 

fi fteent h game was designate d as the starting point for the 

judges to begin their observations of the subjects' abilit y 

to app ly movement principles to the fundamental skills neces­

sary in bowling . The same written examination over the 
I 

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. 



Groups 

TA BLE l 

INITIAL, MID - PO I NT, AND F I NAL ME AN BO WLIN G SCOR ES 
FOR THE TH RE E GROUPS OF SU BJECTS 

I Ini t ial Mid-Point 
N 

Mean SD Mea n SD Mean 

Fina l 

SD 

Experimental (E) 30 84.9555 15 . 8659 94 . 1778 14.8600 99.0000 16.7078 

Delayed 
Experimental ( DE) 33 85.5999 11. 548 7 88.7 445 15 . 377 4 98.055 4. 14.612 1 . . 

Control (C) 30 86.5221 13.3646 91 . 4 4 44 15. 21 74 9 4 . 1556 11.767 1 

co 
co 
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Examination of Table 1 indicates that th& lowest 

initial mean score was achieved by the Experimental Group 

and th e 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 ench group in order to det~rmine 

whe ther the variance among groups at the initial stage of 

the exp e riment 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 

Note : 

. 227 2 NS 

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 level. This finding indicates that the 

three groups experienced only ch~nce variance on their 

initial bowling score and , therefore, could be considered 

honogeneous witl1 respect to their initial skill in bowling. 



Analysis of the Data as They Relate 
to the Hypotheses 

90 

In an attempt to determine the effectiveness of a 

pr erequisite 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 

~resented 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 ed ucation al practices . " 

Upon examination of Tables 2, 3, 4, and 17, pages 

89, 91, 93, 103 . r espec tively , the following information 

becomes apparen t : 

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 bowling 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 th e initial and final 



bowling ~cores for the three groups was not ~ignificant at 

the . 05 level . 

Hypothesis 2 

"Students beginning the bo wl ing unit one wee k 
after the completio n of the movement education unit 
will achieve higher bo wling ~cores at the mid-point 
of the bowling unit than will the students ,. ho do 
not receive the movement education unit ond/or the 
students beginning the bowling unit one month 
after the completion of the movement education 
un it ." 

Table 3 illustrates the results of an analysis of 

variance using the mea ns of the mid-point bowling sco r es 

for all three groups. 

TABLE 3 

ANALYSIS OF VARIANCE OF MEAN SCORES AMONG THE 
THREE GROUPS AT THE MI D-POINT OF THE 

BOWLING UNIT 

-

Source of Sum of Mean 
Variance Squares df Squares F -

p 

Betwee n Groups 386.29 2 193 . 145 . 8232 NS 

Within Group 21115 .2 90 234 .61 

Total 21501 . 49 92 

91 

Note : F vJlue of 4.85 .required for .01 level of significance. · 
F value of 3 . 10 required for . 05 level of significance. 

Examination of Table 3 reveals that the I value 

of ,8 232 is not significant at the .05 level. Th is resu lt 
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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 bow ling scores at the mid-point 
o f the bowling unit tha n will the students who do 
not receive the movement education unit . " 

According tQ 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 indicat es that the Delayed Experimental 

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

ho wever, it was not si gnifican tly lower , 

Hypothesis 4 

"Students beginning the bowling unit one week 
a ft er the completio n of th e movement ed ucation unit 
will achieve a higher final bowling score than will 
the students who do not receive the movement educa­
tion unit a nd /o r the s tud ents beginning th e bowling 
unit one month afte r the completion of the movement 
education unit . " 

Tab l e 4 depicts the r esults of an analy s is of 

variance using the means of final bowling scores for each 

of the three groups . 

Scrutiny of Table 4 rev ea ls that the I value of 

l.008 i s not sig nificant at th e . 05 leve l. This result 

indicat es that no ~ne group was signific~n tl y higher on 

their fina l bowling score than were the othe·r groups . 



TABLE 4 

ANALYSIS OF VARIANCE OF FINAL ~lEAN SCORES A~!ONG 
THE THREE GROUPS IN BOWLING 

.. 

Source of Sum of Mean 
Variance Squares df Squares F -

Betw een Groups I 431.07 2 215 . 535 1.008 

Within Groups 19253.12 90 213 . 923 

Total 19684 . 19 92 

--

93 

p 

NS 

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 
th e stu d e nts who do not receive the movement 
ed ucation unit . " 

Re f er r i n g t o t h e r e s u 1 t s o f t h e a n a l y s i s o f v a r i a n c e ,. 

present ed in Table 4, the fi nal bowling scores for the 

Dela yed Experimental Group were not significantly higher 

than the fina l scores for the Contro l Group. As reported 

in Table 1, pa~e 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 ·p rinciples to the 
specialized skill of bowling will affec t bowling 
scores favorably ." 

In order to test Hypothesis 6 , a number of variables 

were included in ~he 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 mcc~anical principles of movement through 

a writ~en examination; and, her ability to physically apply 

these princip l es while bowling was determined by three 

trained judges who observed and rated her during the final 

phase of the bow li ng unit. 

The reliability of the judges' r~tings 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 explai ned 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 colle~ted during the orientation program 

conducted for the three judges. Tables 5, 6, and 7 reveal 

the re 1 i a b i_ 1 j. t y o f th e j u d g e s ' rat i n g s , f o r th e n i n et y - t hr e e 

subjects , according to the results of the Pearson product ­

moment correlation. This method was used in preference to 
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the Spea~mon rank-difference because of the larg~ number of 

subjects involved. 

TABLE 5 

COEFFICIENT OF CORRELATION BETWEEN RATINGS 
OF JUD_GES X. AND Y 

Variable ~le an SD d f- r 

Judge X 17 . 9247 4 . 4727 
91 . 527 

Judge y 14.3441 5.0364 

Note: r value required for significance with 91 df: 
.05 level :::: .2050 
.01 level= .2.673 

p 

>.01 

According to Table 5, Judges X and Y were in agree­

ment. They had a very high positive correlation which was 

significant at better than the .01 level. 

TABLE 6 

COEFFICIENT OF CORRELATION BETWEEN RATINGS 
OF JUDGES X AND Z 

Variable Mean SD df r 

Judge X 18.4194 3.6701 
91 .198 

Judge z 18.0430 4.6718 

Note: r valui required for significance with 91 df: 
.05 level :: .2050 
.01 level :: .2673 

p 

NS 



96 

table 6 indicates that Judges X and Z weie not 

always in agreement . Their ratings did correlate positively 

but the correlation was not significant in that it wa s less 

than the . 05 level . 

TABLE 7 

COEFFICIENT OF CORRELATION BETWEEN RATINGS 
OF JUDGES Y AND Z 

Vnriable ~I ea n SD df r -

Ju dge y 14 .7 312 4 .6 261 
91 . 214 

Judge z 18.0538 4 . 6729 

Note : r value required for significance with 91 df : 
. 05 level = .2050 
.01 level = .2673 

p 

.0 5 

. 

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 t he bowling unit for the 

Control Group. The same written test was administered the 

second time to all three groups of subjects upon completion 

of the unit of bowling instruction . Both ti mes the re 1 i -

ability coefficient was calculat~d using the "split-half" 
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method, steppeJ up by the Spearman-Brown Prophecy Formula. 

Table 8 presents the reliability coefficient of the 

initial written test and Table 9 indicates the correlation 

co e fficient of the final written test. 

TABLE 8 

COEFFICIENT OF CORRELATION BETWEEN INITIAL WRITTEN 
TEST (EVEN) AND IN[TIAL WRITTEN TEST (ODD) 

Variable Mean SD df r 

I 
Initial Test 

(Odd) 10 . 0323 3.1399 

p 

91 . 693 > . 01 
Initial Test 

(Even) 10.0430 2.7782 

Note: r value required for significance with 91 df: 
. 05 leve l = .2050 
.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 (ODD) 

Variable Mean SD d f . r 

Final Test 
(Odd) 9.9824 2 . 7337 

p 

91 .734 >.O~ 
Final Test 

(Even) 10.34'11 2 . 6171 

Note: r value required for significance with 91 df: 
. 05 level .2050 
.01 level = . 2673 
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The coefficient of reliability for the final written 

test was also significant at better than the .01 level . 

It may be assumed that the written examination over 

the movement education unit was a highly reliable test. 

For the purpose of render 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 judges' ratings of the students during the 

bowling unit are revealed in Table 11: 

TABLE 10 

INITIAL AND FINAL MEAN sco1rns FOR THE THREE 
GROUPS ON THE WRITTEN EXAMINATION OVER 

TH E ~J O V EM E N T E D UC AT I ON UN IT 

I Initial Fin a 1 

Groups N 
Mean SD Mean 

Experi-
mental 30 21.0667 3.5396 21.2333 

Delayed 
Experi-
rncn t n 1 33 23.33;33 5.1532 23.3333 

Control 30 15.2667 4.1064 16 . 4000 

SD 

3.4707 

4.1979 

3 . 4795 



TABLE 11 

MEAN SCORES OF THE JUDGES' RATI 1GS FOR 
THE THREE GROUPS 

Groups N Mea n SD 

Experimental 30 53.3666 10.0813 

Delayed 
Experime ntal 33 49.8333 8 . 3190 

Control 30 45.7666 11.6209 

In an attempt to determine the maximum ability of 

t h e s u b j e c t s t o m a k e t h. e a p p l i c a t i o n o f 1 e a r n e d mo v e me n t 

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 

lab e 1 e d t h i s s co re the co rn po s i t e s core ·f o r a pp 1 i ca ti on . 
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Table 12 divulges the coefficient of correlation 

between t he 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 t~e Experimental Group 

was not significant. 
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TABLE 12 

C O E FF I C I ENT O F C O R I{ E L /-\ T ION BC: TI~ E E N F I NA L BO W L IN G S CO RES 
A D THE CO~;POSITE SC0H£S OF FINAL WRITTEN AND 

JUDGES' RATINGS FOR THE EXPERIMENTAL GROUP 

Variable Mea n SD df r -

Fin::.l Bowling 99.0000 16. 7078 
28 .0395 

Final Written 
a ncl Judges' 
Ratings 74.5000 11.3365 

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

p 

NS 

Table 13 relates the coefficient of correlation 

between the final bo1, ling scores and the composite applica­

tion scores for the Delayed Experimental Group .. 

TABLE 13 

COEFFICIENT OF CORRELATION BETWEEN F·INAL BOWLING SCORES 
AND THE COMPOSITE SCORES OF FINAL WRITTEN AND JUDGES' 

RATI GS FOR THE DELAYED EXPERIMENTAL GROUP 

Variable Mea n SD df r 

Final Bowling 98.50497 14.2751 
31 . 0164 

Final Written 
a n d Judges' 
Ratings 73.2727 8. 603.29 

Note: r value required for significance with 31 df: 
.05 level= .355 
.01 level= .456 

p 

NS 
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This ta ble indicates that the correlation coefficient 

of .0 164, wi th thirty-one de grees of freedom, is not signifi­

cant at the . 05 level of confidence. Therefore, there was 

no significant relationship betwee n final bowling scores and 

the comp o s i t e a pp 1 i ca· t ion scores. for the De 1 aye d Experiment a 1 

Group . 

Table 14 discloses the coefficient of correlation 

betwee n the final bo wl ing scores and the composite applica­

tio n scores for the Control Group. 

TABLE 14 

COEFF I CIE 1 T OF CORRELATION BETWEEN FINAL BOWLING SCORES 
AND TH E CO MPO SI TE SCORES OF FINAL WRITTEN AND 

J UDGES' RATINGS FOR THE CONTROL G~OUP 

Variuble le an SD df r -

Final 13owling 94 .1556 11.7671 
28 .290 4 

Final Written 
and Ju dges' 
Ratings 67.0000 10.6583 

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

p 

NS 

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 



fina l bowling scores and the composite application scores 

for the Con trol Group. 
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Tables 15, 16 and 17 present the. results of testing 

for the significance of the coefficient of correlation 

obtained when comparing final bowling scores a nd composite 

applicatiofr scores of eac h group with the other two groups 

of subjects. 

TABLE 15 

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

t-value 
Groups r .z df 

t -

Experimental ( E ) .039 .0 40 

Control 

Note : 

58 .95 
( C) .290 .299 

t-value required for significance with 58 df : 
.05 level= 2 .0 00 
.01 l e ve l= 2 . 660 

p 

NS 



TABLE 16 

SIG IFICA CE OF THE DIFFERE~CE BETWEEN 
r's FOR GROUP DE AND GROUP C 

t-value 

Groups r i df 
t 

Delayed Experi-
mental (DE) . .016 .020 

.61 1.052 
Control ( C) ! 290 , 299 

i o te: t-value required for significanec with 61 df: 
. 0 5 1 e v e l. = 2 • 0 0 0 
.01 level ~ 2.660 

TABLE 17 

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

t-value 

Groups r i df 
t -

Experimental CE) .039 . 040 
61 . 075 

Delayed Experi -
mental (DE) . 016 · .020 

Not e : t-value r e quired for significance with 61 df: 
.05 level ~ 2 . 000 
.01 level = 2.660 

p 

NS 

p 

NS 

The obtained ~ - values, as reported in Tables 15, 
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16 a nd 17, indicate that th ere was · no significant relatio~­

ship betwee n the final bowling scor es and the composite 



applic.ition scores among the three groups of subjects . 

Tnble 18 imparts the results of the analysis of 

vari~ncc employed to det er mine the significance of the 

difference between the means of the initial and the final 

bowling scores for all three gro.ups . 

TABLE 18 

A ALYSIS OF VARIANCE OF THE DIFFERENCE BETWEEN INITIAL 
AND Fl AL BOIVLI G SCORES FOR THE THREE 

GROUPS OF $OBJECTS 

Source of Sum of Mean 
Variance Squares df Squares F p -
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Between Groups 994 . 509 2 497.2545 · 2 . 3110 NS 

Within Groups 19365 . 402 90 215.171 

Total 20359 .91 1 92 

Note : F value of 4 . 85 required for .01 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 2.3 10 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 Tab le 19, in which the 

gains in bowling score means are illustrated. 



TAl3LE 19 

GAINS BETWEEN I30WLI1 G SCORE. MEANS FOR 
THE THREE GROUPS OF SUBJECTS 

Initial to Mid-Point 
Group Mid-Point to F' i n a 1 

Experimenta l ( E) 9.2220 4 . 8222 

Delayed 
Experimental (DE) · 3.1448 9 . 3107 

Control (C) 4 . 9223 ? . 7112 
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Initial to 
F' i n a l 

14.0445 

12.4555 

7.6335 

On Table 19 it may be observed that the Experi­

mental Group mode the greatest improvement in bowling 

scores, 14 . 0445 ; the Delayed Experimental Group's improve­

ment in bovling scores was only 1.5890 less than that of 

the Experimental Group. The Control Group's bowling 

improvement was 6 . 411 0 less than that of the Experimental 

Group's improvement and 4 . 8220 less than the Delayed 

Experimental Group's . The Experimental Group experienced 

the greatest improvement in bowling from the initial to the 

mid-point period . Th i.s -group continued to improve from the 

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

declined somewhat . The Experimental Group exhibited the 

greatest tot3l gain in bowling scores · and upon completion 

of the required twenty games had the highest bowling scores . 

llowever, neither the _gains nor the· scores were significantly 

greater tha n those of the other two groups, 
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The Delayed Experimental Group showed le~s improve­

rncnt 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 

scores . The difference between the final scores for the 

Delayed Experimental Group as compared to the Experimental 

~roup was only .9446 and as compared to the Control Group 

was 3.8998. Neither the gains nor the scores were signifi­

c an t 1 y greater than those of the o the r. two ·groups • 

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 were ~ot 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 Tabl e 20. The reader 

is reminded that the differences between and among the 

means of the three groups were not significant. 



TABLE 20 

SUMMARY OF MEANS 

.. Bowling Scores Written Test 
Group N Judges' 

Initial ~1 id-Point final Ratings · Initial final 

Experimental CE) 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 

co·ntrol (C) 30 56.5221 91.4444 94.1556 45.7667 15.2667 16.4000 
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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 experi­

mental study, the conclusions drawn according · to the results 

of the analysis of data, implications of the findings, and 

recommendations for future studies . 



CHAPTER IV 

SUMMARY, CONCLUSIONS, IMPLICATIONS AND 

RECOMMENDATIONS FOR FUTURE STUDIES 

This chapter i _ncludes 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

cernjng human learning implies that the physical aspects of 

an in di vidual constitute the process through which learning 

takes place and the intellectual aspects represent the extent, -

or the results, of the process. 1 , 2 

The conclusions of studies 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 l earning depends upon the strengthening of the bonds 

between stimuli and the responses of the organism. Since 

the 1930's, psycho logy theorists have maintained that stimuli 

Within t he environment are organized into patterns and that 

1Kaelin, op. cit., p. 99. 

20bcrteuffer and Ulrich, op. cit. 

109 
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the resulting performance is based upon the meaning attached 

to the total field of experience . · Research findings in di­

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 

fun damental to performance . These abilities are largely 

ind epe ndent 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 

mov eme nt, (2) Th e ab ility to summon and to exert maximum 

forc e and speed when ne eded , (3) Freedom from excess tension, 

(4) Motivation, and (5) The ability to analyze a complex 

task . 

It would appear , according to current beliefs, that 

the purpos e of education is to continuously strive. for more 

refined, highly developed, and specialized behavioral pat­

terns of human conduct. How fully developed an individual 

becom es depends upon educators' ability to see all of the 

necessary components involved in this developmental process. 

The cultural needs of a satiety change from time to time as 

that society moves through the process of civilization. 

E d u c a t i o n m u s t n O t o n 1 y p r e p a r e i n d i v·i d u a 1 s t o c o p e w i t h t h e 

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 accomp l ished 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 durati~n , whether it 
involves everyday living, work, or recreational 
s kills can be approached effectively . I 

Movement becomes significant to an individual through 

a knowledge about the body and through an awareness of se l f, 

which develops through moving the body . The major areas of 

concern in movement education are : 

1 . Development of physical qua l ities necessary 

t o effective movement . 
I 

2 . Development of an awareness 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 • App l i ·ca t i o n o f me ch an i c a 1 p r i n· c i p l e s · a n d co m b i n -

ing basic movements to ~evelop fundamental motor 

patterns which 'may be modified as needed in order 

t o develop specia l ized skills which relate 

specifical l y to a particular activity . 

Cardinal to the theory of movement education is the 

premise t hat the physical laws of motion which govern all 

lsroer, Efficiency of Human Movement, p. 3 . 
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movement also govern h~man mov eme nt . This theory also 

implies that the specialized 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 . 

Th e refore, jt 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 

ne c es sary befo re it can be fully understood. 

Purpose of the Study 

The general purpose of this inquiry was to deter­

min e if participation in a prerequisite unit of movement 

education would effect a higher level of achievement in 

the specialized skill of bowling than would specialized 

skill instruction wit hout instruction in the unit of move ­

ment education . The thr ee groups of subjects established 

in the res earc h design of this study were : 

1. The De l ayed Experimental Group: Received the 

prerequisite unit of movement education and had a six weeks 

delay before beginning the unit of bowling instruction. 

2 . The Experimental Group : Received th e pre­

requisite instruction in movement education and moved 

i m ni e d i a. t e: l y i n t o t h e b o w 1 i n g i n s t r u c t i o n u n i t , 
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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 wi ll 

achieve high er bowling scores at the m~d-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 completion of the movement 

education unit . 

3. Students beginning the bowling unit six weeks 

after the completion of the movement education unit wi ll 

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 beginn~ng the bowling unit six weeks a fter the 

completion of the movement education unit. 
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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 stude n ts 

who do not receive the movement education unit. 

6. The appli~ation of mechan i cal principles to the 

specialized skill of bowling will affect bow l ing scores 

favorably. 

Method of Inquiry 

Chapter II of t his manuscript deal~ exc l usiv~ly with 

a detailed expl~nation of the procedures followed in the 

development of the study. This information was presented 

under the major headings of sources of data , de~elopment 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 _ subj~cts who volunteered as participants in this 

inquiry were ninety-three undergraduate students enrolled in 

the Texas Woman's University in Denton , Texas, 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 a l lowed to serve as subjects . 

The first phase of the st~dy consisted of the 

instruction in movement education which was received by the 
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Delayed Experimental Group and the Experimental Gro~p. The 

movement education unit, as well as the bo wli ng unit, was 

taught by the investigator and was as nearly id entica l 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 actua l presen­

tation . Th e 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 educatioi were: gravity , 

center of gravity, balance , motion, fr~ction, force, centri­

fugal force, parallelogram of force, momentum, absorbing 

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: st anding , balancing weight on one foot, wa l king, 

holding and carrying, and the underhand throwing pattern . 

The seco~d 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 

exposure to an und ersta nding and application of: basic 

movements necessary in bowling; physical laws of motion-­

thos e related to human movement (body mechanics) and those 

related to the objects invol ved in bowling (mechanical 

principles); fundamenta l motor patterns which are necess ary 

in bowling; and a brief exp l anation of the history, rules, 
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termino~ogy, and score . keeping. To facilitate learning, 

the following procedures were adhired to : (1) Only four 

bowlers were assigned to a lane, (2) Individual instruction 

a~d 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 for student reference . 

Data were collected in the form of performance 

scores on: (1) Initia l and final written examinations over 

the movement education unit, (2) Initial, mid-point, and 

final scores accumulated during twenty .games of bow ling, 

and (3) Judges' ratings of each subject's ability to app ly 

eight mechanical principles of movement utilized in bowling. 

The data collected from the initial bowling scores were 

subjected to Bartlett ' s test of homogeneity 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 impiovement between initial and final bo wling scores 

among the three groups . 
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Pearson ' s p~oduct 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' rat.ings and this technique, 

stepped up by the Spearman-Brown formula, was 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 hy potheses tested. 

Hypothesis l 
·~ 

"Th e Thorndike theory of identical elements and the · ~ 
Judd theory of genera l ization 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 th e 

performance of the control group, in which the theory of 

specificity was utilized. 

1. There was no significant difference between the 

mid-point ~owling scor es of either of the experimental 

groups as compc1red to the mid - point scores of the control 

group. (Table 3.) 



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 

g~oup . (Tab le 4 . ) 

3. There was no significant difference in the 

amount of i~provement from the initial bowling score to 
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the final bowling score among the three groups. (Table 18.) 

Hypothesis 2 

"Students beginning th e 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 . groups DE and C; however, these scores were not 

significa~tly 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 
t h e mo v e 111 e n t e cl .u ca t i on . " Re j e c t e d • 

Group DE achieved lo wer mid-point bowling scores 

than did Group C; howe~er, these scores were not significantly 

lower. (Ta·ble 3 . ) 



Hypothesis 4 

"S t u den t s beg i n n i n g th e b o· w 1 i n g u n i t o n e wee k 
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," Re ject ed . 
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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 thJn will 
the students who do not receive the movement 
educatio n unit." Rejected. 

Group DE did obtain slightly higher final bowling 

scores than did Group C; however, the difference was no t 

significant. (Table 4.) 

Hypo thesis 6 

" The application of mechanical principles to the 
specialized skill of bowling will affect bowling 
scores favorab ly." Rejected . 

The final written test score combined with the 

judges' rating constituted the appli~ation score. The posi­

tive correl~tion coefficient between the application score 

and the final bowling score was not significant for any of 

t h e t h r e e g r o u p s. o f s u b j e c t s . · ( T a b l e s 1 5 , 1 6 , a n d 1 7 · ) 
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Conclusions 

Conclusions based on the findings of this inquiry, 

with all details str i pped 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 highe r level of performa n ce in bowling, 

over a period of twenty games, than students w~o did not 

have such instruction during the present investigation. 

2. It wou l d appear that the longer the subjects 

were delayed between their instruction in mechanical prin­

ciples of movement and the opportunity to make application 

of this knowledge to the performance of the specialized 

skill of bowling, the longer it took for them to 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 rated by trained judges, was not significantly 

effected by a prerequisite unit of instruction in movement 

education . 

4 . Knowlcrlge of mechanical ~rinciples of movement, 

as expressed through a written examination over these prin­

ciples, appeared to be learned through specialized skill 

instruction in bowling as adequate l y as through prerequisite 



121 

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 . 

I mplications 

The fo l lowing implications 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 ~f movement 

to specialized motor performance. The group of subjects 

who ha d 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 ini t ial 

and mid-point scoring periods but seemed to make rather 

rapid strides between the mid-point and fina l periods. 

Although no significant differences were found to exi~t 

between the 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 

t h a n u t i l i z e ct i n t h i s i n v e s t i g a t i o n , i f s i ·g n i f i c a n t d i f f e r -

enc e s might have been found to exist among the bowling scores 

of the three groups. 
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2 • . The subjects who received the prerequis.ite 

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 b~came very cognizant of the 

fact that even though they knew what they should 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 

task~ 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 t 11 i s inquiry, the ext en t of a subject ' s_ ab i 1 it y 

to make applicat"ion 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 measure the effectiv~ness 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 ihe 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 involvir1g these principles of movement, the findings 

of this investigation do not warrant such an assumption for 

the specialized skill of bowling. Administrators and 
I 

instructors in required programs of physical education 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 F~ture 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 

prerequisite unit of movement education and specialized 

skill instruction and/or performance. 
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1. A study de~igned to determine the effect of a 

prerequisite unit of movement educ~tion 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 

prerequisit~ unit of movement education upon the level of 

achievement in a specialized ski ll with no formal class 

in struction 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 

in strument for adequate evaluation of the application of 

·movement principles to actual motor performance. 

s·. A study similar in design to tli.e 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 

respect to their application of moveir1ent 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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The sources of reference used in the developrr.ent of the following 

material alle: 

Mar~on R. Breer, Efficiency of Human Movement . 2d ed. Philadelphia: 
W, B. Saunders Co., 1966. 

M. Giadys Scott, Analysis of Human Motion. 2d ed. New. York: 
Appleton-Century Crafts. 1963. 

MOVEMENT PRINCIPLES 

Io GRAVITY 

A. DEFINITION 

Constant force pulling all objects downward. 

B~ IMPORTANCE 

1. It is constant and universal. 

2. Affects all objects . 

3,. It is always vertical. 

C. FACTORS 

1. Is proportional to the mass. 

2. Falling objects experience gravitational acceleration. 

3~ Gravity may be overcome, matched, or yielded .to. 

h. Requires constant work from muscles to offset effects. 
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II. CENTER OF GRAVITY 

A. DEFINITION 

The center of the mass . 

B. Il1PORTANCE 

The location determines ease of balance . 

C. FACTORS 
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1. The center of gravity changes with movement of body parts. 

2. 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) 

3. The location of the center of gravity determines whether the 

object can be balanced . 

4. The center of gravity in 1:,he adult human body is usual ly within 

the area ()f the hips .. 

5. In any rigid symmetrical body, the geometrical center is a~.s o 

the center of gravity. 

60 No matt,2r how irregular the shape of an object it has a point 

about wh1~h it will balance . 

7. Large shoulders and shoulder muscl es wake the center of gravity 

high in reen. 

8. Large, f~tty hips and thighs make the center cf gravity low in 

women. 



'IIIo BALA.'f\JCE - (equilibritun) 

. Ao DEFINITION 
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A state of poise, remaining position or stability, or equal distri­

bution of weight. 

B. IMPORTA.1\JCE . 

l. 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

ioont of the joints is not restricted or strain put on any jointo 

2o The smaller the base the less stable the object becorr.es. 

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

support.iag base. 

4. If the line of gravity falls near the center of the base, the 

more stable the object becorrss. 

5,. The lower the center of gravity, the more stc .. ble the object. 

6. A small base and a high center of gravity reQuce st~bility. 

7. The heavier an object, all other things being equal, the greater 

the stability., 

8., Balance 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 baseo 



IV c MOTION - (movement or action) 

A. DEFINITION 
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The process of moving or changing place or position. A situation in 

which the position· of an object._and i.ts · support is changing$ . . 

B. IMPORTANCE 

Motion produces momentum,· or kinetic, energy. In the human body, motion 

varies. from. fine movemnts t· lr.?ith .. little .physical.-work being· per£ormed> 

to gross movements.' which.invalve -the entire body in heavy work and re-

resistance, 

C,. FACTORS MODIFYING MOT!ON 

l.· · Friction. 

2 .. - .,Air- resistan·ce ... 

3. Water resistance... 

4.o· · -Gravity,. 

.D • . NEWTON tS. -LA.WS OF'MOT!ON.. 

1 . .... Law .of . Inertia_,- · (resistance -to. .. motion. or "Change ·Of motion}" 

a) . A re;$ting·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 opera.t· 

ing .upon. _;Lt. 

· 2 o . .Law of. Acceleration . 

. .Acceleration is -

· a) . Direct)~ proportional .. to· the ma!,S ·of · the .. bodY.,.. .and· 

b) In the same direction. as the .. force producing it •. 



3. Law of Counterforce 
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Every force which meets resistance has an equal and opposite 

counterforce . 

Eo TYPES OF MOTION 

1. Translatory - (linear) 

An object moving as a whole in '!;he direction of the motion, all 

parts move in a straight line and at an equal distance. 

2. 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, otten it is a 

.· :d.oc'!b.in&ti)6'ntM th"e twoo 

F. FACTORS 

1. Muscles of the body produce the force for most of ma.n's movementso 

2. Force behind or distributed around the center of gravity p:-·oduces 

linear motion. . 

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

motion. 

4. The mass of an object determines the degree of inertia, amount 

of acceleration from a given force, and-amount of counterforce 

necessary. 



V. FRICTION 

.A. DEFINITION 
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Resistance Qetween two surfaces where one is sliding or rolling on 

the other. 

B. IMPORTANCE 

1. Makes motion possible by resistance or counterforce (angular). 

2. Makes motion possible by absence of resistance (linear). 

C. FACTOR 

1. A heavy object obtains greater friction than a l ight one. 

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

3. Forces directing the object against the other surface inc~ease 

friction, thoss pulling the object may decrease friction. 



VIo FORCE 

A. DEFINITION 
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Strength or power exerted upon an object; impetus or intensity of 

effect. 

B. IMPORTANCE 

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

as i t applies to work .must take into consideration: 

1. Magnitude. 

2. Direction of applicati on. 

3 . Point of application. 

Ce THE MAJOR TYPES OF FORCE WHICH CAUSE THE HUMAN BODY TO M9VE ARE: 

1. Internal~produced by the body itself . 

2 • External-applied by another person or object and by the downward 

pull of gravi ty. 

D. FACTORS 

1 . In the human body force is supplied by the muscl es which are 
. . 

innervated by the nerves . 

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 control led application of force. 

4. 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 

maxi.mum. 

S. Strong muscles can exert more force than weak muscl es • 
• •• , t 
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6,, The strongest muscle available should be used in order to avoid 

strain. 

7. 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 an 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. 

11. 

12. 

The farther from the center of gravity the force is applied the 

less force it takes to rotate the object. 
A IH!'o:L oi1. 

The amount of force depends upon the d:si~on as well as the 

magnitude of the force. 

13. Force must be absorbed o.r spent gradually. An absorbent sur-

f ace must be provided for the impact (as in landing from a fall, 

landing from a· jump, or catching). 

14. 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. 



VII , CENTRIFUGAL FORCE - ( tangentiai force) 

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

tangent to the arc of rotation. 

B. Il1PORTANCE 

1. Many throws depend upon this effort. 

2~ Is a form of moving inertia. 

3. May be a safety hazard. 

C. FACTORS 

1. There must always be a resisting force to prevent t?,ngential 

action. 

2. The greater the speed of angular action the greater the cen­

trifugal force. 

3 o Timing of release determines accuracy. 
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VIII. 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 the application of 

force. 

B. IMPORTANCE 

lo Determines tfle .. dir.ection ·in :which th~ · object . wiJJ:. moveo 

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 ~bject with a diagonal rope, two forces are 

being exerted. 

(1) One in the direction of the desired movement (forward)e 

(2) The other upward. 

b) Whether or not the upward force is desirable depends upon 

the amount of friction to be overcome. 

c) The greater 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 ~t which the 

force is applied~ 

a) This is not constant as when pulling an object, be.cause the 

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

then changes the angle of pu?,-1~ 

The more nearly the angle of pull approaches 90 degrees the 

more effective the contraction will be. This rarely occurso 
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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. 

3. The greater the angle in relation to the horizontal plane the 

more the lift. 

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

rotation of the lever. 

5. A vertically downward application of force increases friction. 

6. The heavier the load the greater vertical angle needed (overcoxr.e 

friction). 

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

body to be moved. 
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IX. MOMENTUM - (magnitude of force) 

A. DEFINITION 

~orothy Mo· Coleman 

The product of mass (weight) times velocity (speed) of an object. 

B. IMPORTANCE 

1. That quantity of motion which determines the time necess~ 

to stop an object's movement. 

2., That quantity of motion which determine1? 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 t.o 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. 

4 o Force applied over a longer period of time will create more 

momentum; 

5. Momentum of one object may be imparted to another.-

6. Momentum of one part of an object may .be transferred to 

another part of that object. 

7. Momentum depends upon the speed at which an object is moving 

as well as the mass of the object being movedo 
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X • . ABSORBING FORCE 

A. DEFINITION 

Decel eration or stopping a moving object . Reducing momentum. 

B. IMPORTANCE · 

l. Enables one,: to contr ol own body momentum. 

2. Abl e to stop other moving objects . 

3. Makes possibl e smooth movement by continuity into recovery and 

next movement. 

C. 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 required in 

which to apply r esistance . 

2. The force of impact depends upon the: 

a) The weight of an object . 

b) The speed at which it is moving. 

3. Balance must be considered in any task involving force 

absorption. 



n. AXES OF ROTATION - (fulcrum) 

A. DEFINITION 

Center around which parts turn . 

B. IMPORTANCE 
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The axis is always a point of contact or support· or objects attached. 

C. TYPES OF AXES 

1. Transverse (acrosswise) . 

2 . Longitudinal (lenghthwise). 

D. FACTORS 

1 . T.he axis is around a center of gravity or imaginary long line 

of a eegrrent or total body in a freely moving object. 

2. The type of axis determines ease and range of rotation . 

J. In body movements action at various axes may occur si."11Ultaneously 

or in sequence . 
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XII. LEVERS 

A. DEFINITION 

A simple machine for exec~tion of work, a rigid bar turning about an 

axis. 

B. 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. 

4. There must be ·rorce to operate the lever and there is a 

resistance to overcome. 

5. The levers in the human b~dy are the bone~,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. 

7. The resistance is the center of gravity of the body part plus 

any added weight. 

C • TYPFS OF LEVERS 

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

sistance and the force. 

R A F 

2. Second Class - the resistance is located between the axis and 

the point of application of force. 
F 

A R 

3. 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 

/ 



D. FACTORS 
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1. The effectiveness of a lever depends upon the location on the 

lever of the axis, the point at which the force is ~pplied, and 

the point at which the resistance is applied0 

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. 

4. Shorten the resistance arm to increase the range of'movemento 

5o · First class lever favors balance. 

6. Second class lever favor force . 

7. Third class levers favor speed and range of mov·ement . 

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 long 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 . 

lOo When h9avy work is demanded the human body must use some type 

of machine in order to gain a force advantageo 

11. Sports instruments lengthen the levers of the body. Through 

their use the limitations of human force are compensated for by 

the greatly increased speed of the object imparting the force 
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(because of the increased length or ·the lever). 

*12. Leverage in the human body almost never involves a single body 

part (a simple lever). Movement results from a system of levers 

working together. 

13e Even when movement of a simple lever does take place, many other 

parts of the body must be inunobilized. 

*l4a When force is produced by the human system of levers is dependent· 

up~>n speed at the extremity (throwing), the levers function in ae­

quence, each coming into action at the time that the one before 

has reached its waximum speed. 

15. When many levers are brought into a heavy task (pushing) they 

function simultaneously .. 
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xi II. MOMENT OF INERTIA IN ANGULAR MOTION 

A. DEFINITION 

Effectiveness of resistance to angular motion. 

B. Il1PORTANCE 

1. Related to ease and speed of rotation. 

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

C. 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. 



XIV , AIR RESISTANCE 

A. DEFINITION 
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Resistance of the air wal l to an object pressing through it,.. 

B. IMPORTANCE 

1 . I s present. in al l normal activities of the human body. 

2. I n some activities it i s so small a factor it need not be con­

sideredo In other activities it is an important factor. 

3. Is a factor in overcoming moving inertia. 

C. FACTORS 

1 . Increases as speed incr eases. 

2e Is constant except for alterations from air currentso 

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

4o The surface, size, shape,and weight of an object hel p determine 

the air flow around it. 

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 wallo 

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

wall meets increased resistance. 
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XV. SPIN 

A. DEFINITION 

Ball is turning around a vertical or horizontal axis through its 

centero 

Rotation, .top spin, back spin, or side spin. 

Bo 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 reboundo 

4. Spin can cause the path of the ball to curve laterally. 

C, FACTORS 

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

B 

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 contact. 

4. A rough ball w-1.11 acquire spin more readily than a smooth one 

(because of friction)e 

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

sides of the ball: 
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a) Pressure is built up on one side, where air resistance to fo1r­

ward motion is in opposition to that of the aid moving around 

the ball . 

b) A low pressure area resul ts on the opposite side of the ball 

where the two forces are in the same direction and the velocity 

of the moving air is increased. 

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. 

6e In a fast moving ball the spin effect occurs late in the flight. 
I 

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

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

less responsive to aid pressure. 

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

9o Spin is caused by an off center application of force. 

10. If the free motion of an object is interfered with by 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 groundo) 

11. Spin increases the difficulty of acquiring accuracy in hitting 

a desired target . 



XVI. REBOUND 

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

or will rebound. 

B. IMPORTANCE 

1. .Ability to anticipate bounce or reaction of an object. 

2o Determines where a ball will go and how it should be playedo 

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

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

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

C. FACTORS 

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

2o Rebound is modified by the firmness of the surface the object 

strikes. 

3. Round surfaces offer various faces. 

4. The angle of the rebound equals the angle at which contact is 

Illa.de unless modified by spin or lack of firmness of the ·striking 

object ·and 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 ~d it should not 11give11 when 

contacting the object. · 



I. GRAVITY 
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. 1. Which of the following is not true concerning the pull of gravity(on 

earth)? · 

a. I t is always present. 

b. Affects all objects. 

c. Is horizontal. 

2. One of the following is not true concerning the pull of gravity. 

a. The weight and size of an object has no effect upon the rate of fall. 

b. Gravity may be overcome. 

c. Gravity may be matched . 

3. Which of the following is true concerning the pull of gravity upon the 

human body? 

a. A heavy body experiences l ess gravity pull. 

b. A well · aligned body experiences l ess gravity pull. 

c. It makes no difference how the body is aligned, the gravity 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 certain movements. 

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

c. The center of gravity is at the point of intersection of weight lines 
of the body planes. 

d. The center of gravity of the body 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 tre body of the male than d. None of the above. 
the female. 

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

6. 
Ct. 

D 
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III. BtllhAJ,l CE 

l. In the standing position the body is most· easily balanced when: 

a. Feet are very close together. b. Feet are in a wide stride position. 

c. Feet are a few inches apart. 

2. The most important aspects in balance are: 

a . The size of the base . 

c. Weight of the object. 

e . Shape of the object . 

g. a and d 

b. The height of the object. 

d. Center of gravity of object. 

r. a and b 

h. band c 

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

a forward direction? 

a . Feet a few inches apart. 

c . Forward position with knees 
flexed. 

4. Which of the following objects is 

b. Wide side stride position with 
1mees flexed. 

d. Wide forward stride position. 

the most difficult to balance? 

a, V b. ~ c. 0 d. V 
5. Which of the body types is the most stable? 

a . Tall and thin. b. Short and muscular. c. Short and fat. 



r,. MOTION 

1. Newton's first law of motion concerns: 

a. Acceleration b. Counterforce. 

2. Inertia is the existing state of: 

a. Rest. b • . Motion. 
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c. Inertia. 

c. a and b. 

3. Which of the following is the best example of linear motion? 

ao Riding downhill on a sled. b. Walking in a straight line. 

c. The flight of a thrown bal l. d. Executing a golf swing. 

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

a. In an angular path. bo In a straight line. c. In a spinning fashi9n. 

5. Motion involves: 

a . Inertia. b. Rotation. c. Acceleration. d. Counterforce. 

e. All of the above. f. c and d . 

V. FRICTION 

Which of the following situations creates the greatest amount of friction? 

a. A large,heavy object being pushedc 

b. A large, light object being pulled., 

,Ca A heavy object being pulled. 

d. A large, light object being pushed. 



VI, FORCE 
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1. In the human body force is supplied primarily by the: 

a. Muscles • . b. Bones. 

2. Muscles exert force by: 

a. Stretching. 

e. a and c 

b. Pulling. 

r. b and d 

c. Nerves • . ·. 

Co Pushing. d. Shortening. 

3. Muscles work more efficiently when they begin on .a: 

a. Stretch. bo Pull. · c. Push. 

4. Force as it applies to work must take into consideration which of the 
following? 

a. Magnitude. b. Duration. c. Direction .of application. 

d. Point of application. 

5o Force is: 

e. All of these. f. Two of the above . 

a. Friction between feet and .. 'b. The process of changing position 
ground. or place. 

I 

c. Center of a body mass. d. A state of stability8 

e. Strength or power exerted r . a and e 
upon an object. 

g. band C 

vn. CENTRIFUGAL FORCE 

1. Centrifugal force is: 

a. Tangential force. b. Strength or power exerted ·upon an objec.t. 

c. Motion. d. a and b. eo aandc. 

2. Centrifugal force is increased by: 

a. Fast rotary action. b. Fast linear action. 

Co Motion in a straight line. d. Motion in an angular direction. 

3. Accuracy involving.the use of centrifugal force includes primarily: 

a . Speed. b. Force. c
0 

Timing of circular motion .. 

d. Timing of release. 



~II. PARALLELOGRAM OF FORCE 
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l. A diagonal app~ication o.f force results in which of the following forces? 

a. Upward. 

e. a and b. 

b. Forward. 

' 

c. Friction. d. All of these. 

2, Muscle · pull (force produced by mus?les) differs from a:ny other pulling force 
due to: 

a. Ability to stabilize the complete pulling force. 

c. Intensity of force available for desired task. 

force on the lever. e, Changing angle of pull. 

b, Rotation of levers. 

d, Great angle of 

3. Linear motion takes place most efficiently when an object is thrown, if: 

a, Force is applied at an angle. b, Force is applied through the object's 

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

IX. Mm1ENTUM 

l. Which of the following best describe momentum: 

a, Strength or power exerted upon an obj~ct. bo Constant force. 

c, The process of moving or changing position. d. The product of an ob­

jects weight times its speed of movement. e, The speed an object is movi.ig, 

2, Which of the following statements is true? 

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

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

c. · Mo1nentum may be transferred from one object to .. another· but .may no~,. be 
transferred from one pa.rt to another part of that same object. . 

d. 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. b, A decrease in resistive force. 

c, The increase in duration of the application of force. 
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X. ABSORBING FORCE 

1. Which of the following factors is (are) of major importa:ice when absorbing 
force? 

a. Speed object is traveling. . b. Time necessary to stop object. 

c. Distance necessary to stop object·. d. Weight of object. 

e. All of these . r. band c. 

XIo AXES OF ROTATION 

lo The human body is constructed in such a Wal;/ that one of the following types 
of axes is most economical . and effective. 

a. Transverse. bo Longitudinal. c. Lengthwise • d . Vertical. 

2. An axis can be around the: 

a. Line of gravity of a segment . bo ' Line of gravity of the total body. 

Co Center of gravity of an obJect. d. All of these. eo a and c. 
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XII. LEITERS 

1, Force is the mid-point in which of the following types of levers? 

a. First class. b. Second class c. Third class. 

2. Levers of the human body are almost ~iltirely of the: 

ae First class. b. Second class. Co Third class. 

3. -Which of the following types of levers favors speed and range of movement? . 

a. Third class. b. First class. c. Second class. 

4. Which of the following t.ypes of levers favors balance? 

a. Second class. b. Third class. Co First class, 

5, An example of a third class lever in the body is: 

ao Foot raised to a position with weight on ball of foot. 

b. Forearm, extended by triceps. c. Forearm, flexed by the biceps, 

do Flexion and extension of the foot, with no weight on ita -

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

~o Second-class. b. Third-class. c" First-class 

d. More than one type. 



XIII. MOMENT OF INERTIA IN ANGULAR MOTION 

l o A large ball compared to a sw.all ball will: 

a . Take more power to move it 

c. Have less momentum. 

b. Take less power to move it. 

2o A long l ever as compared to a short lever will have: 

ae Less force . b~ Less speed. c~ Greater speed. 

XIV , AIR RESISTANCE 
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1. ~lhich of the following factors influence the effect of air resistance on 
an object. 

a . Shape . bo Size . Co Weight do Momentum. e. A:11 of these 

f • a, b, and Co 

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

a . Small compact object moving fast4 bo Large, light object moving fast. 

c6 Large, light object, moving slowly. 
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XV. SPIN 

1, Which of t_he following types of spin will affect . the speed of a rolling 
ball? 

a. Right. be Back. c. Left. 

24 A ball spinning to the left: 

a. Is turning about a horizontal axis. bo Has a greater pressure on 

i ts l eft side . c. Has a greater pressure on its right side. 

XVI • REBOUND 

l. 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 
o~ject? 

a . Spin on striking object. h. Momentum of striking object, 

c. Elasticity of striking object. d . 11 Given of object struck. 

2o The force of the rebound of a solid ball from a solid, stationary object 
depends upon: 

a. The speed of the ball. b0 The inertia of the stationary objecto 

c, Weight of stationary object. d. Weight of the striking object. 

e. All of these. f. C and d, 

3. Which of the following has the least effect on a roll ing ball rebounding 
from a station~ry object? 

a. Momentum. 

e. Inertia. 

b. Counterforce. c . Spin. d . Gravity. 
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The sources of reference used in the development of the following 

material are : 

Marion R. Breer, Efficiency of Human Movement.: 2d ed., Philadelphiai; 
w. B, Saunders Co., 1966. 

M. Gladys Scott9 An~ysis of Human Motion. 2d ed. New York: Appl eton­
Century Crafts, 1963 . 

MOTOR PATTERNS 

I. STANDING 

A. Standing is not static, it is a process of balanc~g on. a stationary 

base. There is a constant sway of the body i!1 the positions we z:efer 

to as static . Attempts to eliminate this sway ... result in discomfort 

and often a feeling of faintnesso This sway is important in the re­

turn of venous blood to the heart. 

B. The correct standing position requi~es the balancing of body segrr.ents 

above each other which minimizes : 

1. Friction and uneven pressure in weight bearing joints • . 

2. Strain on muscles and ligament~. 

c. Acute stress can resul t from chronic (or repeated) smali 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 

aligrur.ent in the weight -bearing jointo 

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

169 
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4\ Stability is maintained with a minimum of strain. 

E. Balance ·must be maintained in both the anteroposterior (forward­

backward) plane and the lateral (sideward) planes,. 

F. Balanced standing pos.ture: 

l. The feet -

a) A few inches apart. 

b) Toes pointed straight ahead. 

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

2 • The lmees -

a) Should not be hyperextended. 

b) Most efficient and the safest position is wit~the 

lmees slightly bent ("easy" position). 

3. 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 t~tal bod~ alignment:. 

4.. Shoulder girdle -

a) Should be balanced above the hips. 

b. Shoulders should be level. 

c. Shoulders should be pointing direc_tly sideward. 

5. Head -

a) Should be carried in a level position. 

b) Top of head should be up. 
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Go Balanced posture contributes to: 

1. Increased endurance (delays fatigue). 

2~ The ability to move quickly. 

3e The decreased incidence of strai.n or injury to muscles, 

joints, l igaments , and/or tendons. 

4. A better appearance in all clothes . 



II. · BALANCING WEIGHT ON ONE FOOT -
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A. Balancing the body weight on. one foot occu,rs in every walking step 

but it is for such a brief period it causes. 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 performance of various sport skills (Id.eking, sliding, 

and throwing) o 

B'. The problem is that the same body weight must be centered over ai 

smaller base. 

C~ When standing upright the anteroposterior balance is the same as 

when on both feet. 

Do But, the lateral balance becomes a problem. 

Eo Raising the arms and shifting the trunk are common adjustments. 

F. When these adjustments do not maintain balance the supporting foot 

begins to invert or evert, depending upon the weight shift .. 

G. If this does not maintain balance, then movement of the supporting 

foot acts as a counteraction. 

H~ If the body weight shifts co~pletely outside the base of support, 

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

I. If this fails, the other foot must be placed on the ground in 

order to form a larger base. 

J. If the trunk and arms are extended forward one leg must be extended 

backward, if balance is to be maintained •. 
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III, · WALKING -

Ao · The general body position in walking is the same as it is in stand­

ing~a well aligned position. 

B. Walking is.a process of disturbing the balance of the body. A process 

in which the center of gravity is continually shifting. 

C. In order to walk, inertia must be overcome by: 

1. Force of the pushing foot. 

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

D. The lateral distance between the feet becomes importanto Why? 

E. The arm swing should be in opposition to the s~ring of the legs in 

order to: 

1 •. Reduce .trunk rotation. 

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

F. There is a short period of double support in every step when walk-

ing forward. 

Go When the foot strikes the ground after the swinging phase of the wa11c., 

there is a backward counterpressure of the ground against the foot 

which checks the forward momentum of the bodyj 

H. 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)o This incline should be from 

the ankles if the center of gravity is to be shifted. 

I. The speed of the walk is determined by: 

1. The ·magnitude of the pushing force, which in tUFn, depends upon: 
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a) -Force exerted by the foot. 

b) Resistance of the ground. 

2. The direction of the application of force. 

Jo Frictior. is necessary if the counterforce is· to be ~ransferred to the 

body. 

1. 1he more vertical the force appl ication the more effective the 

friction. · 

2 o· The less friction the l ess the power~ 

3. Shortening the steps keeps the center of gravity vertical ly 

above the base. This increases or decreases frict,ion? 
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IV. HOLDING AND CARRYING 

A. When an object is held it becomes part of the total body weight and 

the center of gravity of the body shifts in the direction of the 

added weight. 

B. If balance is to be maintained the new center of gravity must be 

shifted back over the supporting base. 

c. The nearer the weight is held to the body's center of gravity the 

smaller the rotary force exerted upon the body. 

D. Weights which are held above or below the center of gravity of the 

body mus.t be compensated for by excessive leaning. This leaning 

usually involves strain upon the lower spine and the lower back 

muscl es . 

Eo A weight held only on one side of the body requires support by the 

trunk muscles of the opposite side as well as from the arm and 

shoulder muscles on the car:rfing sideo 

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

(Concerns levers). 



V • UNDERHAND THROWING PATTERN 
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A. The faster the hand is moving when the ball is released the faster 

it will ·move. 

B. Increasing the backswin~ in preparation for the throw increases the 

duration of the application of force. 

' C. The more body parts that contribute to a par.ticular -movement the 
I 

greater the speed (and force) of the movement. 

D. The shifting of the body weight forward (from the ankles, why?) with 

the throw forces more body parts into action. 

- E. Bending the knee · of the forward leg decl!eases resistance to fol?Ward 

momentum. This bending of the knee also flattens the arc of the throwo 

F. When rolling a ball, in order to place the ball on the ·ground, it is 

necessarry to lower the body so that the principles of the pa:rellelo­

gram of force may be applied most efficiently. 

G. 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. 

H. Throwing while movi.T\g requires a great deal of balance. According to 

what you have· already learned should the steps be big or lit~le? 

I. The moment of release should be at the moment of maximum momentum if 

the object is to receive naxinrum speed. 

J. The follow through (continuing of the arc which is formed .by the pendu­

lum arm swing) allows for the maximum momentum to be transferred to the 

ba.llo 

K .. When rolling a ball the vertical plane should not be involved, however, 

friction does become an important factor(after the release)~ 
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Lo 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 knowl edge of these principles to this particular 

situation? 

Mo The flatter the arc in which the hand is moving the greater the 

potential for accuracy. 

N. The distance a thro~m object will travel depends upon: 

l o The force imparted to the object at rel ease . 

2 . The angle at which the object is released. 

3~ The counter action of outside force . 

o. 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? 

Pc, Analysis-of tho under.hand throw: 

1. The object must be pushed away from the body as an initial pre­

paration for the throw. 

~~ The object is now in a position in which gravity can aid in the 

dropping and backward movement~ 

3. As the object reaches the height of the backSt..tlng gravity again 

assists in the swing- through (forward swing) , since the arm swing 

is in a vertical planeo 

4. When the object is released it has gained forward momentum through 

the assistance of the pull of g~avity. 

Q, ·This pattern of throwing is not the most effective one when ma.:;{imum 

power or distance is required. 
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Ro The underhand throw is the most ·effectiv~ pattern when control and 

accuracy are required. 

So As force is increased maintaining balance become·s more of a problemo 

To The greater the distance the ball must travel before reaching the 

target the more important are control and accuracy at release. 

This increased distance the ball must travel allows more time 

for other forces to act upon it before it reaches the targeto 

What are the main forces that would act upon a rolling ball 

in this situation? 



vr. STRIKING 
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A. In executing striking ski.11s farce must be produced and then applied 

to tho object to. be struck (either directly or indirectly) in a man­

ner that will achieve th~ desired resultso 

B. What is Newton I s Third Law of Motion? How would it apply to the 

pattern of striking? 

C.., The surf ace applying the striking motion must be firm. if maximum 

force is to be transferred to the object struck. 

Do Discounting other forces which may act upon an object, the speed of 

an object being struck depends upon: 

1. Resistance 

2 o Weight; and 

3. Speed 

of both the object being struck and the object doing the striking.,. 

Eo The methods 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 packswing. 

2. Involve as many body parts in the movement as possible. (How 

would this be accomplished?) 

3o Coordination of all body movements. 

4. Projection of the object at the moment of maximum momentumo 

5o Prevent any resistive force. (How is this accomplished?) 

F • Factors which influence the amount of force which is applicable to 

striking : 

l.. Firmness of the surface of the striking implemento 



180 . 

Dorothy M. Coleman 

2. Weight of the striking instrument . 

3. Length of th~ strild.ng implement. (Why would this increase 

force?) 

4o Firmness of the surface of the object struck. 

5. Applying the ·striking force through the center of gravity of 

.. the object being struck. (How would this increase force?) 

.. .. Go · When a moving object strikes a firm, stationary object the primary 

· force to be oonsidered (or contended with) is .that of the striking 

·objecl-o .. (Why?) 

· Ho .... The- angle o:f rebound depends primarily upon the angl e at which the 

strild.ng illlplement contacts the ~·tationary object. What are some 

other factors which would influence the d..i.rection of the rebound? . ' 

I • .. The facto;s which influence .the distance a rebounding ebject wi.11. ' 

·travel are the same as those which determine the distance a thrown 

object will travel: 

. . lo Momentum of the striking object. 

2o Angle of impact . 

3. Counter force . 



TEACHING UNIT -- MOV~J-1EHT PRINCIPLES 

I . GRA VTTY --

Derrionstrate 

A. Drop a light ball and a heav-J ball, . 

B. Discuss the difference in the speed of fall of the two objects . 

C. Explain and remind students of the pull of gravity on all body segments, 

briefly. This w4terial will be covered later in greater detail. 

C. Ask for questions from the group. 

II. CENTER OF GRAVIT:{ 

@cplain and demonstrate the center of gravity of: 

A. A Sy':'Ulletrical object . 

B. An irregular object. 

C. The human body: 

1. Nale 

2 . Female · 

3. Unusual body positions (c~nter of gravity outside the body) : 

a) .Kicking. 

b) Long throw. 

III . BALA:,tC~ --

A. The larger the base the more stable ·the object. 
Experimentation: 
I. Standing on ona foot . 

2 • Standing on two feet, with the feet as far apart as possible. 

3. Feet a few inches apartCnor1;al standing position) . 
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B. 

c. 

Base enlarged in the direction of the opposing force . 
Experimentation: 
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1 . Pushing against the body, different positions and different directions . 

2 . Explain about not restricting movement of joints, allowing for some 

11give11 · at joints . 

a) Ways of allowing for some give . 

Center of gravity abo;;e the supporting base . 
Experimentation: 
1 . Assume .normal standing position, lean forward from the ankles, 

moving the line of ~ravity toward t he 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'l 

b) Would you agree that there is a 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 . 

c) Discuss the adjustments that must be made in order to maintain 

balance . 

D. The lower the center of gravity, the more stable the object_. 

Demonstrate and Exolain:· 

1 . A tennis racquet (standing on end) and a te~nis racquet (standing on 

its side). 

2 . Pole and a standard. 

E. Balance in the human body is a process in which the muscl es are attempt­

ing to control the center of gravity in relation to the supporting base . 

With each movement, body adjustment5 ·are necessary if balance is to·be 

maintained. 



Experimentation: 

1. Walking 

2. Running 

J . Throwing 

IV. HOTTON 

A. Newton's Laws of Motion : 

1. Law of ·rnertia -

4. Carry, ~1C\ 

.5. Holding an object at arms length. 

6. Weight up on the balls of the feet . 

Resistance to motion or change of motion . 

Demonstrate : 

a) 

b) 

c) 

A ball - still. 

(1) Heavy 

(2) Light 

A ball - rolling . 

(1) 

(2) 

Heavy 

Light 

A ball placed on a slanting board. 

(1) Heavy 

(2) Light 

2 . Law of Acceleration 

183 

Acceleration is directly proportional to the force producing it; 

acceleration is also proportional to the mass of the body being moved; 

acceleration is in the same direction as the force producing it. 

Demonstrate: 

a) Rolling ball. 

(1) Fa.st and slow . 

(2) . A light and a heavy ball. 



3. Law of Counterforce 

Every force which meets resistance has an equal and opposite counter­

force. 

Demonstrate: 

a) Bounce a ball. 

b) A rolling ball striking an object. 

(1) Still object, 
(2) Moving object. 

B. Types of Motion -

l . 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: Sliding a disc across the floor. 

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. 

Der.ionstrate: 

a) Walking. 

b) Rolling a ball in a straight line . Is this linear -or rotary 

motion? 

. C. Application of force through an object's· center of gravity - which 

results in the object moving in a straight line (linear ::i;e.th) , 

Demonstrate: 

D. Application of force a.way from the center of gravity - producing an 

ansular path of the moving object. 

Demonstrate: 



E. Make a point of e}..-plaining the use of the tenns : 

1 . Linear 4. Angular 

2 . Translatory 5. Rotary 

. 3 . Rotatory 

F. Question -

1. What are the facto.rs which modify motion? 

a) Friction 

b) Air resistance 

V, FRICTION --

A. Question -

What is friction? 

d) Water resistance 

e) Gravfty 

Resistance between two surfaces where one is sliding or rolling 

on the other . 

B. Sliding an object : 

Demonstrate: 

1. Heavy object . 

2 . Light object . 

C. Pushing an object: 

Demonstrate: 

1. A big heavy object . 

2 . A big light object . 

D. E}..-:pcrimentation: 

1 . Have students push an object in stocking feet and with tennis shoes on. 

2. Discuss the differences and why. 

3, Angle of applicati on of force. 

a) From above (increasing friction) . 
b) .Pushin& an object with attention given to: 
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(1) Friction between object and the floor •. 

(2) Friction necess~ry between the feet and the floor. 

c) Pulling an object (decreases friction) . 

E. Ask for questions from the group. 

VI . FORGE --

A. Force in the· human body is supplied by the muscles,wb.ich are brought into 

action by the nerves . 

Muscles contract to exert force, therefore, they shorten in .order to 

exert a pulling force . 

B. The amount of force necessary for a given task determines the niimber of 

r.mscle fibers within a muscle and the number of muscles which will be 

called upon for action . Much of this is deterrruned by certain processes 

within the nervous system. But, conscious thought can certainly add to 

efficiency and decrease strain. 

Exa;,1ple: 

Picking up an object that is heavier than you thought it was going 

to be . 

C. To supply w.aximum force all body parts that can contribute to the move­

ment must be used to their maximum, however, maximum force is seldom 

requirec of the human body. 

Quite obviously,strong muscles can exert more force than weak ones . 

It is import.ant to know which are the strongest muscles of the body 

and how to use them in order to avoid strain and undue fatigue. 

In which part or parts of yolll' body do you have the most strength? 

~eriMentation: (using the underhand throw to roll a ball) 

l. Feet together and no backswing (natural position of feet). 
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2 . Feet toget her (natural position) and a big backswing. 

What happened? (more force but o~f balance). 

J. Feet together, big backswing, and tak~ one step as the ball is swung 

through (explai? about R or L foot, whether R or L handed) . 

4. Feet in a forward stride position, big backswing, and take one step 

as the ball is swung through. 

5. Was there any difference in the two thr ows? What was i t ? 

6 . Start with feet together, big backswing as several steps a.re added. 

7 . Set the number of steps(4), big backswing, and roll the bal l as 

hard as possibleo 

What adjust~~nts did you make in order to get added strength? 

8. Repeat , paying particular attention to the position of the body 

after the ball has l eft the hand. 

9. 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) . 

10. Repeat , allowing a slide or a few steps after the release . Why? 

D. Force is not effective or efficient when moving an object unless there is 

a firm base (fr iction between feet and ground) . 

E. The point at which force is applied will determine the path of movement-. 

Reme-:iiber, we discussed this earlier . 

Demonstrate : 

1. Application of force through the center of gr avity of the object -

moving a piano - in a straight line. 

2. Application of for ce to the side of the center of gravity of the 

object - ~oving a piano - in a circle. 

3. Bring out the point that if linear motion is desired, then it takes 



more effort, if force is applied at any point other than that 

which is in line with the center of gravity of the object . 
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4. And. the reverse i s true also, if rotary action is desired, it is 

much more difficult to obtain this when force is applied through 

the center of gravity of the object. 

F , Preparation for the application of force . 11Set" position. You would not 

run up to a heavy object to be moved with any real thought of moving it. 

VE . CEif .B IFUGAL FORCE 

Demonstrate 

A. Withe. string and e. weight tied on the end of it-- releasing the string 

at severa l different points along (or on) the arc . 

B, Dis cuss what happens to the object when it is released at a different 

point upon the arc . 

C. Who.tis the most important consideration when accuracy in hitting a 

target is important? (timing or moment of release) 

VIII. PARALLELOGRAM OF FORCE - -

A. Pulling an object with a rope: 

Demonstrate : 

l. The two forces which result are? (Up e.nd forward) 

2 . The heavier the object being pulled the more desirable the upward 
' 

force . Why? ( overcome friction) . 

3. How important is friction in pulling an objec~? 

a) Between object and floor. 

b) Between feet and floor. 

c) Advantage when rollers are used on heavy objects . 

B. Pushing an object : 

Demonstrate: 

1. The object is low (force downwa:r:.d and forward) 



2. The object is high (force is prirrarily forward) . 

What would be the determining factor as to wether the force is 

forward or not? 

J . Again, discuss the importance of friction. (a,b, and c) 
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C. In the human body, the angle between the rauscle'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 control over this , other than using the 

parts of the body best suited for the job . . 

D. Nuscle pull within the body is not constant as it is 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 i mpossible to completely stabalize the,r est 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 . 

E. When the angle of pull is less than 900 only part of the force 

available is applicable to the desired task or movement . 

F. A great deal of available force is used in an effort to stabalize the 

bone in the joint, thus preventing injury. 

G. Within the human body - a 90° angle of pull rarely occurs -- there.fore­

wi thin the hu.rnan body maximum force ~ not be applied to a specific 

movement, part of the force must be used for other purposes , which in 

turn makes the desired movement possible (at all), in the human body. 

Ask for questions fron the group concerning C,D, E,F, and G. 
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H. 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, also refer them to the 

diagram on page 11 of the principles. Use the bicepts f],.exing the fore-

arm. 

I. Force should be applied in line with the center of gravity of the body 

to be moved, if linear motion is desired. 

Demonstrate, ~ly: (this has been done before but not in relation 

to pushing or pulling) 

1. 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. 

IX. MO~:E:f.lTU;1 --

A. You already lmow 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 para.llel bars with the brake on, 

not enough force to over come inertia. 

2. Picking up a moderately heavy object, using back and leg ~uscles, 

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 arid consequently consequently a greater amount of force is 

necessary to move the object . 

B. Reme~ber, the anount of force produced depends upon the magnitude of the 

propelling force and it~ duration. In this case what is the propelling 
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force'? Wha.t is the resistive force? The duration of force? 

C. 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. 

Experimentation: 

1. Have the students roll a ligqt ball and a heavy ball using toe 

the sa1'1e 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 balls'l 

b) Which one moved the fastest? 

c) Why? 

D. In order to increase the momentum of the lighter ball what must we do? 

vlhat adjustments must be made in order that the body may impart more 

force? 

Experim3n~ation: (using the light ball) 

1 . Allow several preparatory steps with a full arm, pen4ulurn swing. 

2. Question theTn about the results: 

a) Difference in body movement? 

b) .Difference in momentum of the pall? 

E. Discuss the idea that morr.entuM. of one object may be transmitted to 

another object or that mo~entum of one part of an object r.iay be trans~ 

f erred tq another part of that object (.since the ball has now become a 

part of the body). 

Experi.;ientation: 

1. Roll bot:1 the light and the he·avy ball using several preparatory 

steps and -a full backs..,ing·. 
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2 . Set a number of s:teps and instruct ther:i about starting either L 

or R, so that they may maintain balance and control. 

J . Discuss the differences in impact of both these objects and what 

they did to cause it(the difference). 

4. Roll both balls as·hard as possible using total force available. 

5. Discuss the difference in impact of the light ball in relation to 

the previous throw and the difference in ~mpact of the heavy ball 

in relation to the previous throw . 

6. Guide them to the conclusion that momentu.~ of an object depends 

upon the speed at which an object is moving as well as the mass of 

the object being moved. 

7. Ask for ~uestions from the group and brine out any further in­

formation the group appears to need according to personal ob-

servations. 

X. ABSORBDTG !i'ORCE --

A. Force nust be absorbed, or spent, gradually in order to prevent injury . 

Experi mentation: 

1 . Runnine; and st,,p immediately. 

2. Catching stif.f armed. ------------\=--
Jumping and landing stiff legged.-~ ) . 

Easy! 
Gently1 

4. Underhand throwing --

a) ,Starting position, 4 steps and big backs;ling, slight incline 

of the body - bend down and slide on the 4th step - continue 

the arm in the original arc (followthrough) • 

b) Questions : 



(1) What purpo~e does the slide serve? 

(2) Why is the forward l eg bent? 

(3) Why shoul d the arc of the arrn swing be continued? 
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B. The speed at which the object i s traveling will determine the anount of 

time and the dist ance necessary to stop the object . 

C. The force at impact will depend upon the wei~ht and ~peed of the object . 

Exampl es : 

1. Bull,~t fired from a rifle. 

2 . Batted softball. 

3. Tennis ball, thrown . 

4. Which would you prefer to attempt to catch? 

D. The i mportance of balance in absorbing or spending force : 

Exoerimentation: 

1. Catching an underhand toss , by reaching way out to one side . 

2. Catching an underhand t oss , by movinc the body directly in line with 

the oncoming object . 

3. Enlarge the sup~orting base . 

In which direction should the adjustments be made? Why? 

4. When executing the underhand throw, discuss the positior1 of the 

free hand aGd arn! 

a) Should i t be doi•tn at the side of the body? 

b) Should it be up and back during the thro,r? 

c) Why? 



XI. AX~ of ROTATION. -- (fulcrum) 

Simply as a review 

A. The two types of axes are: 

1 . Transverse or crosswise 
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Who ca~ give me an·exarr.pl e 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 involvins a longitudinal axis? 

a) Rotation of the palm of the hand in toward the body (pronation) 

and rotation of the palm of the hand out away from the body 

(supination) . 

b) Pronation and supination of hip and knee . 

c) Frog kick in the elementarJ back stroke or whip kick Lri the 

breast stroke (swim.111.ing skills) . 

d) Walking with the toes turned in or out . 

B. The axis is: 

1. Arot~nd the center of gravity of an object (which we have already 

discussed) . 

2 . Around the line of gravity of a segm~nt or total body in a free 

moving object . 

~a!ilples: 

a) Line of gravit)' of a segment, of the ht1i-.ian body - elbow, 

knee, or hip . 

b) Line of gravity of the total bocy - at particular points on ~he 

vertebral column (at points where rotation is possible) - waist , 

head, ~nd the neck. 
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C. The main point t o remember i s that -- the type of axis determi nes the 

ease and r ange of rotation . 

Of the two types of axes , which do we as human beings utilize most 

f r equentl y and effectively? ( transverse or cr osswise) 

D. In the process of body movement, action r.iay occur in several of the axes 

at the same time or the action of t he a..~es may occur in sequence . 

Rarely ever, does human novement involve just one axis . Because of the 

l ack of force available in each of the segments .and of course due to 

the way t he body is constructed . 

Y.II. LE'!ER.S 

A. What are the two forces necessary to operate a lever? 

1. For ce to operate the l ever. 

2 . Force to be overcome (resistance) . 

B. What type of mo·..,ement results? 

(Rotary) 

C. Which creates a greater rotation of force? 

1 . Increased force arm? 

2 . Increasr:d r esistance arm? 

D. \·That is it th?..t determines the class of the lever? 

1. Deoends uoon which of the three points is in the mid- position. . . 

a ) Axis (fulcrum) . 

b) Point of force application. 

c) Point of resistance • 

E. In a first- class lev~r ;1hich of the three points is in the mid- position? 

(Axis) 
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Demonstrate : 

1 . Teeter board. 

2. Crowbar, 

J. Pair of scissors. 

4. In the body -

a) The forearm - extended by the triceps, 

b) The foot - no weight on .it - flexion and extension by move­

ment at the ankle . 

c) The head - pulled forward or backward deDending up::in the action 

of the anterior or posterior muscles (force) , The antagonistic 

nuscles 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) antagonistic 

muscles and weight of the trunk. 

F. Which is the tnid-point in a second-class lever? (Resis t.ance) 

Demonstrate : 

1. Wheelbarrow . 

2 . I n the body 

a) Action of the foot .. weight lifted fron it's normal position 

(heel down) to a position on the ball of the foot . A.xis (no 

longer at the ankle - this is now an adjustment in ~aintaining 

balance) is around the point of contact, the ball of the foot . 

Force - primarily from gastrecne111ius and soleus (back of the 

leg) and to sor.ie 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 j aw . 

Which is the mid- point in a third-class . lever? (Force) 

The resistance arm is always longer than the force arm. This type of 

lever favors range of motion and speed at t he expense of force. 

Demonstrate : 

1 . 

2. 

A door which is closed by a spring. 

In the body -

a) Forearm - flexed by the biceps. Axis- the elbow. Force -

the muscle pull (attached a short distance from the elbow) . 

Resistance - weight of the hand and arm, plus the weight of 

an object in the hand. 

b) Host hip and knee muscles - operate these segments as third­

class l evers . 

With few exceptions the levers of the body are of the thi rd- class . 

Because muscl es insert close to the joint and the weight (resistance) 

is concentrated farther from the joint. This r esults in a shorter force 

arm than resistance arm. Which means - the body favors - speed and 

range of movement at the expense of fo:::-ce . 

H. How ca:1 we i ncrease the force available within the body for accomplishi.n.g 

a desired task? 

1. Use of machinery. 

2 . Use of sports instrunents . 

Would a long instrument c,reate more force or less force than a 

shorter instrunent? What purpose does the sports instrument serve? 

a) More speed, thus , more force . 

b) Increases the length of the l ever (arm) . 

3. Using a system of levers . 



I . ~xnerimentation : 

l. Lifting a reasonably heavy object : 

a} Bend knees . 

b) Back straight (not bent at waist or hips) . 
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c) Lift mostly with the l egs - extending them ( or straightening 

them) . 

2 . Underhand throw . (Review) 

a) Why the step (on the opposite foot) at release? 

b) Why the preparatOFf steps? 

c) 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? 

). Pushin~ a heavy object (piano- parallel bars ): 

a) How does the timing in this pattern of movement vaF.f from that 

of the underhand throw? (All systems working at the same time) 

XIII ,l,!O~'ENT of INERTIA in ANGULA R }~OTION --

A. The mora co~pact an object around the axis the less the amount of 

inertia. The less power it takes to move it and the less momentum it 

will have , 

B. The greater distance from the axis the force is applied the greater will 

be the rotation about the axis . 

Exoerimentation : 

1. Bent arr., swine (just swinging the arm) , 

2 . Fully extended, pendulum, arm swing. 

3, Question the group about ·the differance in the , swing, power, 
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general feeling of the two arm swings . 

4. Mention, again, the use of sports ·instruments . 

XIV. AIR RESISTAi~CE 

A. You already know that air resistance increases as s peed increases. 

B. 

c. 

Do you know why? (Counterforce) 

Air resistance increases very .rapidly as speed increases . As speed 

doubles, air resistance quadruples . 

You also know that air resistance is very slight, except at very high speeds. 

Would you say that a light object will be affected more by air resistance 

than will a heavy object? (Yes) Why? (tfomentu..TJ1) 

Demonstrate: 

How the size, shape and weight of an object deterr.ti.ne 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 . Hhat was the diff ere nee in the flight of the two objects? 

a) What was it that made the bird appear to stop it's f orwarc. 

motion, then fall to the floo r? 

b) What forces were acting upon the bird and in what order? 

(air resistance, then, gravity) 

c) Why did the tennis ball co;:1e do,..m more eradually? 

d) Were t he sarr.e forces -working upon the tennis ball as upon the 

bird? 

e) Hhy did air resistance have more influence upon the badminton 

bird? 



l+ . Roll a playground -ball as far as possible. 

5, Roll a hockey ball as ·far as possible . 

6 . 1·:'hat was the d.ifferenr.e in the two flight patterns? Why? The 

difference in distance? Why? 

D. Remember, we have talked about linear and angular motion earlier? 

1. What is linear motion? 

2. m1at is angular motion? 

\rr.en discussing rotary motion in relation to a ball it is usual ly 

referred to in tenns of spin . 

, Spin builds up air pressure which in turn affects the distance 

e.nd/ or the direction the ball will travel. 

XV . SPIN - -
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Remembering, angular motion in relation to a ball is usually referred to as 

spin e.nd that spin builds up air pressure which in turn affects the distance 

and/ or dire.ction a ball ;Till 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? 

E~~perimentation: (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 its horizontal axis in such a way 

that the t0p of the ball is spinning forward, in the same direction 

that the ball is moving . 

3, Force is applied through the center of sravity--palm of the hand 

under the ball- -pulling it up quickly at the release, keeping the 

thumb up. 
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4 . 1-.'hat affect does this have on the speed. of the rolling ball? 

(Increases it) 

5. What affect does it have on the direction of the ball? (None) 

B, How do we make the ball curve to the right'! 
E::perimentation: (Underhand- rolling) 

1. Will it be around a vertical or horizontal a.xis? (Vertical) 

2 . · Force is applied off center ( not in line with the center of gravity), 

but on which side? 

3. Application of force takes 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 clockwise position. 

a) The star ting ha..11.d 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 su:pinated (or 

rotated to the right) en.using the fingers to apply force on 

the left side of the ball. The thur,ib moves fron a 12 o'clock 

position to a 3 o'clock posi tion. 

c) The faster the ball is traveling the later the curve effect 

will occur. 

C. How do we make the ball curve to the left? 

Experimentation: (underhand, roll) 

1. It must be a.round a vertical axis . 

2 . Force is applied off center, again. This time it is applied on the 

forward, right side of the ball and moves to the left during the 

application (counter clockwise direction). 

a) The starting hand position is with the palm of the hand under 

the ball and the thumb on .top of the ball, again,in a 12 o ' 

clock position. 
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b) Just before the ball is released the wrist is rotated to the 

left which causes the fingers to a pply force on the right 

forward side of the ball. The thumb moves from a 12 o~clock 

position to a 9 o ' clock position . 

c) Again , the faster the ball is traveling the later the curve 

effect will occur . 

J . Does this affect the speed of . the ball? (No) 

Roll two different. weights of balls. 
Experimentation: (underhand, roll) 
l. Light. 

2 . Heavy. 

J . Conpare difference in curve affect . 

Which of the two curves sooner? Why? 

E. Spin does increase the difficulty of accuracy in hitting a desired target. 

This can be controlled by knowing how much spin to impart and learnine to 

apply the saMe amount of spin each t i me the ball is hit or . released. This 

is the reason for startin~ the underhand toss with the hand (in relation 

to the ball) in a. specific position . 

XVI. RSi301JtfD --

A. Unless there is spin on the ba-11 and there is a lack of firmness of the 

ball or the object being hit, the angle of rebound will be the same as the 

ancle at which contact is made . 

B. If there is spin on the ball the principles concerning spin wonld a:)ply · 

in this situation . 

C • The clirection of the rebound will be changed if the stri king surface of 
. . 

the ball"gives" at impact. The direction of the rebound will also !:le 

chan~ed if the object being struck 11 gives11 at impacto 
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D. 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. 

E. We are pulling from information we have already had in studying -

momentum and absorbing force, in which force at i mpact and transmitting 

mor.ientum from one object to another wen~ discussed . 

F. Will the st::itionary object offer any resistance? Will the ball rebound 

at all? If so how do we know in which direction it will rebound? 

Exoerimentation: 

1. A light ball is rolled in such a r.i.anner that it contacts a stationary 

object (hit the object II head on") . 

26 A heavier ball is rolled at the same stationary object (hitting the 

object in the center) . 

3. Discuss the difference in rebound for both the ball and the object, 

in each situation . 

4. What would be the af feet if the o,;ject strud~ was huge and very 

heavy? (The object would not rebound but the ball would) Hould 

• -1- f I • t the rebound be faster than lvS approacning momen um . 

5. Roll the ball so that it strikes the object on it's left sideo 

6. Roll the baJ.l so that it strikes the object on it ' s right side . 

7 . Discuss the difference (direction) of rebound for the ball and the 

object. 
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MOTOil PATi'iZRNS TlACHING UNIT 

STANDHlG 

A. 

B . 

St anding is not static , it is balancin g on a station­

ar~ base . Thus the ma i n concern in standing is stability. 

There is a constant sway of the body in the oosi tions 

we usually r efer to as static . In standing this is due 

t o the alternate dominance of anterior and posterior 

muscles . 

The extensors tend to dr~.w the body weight backward ; 

t he awareness of this backward movement automatically 

causes contraction of the anta~onists , and the body t hen 

sways forward . This forward sway is a stimulus to the 

extensors, and in this oanner the process continues. 
I 

Attempts to eliminate this sway result in discomfort 

and often in feeling of f aint ness . This swaying ~otion 

is i ~portant in the pr ocess of r eturnins venous blood to 

t he heart . 

Most people do not stand in a balanced or well 

aligned 9osition . The correct s tanding position is one 

in which the various body se?.:-1.ents are balanced above 

eac t other so t hat t~ere is a mi ni~um of: 

1. Frictio~ and uneven pressure i n weight -bearing j oint s . 

2. ~train on ~uscles and liga~ents . 

There should be a margin of safety in every joint 

so t hat an unexoected force wil l not push the joint 

beyond its !1orrr-al li~its whi~h wo.uld result i n i n.jury . 

T~e M8tabolic cost of standing is slight but the 

affe ct of various 9o siticns upon erficiency of ~ove~ent 

204 



c. 

D. 

20 5 

are not sli;ht . Faulty mechanics can cause a variety of 

painful conditions : 

1 . Pressure by bone, cartilage , or taut ~uscles on any 

-oart of a nerve . 

2 . - Stretch or strain of a muscle , tendon or ligaT-ent 

which contains nerve endings . 

Sudden severe stress can result· from the 

accumulative efforts of constant or repeated s~all stresses 

over a lon5 pe r iod of t i me . 

~ffective , effic ient , posture is that position in which 

the center of gravity of each body segment is centered over 

the segment i ~"Jediately below , so tha t the ·r:!uscular effort on 

one side of the body equals that on the ot her side . In thi s 

balanced position the fo r ce of gravity is used; as uch as 

possible , to ~a i ntain the alighment in the wei ght bearing joints . 

_The mo r e nearly t he center of gravi t y of the body is cente r­

ed over its base the rnore stabl~ the object and t~is stability· 

is ~aint ained with a minimum of strain , on the body . 

necause the human body is made U; of various se 5ments 

whi c h are held to ~ether by ~uscles and ligaments it does not 

fall aoart when one seg~ent is cut of l i ne with the p~rt 

below . Be cause sravi ty tends to pull this se· ~~:1e .1 t downward , 

the center of grav i ty of the total body s hifts in t~e direction 

of the out of li~e seg~ent and anot~er se~ment ~ust be dis ­

placed in the ODnosite direction to bring the center of ~ravity 

bnc k over the su pJortin~ base . 

~x~l ain &nd de~onstrate this to the group ! 

Balance r1'.lst be ·,!.1a intained in both t;ie antero poster ior 
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(forwa r d- backward) plane and the lateral (sideward) plnne . 

1. Feet 

a) Feet should be a few inche s apart, giving as 

l arge a base as aossible without oroducino a • . 0 

diagonal force agai nst t he ground . 

b) Toes should be poi nted strai ght ahead , a llowing 

the weight to fall on t he heels and the outer 

bortlers of t he . f ee t. The outer portion of the 

foot supports bbdy wei ght and t he i nner border 

abso r bs force wriich reduces the jar to t he body 

with each walking ste9 . 

2 . Knees - -

a) Knees should not be hyoerextended because the 

bones of t he knee are forced togethe r. If any 

backwa rd force should be applied n~ainst them 

t here would be no ~ar~in of safety . 

b) 

Hyperextention of the knees causes a 

forwa rd tilt of the pelvis, which re:::.uires a 

gr eater muscular force for ~aintinance . 

The most efficient and the safest 

positioP- of t~e kneG S is 11 easy11 leaving so'ie 

r,argin for ba~.kward movement . 

3. Pelvis --

a ) The pelvis is t he !!la j 6r conn.ection between the 

b) 

u9rier and lowe r seg""lents of the body . -~ny 

s~ifting of its positio~ requires considerable 

r~aadjust,ent of all t~e body se ~~ents . 

~he Delvic t irdle should 0e ~eld in a 
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balanced position , centered directly above the 

legs . 

The control o: this seG~ent of the body 

is extremely i~portant in the ability to assume 

and ~aintain a well aligned ppsition. 

4. Shoulder Girdle --

a) Shoulders should be balanced above t he hips . 

b) The shoulders s hould bi level~ · 

c) The shoulders should ooint directly out to the 

sides . 

If one shoulder is carried higher t hari the other , 

the u~per spine is curved. to that direction· and this 

causes the vertebrae to be tilted, the result being 

uneven pressures in the joints . 

If t he tips of the shoulders are carried forward 

t he r ib cage is de pressed . 

Throwing the s houlders back causes flattening 

of the uo~er back and it also increases the lower 

back curve. 

As well as causing tenseness throu~hout the 

body , it results in wasted ener~y, fa tigue and strain . 

d) The shoulders should be relaxed . 

5, Head 

a) Because the head is heavy and is attac~ed to 

the rest of t~c body .by a relat ively s~all 

fl9xible segnent (t~e neck) it is i ~portant 

t hat it be well balanced above t ~e shoulders . 

b) The hGad s~ouict 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 . 

c) The top of the head should be up . 

Balanced posture contributes to : 

Increased endurance(delays fatigue) . 

The ability to move quickly : 

The decreased incidence of strain or inju r y to 

muscles , joints, ligaments and/or tendons . 

4. A better ap)earance in all clothes . 

:Sxoeril':entation by Students -- with Various 3tanding Positions 

A. Toes out, toes in . 

B. Fee t too far apart, feet too close together . 

C. Knees hyperextended , bent too ~uch. 
I 

D. Pelvic tilt too far forward, too far back -

Make a point of t he involve~ent of knee s and t~e rest 

of t he body . 

i1: . One shoulder high , !::> ~·ulde rs too far back , shoulders 

forward . 

Again, .rialdn.~ a point of t he invol ve:1ent of the entL:,; 

upper portion of t he body, 

F . Chin too far down, chin too far forward , head cocked to . 

one side., 

Discuss t ~e difficulty with vision i~ eac~ of 

t ~ese ~ead positions . 
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This o·ccurs in -each wal ki ng step for a brief ne riod, it 

is for such a brief period i t causes no diffi culty , except 

w~en fi r s t learning to walk . Also , we i ght is balanced on one 

f oot durin~ the perfor~ance of certain stunt s , dance r out i nes 

and during the ~e r fo r ~ance of various sport ski l ls ( kickin~ , 

sliding , and t~rowing) . 

A. The proble~ is balancing the hu~an body on one foot is 

t~at t ~e total weight must be centered over a smaller· 

base . 

rl. ~hen standing upri~ht, the anterouosterior balance i s the 

sa~e as w1.en on both feet . 

C. Howeve r, t~is oos i tion does creat~ a proble~ with latera l 

balo.nce . 

D. Commo n a cl.just·rn:a:1.ts for correcting l ateral balar1ce a:r:·e_ to 

raise the arms and s~ift t~e trunk position . 

.:.. • '.H1e:1 t:1ese adjustl'lents do not n1a intain balaDce, the 

supDortins foot begins to invert or evert depenting uJon 

t:1e \·!e°i~ht shift . 

F . If this does net ~aintain bala~ce t~an ~ove~ent of the 

supoortin3 foot se ~m s to offer· a co interaction ·a ga inst 

w1.ich t1.e wei6ht can be shifted b&c 1: into line . 

} . If the boJy weiiht s~ifts co ~pletely outside t~e base 

of s upport , U1e indi vidu&l is likely to tat:e a ~op it~ 

an e ffo rt to re - estajlis~ a base of suJ·ort . 

H. If t ~is fails, t ~s ot~sr f0ot ~ust be placed on t ~e ~rnund 

i~ orGer to for~ a l2rrer base(or co~ ~letely lose ~alance) . 



I . If the trunk and a r ms are extended forward one leg is 

extended oackward as a counter.>alancing force . 
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Exoeri~entation by dtude~ts 

~hich t~e ~eiiht is On One Foot --

with Various 3ody Positions in 

A. otanding on one ~o (· t wi t11 ar..,s at sides and body i n an 

upright positicn. 

13 . 3tandin,g on one foot with the upper body inclined forwar<l . 

Give no ot~er instructions , after t~e students ~ave had 

a ti~e to practice , discuss the adjust8ents which were 

~ade in order to ~a intain this 9osition . 

C. Assu~e a position on one foot with t~e tru~k inclined 

forward , ar~s exte~ded out to t~e sides a~d head u, . 
:.:aintain this posit ion as lon~ as .-,o s si ble·. Ji scuss t~1e 

t~s adjJst- c~ts that were ~ade . 

Jtudents will assu~e a,d -aintain t~e followinJ jody 9ositions 

for 2.s l o!1i a ·')e r iocl of ti •·1e as t~ey c c.1~ '"'1ana .1e ; 

J) . 

--, 
.w . 

\ / ·. 
__ i=-----

~ --------~-- -
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G. 

H. 

I . 

J . 

K. 

. ~ . 

. A . . 
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III . ·;;;JYL-fG --

A. TJ.ie ~eni:~ra l bor!y !-iositi::m in h'a lkini:, is the· sa~ne as it 

js in standin~ , a well aliEne~ posjtion . 

B. 

~. 

D. 

t. 

f. 

~~ lkine is a process of intentionally rlisturbin~ 

tl-i.e balance of t:1e. body , pus'1inp; Urn body fon,arrl and 

re - estahlis~in~ a new base . A r rocess in w'1ich t ha 

ecnter of ~ravity of t~e body is consta~tly c~an~ing . 

In wal~in~ inertia must be overco~e , t~is is 

accom~lished by the : 

1 . Force of the ~ushinr foot . 

2 . Do~·mwar·d null of P._Tavity as. t:-ie body is oushed 

forvni.rd . 

The stability of t~e body is directly ielat8d to 

tlie size of the base . Tl-ius the lateral cistance 

betwee~ t~e feet beco~es i ~0ort a nt . 

T~e toes shoul~ noint straivh t ahearl an~ t~c inner 

hoar~ers o': V-: 0 :eet s~oul:1 fall alon :::- eit!1cr si~;c o.: 

of t~e lei s in order to r2duce trunk rotati~n and to 

arid to tr:e r:-:o·r.2n tu ::1 of t:ie -:orce of t~e m')verr.ent . ·;he 

bendin~ of th~ arms s ~~rt cn~ t~e lev~r and mak~s nossibl~ 

f aster m~ve~ent of the ar~s. 

T~cre is a short neriod o~ double su :oort in every 

Btc :1 \/1l~n ·.-:a l kin:- f:)n,'ar':. 'l'i-, ri slo,,: er t~e 1,,:.::.lk t~,~~ •11'.)re 

'J'Jer·l:.:i..·, r, i: -~ r~ is o f 1:,: -~ s1l')'l')rtiv:3 11c!s~ oft~ £: t 1,·:) Li,~t . 
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t" 

'>inc~ ti-:~: hody_ c1s a "i.wle moves fon,r;.:t rd , v:alkinz 

can be ~escrj ed as linear motion . It is imnortant to 

under sta nd , ho~ever , that this l inear notion of the body 

is brou~ht about by t1 o rotary motion s of the leP:s . 

Jn t~e act of walkinv eac~ leg ex~rts force to 

nronel th~ bocJ for ~rd , ~oes throu~h a s~infin~ .~ase, 

anrl t rien exerts force to r~sist t he fnn~·a rd move.rnent 

of thA ho~, . ~~en the foot stri~es t e ~round afte r t~e 

s1.dn~i?1 1.,. '1i.ia"'e, t'1ere is a bBcb:arn counterores sure :Jf 

t~e rrr::>un!' arr.a.:.nst t'ie foot, ··'"'ic1 cl:-cl<:s t '1° forward 

!11:-)"'"lent.um of the body , T,j s ifi \··!lat makes j t -aossihle to 

stop t e forwar~ mo. entu. oft e bo~y at any coint in 

Vie 1·:al kin ~ :'lequenc . . 

f:c':l'Jnstrat:} t11.:.s •,;it 1 c. very fac-,t \•alk a!1rl a run . 

~ore force can be a~plie1 in thA direction of the 

move,. . ti t1e center of ~ravity of t11e bofy is incljned 

forward . This jncline shoul ~ be from t~e an~lcs , t~us 

fler:"!'.)!1Strete t':1:! :, by \•a lkini:, 11,rit1 the ':•ei.[:,ht 'l 1ell hack 

and t,...•en sdtci1in:i- th.e •.-•ei~ '1t for\'-' 3. rd(bent .::.t t~'e .ips) . 

The s 9eeci of t~c walk is deter~inerl hy : 

1 . T'1 e ~!"njt ~l e ·0 t'-1e rns1jng force, w'1i c:i cie".)e!1CS 

uoon : 

a) !:'orce exertecl y t1c f-:,ot , {ice) 

b) f":.~3ist ,:1.nct of t l-ic c:;rouncl . ( lo:=; e sanr) 

2 . T~e rir~cti3 1 oft~~ al~lication oft .e ~orce . 
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Friction is necessary if the counterforce of the 

surface is to be transferred to the body . If t here were 

little or no friction the bac~~a~d co m?onent of t he push ­

ing force would simply move t he foot ba ckward across the 

surface . The morf!. vertical t he a ::>olication. of the force 

t he more e:fective t~e friction . The less the friction 

the less the force . Shortenin.;,; the ste 5"J S keens tl: e ce n ter 

of ?ravity v~rtically above t~ e base thus increasin g 

f r iction . 

J. Exnerimentation : 

1. Walking· on a strai.ri:h t line (one a ctual ly ma rked )­

turn quickly to face t h~ on·)osite direction without 

missjng a sten- an d continue to walk t~e s&me l i ne ­

in the O?~osite direction . 

2 . Discuss t ~e sensotions felt anrl the ~ove ments em­

ployed to riaintain halance . 

3 . \\h~.kinf!- on tl.e balance beam , just, a plain walk ~nd 

a walk in ,,.,;~ ic11 t '.-ie free foot is svu!l.o- sl i P-l-itly 01.1t 

4 . Several wa l ~in~ ste ~s 'on t he fl oor ) anrl a sli~e 

nn one f~ot , no liQj t s on 

:nust be d-:me • 

t !,"' 
" ' a r ::>a in ,·,1, ic~1 t h is 

5. Several s t ~~s an~ a slide ~i t ~in a f ive~ area . 

6 . Na te t li e :1;)ve r1ents er.1nloycd t..o .-;,d nt.::.i!l h2,lance anrl 
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A. ~~en an :>bject is helrl ' it becnffi2S a part of the total 

bo~y we i ~ht a~d the center of ~ravity of the body, olus 

the weir~t hein~ held , s~ifts in the directio~ of the 

If stability is to be maintained this new center 

of gravity must be s~ifted back over the center of t he 

base. 

1. If t~is adjustment is r.6de by shifti~g the body as 

a u.n:i.t from the ankles, the alisnment of the various 

se0ments is not disturbed. 

The use of the total body as counterbalance 

for the wei~ht held reduces t~e possibility of 

strain on various ~uscles and joints . 

2 . ·The nearer the wei~~t is held to t~e borly's center 

of ~ravity t~e smaller the rotary force exerterl 

u~o::i t he body . 

B. '..•:e i.i:,-1ts that arc '1~lcl above or belo1·1 t ;, e c -.:: nter of 

!:ravity of t1--e horiy ?.re c:i :-:1'.)r.nsatcc: by exce ~' sive lcanin.:_:. 

1" • l . , l • 1 ,._ '• . ,. t ,, " , " "11S .. e;J.~lnr: USUa !. './ !l1Vr°JJ.V,.!S Rv t ;.:.. 1 ;1 U."1.J:l J ·- ~ ..!...~1.- ·c·! r 

C. 

well as t~c ar~ a~d shoul~ar ~~scles on t~e carryin~ si~e . 

ari:i s1.:rnlder requir~s i!rJscuiar 1~ul l at al l .:oint ;=; of t:~~ 



arm which results, nrirnarily , in a stabalizin~ force . 

D. A wei~ht should be held as close as possible to the 

body in orc:er to fi~orten t}le weight arm . 
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An object (not too ~eavy) carried at one sirle of 

the hody can be counterbalanced by raising t~e op~osite 

arm side\.·:ays, tl-ius rrakin3 ~.t nossihle to keeo t~e hody 

in Vie sa:-ne basic al i ~nn:~nt . R.err.e:nhcr , t}ic rea.ctj.on of 

a lever is in 8rooortjon to it' s len~th . T~e fact t~at 
• t .. . 

it is a consirerable flistance from the line of ~;ravity 

of the ho~y and t~e added ~ej_g~t is closer to t he line 

o·f J:.rav i ty r.iakes i t an effective counter~alance. 

S . ~x~crirnentation: 

1. Hold a(5lb. )weieht, wi t~ hot~ hands , out in front 

of the body at about eye level . 

2 . Hol d t~is sa~e wei~ht in close to th~ bo~y, a t about 

3. Comnare t~e diff~rences in the difficulty of t~e 

tNo 9ositions. 

L~ . r;: .. :n:,a.t 1 and 2 usin:7 an { 8 1 b . ) weii:"ht . 

5 . 4olrl a wej~ht , in one ~and , ?Ut to t~e side pf·the 

body . T~e wei~~t is on bot~ feet end t1e fre~ arm 

i. s dov.'!1 at th~ side . 

6. :-folcl t1e same weiz~t , in one l-iarir.l , out to th~ sic:-~ 

anrl t~e free ar~ ~ay be raised in an e~f0rt to 

cou~terhalanc~ t1~ wei~ht . 
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7. Discuss the dirferencc in t ~e feeling in each of the 

posj t ions. 

a) T;Jh:icb direction should the 1,.:eip;ht shift? 

b) How should the weir ht be shifted? At the hios? 

At tl-ie ankles? 

c) In what position shoul~ the free arm be , in 

order to be of t~e best assistance? 

( 1) Forv.·3.rd? 

(2) -;'.',ack':;ard? 

(3) Straiq~t out to the side? 
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A. ~e have alrearly learned t~at moMentum can be transferred 

from one 93.rt of an object to anoth(~r part of t hat same 

object. In this case we will be talking in terms of trans-

ferrin .:; the momentum of th~ body to a ball . 

B. Upon bei~l release~ the ball wi ll move at this same 

momentum (velocity )_ and in tlie saMt'! rlirc1:ction u!'ltil acted 

u ·)on h.y ot "ie.r fore es sue 11 as, ~ra vi ty , air resistance 

or friction . 

It beco~es apparent t~at ~e must ~ive some ~hou~ht to 

~ev~loninr sp~ed and to controllin~ t~e direction in which 

t~ e ball tr~v~ls . 

C. Speed 

1 . The faster t~ ~ han rl is M~v i nu at t~e monent of 

release t~~ fast~r t h e object ~·ill ~ove , ~~et~2r 

t~r~wn or rnllc~ . 

2 . Incr~asin~ t~e backs~in~ tncreases ~~rce trcause 

a :-i ;-:>lication of f')rce 

sDeed eac~ bo~y ~art must co ~e i!'lt0 BCtion at t~e 
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5. ~hen s~iftin~ the wei~~t forward in the direction 

of . t1e throv.r it is jm1,::irt·r.1nt not to ·offer resistance 

to t~e forwa r ci rnom-::nt UPJ . Ti1i s can be ac conml isheci 

by bendinr· t11e knee of tlie for1,,:::1 r d le~ and alloHi n-: 

a sli~e on this step . 

6 . ~hen r o~lin~ a hall, in order to olace the ball on 

t h~ floor , it becomes .necessary to lower the body 

anrl also to slig~ tly incline the body forward . If 

::ialn!1G~ , ;,., j 11 ca11s·::: .::tra.in on tl-ie back . 

7. T~is ca~ he co~nt~racted by emnhnsizj.nc t~e lowerin~ 

or bsn~ing asnect with a minjmu~ of fo~warci lean 

an6 by movin~ the o Doosite 2rm bac'..:wa r d and up1:,;2rd 

at tl-iis 1:1o!Tlent. 

8 . Increasi~~- the soeed of the ste~s in t~e pre0~ration 

for t~e t~row or.roll incr~ases the s ~eed anrl c~r -

quir~ t ak in ~ s ~a ll ~t~ns . 

10 . Thf: no:nent of relcas,~ ::::1oul1'. h e at t·~e r:~:)r.ient of 

r;:.:~ j -~ui'.! C ·• ·, ,,,-1 ... , .- - ,._ ... . 
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after release·, t:H'!. arc i s s11ortene0 anrl t1c s,·,eerl . . 

t he han? . This is true because ·~ uman mu~ cl~s can 

not stop mo,cntum su~~e~ly, ~it~out injury, sr~cd 

must be re~uced ~ra~ually . A jerkin~ back to ston 

mo~entum also ~reduces a counterforce which acts 

a~ainst t ~e forward force . T~e follo~throu~~ 

( contj muine; of the arc) allm·.:s tlie J11a;.s:im:1m moment um 

to be transferred to t1 ~ oh~ect . 

12 . 1.f~eti-:er or not a.11 t:ie :orce t 1·lo.t can be :iro<!ucec 

by tr)e bofy is necessary ~e1cn~s u~~n t~c ~~rnos8 

D • TJ i r ,') c.t ion - -

1. ~irectinn control re quires adjusting the anrle of 

r e lea s~ in hoth t~e: 

a ) Vertical nlane . 

not he involved hut friction ~o~s beco~e an 

i~~ortant fac~or . 



It means t~ere is only one ~o i nt on the arc 

at •,-:hic11 the ba J 1 can be . releaser1 if it is to 

travel jn t~~ desired direction . 
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3. T~e flatter t ~e arc in w~ich the ~and is ~ovin~ t he 

~reater t he ~otential for accuracy . 

The arc may be flatten ed by : 

~t) 'Rel"ldini,: the knee of the SU'.)'' Ortin:'" (forwar d ) 

b) I';!ovin .f!' t h I.? s hould erfi ( cen t~r of t1te r1rc) f orv:arcl 

and do',- 'n·warc. 

4. T~e distance an object will trave l d~~ends u~on : 

a) 'fhe r'0rce i mnart~ f to t 11e ohj~ct a t relt:ase . 

b) 1'1e an ~~ le ft t .,.·Ji i C :1 the ".)•_) ,~ ect i s 'r -:: 1 '":D.s,.=d . 

C) Tli~ c ~11.nt~ra cti '):, ')! 0utP.i d e forc2s . 

So , it becom~s necessary to adj~st t ~e s12cd and the 

an !=.: le of r~h!asc accorci:1?" t o t:1:::: pur':)o~e of the t:1rm·.r . 

~ . I n tl1e 1 • .mc1~r11ani:1 throi.-, t'.'le n.riP:l~~ at ,.,i~ic~ the h.::.11 ts 

rl:~leas0 ~ is r-:::~ucerl in or t:1er t hat t ~e :ore:) ~ay be 

a D:}lied r:1jre ct,ly be'1in~ t }:e ob ject t:1u~ r'l~1<'i:1.q max i :-nur1 

us e of t h e fore ~ a vailable. 

F. Gravity nul l is not a ma jor consife r a tion int~~ und~r-

1:a>1d t "'lrY:' , in "'1~i.c 11 -S.n 'Jtjc ct is ~o r~ll , ~s it is in 

t11e OVf'rl:2.n1'.i a :1 c: sider.i rm t11r'.)V-S . How-ever, ~-ravity pull 

must be consifer~~ at t ~e ~o~c nt of r ~l ~ase and ~urin7 

an orj-=ct . 
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G. Ton spin and hack s~in have no effect on the direction of 

of a roll~n~ ball, t~ey do ~ave an effect upon the s~eed 

of the rollin ~ ball . 

H. · Sice S:)in does have a definite effect 1rnon the direction 

of a rollin~ ball . 

I . Rerne~ber our dj scussion about ~omentum in ~~ich we learned 

that a ~eavy object has ~reater inertia ~than a li~hter 

one and t~erefore it takes ~rcater force to t~row or roll 

this '."leavy object . However , once t't e for ce is a::iplied 

t~e object travels faster t~an a li ~ht object because of 

it 1 s ability to overco"!lc air r~~:dstance and of c ::mrse 

beca use of it's mass . 

J. ~ ith the same a~~unt of force a~~lie~ a s ~aller ob ject 

which ~eir~s t~e s ame as a lar~er one will travel fast~r 

nn!i f'arther because of tl-H! ciecreasc! in air resistanc~ . 

?his is ~u~ io t~e diffe~enc~ in surfact area pr~­

sented in tlie rljrection of tl-io<.! i:'.)i:1entum . 

K . f:.ro:-n.~:'11):T 2.lso , t"ia t a n irre~ula r surface on an ob,j0ct 

wjll increase oir resistance and will t~erefore reduc~ 

the cistc:,r.c'!: it •.:ill travel 1.•• it~1 ,;. r:.: i ve~1 ar.!:) :mt of f0rce . 

L . 'tht~ un(~e.r::ari d t~roi:rin~ Jatt~ rn is ".la rtic ula. r ly 2.,.}a ·)t2hl8 

t0 t 1lr0:,.·in :r or roll.in=:· 1:.ertvy o'o._iects(h1ll in tl-:i~ cz.s ,~) 

becc:us~: 

1 . T~~ object is hel~ clos2 tat~~ ho~y c~nter of ~ravity . 
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Each of these ai~s in the control of th~ object and the 

body V1_rou~ri - out the throw. l''.le str,:d Eht arm r:ecreases 

t he ne ~rl for a~ditjonal strength ~reduction since it is 
-

in a ~os ition in which t~e use of ~ravity may b2 ~asily 

e~~loye~ . The ability Lo ~~60 th~ haJ.l close to th2 

c~nter ~! ~ravity of the body increases hody balance 

thr ~)U2;~ - out t~~ t hr ow . 

N. Analysis of t~e underha~d throw ; 

1 . The object must be oushed away from the body as an 

i nitial nre?eration for the t hrow . 

2. The ohject is now in a position in w~ich ~r ~vity 

can ·aid in th e dronain;,; and backwarc move:-ncnt . 

3 . 1\s t'.1e object re:1.clies the '.'1ei?;ht of t:11e hac\s',:in.!~; 

~ravity arain assists in the swin~-throu~h (forward 

. ~ sw1n;. 0.1. +-'"' ~rm) v .1 .. ::t . , sine~ the arm 

vertical :->lane . 

L~ . /J.s t i,~ ohject is· rdJ~as::;n it has :=rained forward 

momentu~ t ~rouz~ t~e assist~nce of t he ~ull of 

P-ravity . 

O. Infivi011als ·,-::10 are extremely \.·:eak r.iay co ::.o·~nsci.t e v-:itl-i 

th i 8 nattern b? olacin~ t'-le "'>c1l~1 of t'"!e i)and an6 arm · in 

.,_ ' . . 
v 1·s 1 s n )t. 

" . ! '.) r· ;:; . -; 
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P . T~is ·>a~tern of ti1ro1,d.r.?; (unc:erlian .-3) is ru.t the most effect ­

ive when .:12L:d.mum s~c ed or cist-anct~ a re rt aui red because 

Q. 

the backswing and body r otat ion are limited . 

This nattern is r.1ost effective in situat i ons w1ere control 
' -

and accuracy are imoorta~t factors , because the throwing 

hand follm,;s a straight :)ath t~1roucrh -out tie total pattern 

of r:1ov~:r1cnt . Accuracy is alr:1ost cor'1_:l~tely a matter of 

contr~lin F t~e vert ical releasa. The ri~ht and left 

movement (horj zontal) s~oul~ not be a consideration . 

R . ~actors ·.,rhi c :i increase soeet:l an(: dista!lc~:; 

l. Starti~~ t~e ball in a hi~~er ~ositian . 

2. Pody slia~tly inclin~~ forw~r~ (flatteninp t~e arc). 

3. Increased tackswing (balance limits thi; some) . 

1~ . Transfer af vrei,7:'lt at r ., l ~ase . 

5. Bendinf forwar rl ~n~e and slidin~ on last step . 

6 . Increas~ S :-f:" d of st~:is. 

7. I:1creasc t~e so~e~ of ar~-swing . 

S . As fore~ is increased balance 1-·1i 11 ~..:ecoir.e :!lore of a 

nrobl~m . This -roble~ can be controlled if t~e center 

of ~ra vit y oft~- ~ody is ke?t low . 

T . :n t'1ro11,in.:·· , t~~ ~reater th,:; clista:1ce t lic ball r:ust trav--; l 

before r each in f t~~ t~r~~t t~~ more jn~ort3nt ar~ contr0l 

a~ci accuracy at t~e ~~ ment of rel~ase . 

If t~e ~isto~ce to~~ cov~rerl is ~-r~~t t~c~ t~~ object can 
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com~l~tcly miss the tar~et due to a slight miscalculation 

at the mo:nent of rt'! lease . Tr1e longer distance the thrm,m 

ohj;~ct must travel a llov.rs more time for otli c.r forces to 

act upon it before hittin~ t~e tarrct . 

What ~re some of t he forces whi ch would act 

upon a rollin~ hall before it could reach i t' s target ? 

1 . Frictio:1 . 

2. Air resistance . 

3 . S".'lin 

1 . Feet in a b~l2.nc ,.=cl r.iosition (fe· .. ; i nches a ·)art) , just 

stanrljng in nla ce , wit~ very little backQwj.ng , roll 

th!:! hall. 

2. Same startin~ position with the feet , still just 

stan(in~ in nlace , increase t~n backswin3 (~~oul~er 

high), roll the ba l l . 

3 . Sane sta-rti'.1:r st.:--, nce , t ake 4 ~.L~ '.)S fon:[,rc:1 1.'urin ?" 

ball . 

4 . Startin~ stance , hefore th~ 4 stens are starte l , 

i ncl i ne th.·.~ bory ~li"'r:tlv .fon·r;3rc: (fro r:: t~e a:1kles) , 

on t~e 4th steo ben~ t ~e forw~rf knee and sli~e , 

r~lease t·.~~ ball . 81::: certain t~e 4th stt::l is •,•it~ 

t~~ fJot o ~~osit e 3.r~ , 
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time (snaed up the entire throwin~ pattern) . 

6 '"'I .,_ tt.. . t . . h . . 11 . t' b 11 1 • ~~2ea~ , ·1Js im~ e~p.as~ze 10 ~in~ nc a c ose 

to the body (about wa1st high ) th en push in3 the ball 

forvard a 1:!ay from t he body , as the arr:i witl-i the ball 

swin~s bac~ and down the op ~osite arm should 

be moven out to the side and u~ in order to offer a 

counter balance for tbe body . The heavier the hall 

being- t hr~vrn the more im?ortant t ~e ba lancin~ effect 

of the non wei~ht bearing arm . 

? . Since t he object is to r oll t'1e boll and not t~ro~ 

it . The ·noment 'J.f. r elease s11oul!:! he at \·:hat ~oint 

i-:i tht" arc? I:' r.axi:nu•ri force is to i,e a,oli~d 

clire ctly he~in d t h!'! ball? Just as tl-ic' arr:1 h~,:, ins 

it 's urswin<; (just -:}ast the ':'li-:-1 - -x>int of t~1e arc) . 

I1e.oeat t:ie t 1rowino: :1attern \·•it}~ all t:1e ar.r:litio!1S , 

t"iis ti:.,e ."12.<ino- c~rtai!1 t~ continue th~ arc after 

the ball ~a s h~e~ r elca~ed . 

~an~ continu~~ t~rnu~h the a r c . 



Name 

227 

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. Which of the following. i's true concerning the body and the 
difficulty qf maintaining a balanced position? 

(a) a light body is easier to balance 
{b} a well aligned body is the least difficult to balance 
(c) a h~avy body is easier to balance 
(d) it ~akes no difference how the body is sligned since the 

gravity pull is the same on all objects 

2. The best standing position for the human body is: 

(a) 
(b) 

( C} 

( d) 

feet a few inches a part with the knees slightly flexed 
feet in a wide, side-stride position with the knees 
extended 
feet in a wide, forward-stride position with the knees 
slightly flexed 
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 

· (c) shuttlecock (badminton bird) 
(d) arrow 

~. vJhy is the oosition of the body not stable while running? 

(a) · the supnorting base is shifting 
(b) the supoorting base is small 
(c) the center of gravity does not fall within the supporting 

base 
[d) cente~ of gravity is too high 

5. If the following objects are dropped to the floor from the 
same height, which would strike the floor first? 

(a) hockey ball 
(b} feather 
(c} tennis ball 
(d) they would all strike the floor at the same time 
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6_. 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 gravity 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 
t~e larger the base, the more stable the object 

7. ~Then carrying an object heavy enough that both hands must be 
used, where should it be held? 

(a) approximately eye level 
(b) close to the body and approximately waist high 
(c) close to the body and approximately chest high 
(d) ·on the hip 

8. v.Jhen attemDting to counterbalance a heavy object being carried 
on one side of the body, at what point should the body weight 
be shifted? 

(a) waist 
{b) hips 
( c) lmees 
( d) ankles 

-
9. ~Thich of the following woulrJ. require the greatest effort with 

the l east results? 

(a} walking along the beach in loose sand 
(b) walking on ice 
(c) walking in stocking feet on a freshly waxed floor 
( ct ) walking in snow 

10. When walking on a slick surface, which of the following body 
adjustments would be the most effective? 

(a) lean forward from the ankles 
(b) increase the arm swing 
(c) lengthen the stride 
(ct} shorten the stride 
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11. Which factor causes a badminton birct to trave l slower than a 
tennis ball? 

(a) longer force· arm 
(b} air resistance 
{c) length of backswing 
(d) more inertia to over come 

12. Which of tne following s l ow rolling objects will encounter the 
greatest amount of air resistance? 

(a) bowling ball 
(b) softball 
(d) basketball 
(d} tennis ball 

13. Sports instruments : 
' (a) 

(b) 
( C) 
(d) 

lengthen the levers of the body 
add to the balance of the body 
increase the accuracy of the movement 
all of the above 

14. A long b·ackswing , transfer of weight and rotation of the body 
are a pnlications of what principle? 

(a) lengthen ing the levers of the body 
(b) a longer lever gives increa~ed speed 
(c) use of the whole body as a lever gives increased force 

ancl S".>eed 
(d) third ciass levers favor fast movement with light objects 

15. The straightening of the arm in nreperation of an unoerhand 
throw, is an example · of : 

(a) a 1st class lever 
(b) a 2nd class lever 
{c) a 3rd class lever 
(d) more than one tyµe lever 

16. Human movement involves which of the following: 

(a) resistance to motion or change of motion 
{b) chanr,e in velocity 
(c) onposing force 
(ct) all of the above 
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17. Which o~ the following is the best example of rotary motion? 

(a) walking 
(b) a rolling ball spinning to the right 
(c) do~mhill skiing 
{d) executing a golf swing 

is; . Which of the following is the best example of linear motion? 

(a) coastin~ straight down hill on a sled 
(b) ric.ing in a car down a strai~ht highway 
(c) cutting a piece pf pap~r with scissors {straight cut) 
(d) the flight of a golf ball after it is hit 

19. A small heavy ball, as comoared to a large ball of the same 
weight, will: 

(a) require more power to move it 
(b) have more momentum 
(c) require less power to move it 
(d) travel a greater distance 

20 . The primary contribution of a sports instrument used as an 
extension of the arms or legs, is: 

{a) increased force 
(b) increased accuracy 
{c) increased balance 
(n) i ncreased s peed 

21_ vfuich of the following explains why it is impossible to stop 
immediat8ly while running? 

(a) momentum of the body 
(b) inertia of the bo·cty 
(c) acceleration of the body 
(d) application of counterforce is too slow 
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22. Which bf the following will r esult in the greatest increase 
. in motnentum? 

(a) full swing with a badminton racquet 
(b) bent arm swing with a tennis racquet 
(c) full arm swing with a baseball bat 
( rl) bent arm swing with a golf club 

23. 't'.Jhen throwing, what is the purDose . of taking several running 
steps before r el easing the ball? 

{a) gain momentum 
{b) increase balance 
(c) improve coorrlination 
( d) in.crease counterforce 

24. Shifting the body weight while executing a throwing skill 
contributes orimarilv to: · 

(a) control 
(b) force 
(c) accuracy 
( d) speed · 

25. The orocess of takirtg a tiackswing when striking or throwing 
allows: 

{a) · for the lengthening of the l ev0r 
(b) time to adjust accuracy of the swing . 
(c) an increase in time that force is aPDliect to . the lever 
{d) time to establish balance 

2&. The body is in~linect forward when running in order to: 

(a) 
(b) 
(c) 

( d) 

27. When 
will 

(a) 
(b) 
( C ) 

( c1) 

keep the force behind the bocty 
make use of the pull of gravity 
reduce gir anA/or wind resistance 
all of the above 

throwing a ball , the direction of the path of the ball 
be determined nrimarilv by: .. 

the oosition of the feet ~t the moment of release 
the ~osition of the han~ (on the ball) as it is released 
the direction of the follow-through 
all of the above 
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28. When throwing a ball in such a manner that it ·will roll, the 
application of force will result in: 

(a) forward movement 
(b) increased friction 
(c} downward movement 
(ct) all of the above 

29. ~Then executing an underhand throwing skill, the benCTing of the 
forward knee with a slight incline of the body as the ball is 
being r eleased will: 

{a) increase counterforce 
(b) enlarge the base of support in the direction of the force 
(c) reduce momentum gradually 
(d) increase resistance so that forward motion will be 

stop1:)ed 

30. The time necessary to stop a moving object dep~nds primarily 
upon: 

(a) momentum of the object 
(b) s peed of the object 
(c) we i ght of the object 
(d) all of the above 

31. A rolling ball which curves to the right: 

(a) is turning about it's horizontal axis 
(b) has built Up a greater pressure on it's riGht side 
(c) is turning about it's vertical axis 

. 32. 

( c'!) is turning about both_ vertical ·and horizontal axes 

lt-Jhich of the followini:2; best describes the T)ath of a fast 
rolling bal l with clockwise (right ) spin on it? 

(a) curves to the right 
(b) curves to the left 
(c) goe s straight then curves to toe left 
(d ) goes straight then curves to the right 

33. The off-center application of force to an object will: 

(a) cause the object to move in an angular path 
(b) cause the ob ject to move in a straight path 
(c) decrease the difficulty in hitting a 0esirect t ar get 
(d) i ncrease t he distance the object ~ill travel 
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34. The rebound force of a solid ball off of a solid, stationary 
object depends U?on: 

(a) spin on the ball 
(b) inertia.of the stationary object 
{c) momentum of. the ball 
(d) all of the above 

3·5. The result of a solio, heavy ball striking a solid, lighter , 
stationary object is: 

(a) 
( b) 

( C) 

(d) 

the ball will experience the greatest rebound force 
the object being struck will exoerience the greatest 
rebound force . 
both the ball and the object being struc~ will experience 
the same rebound force 
the stationary object will offer consideraple counterforce 

36. Which of the following is the ma.jor factor in determining the 
angle of rebound of a soli0 ball from a solid,stationary object? 

37·. 

3S. 

{a) momentum of the ball 
(b) weight of the stationary object 
(c) the ,oint at which the ball hits the object 
(rl) weight of the ball 

Which of the followin~ will contribute to an increase in 
accuracy in executing ·'a throwing skill? 

(a) 

(b) 
(c) 
(d) 

The 
(a) 
(b) 
( C) 
(d) 

stepping forward with ·the foot opposi tei that of the 
throwing arm 
follow-through toward the target 
arm swing involving only the vertical plane 
all of the above 

underhand throwing T)attern is best for: 
accuracy 
force 
distance 
speed 



BOt,TLING UNIT 

I . · HISTORY --

Records reveal that a primitive form of bowling was played 

by the Egyptians as far back as 5200 B. Q •. Bowling is thought 

to have originated as a religious ceremony in Germany during 

the third and fourth centuries A . D.. The term nKegler" dates 

back to this period of time when 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 th(; 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, published a 

set of rules for a game of·nine pins . 11 Nine pinstt was played 

in Holland , "boccie" i n Italy , ''skilles11 and "la\l\,'n bowls" in 

En!!,lanct·, 11 curling'' in Scotland , and "keys" and "billards" ·were 

variations of the game in F~ance. 

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-pin bowling is typically American, the tenth 

pin was added after nine-pin bowlin~ ·was declaired illegal in 

New York , Connecticut , an~ ~fussachusetts . 

The American Bowlin~ Congress was organized in 1B95, the 

234 
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organization which governs men 's league bowling . The Women's 

International Bowl i n~ Congress was organize0. in 1916. These 

two organlzations 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 sport of bowling . The 

automatic pin setters, emphasis on convenience , comfort and 

wholesome atmosphere have been res?onsible for attractin~ so 

many Americans to bowling establishments . Bowling is ~ooct 

exercise for young and old alike, from 8 to 80, the family, 

and for many handicappeo people. 

II . THE GAME --

Bowling as we know it today is 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 tern 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 anct no more than 3 pounds , 10 ounces . The pins are 

numbererl from 1 to 10 (from left to right). 

@®@ 

(~ 0 © 
0® 

(0 
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The bowlin~ ball may not be more than 27 inches in circum­

ference and not more than 16 pounds· or less than 10 pounds in 

weight . ysuall y the bowling ball is bored wit h three holes , 

it can be less or more , there is no strict r ule concern i ~g this . 

Good bowl ing shoes have one sole of l eather and the other 

of rubber to insure balance and proper delivery . An ind i vidual 

should never bowl without bowling shoes . 

A game consists of 10 frames. A pl ayer 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 al l pins are knocked down with 

the first ball , the bowler i~~ediately rolls two addit i onal 

ones in order to complete the game . If all remaining pins are 

knocked down with the second ball (spare) . in the tenth frame , 

the bowl er immediately rolls .Qill?_ additional ba l l to complete 

the game . 

A bowler should not touch the foul line . Toticihing the 

foul line is ille£;al anrl.. all pins knocked down on such a 

del i very will not be scored . A foul on the first attempt does 

not nullify the opportunity to rol l a second ball. If t he pin­

setters do not automatically re- set pins after a foul , the re ­

set button must be used. 

liJhen two or more oersons 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. 



237 
Dorothy M. Coleman 

The objective in bowling is to knock down all 10 pins with 

a maximum of two attempts, preferabli with one attempt, in each 

frame. 

III. SCORING 

As previously indicated a complete game consists of ten 

frames. On the score sheet, in each of the ten fram~s 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 s mall square. 

Always keep the pin count for both attempts in every frame! 

This is very important in that the bo~ler will have an accurate 

record of his game. The accurate recording of both attempts 

can indicate many of the problems which plague the bmtler. 

Scoring is a matter of adding t he number of pins knocked 

dovm in each frame and carrying the cumulative total in eac h 

succeeding frame. 

The following are symbols used in scoring a game of bowling: 

A. Strike --

An Xis recorded when the bowler completes a legal delivery 

and kno:ks all the pins down with the first attempt.. A 

strike counts 10 plus the pin count of the next two balls 

rolled. The strike is recorde d in t he first small square 

in the upper righ t hand corner of t he frame. ·-ix·-
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B. Spare 

A/ is recorcted when the bowler completes a le~al delivery 

and knocks down all the remaining pins 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. 

C. Foul --

A foul ball is recorded as a ball rolled but any Dins 

knocked do'tt-m shall not count. 

If a bowler fouls on the first attempt in a given frame, 

no pin -count is scored ana the pins are reset. Only the 

pins knocked down by the second ball will be counted. 

If a bowler knocks down all pins with the seconri 

attemot, after fouling with the first, it shall be scored 

as a spa.re. 

If a bowler fo uls on t he seconri attempt only the pins 

knocked dovm with the first ball shall be scored. A foul 

is desi~natect with an Fin one of the squares in the upper 

ri~ht hand corner of the frame. 

D. Gutte~ or Channel 

If the bowling ball goes into 'tl-ie gutter, on either side 



239 
Dorothy M. Coleman 

of the lane, before reachin~ · the pins it is considered a 

gutter ball . AG (be certain it does not resemble a six} 

is recorded in one of the small squares in the upper ri~ht­

hand corner of the frame . 

E. Er ror - -

An error is made when the bowler fails to bm••l down all 

ten pins after two deliveries in a given frame, providing 

the oins left standing after the first attempt do not 

constitute a split . The symbol indicating aTh error i s 

used onlv if the ball stays on the lane but hits no pins . 

If pins are bowled doi.,,m on the second attempt, tlie pin 

count should be recorded . A - is recorded in the second 

small square in tlie upp·er right hand corner of the frame . 

i,:...1-,.., 

F . Split -

A split is a setup of pins that remain standing after the 

first ball has been legally deliver-ect , urovided trie head 

pin (no . 1) is not standing anrl at least one pin is down 

bet~een two or more standinr pins(7- 10) (3-10) {10- 5- 7) . 

A split is rlesi~natecl by a O in the second small square 

in the upper ri ~ht hanrl corner of the frame . Any pins 

bowled down ,.rith the second atter.mt are scorecl inside the 
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circle. 

IV. EXA f-.lIPLE OF SCORING --

Frame 1 first attempt; $ pins bowled do~m, 4~7 pins still 

standing, second delivery; both pins knocked down. 

Frame 2 - first rl.eli very; a gutter ball,_ second attempt; six 

pins knocked down. 

Frame 3 - first attempt; 7 pins bowled ctown, 1,3,10 pins still 

standing, second attempt; in bowling the rem~ining 

pins down step over the foul line. 

Frame 4 - first attempt; strike. 

Frame 5 - first attempt; 5 pins down, second att~mpt; 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 S - first delivery; 5 pins down, second delivery; 2 pins 

down. 

Frame 9 - first attempt; 7 pins do~m,·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 do~m; third 

ball; all rer.iaining pins knocked down. 

7 F !l&J I l: '/ t:LJ .1t·_ ,~~-z_i"l G ~ 
1 3. I 4·· j ? j ·, 7 Q 1. '7 7 8 L~, 91 111 

,-
:::> 1 v 

0 .10 · 
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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 slop9y, just not tight. 

D. Le~al 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 

counts as bowled and the pinfall shall count . 

3. Pins which are bowled down by a fair delivery and 

remain on the lane , in the gutters, or leaning 

a ~ainst other pins or side cushions, are considered 

dead wood and counted as pins down and should be re­

moved before the next delivery. 

E. Ille~al ?infall 

11fhen any of the following incidents occur, the ball counts 

as rolle<l but pins knockecl down shall not count : ' . 

1 . When pins are knocked rlown or rlisnlacecl by a ball that 

leaves the alley before reaching the pins. 

2. i1,/he·n the ball rebounds from the rear cushion. 

3 . ~fuen pins come in contact with the body, arms or legs 



of a pin setter and rebound . 
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4 . 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 bovrled off the alley, rebound and remain 

standing on the alley must be counterl as pins standing . 

F. 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 

are missing. 

2. Hhen a pin setter interferes with any pin or pins be ­

fore the ball reaches the pins. 

J . nhen a player bowls on the wrong lane or out of turn . 

4 . T~fhen a player is interfered with by pin setter, another 

bowler, spectator or movin~ 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 movecl or knocked do1,,m as the bowler 

is delivering the ball and before the ball reaches the 

pins . 

6 . When a bowling ball comes into contact with any foreign 

object. 
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A. Remain back of the foul line at all times, 

B. 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. 

C. Use one bov.rling ball onl v and wait for it to return; 

D. Do not talk or otherwise jistrub a bowler who is on the 

approach and ready to bowl. 

E~ When two bowlers on adjacent lanes are ready to st~rt their 

approach at the~ time the bowler on the right should 

bowl first . 

If one player is ready to bowl the secoQQ_ ball of a 

frame that player should be allowed to bowl first. 

F. Do not use a bowling ball that is the personal property 

of some individual with out the permission of that 

individual. 

G. A player should be ready to bowl when it is his turn. 

H. After delivering the ball and watchin_g the results, turn 

and walk back to the rear of the approach . 

A player should use onlv the v-tidth of his lane for 

any "contortions1t or "body english11 in which he wishes to 

indulge. 

I. Use good sportsmanship at all times, apnreciate and 

compliment good bowlin~ . 

J. A bowler shoulcl not make an is.sue of his ;'bad luck" . 

K. Do not get discouraged ano reme mber that a bowler must 

think about what he is ~oing or not 1 • coinG correctly_. 



VII . BOT1fLING TEm.1s 

Anchor - last bowler on a team . 

Blow - an error. 
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Brooklyn - hitting to the left of the head pi n for a right 

handed bowler, hitting to t he 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 bowling ball makes contact at the center 

of the pin, most often used in terms of the h~ad pin. 

Leave - the pins remaining after the first ball is thro\llm . 

Light - a hit that is not full enough . 

Loft - to throw the ball out on the lane, not placing it on 

the lane. 

f~rk - a strike or spare. 

Open frame - a frame without a strike or s pare . 

Picket fence - the 1-2-4-7 or the 1-J-6-10. 

Pocket - the 1- 3 pins for a right han der, 1-2 for a left hander. 

Powder puff - a slow ball that does not knock do1tm all the pins . 



Railroad - a split : 

Baby split - 3-10 or 2- 7 . 
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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 - hit in 1.,,1hich the ball barely touches the headpin . 

Turkey - three strikes in a row . 

Turkey out - three strikes in the last frame . 

l'Jashout - the 1-2-10 or the 1- 2-4-10 spa re . 

l:foolworth - the 5-10 split. 

Working ball - a ball with great spin that produces a lot of 

action among the pins . 

VIII . FUNDAMENTALS --

If an individual is to become proficient at bowling he 

must concentrate first upon the fun damentals of bowling and 

second practice until the performance of these fundamentals 

becomes habit . 

It seems vitally important to stress the necessity for 

consistancy. It is extremely important that the bowler is 

able to execute the same approach , the same release, the same 

follow- through each time he bo\.•1ls. l·fhen consi stancy has been 

established it is relative ly 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 _ imoortant than force . Force is im­

portant to a point , that point is , adequate momentum of the 

bowling ball . Maximum application of force is almost never 

a consideration in bowling . Force is important to the extent 

that the desired rebound action of the pins results and this 

i mvolves more factors than just the momentum of the bowling 

ball . Othe r factors which are involved include ; spi n(or l ack 

of it) on the bowling ball, inertia of the pin or pins , and 

t he 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 determi ne that indivi~uals ability t o increase or im­

prove his bowling scores anr. consiquently his average . 

A. Selecting A Bowling Ball 

Bowling balls are usually bored with three holes . The 

holes should be large enough for the fingers to slip in 

and out easily . The thumb hole· should be comfortably 

loose ano the finger holes cow£ortably 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 (wrinkles) of the second joint of the 

fingers should extend a quarter of an inch beyond the in ­

side ed~e of the finger holes . Obviously , if the finger_ 

holes a r e too tibht it will be rifficult to release the 

bowling ball. If the fin~er holes are too loose the 

individual ~ill have difficulty holding the bowl ing hall . 
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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 re9uires no conscious thought to hold it properly. 

Women 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 ad~ed 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 actvantageous to buy a bowling ball which is 

drilled specifically to fi t his hand. It is also important 

that the serious bowler own his own bowling shoes. 

B. Approach 

The 3,4, and 5 step approaches are all acceptable. 

The 3 step· approa ch is most often used by very long 

legged individuals, who's steps ~re likely to be very long. 

The 5 step approach is most often used by very s~ll 

and short legged individuals who need the extra step in 

order to ~ain needed momentum . 
' ..J 

The 4 step a p?roach is generally accepted as the best 

and the one used most often. The primary reasons for this 

preference are, t he coordination of arm and leg movements 

is less difficul t 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 should 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 inclinect forwarct. 

For the right handed bowler using the 3 or 5 step 

approach, the first step will be with the left 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 bo~ler to make use 

of the principle of opposition. 

The underhand throvtin.g pattern ( 1:.fi th some mocl ification) 

is used in bowling. 

1 . Analysis of the 4 Rtep 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) a~ay from t~e body. Both arms are simply ex ­

tended . This places the bowling ball in such a 

position that the pull of· gravity can be very 
i 

effective. The body should be slightly inclined 

forwarrl . 

b) On the second step - the arm with the bowling ball 

~ db k Thi' s arm swin0a is assisted swin~s uown an ac . 

by the pull of gravity if no resistance is offered. 

The arm with-out the bowling ball should move out 

anci back in such~ position that it may act as a 

counterbalancin~ force for the body. 
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c) On the thfrd 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 forward . 

Again, a gravity propell~d swing .will produce 

adequate momentum if no resistance is offered. 

The bowl ing ball should be released at the begin­

ning of the upswing . The release shoul d be during 

the completion of the slide . After the release of 

the bowling ball the ~rm should continue it's 

original arc of movement (follow- through). 

The right foot drags, either straight back or 

behind the left Too~, in this manner it may act as 

a brake in addition to assisting in maintaining 

body balance. 

2. Body Position --

Through- out the entire approach the toes should be 

pointed straight ahead and the body should be facing 

the pins with the shoulders parallel to the foul l ine. 

The borly is sli.P.:htlv .inclined forward through-out 

the approach~ This incline makes possible a greater 

backswing and offers counterbalance for th~ weight of 
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t _he bowling bal1 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 forward movement of the ball rather than 

downward. 

The lowering of the body with a slight incline 

makes it possible to flatten t he arc through which the 

bowling ball ~oves , this 1ncfeases 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 

than 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 

untiJ it hits the pins . This type of delivery is not 

a desirable one because it is difficult to control and 

of the space necessary to accomidate the path of the 

bowling ball. 

2 . Back-up the bowling ball travels straight for a 

time then breaks to the right (right handed bowler) 

since the bowlin~ ball has right spin on it. 

This delivery is difficult to control because of 
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the wrist turn . 'invoi ved. The fact that if pin fall 

is to be most effective the bowli~g 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. 

3. Straight - - 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 i s in a position to 

hold some of the weight of the bowling ball . Because 

the thumb is shorter than the fingers it slides out 

firit and then the bowling ball rolls off the finger 

tips . Durin~ _the follow- through the hand remains in 

this same position, thumb up (on top) with the palm 

of the hand up . A locked ~rist 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 . 

4 . 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 control led ·it has a high 

due to. the angle at which it is able strike perc~ntage 
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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 
+ best bype 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 ~nd the first 

finger is in a 1 o'clock position, the wrist is firm 

and straight, simply forming an extension of the arm. ··-
The wrist remains firm(or fix~<i)through out the 

approach and the fc!:ow-through. There is ·no ro ­

tation of the wrist . . Because the___thumb is shorter 

than the finger_§__j,t shau-ld and will come ~'!~--~ -the 

bowling ball first. As the fingers come out of the 

bowling ball a slight ~.pin 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 slightli 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 
it 

quite effective if/contact~ the pins in the corre~t 

spot. The ability to relax will prov~ to be an im­

portant factor when executing the ''natural hook"· 
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5. Hints --

a) · The weight of the ball 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 and straight. 

c) The arm should swing like a pendulum. If it 

is relaxed and 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 
I 

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

through. 

f) Never throw the bowling· ball, simply release 

it. If the approach has been executed correc.tly 

there is absolutely no reason (or advantage) 

in throwing the bowling ball . · 

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 selects one of the dots be -

tween the foul l i ne and the pins , over which he 

attempts to roll the bowling ball . Either the dot.=; -C:--"" . ... _ _ 

or a~~~~s may be used . Once the target is deter- · 

mined it i s simply a matter of adjusting the point 

of aim for spare pick- u?. 

The bowler should concentrate on (look at) the 

spot being used for aiming tLntil the ball passes 
I 

over (or by) the spot . 

Spot bowlinE ~s very exact. The bowler must 

know his exact position on the l~ne when starting 

the approach ~nd he must also know the exact spot 

the bowling ball rolls over . It i s si~ply a matter · 

of adjusting the aim in order that the ball will 

contact the pins in such a manner as to knock them 

do~m . Once the 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 



C) 

second bal~- the bowler 

pins he intends to hit . 

less accurate than spot 

255 
Dorothy M . . Coleman 

aims directly at the pin or 

This method of aiming is 

bowling. 

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 . 

d) Check Points for All Three Methods of Aiming - ·­

(1) Starting position. 

(2) Slide position~ 

( 3) Spot 

(4) Strike pocket (pins to be picked up) 

2. Spares 

A good bowler must be able to pick up spares and splita.-

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 the bowler should move to the left of 

the approach . 

b) ~fuen pins are left standing on the left of the 

alley there are two theories: 

(1) The bowler moves to the right of his regular 

starting point anci moves his point of aim to 
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(2) The bowler stays on his regular starting spot 

(strike spot) and moves only his point of aim. 

How much the point of aim is moved depends u~on 

the setup of pins left standing . This method 

i s the most consistant because there are fewer 

adjustments to be made. 

3 . Hints 

a) A good general rule in spare bowling is ~o aim the 

bali_ so that it will cover as many of the remain­

i ng 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 . 

b) A wide angle of approach is also an important 

rule to follow in that it gives the bowler room 

to allow for action of the bowling ball and even 

slight mistakes . 

c) · It is very important that the bowler concentrate, 

to the extent that every thing else in ~he bowling 

establishment is ignored from the time . he starts 

his approach until the ·follow-through is completed. 

d) Do Not Throw the bowling ball, just release it . 

e. ) 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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( l ·j Face the pins. 

(2) The s3oulders should be parallel with the 

foul line . 

( 3 ) The arm swing should be natural , relaxed 

straight,only in a vertica~ plane). 

and 

f) The advantage in spot bowlir:ig is that the target 

is cl9_ser to_!,he bowler. 

g) It is essential that the point of release be 

consistant. 

h) The rebound action of the bowling ball and the 

pins must be considered in planning the exact 

target for both strikes and spares. 

When one pin is direct ly behind another, the 

front pin must b~ hit squarely (full) if the pin 

behind is to be knocked down (cleared). 

i) In spot bowling, the target must be~ exact 

and must be hit squarely if the pins are to be 

hit in 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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a) If the bowling ball is released too soon(before 

the beginning of the up-swing) th~ direction of 

the applic~tion of force is primarily downward 

rather than forward. 

b) If the bowling ball is hela too long during the 

release: 

(1) It will be lofted. 

(2) It will go off to the left for the right hand­

~r and to the right for the left hander. 

2. The bowling ball should be placed on the lane slightly 

in front of the body and slightly to thi 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 speed~ 

4. The slide 0f the la~t step and the swing-through of 

the arm should be simultaneous. 

5. The bowling ball should have 3 motions if it is re -

leased correctly: 

a) Slide or skid. 

b) Roll or rotation, 

c) Turn, caused by the application of spin(hook or 

back-up). 

rx. PRINCIPLES --

A. Force --
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1 . For the average· per~on maximum force is not necessary 

in bowling . 

2 . 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 . 

4. Force developed from a gravity propelled swing will 

be consistant . 

a) The bowling ball should not be thrown , it should 

simply be released. DO NOT THROl f THE BOT·fLING 

BALL ! 

b) 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. 

5. The bowling ball must be placed in a position where 

gravity can act upon it most effectively . 

a) Push the bowling ball away from (out in front of) 

the body on the first step. 

b) It is necessary to have an adequate backswing, 

no more than shoulder high. If the backswing 

is higher than the shoulders, ccm.t.I:.o.J is 1 ost.., 

too much force results. 
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6 . Ways of incre·asing force or speed of the bowling ball : 

a} Hotld_J~he bowling ball higher in the starting pos -- -
sition. 

b) Use more p~~~~ay on the first step . 

c ) Increase the ~eig~t of the baqkswing . 

d) Perfect the timing ·or coordination of the various 

movements required in the approach . 

7 . The slight forward incline of the body duriE_g. the 

approach will permit a higher backswing without de­

viating · from a straight li~e (vertical plane) . 

8. 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 executJc in a shorter period of time : 

9 . 

10 . 

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 ba_ll . 

The arc of movement of the arm should be continued 

after the bowlin~ 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 nea.rly so) . Because the human body 

is incapable of abruptly stopping movement, it employs 
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process, which must begin shortly after 

the start of the original movement, which would obvi ­

qusly reduce the amount of force applied to the orig­

inal movement. If the arm is jerked or p~lled in a 

direction other than t hat of it's original arc of 

movement the application 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 • . 

B. Balance --

1 . 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 . 

2. The free arm should swing to the side, up, -and back 

away from t he body if the weight of the bowling 

ball, held by the opposite hand and arm, is to be 

balanced . 

3. The s l ight forward incline of the body helps to 

balance the weight of the bowling ball during the 

backswing. 

4. Each step in the approach requires the same amount 

of time, but each step increases in length . Because 

more distance is covered in the same amount of time, 

there is acceleration from the first step through the 
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last. The first step will be shorter and slower than 

the other steps. 

5. The coordination of the arm swing and the steps is a 

very important consideration. Th~ time required for 

the arm swing depends upon the length of the arm. 

The ·longer the arm, the slower the steps must be in 

order to coordinate them with the arm swing. 

C. Direction Control 

1 . The backswing and the follow-through should be in a 

vertical pline and in line with the ta~get. 

2. If the arm swing involves a horizontal plane of move­

ment it will interfere with the accuracy of the path 

of the bowling ball • . · 

3. Ton spin will not 6[f~ct the direction in which the 

b~wling ball moves but it will effect the speed at 

which it travels . 

4. Side spin will effect the direction in which 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 bqwling 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 sp-in will reduce the speed of an object, 
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however , beca~se the bo~ling ball is . heavy and be ­

cause it is rolling (not a projectile), side spin 

~ill have little effect upon the speed at which the 

bowling ball travels. 

5. To develop a consistant hook the bowling ball must 

be released with the exact same· amount of spin each 

time . 

The 1'natural hook" is considered the best type 

of hook because it is a natural movement and it does 

not require wrist turn. Sin.ce no wrist turn is in ­

vol vecl 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 fingzrs following (if the bowler is 

relaxed and not atternpti"ng 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 . 

6 . If wrist turn is involved, it should be executed 

just before the bowling ball is released . A definite 

pattern should be· established i f wrist turn is em­

ployed. There are various patterns used: 

a) Start the arm movement with the thumb at 1 6 1
-

clock . and maint~in this hand position during 

the backswin?; and the swing - through until iust 

before the mo ~ent of release, at this point ro­

tate the wrist so that the thumb is at a 9 o' -
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b) Start the arm 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 po~i­

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. 

Rebound · will be slight but it will be enough to 

cause errors if it is not considered when aiming. 

2. The rebound of the stationary pins will be great . 

and will depend upon the: 

a) l'fomentum of the bowling ball. 

b) Spin on the bowling ball. 

c) Point at which the bowling ball contacts the pin 

or pins . 

The rebound of the pins is a very important 

f b ] · It is very important to under-aspect o ow .ing. 
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stand how th~ ·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 spi~ the angle of rebound will change, it 

wil l not be at the exact same a.ngle at which it was 

struck. The degree 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 results in greater 

pin action (rebounding a pin or 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 will 

have left spin and will rebotind back in the direct­

ion of the 7 pin, hitting the 2 pin which then hits 

the 4 pi n which in turn hits the 7 pin . The bowling 

ball will continue its original path ,with very little 

if any rebound, ~oving toward the 5 pin and between 

the 8 and 9 l?ins. Each pin that is hit will receive 

some spin an.d will in turn strike other pins sending 

them into still other pins. The 5 pin after being 
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struck should knock down the 8 pin and the b'owling 

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 traveling the 

less the rebound . 

d) Pins from pit cushions . 

4. Other rebound angles (in general) : 
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THIS IS THE DI FFICULT PART OF BO iLI G! 

The ability to cause the bowling ball to contact the 

pin or pins at thi exact spot which will cause them 

to rebound in the desired direction . 
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00:·TLING Tf:ACHING UNIT . 

The day before the class meets at the bowling lanes explain the : 

1. Fact that it is extremely important.that the ~tudents participating in 

the study do not Pr~tice until after the required twenty lines of 

bowling have been completed. 

2 . Team and lane assignments . 

3. Procedures to be followed in conducting the class . 

4. Procedures for obtaining bowling shoes . 

5. Procedures to be followed when picking out a bowling ball that fits 

the stude:1.ts hand . 

6. Procedures to be followed in making assignments and assign the 

fundamentals included in the mimeographed naterial which each student 

received at the first class meeting. 

The first few days at the bowling lanes will be utalized by having each 

student ~alk through and practice the four step approach . One member from 

each team will be .involved in the drill at one time . The following points 

are to be given major consideration and executed ln this order during this 

pri111ary d ri 11 a 

Without tjle __ bow~ng_~l];_ --

1. Explain the starting position and the four step approach . 

2. Have students assume the correct starting position. 

3. Students execute four walking steps . 

L. Students execute four walking steps with a slide on the fourth step, 

employine forward incline of the body with forward knee bent. 



5 · Teacher ched~inG the position of the students at the foul line for: 

A. Distance f rom foul line . 

B. Feeing pins (shoulders parallel to foul line) . 

c. Forward knee bent. 

D. Body inclined forward. 

E. Path of approach. 

6. Repeat, four steps with the slid!=?, faster count by teacher. 

7. Repeat several times, increasing the speed until it is a.t the proper 

rate. 

" o . Students check their own position at the foul line. 

9. Repeat the four steps with the slide several more times, allowing the 

students to move at their mm rate of speed (no counting) . 

10. Explain the coordination of arm and leg movements . 

11. Have students practice the first step with the push- away several tilr.es 

with the teacher giving verbal instructions . Emphasize the importance 

of the push-away on the first step. 

12. Add the second step during which both arms start back. 

13 . Practice the first and second steps together, slowly with the teacher 

counting . Practice without the teacher cou~nting, moving at their own 

rate of speed. 

14. 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, usually students will do better 

i f these steps are taught as one part ( or movement) • 

15 . Allow students to practi.ce the coordination of arm ~nd l eg movements 

at their own rate of speed, while the teacher is checking for mistakes, 

still carefully observing the body position at the foul line. 



16. E:,:plain spot bowling and designate the dot ( or spot) to be used in 

aiming for the strike pocket . 
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17 · E:-~12..in importance of the straight arm backmdng and follow-through 

being in line with the point of aim. 

A. Irr.portance of arm movement being in a vertical plane during back­

swingJ swingthrough, and follow- through . 

B. WaL~ toward designated spot. 

C. Follow- through of hand should pass right through the designated 

spot and ~ontinue until it is above the head. 

D. Emphasize looking at the specific point of aL11, walking toward the 

point of aim, and follow- through across the point of aim. 

18. Allow the students to go through the compiete approach several 

times at their mm rate of speed with the teacher watching for and 

correcting mista.~es . 

\·;i th t]1e oowl,ing ball--

19. Expluin 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 taking turns while bowling . 

20. Explain the natural hook release , have the students assume this hand 

position in relation t6 the bowling baJ.l, at which time the teacher 

checks the hand position of ·each student. After the hand position has 

been checked the student may begin practicing the entire apr·roach with 

the bowling ball, during which time the teacher is observing and giving 

verbal cues and correcting mistakes . 

21. After these students have had several minutes of practice a differe1:1,t 

group is brought to the -approach, this process cont:i,.nues until all 

students have practiced the fundamentals under the directi on of the 

tea.cher . 
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Such instruction in fundamentals may take several days, depending upon 

the nnmber of stud er. ts 1· n clc,ss. At any rate ""hi" c:: t · t · 1 u ~ v w_pr0C8S$ COD lDU8S Un l 

each student in class has had the designated instruction in the fundamentals 

of bowling . 

The Next Class Session after the completion of the drill in .fundamentals 

of bowline will include a review of fundamentals with an emphasis upon the 

following check points: 

1. Starting position on the approach. 

2. Coordination of ·arm and leg movements , particular /'cphasis being given 

to the push-away on the first step • . 

3. Ecay position at the foul .line. 

L. Counter- balancing force employed. 

~. Point of aim which is hit. 

6 . ~ecution1 of the follow-through. 

7. Path of the bowling ball and how it hits the pins. 

At this point the teacher begins to give indivi dual help and instruction to 

the students as they take turns bowling. 

CJ.ass Session --

The .following class session will include: 

l. Explanation of etiquette to be followed concerning bowlers on adjacent 

lanes. 

2. Emphasis on position at the foul line: 

A. 

B. 

Hold the fornard incline and the lowering of the body position at­

the foul line. 

Stay long enough to See the bowlin.g ball hit the pins. 
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J. Assign principles included in the mimeographed material . 

4. 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 4,7,4-7 (left hander. For all other set­

ups of pins simply adjust the point _of aim, working from the basic point 

of aini for the strike ball. Each student will take four attempts at 

the ten pin (right handers) or the seven pin (left handers) . Students 

wi 11 be ins true ted :in line bow ling, to be used only with these extreme 

spare pick- ups . 

2 . Assign score keeping in the mimeographed rr.ateria1. 

3, Review fundament.als. 

~ . Give individual instruction . 

Cla.ss Session--

1. Give out progra!l'lrned :raterial to be completed and turned in at. the next 

cla.ss se ssi.on. 

2. Review fundamentals, emphasizinc needed points. 

3. Skill tests in sp~re pick-ups . 

4. Give individual inst.r1;.ction . 

Class Session --

1 · d d t t scorP.ko.ep1.· nc with the use of the telescore • Sxplain an e~ons ra e - -- b 

ll'Jching. Answer all q_uestions and re- explain as much as necessar.;r • 

2 t 'lrlO 
5 

t1.1c.er:.ts_ from each teart to keep score , one person to do r.1ost • Assir:;n 

· Score ke.:>pi nz will continue frorn this point of the score keeping. ~ ~ 

throu~h-out tho sen:ester. 
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3. Review fundamentals , emphasizing needed points. 

4. Give individual instruc tion . 

Class Session --

1. Explain the types of mistakes made in score keeping and return the score 

sheets with corrections to the students who kept _score . 

2 . Explain about altl'3rnating lanes and ·check to see that st,1dents are 

manaeing it properly. 

3. Remind students that they are not to practice . 

h. Assigh two dif.:erent students to keep score. 

S. 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 mimeographed 

material. 

3. Skill tests in spare pick-ups • . 

4. Individual instruction in bowling . 

Glass Session 

~ron this point on instruction will be al111ost entirely individualized. 

Grcu:p instruction will be given when it is indicated accordine to the needs 

of. the class . Score keeping will continue as will alternating of lanes. 

Hieh 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 niakihg . The teacher will continue to check the 

score sheets and return them, each class ses.sion, 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. 



,,. 

l 

2 

3 

4 

5 

6 

7 

8 

S :.:1.mple Copy of Rating Scale Used by Judges ' to Evalu.&.te Subject" 1 Appl.i.cation of Movement 

Principles in Bowling . 

I I 
PUSH A',IAY ON THE FIRST STEP lj. 3 2 l 4 3 2 1 4 312 

FORWARD rn cLililE OF BODY AND HEAD 4· 3 2 l 4 3 2 l 4 3 2 

COUNTERBAIAN CE EMPLOYED 4 3 211 4 3 2 l l~ 3 2 

BACKSWING AND SW ING - 'T'HROUGH 4 3 2 1 4 3 2 1 4 3 2 

FACii"G PI1'1S THROUGHOUT APPROACH 4 3 2 1 l~ 3 2 l 4 3 2 

BENDING OF FOR',•J'ARD KNEE 4 3 2 1 4 3 '"' 1 4 3 2 c:. 

RE~SE OF BOWLillG BALL 4 3 2 l 4 3 2 l 4 
!3 

2 

FOLLOW - TH..'G.OUGH 4 ~ 2 1 4 3 2 1 4 3 2 J 

TOTAL - I 

I 

l 4 3 1! 
i 

l 4 3 2 1 
! 

l 4 3 2 1 

l 4 3 2 1 

l 4 3 2 .· 1 

1 4 3 2 1 

I 

l 4 3 2 1 

l _J 

1 4 3 2 1 

l I 
I ! I 

I I 




