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CHAPTER I 

ORIENTATION TO THE STUDY 

Introduction 

A goai of physical education is to teach man to use 

his .body in a way that contributes _maximally to his health 

and well-being. This goal .involves movement which can only 

be accomplished by the control of specific degrees of mus-

cular tension. Steinhaus (34:3) states that ·muscular con-

trol, referring to the ability to distinguish between ten-

sion of the muscles that are necessary for an activity and 

of those that are not necessary, will separate the skillful 

athlete ~ro~ the clumsy one. It is logical, therefore, that 

teaching a student to.relax his muscular system properly is 

an important part of physical _educatlon. A t _ense muscle, · 

characterized by non-resiliency or inelasticity, exhibits 

itself especially when one is in motion (29:27). According 

to Breer (3:375), unnecessary tension interferes with the 

smooth sequence of muscular action essential in coordinated 

movement. De Vries (11:51), in supporting this position, 

states that a decrement in performance may occur when ner-

vous overflow results ir1 the innervation of synergistic 

muscles. 

Those who have used muscular tension control in re-

1 



search define this term as an accomplishment that ultimate-

ly results in a reduced level of tension in the skeletal 

musculature (34:J). Scientific relaxation is a process of 

disciplined neuromuscular learning {18:42). 

Edmund Jacobson, a Chicago physician, is credited 

with many of the significant contributions to the· history 

of tension control programs. Jacobson's methodology has 

been a source of ref'erence to the medical and psychological 

literature since his initial research at Harvard in 1908 

(18:43). During World War II the success of Jacobson's 

program of progi'essive relaxation . was noted when 1.5,.000 
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Naval Air Cadets were trained to combat nervousness exhibit-

ed by pilots during flight (18:43). The inclusion of a 

tension control program into the regular curricula of an 

educational system was initiated at Beloit College in 1960 

(18:43). Cosmo A. Cosentino began a similar tension control 

project in 1961 at an elementary school at Chicago Heights, 

Illinois (18:43). The success and ease of training the 

children have helped contribute to the growth and interest 

in tension control programs. 

True relaxation in any muscle results in a complete 

absence of all contractions. Nerves to and from truly re-

laxed muscles are completely inactive ( 24: 84•). Normal 

activities, such as breathing, talking, a.nd. walking, employ 

complicated tension ·patterns in ni..any muscles (2l~:95). To 

do away with tension permanently would result in doing away 



'\'Iith living; therefore, the real purpose · of muscul:9-r re-

laxation programs is to be able to control the amount of 

.muscular tension and/or the degree qf muscular relaxation 

in a volitional manner (24:95). Rathbone (28:514) states 

that no one should be better prepared to teach conscious 

relaxation than the physical education instructor, who 

understands the muscles. No one should be more anxious to 

relieve tension because the teacher of physical education 

is interested in motor skills and total health. 

Statement of the Problem 

The proposed investigation entailed the comparison 

of learning a novel gross motor skill by an experimental 

group and a control group comprised- of fifteen subjects 

eache The novel gross motor skill involved the use of a 

ball attached to a paddle and the non-dominant arm. The 

experimental group learned to control muscular tension, 

measured by quantitative electromyography, in the wrist 

and forearm flexors and extensors. The comparison was 

made on the basis of achieving a preselected level of 

ability. On the basis of the statistical findings a con-

clusion was reached, stating whether general control of 

muscular tension aids in learning a. specific gross motor 

skill., 

Definitions and Explanation of Terms 

For the purpose of clarification, the following de-

3 
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finitions and/or explanation of terms are stated below in. 

the manner in which they are used throughout this study: 

A. 

B. 

Relaxation: " • • • is a neuromuscular accomp-

lishment that results in a reduction of tension 

in the skeletal musculature (34:3). 11 Relaxation 

. was measured through quantitative electromyographic 

techniques~ 

Tension: " • • • is overt muscular contraction 

caused by emotional state or by increased effort 

(9:168)." 

c. Electromyograph: 

••• an instrument which measures and records 
muscle action pote.ntialss It is basically an 
amplifier which receives current conducted 
from electrodes (22:577). 

Quantitative electromyography,- the technique used 

in this study, involves the integration of elec-

trical potentials electronically and. the conver-

sion of the analogue recording to a digital read-

out. 

D. Gross Motor Skill: 

••• patterns of body movement involving 
complex motor coordination which achieves 
desired results with minimum expenditure 
of phys°ical energy. • • .• gross motor skills 
refer to those related to' large muscle 
activity (4:365)·. 

E. Novel Skill: A new gross motor activity. One 

that has either never b~en previously performed, 

or one that has been rarely p~rformed so that the 



initial performance level 1s equal to the per-

form.a.nee of •··those who never have executed the 

activity. 

F. Learning: 

Learning is the process by which an activity 
originates or . is changed through reacting to 
an encountered situation, provided that the 
characteristics bf the change in activity 

· cannot be explained on the basis of native 
response tendencies, maturation, or tempo-
rary states of the organism (e.g., fatigue, 
drugs , etc. ) ( 2 : 2 ) • 

Purposes of the Study 

'l'he general purpose of the study ·was to determine the 

effect that the control of muscular tension had on the 

learning of a novel gross motor skill. Specifically the 

investigator proposed to: 

5 

A •. Develop a program designed to enable selected 

subjects, the experimental group, to control the 

degree of muscular tension in the wrist and fore-

arm flexors and extensors of the non-domlnant a.rm. 

The degree of muscular tension control was mea-

sured by means of quantitative electromyography. 

B. Test the hypothesis that there will be no dif-

ference between the experimen~al group and control 

group used in this s~udy in their achievement of 

a preselected level of ability in a novel gross 

motor skill. 



Delimitations of the Study 

The proposed study was subject to the following de-

limitations: 

· A. Two groups of women volunteer subjects were com-

prised of fifteen each. These subjects were un-

skilled and did .not have experience in tournament 

play in any of the racket sports. 

B. The .experimental group and the control group were 

equated through random selection from the thirty 

volunteer subjects. 

6 

c. The experimental group participated in the mus-

cular tension control program. 

D. Both groups did not practice the novel gross 

motor skill outside the designated learning 

sessions. 

E. The measurement of muscle action potential was 

dependent upon the investigator's ability to ob- . 

ta.in valid and reliable electromyographic record-

ings. 

F. The selection of the novel gross motor skil~ in-

volved the use of a ball attached to a small 

paddle. The skill is based upon upward and/or 

vertical contacts of the ball to the paddle. 

G. Time for each trial session was selected upon the 

basis of fatigue and desirable motor learning 

procedures for simple motor skills. This time 



for each trial was selected by means of pre-

liminary testing: 

H. Selection of the achievement level of the novel 

gross motor skill was made upon the basis of 

preliminary testing. 

I. Data determined the learning ability of the novel 

. gross motor sk-1ll by the experimental group and 

control group. 

Summary . 

Present literature reveals that the use of tension 

control programs in the field of physical education is re-

latively ne1't. The purpose of this investigation was to 

study the effect that the control of muscular tension had 

on the learning of a novel gross motor skill. The gross 

motor skill was the use of a paddle-ball apparatus. 
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In Chapter I, information was presented that related 

to the potential value of muscular. tension control and move-

ment efficiency. Definitions and/or ex.planation of the 

terms, purposes of the study, and the delimitations of the 

study also were included in this chapter. 

Chapter II revi~ws research reports and studies re-

lated to the present investigation. 



CHAPTER II 

RELATED LITERATURE 

Introduction 

The physical educator, like all educators, is always 

searching for new or better teaching techniques to enhance 

the process of learning. The curriculum of physical ed-

ucation as stated by Prederick (18 :lt2) evolves around the 

efficiency of movement and what this efficiency means to 

the individual. Frederick (18:42) further states that our 

total concern is not only movement, but non-movement as 

well. Cary (.5:220) continues this concept by saying that 

partlcipants in athletic activities should be taught how 

to use only those muscles needed as well as how each motion 

contributes to the total task of which the muscles are a 

part. Training for a more economical use of the body, such 

as in physical education, should emphasize the recognition 

of muscular tension and methods of relaxation. Such an 

emphasis frequently produces a realization of a student's 

ability to produce contraction in some muscles while re-

leasing others. The lack of ability to maintain a partial 

relaxation when not in motion results in unnecessary motion, 

in a loss in the accuracy of movement, and a loss of timing 

·1n the physical involvement of participation (5:220). 

8 



Kinesthetic Perception 

The skeletal musculature, comprising .forty to forty-

five per cent of the body weight, is both sensory and motor 

9 

in function (34:4). Fibers in the muscles carry impulses 

from sense organs. The sensory fibers appear in Pacinian 

corpuscles, free endings, and muscle spindles, which along 

with tendon organs 11 respond to stretch or tension. Together, . 

these sense organs create muscle sense known as proprio-

ception or kinesthesia (34:4). The muscle spindle is able 

to adjust its sensitivity to tension by the shortening or 

lengthening of sle~der intrafusal muscle fibers found in the 

spindlee Stimulation is received by these intrafusal fibers 

from·gamma nerve fibers that belong to a small fiber motor 

system, separate from large alpha motor fibers. Impulses, 

generated by pressure or tension in the muscle, pass over 

large sensory fibers into the spinal cord, where numerous 

connections are ma.de. Those col"..nections or fiber tracts 

ascend to the thalamus and activate 'neurons that carry im-

pulses to the cor~ex. In the cortex, the tension sensations 

are perceived, localized, and interpreted. Also at this 

level, the perceptual experiences provide information coi-1-

cerning weight, movement, resistance, and depth discrim-

ination. 

The nerve impulses from a tense muscle, upon their 

entrance to the cord, may facilitate cell bodies of a vari-

ety of neurons that originate at this level of the spinal 



column. Impulses interpreted as pain.are thus relayed. 

In comparison, a relaxed muscle carries no faci1itory im-

pulses, which in turn account for a lower sensitivity to 

pain. Therefore, the stimulation of the sense organs in 

a relaxed musculature is reduced (34:9). · The facilitating 

effects of the source are reduced, initiating a decrease 

10 

in nerve center activity. All activity under the influence 

of the nervous system is then progressively reduced. 

Studies in Relaxation and Tension 

Relaxation, analyzed by Steinhaus (34:3), is a neuro-

muscular attainment resulting in a reduction of tension in 

the muscular structure of the skeleton. Relaxation in re-

lation to activity means operating at maximum efficiency 

with minimum effort ( .5: 220). Cary ( 5: 221) indicated that 

tension results in lost motion and awkward, inaccurate re-

actions. Similar conclusions were made by Ryan (31:113) 

when he tested college students on a motor learning task 

that involved balan~ing on the pivoted platform of a stabil-

ometer •. Ryan concluded that increased tension impaired 

performance of a difficult motor task, but the rate of 

learning was independent of the state of tension for either 

difficult or easy skills •. 

Gregg (20) undertook a study to determine whether 

changes in generalized tension accompany change in pro-

ficienc~ of psychomotor tasks. Two experiments were used, 

both of which employed an arm-hand steadiness task and a 
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tapping-aiming skill used to evaluate the di:fference. One 

qf Gregg's experiments involved subjects practicing.both 

tasks for five consecutive d8.ys. A second experiment by 

Gregg attempted to produce a decrement in the proficiency 

of the performance on the psychomotor tasks by requiring 

the subjects to carry out work that would fatigue specific 

muscle groups. A high-gain biological amplifier was used 

to measure muscle-action potential. Gregg concluded that 

increases in generalized tension, as related to the steadi-

ness task, appeared to accompany a performance decrement. 

In comparison, a decrease in generalized tension appeared 

to accompany an improvement in the tapping task. 

· Stauffacher ( 3 3) undertook a study concerned with 

the effect of varying degrees of induced muscular tension 

upon the rate of learning.· Subjects were instructed to 

grasp weights suspended over pulleys. Whi-le supporting 

these weights, the subjects were to memorize non-sense 

syllables and repro~uce them by spelling. There were four 

conditions of muse.le tension: ( 1) no tens ion; ( 2) one-

forth te~sion; (3) one-half; and (4) three-forths tension. 

Although the results were not significant, Stauffacher 

found that a certain amount of muscular tonus causes a 

facilitation of learning. The increase in learning oc-

curred when the amount of tens1on was somewhere around one-

half of the subjects' maximum point. Lesser or greater 

amounts gave little or no facilitation. 



Research conducted by Courts (8) and Freeman (17) 

also indicated that the more complex the performance or 

skill, the earlier tension will show inhibitory effects. 

Easier tasks were found to be facilitated· with tension. 

Forest (15) conducted a study in which he used electro-

myographic readings of ten subjects while they performed 

simple postural variations. · One channel of an electro-

myograph was attached to the right forearm one-half the 

distance between the lateral humeral epicondyle and sty-

loid process of the ulna, while the other channel recorded 

from above and below the point of the chin. Forest con-

cluded that a deceleration in the rate of work output was 

asso6iated with an increase in tension. 

Russell (30) undertook a study in which he concluded 

that a condition of' relaxa·tion is superior to a condition 

12 

of tension with respect to accuracy of tossing balls at a 

designated target. Lazaras, Deese, and Osler (26) indicated 

that stress and anxiety in learning usually impair both 

verbal and perceptual motor performances. Similar results 

were found in research conducted by Bean (1). who implied 

that subjects tested under stress conditions will require 

more trials to reach a criterion of mastery and will make 

more errors during the memorization of non-sense syllables. 

Haverland ( 21) studied. the effects of relaxation upon 

certain aspects of motor ~kills. _ Subjects were divided 

into .three groups, each of which was assigned a different 



treatment. The·control group received no experimental 

~reatment, while the conditioning group received training 

in Danish gymnastics for forty minutes twice a. week. The 

third group received instruction in the jacobson technique 

of relaxation twice a. week for forty minutes. Tension 

measurements were recorded by the electromyograph. Haver--

land concluded that there were significant differences 

between the means of changes in performance of_ the three 

groups. It was also found that relaxation techniques, as 

suggested by Jacobson, may result in improved performance 

in certain areas of motor skill inv(?lving smooth, coor-

dinated, precise movements. 
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As seen by the previous studies, many results have 

pointed out that tension inhibits performance to a degree. 

But, other studies, such as the one conducted by Freeman· 

(16), revealed that certain levels of tension act as a 

factor that contributes to the facilitation of mental work. 

Freeman also adds, though, that it may become an inhibitor 

of precise performance. A similar conclusion was developed 

by Castaneda and Lipsitt (6), who stated that stress facil-

itated performance with respect to the learning of simple 

light-switch combinations. 

Hm·1ell (23) employed a relatively simple motor task 

involving an arm movement in hitting a ball, reversing the 

direction to touch a key, and hitting a second ball. Howell 

concluded that the group given electric shock to produce 



tension a.nd motivation exhibited a·significantly greater 

increase in speed of motor performance. 
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Duffy (13) undertook a study to determine the re-

lationshlp between the quality of a. performance and tension 

of selected muscles in children. Graphic records. were 

taken of the pressure upon dynamographs held in the hand 

during discriminative reactions to three kinds of pictures. 

one of which the subject was to respond to by closing a re-

a.ctlon key. Duffy concluded that an increase in skeletal 

muscular tension appears to represent an increase in ex-

citation, causea from any type of.stimuli. The mor~ mo-

tivated an individual becomes or the more difficult the 

situation tends to be, the greater the muscular tension or 

the subjects' effort to ad just~ Findings of this experi-

ment, too, revealed that high degrees of muscular tension 

were found to be associated with a performance of poor 

quality. It was assumed that high tension tends to be 

disruptive and that very lm·r tension probably is charac-

terized by lack of alertness or effort. 

Evans (14) investigated the influence of relaxat-ion 

techniques upon the level of tension in college women be-

fore and after activity in physical education classes. 

Evans concluded that the average college student may be 

taught to recognize fatigue due to hypertensions and to 

utilize methods of reducing its effects. 

Lyons and Lufkin (27) designed a study to determine 



1.5 
by means of electromyography whether ten lessons in re-

laxation, spaced over five weeks, would .significantly lower 

. the muscular tensions of college women. Twenty-eight dif-

ferent sets of muscles were included during the ten fifty 

minute lessons. The increase in relaxation was-measurable 

but not to a significant degree. 

Studies in ElectromyograEhY 

Many studies have used the electromyogram in testing 

muscle action potential in various areas of· the body •. 

Gardner and o•c~nnell (19) prepared an informative paper 

to explain the use and operation of the electromyograph 

which records electrical changes occurring in the muscle 

immediately prior to and during contraction. Close, Nic~e1·, 

and Toss {7:1221), in .. questioning the validity of electro-

myographlcal readings when applied to the measuring of 

muscular tension, assert that a numerical readout of action 

potentials, with established threshold values, adds· sig-

nifica.ntly to the information gained from a conventional 

electromyogram, for. use in muscle-function analysis and 

locomotion studies. The aggregate action-potential count 

of a contraction would then be more likely to be propor-

tional to the work performed by a muscle (7:1207). Wilcott 

and Geeken (36) concurred with these conclusions when they 

disclosed an essentially linear relationship between the 

force of muscle pull and the integrated mean of' the electro-

myograph for female subjects, with a slight·ly curvilinear 



ielationship for male subjects. 

Jacobson (25) undertook a study to invf)stigate peri-

_odic variability of tension in college women, using the 
,, 
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electromyograph to determine the degree of tension. Jacob-

son hypothesized that there would be a difference in the 

range of variability in the tension of two groups of sub-

jects classified according to high tension and low tension. 

Prime muscle movers of the neck, shoulqer, elbow, hip, and 

knee were tested. Jacobson concluded that the high tension 

group varied in tension more significantly than the low 

tension group. 

summary 

The cited research has shown that tension does aff~ct· 

performance and learning in various ways, depending upon -

the sklll, whether mental or physical, and the conditions 

under which the task 1s being performed. The consensus 

favors the view tha.t a complex skill may be inhibited by 

muscv.la.r tension and that an_ easy task may be facilitated. 

When tension becomes detrimental, the individual probably 

has the cspability to recognize this tension and in turn 

can attempt to eliminate and/or reduce its effects. Methods 

of relaxation have been shown to alleviate nega~iv:e results 

of muscular tension, especially when such .tension becomes 

inhibitory. 

In measuring or recognizing tension, the electromyo-

graph has become an important instrument al-though its 



validity is still undergoing much research. Elect!omyo-

graphical studies have indicated that tensio~ produced by 

17 

a muscle during voluntary contracti~n is proportional to 

the electrical activity of that muscie. A linear relation-. ' 

ship between the force of muscle pull and the integrated 

mean of the electromyograph for female subjects is pur-

ported to exist by several investigators. 

Chapter III will present the procedures followed in 

the development of this investigation.· 



CHAPTER III. 

PROCEDURES OF THE STUDY 

Introduction 

The present investigation sought to determine the 

effect that the control of muscular tension had on the 

learning of a selected novel gross motor skill. Quantita-

tive electromyosraphy was utilized in distinguishing the 

extent of muscular relaxation. The study entailed the use 

of two groups, each comprised of fifteen college women. 

The experimental group was given instruction in relaxation 

and tension control while the control subjects were given 

no instruction in either of these areas. Both groups were 

then given the paddle-ball apparatus, the instrument used 

in the selected novel gross motor skill, and were instructed 

to reach a criterion level of performance as determined 

by a pilot study. 

Preliminary Procedures 

Information was surveyed, studied and assimilated 

from available documentary sources of data pertinerit to all 

phase_s of the study with special emphasis upon techniques 

of, rela.xationt tensi.on control and electromyography. A 

review of literature revealed many opinions as to the re-

18 



lationship of tension and of relaxation to learning and 
. . 

motor performance. It was decided to confine this in- · 

vestigation to specific muscle groups related to the skill 

e.nd to concentrate on muscular relaxation and tension con-

trol of these areas only. 

Instrumentation for the Relaxation and Tension 
Control Programs 

19 

Equipment utilized in this study consisted of an 

Integrating Bioelectric Monitor, electronic counter, Oscill-

oscope~ Audio-Frequency Function Microvolter, Low Frequency 

Function Generator, a.nd Biopotential Skin Electrodes. The 

monitor is a voltage-measuring instrument with changeable 

gains and band widths which make it adaptable to any AC 

bloelectric phenomena. The electromyogr~phic monitor in-

cluded a·built-in ohm meter, calibration signal, and an 

audlo output to feedback the level of muscle activity of 

the subject. The monitor setting used in this study was 

as follows: High Pass hz, 10k; Low Pass hz, 1.0; and. Full 

Scale, 1.0. In order to eliminate any auditory cues the 

audio output was not used. The E & H Instrument Company 

produced the Biopotential Skin Electrodes that were em-

ployed in the testing of each · subject.· . 

The Low Frequency Function Generator and Audio'!-" 

Frequency Mlcrovolter were. used to calibrate the monitor. 

The EMG monitor was calibrated each day prior to the teach-

ing session and immediately following ·the ·testing session. 



The oscilloscope, co:n.nected to the monitor; was useful in 

presenting a visual representation of muscular·a.ctivlty 

and, more specifically, in observation for any artifacts 

that might occur. The counter displayed measurements on a 

four-place neon column readout •. 
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Before the electrodes were applied, th~ area over the 

muscle group being tested was cleansed.with alcohol and a-

braded with sandpaper. The adhesive collars were applied 

to the electrode which was then filled with the electrolyte 

gel. The electrodes were placed over the muscle group, in 

accordance with·Davis (10), with the ground electrode being 

placed on the dominant arm near the ·wrist bones. 

The impedance of the subject was then tested with the 

value recorded for a one-second period. .All subjects had 

to have less tha21 500 ohms impedance before testing con-

tinuedc The oscilloscope was checked for artifacts during 

the impedance measurement. 

Selecti.on of a Novel Gross Motor Skill 

The skill selected was to be one that had never been 

previously performed or one that had been rarely performed 

so that the initial performance level was equal to those 

who never had executed the activity. It was also decided 

that the non-dominant hand would be used to help insure 

novelty. The paddle-ball was selected and approved by the 

thesis committee es appropriate for the study. 
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Selection of Muscle Groups 

The muscle groups tested were selected- flexors and 

· extensors of the ·wrist and forearm. . On the basis of kines-

thetic analysis the ·wrist and forearm· flexors and extensors 

were found to be of major importance in the performance of 

the paddle-ball apparatus by the non-dominant arm of the 

subject. 

Selection of Subject~ 

The subjects for this investlgation were thirty vol-

unteer students. enrolled in physical education classes 

during the first summer term of the 1967~1968 school year 

at the Texas Woman 1 s University. 'J.'he subjects accepted for 

the study were uns1cilled and had no· prior experience in 

tournarn.ent play in any of the racket sports. The Table 

or Random Numbers was used to select students for either 

the experimental group or the control group. An initial 

test was given to all of the subjects for the purpose of 

determining the homogeneity of the group by means of 

Bartlett's Test of Homogeneity (12:275). The test of 

hornogenelty of variance was calculated for both the number 

of trials and the number of total hits duri.ng the initial 

test session .. The homogeneity of variance demonstrated that 

both groups were equal in a population represented by the 

sample. 



Develonment of Relaxation and Tension 
Control Pro~ram 

The objectives of a. program in muscular tension con-

trol were established. They entail~d: 

A. The development of an awareness of muscular ten-

sion in the forearm and wrist_ flexors and ex-

tensors. 

B. The development of a skill in releasing tension, 

therefore, making relaxation easier. 
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c. The development of an ability to produce specific 

amounts of muscular tension upon request as 

measured by quantitative electromyography; The 

amounts of muscular tension requested in all 

cases were forty per cent and twenty per cent of 

the subjects' maximal tension point. These per-

centage values of the maximum tension each sub-

ject could attain were selected empirically with 

the consent of the thesis committee. 

Specific procedures used in the relaxation program 

were set up, paralleled to those employed by Jacobson 

(24:76). Each session of the program was comprised of 

fifty minutes, with each subject ·in the experimental group 

having at least five periods of work. 

During the first two periods, the electromyograph, 

its auxiliary equipment.and the program objectives were 

_explained in detail to the subjects. The electrodes iere 

attached to the non-dominant arm, and the subject was 
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instructed to lie on her back with her eyelids clo.sed. Bhe 

was then asked to raise her non-dominant arm.and clench her 

. fist. During this phase the feeling of muscular activity 

throughout the entire arm was tobe noted by the subject. 

The arm was allowed to fall limply, while the fingers were 

slowly uncurled. The tension and relaxation phases were 

repeated at least twice with the remainder ~f the measure-

ment period used to try to obtain total electrical silence 

in the selected muscles as determined by the electromyo-

graph. All four muscle groups were measured in this manner 

during the firs~ two periods. 

The beginning of the third period was devoted to rest. 

The subject was then, upon a signal, asked to tense the 

muscles in her arm as much as possible. ·This "all out"_ 

effort ·was continued for ten seconds and repeat_ed three 

tj_mes. A maximum mean value was calculated, and forty per 

cent and twenty per cent of this mean value were determined 

to give standard potentials. The subject was then asked 

to tense the muscle slowly until the forty per cent standard 

potential was reached. The investigator gave commands to 

start and stop the activity. The subject was asked to con-

centrate on that point ·or tension when the signal "stop" 

was given. This procedure was repeated four times and con-

stituted the practice trials. During the following four 

repetitions the subject was given the command to start and 

asked. to give the signal 11 stop 0 when she felt she had reached 



the standard forty per cent tension ·1evel. · This c_onsti-

tuted the test tr°lals. The . practice and tes~ trials were 

. repeated three rounds for both the forty per cent and 

twenty per cent level of tension. _The subject . was con-

sidered to be successful in her attempt to reproduce the 

standard tensions if she was within ten per cent of the 

selected tension levels. The sub,ject was asked to relax 

several minutes and at the conclusion of the period was 

asked to reproduce both selected tension levels without 

any practice trials. This complete procedure was repeated 

for the third ahd forth periods for-all the muscles _in-

volved. 
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The fifth session was devoted to relaxation and the 

reproductlon of the two standard potential amounts with 

fm,1. if any, trials~ When the subject was able to main-

taln, in the select muscles, a constant relaxation point 

that was within thirty microvolts of total electrical 

silence, and to accurately reproduce the standard poten-

tial measurements. she ·was ready to learn how to· manipulate 

the paddle-ball apparatus, the use of which was the basis 

for the novel gross motor skill. During the learning 

period each subject was tested at least once in order to 

check relaxation level a.nd the maintenance of muscular 

tension control. 

Collection of Data 

The control group and experimental group met separate~ 



ly during the learning p~riods. Each group was oriented 

to the mechanics and operation of the paddle-ball apparatus. 

The ball was to project upward from the paddle with a full 

extension of the connectir1g rubberband. Ea.ch hit or series 

of consecutive hits constituted· a trial. The subject's 

partner was to record the number of hits for each trial 

completed during a. time of one minute and forty-five sec-

onds. This time period was determined b:y- preliminary in-

vestigation as satisfactory to eliminate the effects of 

fatigue upon learning and performance. Cratty (9:154) 

states that a perform.a.nee decrement.does occur during sus-

tatned activity. Each subj'ect performed with the same 

paddle-ball apparatus each session. 

The control group met and practiced once a day for· 

the one mlnute and forty-five seconds. The practice was 

both massed and distributed. The student practiced with-

out rest for the time set for each .sessio:n, with an in-

terval between sessions. Singer (32:191) states that 

lead.lng physical educators believe short, frequent per-

formances are more profitable than long ~essions crowd~d 

lnto n short time span. The subjects were instructed not 

to practice at any other time. One limitation was un-

avoidable in that the students began testing two days be-

fore a holiday period and continued practicing at home. 

This practice was recorded by the performers in the stan-

dard manner. Once they returned to the _University, they 
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~et as a group until each had reached the criterion level. 

The experimental group, upon completion of the re-

laxation and muscular tensioncontrC:>l program, was allowed 

to begin its learning sessions. Mas'sed-distributed prac-

tices of one minute and forty-five seconds in duration 

were arranged once a day. The group continued throughout 

the program utilizing the same piece of equipment and part-

ner each time. The members of the experimental group· were 

considered finished when they had reached the criterion 

level of mastery. 

The criterion level was established at twenty con-

~ecutive hits. Preliminary research had been conduct,ed 

in the criterion level of skill mastery with consideration 

given to the study by Trussell (35:342) on predicting suo-

cess in learr1ing a skill. Anyone who had reached or sur-

passed this point was considered to have learned the skill. 

The data collected from each subject consisted of 

the total number of trj.als per sesslon and the total num-

ber of hits per trial and per session, both up to the point 

of success in meeting the criterion level. 

Analysis of Data 

The data collected were treated in two different 

manners. The first treatment was concerned with the num-

ber of trials taken to meet the criterion level by both 

groups, while the second treatment dealt with the total 

number of hits taken to meet success by bot.h groups. In 



both cases the data were totaled for each group with the 

mean, standard deviation and standard error calculated. 

Both treatments were subjected toa t-test to determine. 

any signtf1.cance of the difference in 1e·arning between 

the· control and experimental grcmps. 

Summary 
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In Chapter III the investigator :presented the pro-

cedures followed in the development of the investigation. · 

The selection of m113cle groups, the novel gross motor skill, · 

and the subjects were reviewed along with the procedures 

follm-ied in the relaxation and muscular tension control 

programs as suggested by Jacobson. Operational procedures 

were discussed with respect to the EMG. The process of 

learning the novel gross motor skill was ~iscussed in re-

lat:i.on to practice sessions and mastery level. - The data 

were a:na.lyzed in terms of the number of hits and the num-

ber of trials taken to meet the criterion level. At-test 

of slgni.ficance was used to evaluate the differences in 

learnlng and performance. 

Che.pter IV contains the presentation of the find."ings 

from the data collected. 



. CHAPTER IV· 

RESULTS AND ANALYSIS OF THE DATA 

Introduction 

The results and analysis of the-data collected are 

presented in this chapter of the. thesis. The interpreta-

tion of the data is presented in relation to the hypothesis 

that guic"led the development of this investigatlon. The 

hypothesis stated that there would be no difference-in the 

achievem8nt of a preselected level of ability in a novel 

gross motor slcill between the experlmental group and con-

trol gToup used in this study. 

Analysis of Groun Homogeneity 

Table l, page 29, illustrates the status of group 

h01:10gcnelty in relation to the total number of hits exe-

cuted during the initial test of the novel gross motor skill. 

The number of consecutive hits for each trial was totaled 

for every subject in both the control group and the ex-

perimental group. The sum of the scores was -subjected to 

Bartl':!tt • s Test of Homogeneity. The V value of .1307 did 

11ot approach the amount needed for s1gnif1.cance at the .05 
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TABLE 1 

INITIAL TEST: TOTAL NUMBER OF HITS WITH RESPECT 
TO THE SIGNIFICANCE OF THE VALUE OF 

BAHTLETT'S TEST OF HOMOGENEITY 

Number of 
Group Hits V df 

Control 352 
P* 

.1307 1 n. s. 
Experimental 341 

* V value required for significance with 1 df: 
• 05 level = 3. 81 

The same procedure was followed in comparing the 

groups with respect to the number of trials taken by each 

subj~ct during the initial test session, illustrated by 

Table 2. 

TABLE 2 

INITIAL TEST: . TOTAL :NUMBER OF TRIALS WITH RESPECT 
TO THE SIGNIFICANCE OF THE VALUE OF 

BARTLETT'S TEST OF HOMOGENEITY 

Number of 
Group Trials V df 

Control 349 
.7625 1 

Experimental 348 

* V value required for significance with 1 df: 
.05 level = 3.81 

Data Analysis 

p.;r 

n. s. 
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Data of the subjects' ability to learn the paddle-ball 



apparatus were collected. Both the number of consecutive 

hits per trial and the nuniber .·of trials performed to reach 

the criterion level of mastery were recorded. These data 

are recorded in the appendix, . page 39. Table 3, depicts 

the total number of consecu~ive hits perform~d _by the sub-

jects in both groups to reach the criterion level. The 

scores of each subject were totaled and- added to either 

the control group or the experimental group. The mean of 

each total group score was calculated a.s was the standard 

deviation and stande.rd error. The results were submitted · 

to at-test which yielded at value of ·4.21. This value 

was significant at the .01 level. 

- ·- ·-

TABLE J 

SIGNIFICANCE OF THE DIFFERENCE BETWEEN THE 
TOTAL NUMBER OF HITS TAKEN TO REACH THE 

CRITERION LEr.iL BY THE EXPERIMENTAL 
GROUP AND THE CONTROL GROUP 

·30-

Total . t value 
Number 

Group of Hits Mean S.D. S. E. df t P* -
Control 10,554 703. 6 133.65 }4. 53 
--· 28 4.21 • 01 
Exp1::n--Jmenta.l 9,115 607.67 100.34 25.92 

* t value required for significance with 28 df: 
• 0 5 1 eve l = 2. 0 5 
.01 level= 2.76 

The mean and standard deviation were also calcu.lat·ed 

for the number c,f total group trials ·to reach the skill 



level of mastery. After at-test was calculated, the t 

value of 6.41 was derived, as exhibited by Table 4~ This 

score was also significant at the .01 level. 

TABLE 4 

SIGNIFICANCE OF THE DIFFERENCE BETWEEN THE TOTAL 
NUMBER OF-TRIALS TAKEN TO REACH THE CRITERION 

LEVEL BY THE EXPERINENTAL GROUP AND THE 
CONTROL GROUP 
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Total t value 
Number 

Group of Trials :Mean S.D. S. E. df 

Control 4,297 286.5 76. 55 19.78 
28 

Expe~imental 3,291 219.4 64.95 16.78 

* t value required for significance with 28 df: 
.05 level= 2.05 
.01 -level= 2.76 

-
t 

6.41 .01 

The results of the t-test by either process indicated 

that the relaxation and muscular control programs were of 

value in the success of reaching the criterion level of 

skill mastery. Uncontrollable variables were found to be 

as follows: the interruption of the skill learning by 

summer holidays, the inability of the experimental group 

to begin the skill learning at the same time as ~he control 

group, and the difficulty of comba.tting individual or daily 

tensions such as examinations and personal problems during 

the relaxation and tension control program. 



Summary 

.The data of the .. present• inve·stigation were collected 

with regard to the number of trials and number of hits 

taken to reach a criterion level of skill mastery by sub-

jects in a control group and an experimental group which 

experienc·ed a program of relaxation and tension control. 

The mean, standard deviation, and standard error of each 

group total in trials and hits were calculated, and a 

!-test was performed to determine the significance of the 

differences between the scores of both groups in relation 

to the number of trials and the number of hits. Both 

calculations yielded a significant difference at the .01 

level. 

Chapter V will include -a summary bf the entire study. 

The finding and conclusion of the study will be dra"fm ac-

cording to the results of the data analysis. Implications 

of the finding and recommendations for future studies will 

also be presented in Chapter V. 



CHAPTER V· 

SUMMARY, CONCLUSIONS, IMPLICATIONS, AND 
RECOMMENDATIONS FOR FUTURE STUDIES 

Summary of the Investigation 

Movement is an essential part of living for all orga-

nisms. An objective of physical education is to develop 

·efficient movement for effective living. Broer (3:375) 
states that the smooth sequence of muscular action, esseri-

tj_al for coordinated movement, is. interrupted by unneces-

sary- tension. }1any investigators~ in studying learning 

and. movement efficiency, have found that a decrement in 

performance is usually accompanied by excessive muscular 

tension. Other studies have shown that relaxation, when 

effectively applied, has resulted in an improved performance. 

In light of the probable effects of ·relaxation on perfor-

mance, it was the purpose of the present investigation to 

study the relationship of relaxat:ton and the control of 

muscular tension to the learning of a novel gross motor 

skill involving the use of a paddle-ball apparatus with 

the non-dom:tnant a.rm. 

The research design involved a control and an ex-

perimental group. The experimental group learned relax-

ation and muscular tension control in the wrist and forearm 
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flexors and extensors as measured by quantitative electro-

myography. A comparison was made on the basis of achieving 

a preselected level of ability, twenty consecutive hits of 

the paddle-ball apparatus with the non-dominant arm. On 

the basis of the statistical findings a conclusion was 

drawn as to whether relaxation and control of muscular 

tension aided in the learning of the specific novel gross 

motor skill. 

Finding of the· Stuc!.Y., 

The hypothesis that guided the present investigation 

stated that there would be no difference in the achievement 

of a presele.cted level of ability in a novel gross motor 

skD.l between the experimental group and control group used 

in this study. This hypothes·is was rejected. 

Conclusion of the study 

As a result of the statistical findings_ of this in-· 

vestigation, it can be concluded that the program in re-

laxation and muscular tension control was of value in the 

learning of the novel gross motor slcill, involving the use 

of a paddle-ball apparatus. The experimental group learned 

the novel gross motor·skill quicker th~n the control group. 

The difference in the learning· rate of the skill, favoring 

the experimental group as compared to the control subjects, 

was statistically significant. 



Limitations of the Study · 

The following limitations were established with regard 

to the present investigation: 

A. Summer holidays interrupted the design of the 

study in that it became necessary for the control 

group to follow the set learning procedures at 

home for four days. This meant that the actual 

practice by each control subject was not known by 

the investigator. Each subject recorded her o1'm 

scores during this period. It is assumed that 

each subject followed the correct procedures. : 

B. The experimental group had not completed the re-

laxation and muscular tension control program ih 

the expected time and, therefore, was not able to 

begin the learning procedures with the control 

group. The experimental group was thus four days 

behind the control group in learning the skill. 

c. While conducting the relaxation and muscular 

tension .control program, the investigator found it 

difficult to combat individual tensions which re-

sulted from examinations and personal problems. 

Implications·for Physical Education· 

One of the stated purposes of physical education is to 

teach efficient body movement. The methods used to teach 

skills are varied and dependent on the student and teaching 

situation. It behooves the physical education teacher to · 



experiment with various methods conducive · to effective 

µiotor learning. The present investigation has shown a 

difference in learning a novel skill by two groups, one 

of which ,;,,ms exposed to a program in relaxation and mus.;.. 

cular tension control. T~e tension control program aided 

in a quicker learning of a novel gross motor skill. 

No one should be better prepared to teach a program 

of relaxation than the physical educator because of his 

lrnowledge of anatomy, physiology, and kinesiology, and his 

avowed interest in relieving tension. As a relatively new 

area of inclusiun in the physical education curriculum, re-

laxation and muscular tension control suggest new horizons 

for efficient motor learning. Teachers of physical education 

should continue to explore this field and further determine 

its effectiveness in learning skills. 

Reconrn1endations for Future studies 

The following suggestions have been recollli-nend·ed for 

future investigation: 

A. The effect of relaxation and muscular tension 

control upon the learning of a specific sports 

skill such as floating in the water. 

B. The relationship of a student's skill in a 

specific sport to the learning of relaxation. 

c. The effect of learning relaxation upon the 

academic achievement level of the student. 



BIBLIOGRAPHY 



BIBLIOGRAPHY 

1. Bean, Jerome C. "Serial Learning and Conditioning _Under 
Real-Life Stress," Journal of Abnormal and 
Social Psychology •. VI (November, 19 55), 543-

. . · 551. 

2; Bower, Gordon H •• and Hilgard, Ernest R. Theories of 
Learnin.5. NewYork: Appleton-Century-Crofts, 1966. _, 

3. Breer, Marion R. Efficiency of Human Movement. 
Philadelphia and London: W. B. Saunders 
Company; 1966. 

4. Brownell, Clifford Lee, and Hagman, E. Patricia. 
Physical Education-Foundations and Princinles. 
Ne~ York: McGraw-Hill Book Company, 1951. 

5. Cary, Helen A. "Relaxation for Effective Living," The 
Journal of School· Heal.th, XX (October, 195c5T"; 

·215-221. . 

6. Castaneda, Alfred, and Lipsitt, Lewis P. "Relation of 
Stress and Differential Position Habits to Per-
formance in Motor Learning, " Journal of . 
~xperimental Psychology, LVII (,January, 1959), 
29. 

7. Close, J. R., Nickel, E. D., and Todd, F. N. "Motor-
Unit Action-Potential Counts," Journal of Bone 
_and Joint Sur5ery, XLII-A (October, 1960}, 1207. 

8. Courts, Frederick A. tlRelations Between Muscular 
Tension and Performance," Psychological 
Bulletin,· XXXIX (194-2), 347-367. . 

9. Cratty, Bryant J. Movement . Behavior and Motor Learning. 
Philadelphia: Lea & Febiger, 1964. 

10. Davis, Joh11 F. Manual .of Surface Electromyop;r~phy. A 
manual prepared by the United States Air Force, 
Wright-Patterson Air Force Base, Ohio 
(December, 19.59). 

38 



11~ De Vries, Herbert A • . Physiology of Exercfse for Physical 
· Education and Athletics. Dubuque: Wm • . c. Brown 

Company, 1966 . · _ · . . · .. __ -__ . _ . . .. . -

12. DuBois, Philip H. An Introduction to Psychological 
Statistics. New York: Harper and . Row 
Publishers, 1965~ 

13. Duffy, Elizabeth. "The Relation Between Muscular Tension 
and Quality of Performance," American Journal of 
PsychologY., ~IV -(July, 1932), 535-546. 

14. Evans, Lura Elizabeth. "The Influence of Relaxation 
Techniques on Varying Levels of Tension in 
College Women." Unpublished Ph.D. dissertation, 
State University of Iowa, 1954. 

15. Forest, D. W. "Association Between Muscular Tension and 
Work output," British Journal of Psychology, 
LI (November, 1960), 325-333. . . - _ 

16. Freeman, G. L. 11 The Facilitative and Inhibitory.Effects 
of Muscular Tension Upon Performance," Journal 
of American Psychology, XLV (January, 1933), 
17-52. 

17. Freeman, G. L. 11 The Optimal Muscle Tensions for Various 
Performances," Journal of American Psychology, 
LI (January, 1938), 46-150. . · 

18. Frederick, A. Bruce. 11Tension Control in the Physical 
Education Classroom," Journal of Health, 
Physical Education and Recreation, XXXVIII 
·(September, 1967), 42-48. . 

19. Gardner, E. B. and O'Connell, A. L. "The Use of Electro-
myography in Kinesiologica.l Research," Research 
QuarterlY., XXXIV (May, 1963}, 166-183. 

20. Gregg, Lee W. "Changes in Distribution of 'Muscular· 
Tension During Psychomotor Performance." Journal 
of Expcrlmental Psychology, LVI (July, 1958), · 
70-77. 

21. Haverland, Lillian. 11The Effects of Relaxatiot) Training 
on Certain Aspects of :Motor Skill." Unpublished 
Ph.D. dissertation, University of Illinois, 
1953. 



22. Hirshberg, Gerald G. and Abramson. Arthur S. ttClinical 
Electromyography: Physiologic Basis, instru-
mentation, Dia.gnostic Value, 11 Archives of 
Physical Nedicine, XXXI (September, 1950), 
576-578. , . -_ 

< 

23. Howell, M. L. "Influence of Emotional Tension on Speed 
of Reaction and Movement, " Research Quarterly, 
XXIV (March, 1953), --22-32. 

24. Jacobson, Edmund. You ·Must Relax. New York: McGraw-
Hill Book Company, Inc. , 1957. 

25. Jacobson, Marianne Lee. "An Electromyographic Study of 
Tension Variability." Unpublished M. s. thesis, 
University of California, 1962. 

26. Laza.ras, R. s. , Deese, J. , and Osler, s. F. ''Anxiety 

40 

and Stress in Learning the Roll of Intras~rial 
Duplication," Journal of_Experimental Psychology, 
XLV.II {February, 195£~), · 111-114. 

· 27. Lyons, Marjory D., and Lufkin, Bernadine. "Evaluation 
of Tension Control Courses for College Women." 
Research Quarterly, X..XXVIII {December, 1967), 
bt>]-670. . - -_ . 

28. Rathbone, Josephine·L. "Relaxation and Activity," 
Journal of Health and Physical Education, VIII 
{October, 1937), 469-471. 

29. Rathbone, Josephine L-Tea.ch Yourself to Relax. 

30. 

31. 

32. 

33. 

Englewood Cliffs, N. J.: Prentice-Hall, Inc., 
1957. . 

Russell, James T. 11Relat1ve Efficiency of Relaxation 
and Tension in Performing an Act of Skill," 
Jourr1al of General Psychology, VI (April, 1932), 
330-)4-3. 

Ryan, E. Dean. "Effects of stress on Motor Performance 
and Learning," Research Quarterly, XXIII 
(March, 1962), 111-119. 

Singer, Robert N. Motor LearninF.£ .. ~nd Human Performance. 
New York: The MacMlllan Company, 196B'. 

Stauffacher, James c. "The Effect of Induced Muscular 
Tension Upon Various Phases of the Learning 
Process, 11 Journal·of Exn~mental Psycholo~, 
XXI (1937), 26-46. 



34. 

35. 

36. 

37. 

41 · 

Steinhaus, Arthur H. , "Facts and Theories of Neuromuscular 
Relaxation," Quest, Monograph III (December, 
1964), 3--12. 

Trussell, Ella • . "Prediction of success in Motor Skill 
on the Basis of Early Learn1.ng Achievement," 
Research Quarterly, XXXVI . (October, 1965), 
342-347. · . 

Wilcott, R. c. and· Beenken, H. G. "Relation of In-
tegrated Surface Electromyography and Muscle 
Tension," Perceptual and Motor . S1i{ills, VII 
(1957), 295-298. · . ·. · .. . · .. . 

Yamane, Taro. Statistics, An Introductory Analysis. 
New York: Harper & Row, Publishers, 1964. 



APPENDIX A 



Subject 

A 
- . 

B 

C 

·n 
-E 

F 

G, 

H 

I 

J 

K 

L 

M 

N 

0 

Total 

TABLE 5 
THE NUMBER OF TOTAL HITS Al'ID TOTAL TRIALS 

ACHIEVED BY SUBJECTS IN EACH GROUP 
DURING THE INITIAL TESTING PERIOD 

Control~ Group Experimental 
-Group 

Trials Hits Trials Hits 

26 27 -28 22 

25 22 24 13 

17 37 22 21 

16 19 22 8 

20 17 20 9 
24 14 26 34 
20 19 28 13 
16 14 19. 23 
26 16 26 . 24 

24 38 25 42 

26 31 17 9 

25 25 27 31 
26 42 25 26 

32 20 19 30. 

25 11 20 36 

349 352 348 341 
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· .. TABLE 6 

THE NUMBER OF TOTAL HITS AND TOTAL TRIALS ACHIEVED 
BY SUBJECTS IN EACH GROUP UPON COMPLETION OF THE 

CRITERION SKILL LEVEL 

Control Group Experimental 
Group 

Subject Trials . Hits Trials Hits 

A 405 824 246 724 
B 219 629 275 551 
C 254 968 274 713 
D 294 615 175 494 
E 329 741 284 .585 
F 317 818 252 798' 
G \ 203 519 226 753 
H J4l~ 717 194 627 
I 336 723 278 586 
J 78 372 278 .596 
K 354 714 296 490 

L 301 7?3 107 584 

M 262 725 172 417 
N 257 761 114 582 

0 344 655 120 615 

Total 4,297 · 10,554 J,291 9,115 
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Plate 1. The paddle-ball apparatus used in the 
novel gross motor skill. The rubber-
band connecting the ball to the paddle 
was approximately twenty-five inches 
long. 
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APPENDIX C 



NAME 

GROUP. -------------------
DORN ITO RY -----------------
PADDLE NUMBER ------

SE,SSION· 
(time 1-: 4_.5..,..,.)---

Trial No. of Hits Trial NO. of Hi ts-

l '16 

2 17 
3 --18 

4 19 
5· 20 

6 21 

7 22 

8 23 

9 24 

10 25 

11 26 

12 27 
13 28 

ll} 29 

15 30 

Plate 2. The scorecard used during the learning of 
the novel gross motor skill. 
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APPENDIX .D 



, FORMULAE UTILIZED IN . THIS STUDY 

THE FORMULA FOR BARTLETT'S TEST OF HOMOGENEITY 
OF VARIANCE (12:375) 

THE FORMULA FOR . STANDARD DEVIATION 
( 37: 6 3) 

= 
_2 

,,_ (Xi - . X) 

n 

THE FORMULA FOR STANDARD ERROR 
-( 37: 161) 

= Standard deviation 

.ifn 
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.TESTING ·DIFFERENCE BETWEEN MEANS 
(37:483) 

·M1 - M2 
= 

( Sl )2 ( S2 )2 

+ 
. N1-l N2-2 
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