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CHAPTER 1

ORTENTATION TO THE STUDY

Introduction

The capacity to reclease neuromuscular tension and
adjust effort and movement patterns for a smoother efficient
functioning of motor response centers around relaxation (063,
p. 128). Relaxation by definition means releasc of tension
(75, p. R-17). This does not necessarily imply a complete
reduction of tension in the skeletal muscles, but it may
involve a redistribution of the tension through which a
balance is achiecved within the body over a period of time,
Steinhaus (73, p. 119) indicates that the mind is at rest
when muscular relaxation is attained. Edmund Jacobson, a
pioneer in the scientific evaluation of relaxation, made a
significant contribution in this area by the demonstration
of the value, practicality, and accessibility of relaxation
for everyone (43). Cary (19, p. 217) discusses the role of
physical exercise in a program of relaxation, pointing out
the need for the proper control and direction of muscular
activity. She recommends exercises with repetitious rhythm
which allow antagonistic muscles to be brought into play.

Rathbone (64, p. 79), supporting this position, recommends



rhythmic exercises which involve free and loose swinging
movements for the reduction of tonic contractions in local-
ized muscles.

Participation in games, sports, dance, and exercise
has long been believed to generate innumerable values and
outcomes. The direct relationship of such activities on
relaxation is open to doubt because of the lack of scientific
research in the area (20, p. 22). According to Moore (57,

p. 70), a psychiatrist, play and sports provide a medium for
the release of muscular and emotional tensions. Professional
physical educators state that muscular activity provides a
physical outlet for accumulated muscular and emotional ten-
sions which seem to be relieved by the action of the skeletaf
muscles (20).

Authorities in tension control have stressed that
relaxation is a skill that must be learned (43, p. 64). Thus,
the scientific experimentation conducted has primarily been
concerned with the effectiveness of the techniques taught
and not with the direct effect of the participation in phys-
ical activity upon relaxation. Larsson, Linderholm, and
Ringqvist (49, p. 310), and deVries (31, p. 1) appear to be
the only investigators that have scientifically studied the
effect of participation in coptrolled exercise programs
directly upon relaxation. At least one authority contends

that the value of participation in physical exercise as a



ension-releasing medium cannot be denied, but objective

cvidence is incomplete (68, p. 129).

Statement of the Problem

The present investigation entailed a study of sixty
women enrolled at the Texas Woman's University during the
academic yecar of 1969-1970, to determine the effect of par-
ticipation in light, moderate, and hecavy levels of gross
metor activity upon residual neuromuscular tension as mea-
sured by quantitative clectromyography. The recrecational
activities selected for the purpose of the study were bowl-
ing, swimming, and modern dance. The amount of residual
tension in the elbow flexor muscle group and Lhe rectus
femoris muscle was measurcd by electromyographic techniques
before, during, and after an experimental period of nine
weeks perticipation in the selected activities. During the
initial and final testing periods, electromyographic mcasure-
ments were madc approximately one hour after the activity,
repeated six hours later, and after twenty-four hours. Upon
the basis of the findings, a conclusion was drawn concerning
the effect of participation in light, moderate, and hcavy
levels of recrcational type motor activities on residual

neuromuscular tension,

Rationale for the Study

The importance of learning how to provide a physio-

logical decrease in nervous activity and the accompanying
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release of muscular tension cannot be over ecmphasized,
According to deVries (29, p. 251), residents of the United
States spend more than three hundred million dollars on
sedatives for the release of undue ncuromuscular tension,
Cary (19, p. 219) predicted a risc in neuromuscular tension
conditions on the basis of vital statistics. Many individ-
nals are unable to relax naturally. This has prompted a
concern for the selection of activities which could contrib-
ute to a desired state of neuromuscular tension for efficient
movement .

A popular belief expressed by scveral coaches and
physical educators (29, 5, 61), as well as physicians (18),
is that participation in physical activity and sports can
contribute to the relicef of tension. A joint committce of
the American Medical Association and the American Association
for Health, Physical Education and Recreation (38, p. 5) stated
that the relationship of physical activity to mental health
merited consideration and that exercise of a pleasurable
nature will be more apt to foster continued participation.
This statement suggests that recreational type activities
should be studied scientifically to determine valucs of
participation,

The proposed investigation is concerned with the
influence of participation in three levels of motor activity
of a recreational type, a highly active level, a moderate

level, and a relatively sedentary level, upon residual



peuromuscular tension in subjects may be lowered by partici

pation in motor activities through which physical condition
ing occurs, and that the benefits gained are dependent upon
the physiological intensity level of the activity in which

once participates.

Definitions and/or Explanations of Terms

For the purpose of clarification, the following
definitions and/or explanations of terms were established
for use throughout the study:

Tension: « « . a rigid state of contractile

muscle . . " (6, p. 25).

"

Residual Tension: .« « a fine tonic contraction

along with slight movement or reflexes" (43, p. 87).

Levels of Motor Activity: IFor the purposc of this
study levels of motor activity refer to a classification of
motor activities as light, moderate or heavy. Upon the
basis of previous studies (70, 72, 86), the recreational
type activities of bowling, swimming, and modern dance were
empirically placed into the respective categories of light,
moderate, and heavy levels of activity. The classification
of these specific activities also was based upon the knowl-
edge that they were taught at the beginner level in a required
physical education program for college women. The classes
met approximately forty-five minutes per day, three days a
week, with the exper?mental period extending for a period of

nine weeks.



The

A.

Delimitations of the Study

study was subject to the following delimitations:
The purposeful selection of the motor activi-
ties of bowling, swimming, and modern dance as
representing three different levels of energqgy
cxpenditure, light, moderate, dund hecavy.

The selection of freshman and sophomore women
enrolled in the activity classces of bowling,
swimming, and modern dance of the requirced
physical education program at the Tcexas Woman's
University. Approximately fifteen women enrolled
in ecach of the designated classes participated

in the study.

The participation of fifteen women volunteers,
junior and senior students who were not cnrolled
in the required ph?;ical education program or

in the College of Health, Physical Education and
Recreation, as a control group. The subjects in
the control group participated in no- scheduled
program of physical activity for nine wecks.

The equation of the four groups in the best pos-
sible manner with respect to previous background,
American College Test or Scholastic Aptitude Test
scores, and age., Specifically, the subjects in
the swimming group, and the control group had not

competed or performed in organized competition,



and the subjects in the modern dance group had
received no formal dance lessons during the

previous four years.

3

. The participation of the subjeccts in a swimming
group, a bowling group, and a modern dance group
in the regular physical education program, wilth
the experimental period extending for a period
of nine weeks. The swimming class and the
modern dance class met approximately forty-five
minutes ecach day, three days a wcek, and a
bowling class met approximately sixty-five min-
utes each day, two days a week,

F.  The objectivity, reliability, and validity of

the selected instruments in the measurcment of

the desired characteristics for each subject,

Purposes of the Study

The purpose of the study was to determine the influ-
ence of the participation in nine weeks of recreational
types of light, moderate or heavy levels of gross motor
activity on residual necuromuscular tension as measured by
quantitative electromyography of the elbow flexor muscle
group and rectus femoris muscle. Specifically, the follow-
ing null hypotheses were tested.

A, There is no significant difference between the

influence of participation in the motor activity

of bowling and non-participation in the motor
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.

activity upon the residual neuromuscular tension
in the elbow flexor muscle group and the rectus
femoris muscle as measured approximately one
hour after the activity, repeated six hours
later, and after twenty-four hours.

There is no significant difference between the
influence of participation in the motor activ-
ity of swimming and non-participation in motor
activity upon the residual necuromuscular tension
in the elbow flexor muscle group and the rectus
femoris muscle as measured approximately onc
hour after the activity, repecated six hours
later, and after twenty-four hours.

There is no significant difference between the
influence of participation in the motor activ-
ity of modern dance and non-participation in
motor activity upon the residual neuromuscular
tension in the elbow flexor muscle group and
the rectus femoris muscle as measured approxi-
mately one hour after the activity, repeated
six hours later, and after twenty-four hours.
There is no significant difference between the
influence of participation in the motor activ-
ities of bowling, swimming, and modern dance
upon the residual ncuromuscular tension in the

elbow flexor muscle group and the rectus femoris



muscle as measured approximately one hour after
the activity, repeated six hours later, and

after twenty-four hours.

Summary

The capacity to relecase neuromuscular tension and
adjust effort and movement patterns of motor response centers
around relaxation, The utility and attainable degree of
relaxation has been scientifically demonstrated, but the
direct relationship of participation in physical ecducation
activilies on relaxation is open to doubt becausce of the
lack of scientific verification. Professional leaders in
physical education and medicine, however, support the belief
that muscular activity provides a physical outlet for the
release of emotional and muscular tension,

The purpose of the present investigation was to
determine the influence of participation in recreational
types of light, moderatc or heavy levels of gross motor
activity on residual neuromuscular tension in the elbow
flexor muscle group and the rectus femoris musclg of mcasure-
ments taken approximately one hour after the activity,
repeated six hours later, and after twenty-four hours as
determined by quantitative electromyography. Sixty female
subjects werc selected to participate in the study. Tests
werc administered before, during, and after an experimental

period of nine weeks participation or non-participation in
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selected activity classes of bowling, swimming,

cdern dance.,
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CHAPTER 11

REVIEW OF SELECTED RELATED LITERATURE

Introduction

A survey of the literature disclosed that the thera-
peutic value of participation in motor activities of a
recreational type upon residual ncuromuscular tension is
questionable because of the limited objective rescarch that
has been conducted. The possible relationship between par-
ticipation in physical activity and relaxation and/or mental
health has been projected from empirical and clinical evalu-
ation. According to Bucher (15, p. 491), lecisure time activ-
ities of a recreational type are considercd an cxcellent
means for the alleviation of tension and boredom, and are
vehicles to relaxation. Menninger (55, p. 343) indicates
that physical exercisc provides an outlet for instinctive
aggressive drives, relaxation, and supplcments daily work by
allowing the individual @ change from the regular work in
the redirection of emotional tensions. Moore (57, p. 70)
suggests that the more valuable play will be found in sport
forms where there is actual competition than mere forms of
calisthenics. Beisser (7, p. 69) states that the sports

arena affords an opportunity to allow the participant to

11



cnact a personal drama within acceptable norms of socicty.,
Putko (76, p. 12) states that individuals participate in
athletics for different personal reasons, examples being
prestige, feelings of inadequacy, to create havoc, or
sdistic tendencies,
The related literature pertinent to the investiga-

tion centers around writings which have resulted from obser-

ations and clinical evaluation, and the objecctive analysis

)i relaxation or residual neuromuscular tension by elccetro-

myographic techniques. A review of selected literaturc con-
sidered important to the design of the study is prescnted in
this chapter under the following topics: (1) Kelaxation,
(2) Relationship between Exercise and Resting Muscle Action
Potential, (3) Relationship between Exercise, Physical
Activity, Dance, and Tension, and (4) Selected Factors Which

May Influence the Study.

Relaxation

Jacobson (40) has spent almost one-half a century
studying methods of determining tension and relaxation.
The earliest rcported measurements were determined by an
analysis of the knee-jerk reflex. In 1925, Jacobson and
Carlson (44, p. 324) conducted a study to determine the
knee-jerk reflex action of seven subjects while resting
quietly in a normal state of relaxation followed by a deep

relaxation state in which a concerted effort was made to

consciously relax all muscles of the body more completely.
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Four of the subjects had received previous training in pro-
ressive relaxation., Control tests were administered while
the subject relaxed in a natural manner in a semi-reclining

chair. Following the control tests, the subject was in-

ructed to relax completely all of the muscles of the body.
proximately fifteen minutes were allowed for cach subject
to achieve the desired state. Some subjects attained a
degree of relaxation in which the knee-jerk reflex was abol-
ished, This dindicated to the investigators thatl voluntary
relaxation while awake may produce a degree of tension lower
than that of light sleep. Jacobson and Carlson concluded
that the knee-jerk action decreases with advanced relaxation,
Jacobson (39, p. 98), using eclectromyegraphic cquip-
ment, analyzed the ability of ten athletes from the Univer-
sity of Chicago to relax from quantitative mecasurcments
taken of the forearm flexor muscles. A comparison was made
of the athletes as a group in relation to a group of students
trained in relaxation techniques, and to a group of students
untrained in techniques of relaxation. Measurements were
taken and recorded with an amplifier galvanometer assembly.
Each subject was instructed to bend the right arm upon hear-
ing a telegraph key click and then to relax following a
second click. Jacobson concluded that the athletes succeeded
in relaxing a particular muscle group to a greater extent
than subjects untrained in relaxation techniques., Jacobson

cites that individual athletes can be selected who attained
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the level of relaxation achieved by individual subjects

rained in relaxation techniques. Although the ability to

relax was analyzed, the investigator did not evaluate the

‘feet of the participation in athletics directly upon
residual neuromuscular tension,
The accuracy of the measurement of muscle tension
was enhanced with the development of the Integrating Neuro-
voltmeter by Jacobson (41, p. 415). Voltage changes in
muscles as low as onc-millionth of an elcctrical volt can
be recorded. The Neuvrovoltmeter allowed rectified action
potentials to be averaged over a period of time (41, p. 418).
Haverland (37) conducted a study of cighty-four women
enrolled at the University of Illinois, to determine whether
a six weeks training period in Jacobson's techniques of
relaxation or in conditioning principles, advocated by
Rathbone (63), could bring about significant improvemecnts in
coordination, steadiness, or reaction time., The subjects in
the control group, and the experimental group which rececived
relaxation training, were volunteer subjects who were en-
rolled in the regular physical education classes in the
areas of dance, swimming, individual sports, and team sports.
In addition to attending regular classes, the subjects in the
experimental group participated in two forty-minute periods
of instruction in relaxation training each week., The third
group, which followed conditioning principles advocated by

Rathbone, was a class$ receiving instructions in Danish



jvenastics for two forty-minute periods each week., The

”

xperimental period extended for six weeks.

Haverland found that the relaxation training group

mproved performance significantly in reaction time, aiming

tests, and in the tracing and steadiness of motor control

tests. The control group and the conditioming group also

mproved performance significantly on the tracing and stead-
iness of motor control tests., Haverland concluded that
performance in certain areas of motor skills involving
smoother, coordinated, and precise movements may be enhanced
by relaxation training, and that Jacobson's techniques of
reclaxation were superior to the Danish method,

Watscen (81) conducted a study of sixty-four under-
graduate college women enrolled at the University of Oregon,
to determine whether or not the ability to relax is related
to athletic ability. Electromy;graphic techniques were used
to determine the level of muscle action potential in each
subject of the trapezius, biceps, quadriceps femoris, and
hamstring muscles. Measurements of each subject’s tension
were taken on three occasions during a period of two and one-
half weeks. Each subject was instructed to relax while mak-
ing simple movements involving the arms and legs, following
the directions given by the investigator. Watson concluded
that there was no significant difference in the ability to
relax between the women who demonstrated high athletic skill

and thosec who demonstrated low athletic skill.
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Paben (60) compared the learning of a novel ¢gross

motor skill by the subjects in the experimental group who

vooo taught techniques of relaxation and
(v subjects in the control ¢group who wer
toohniques of relaxation and tension cont
wos comprised of fifteen college women en

vvan's University., Electromyographic te
ito determine the state of tension control
achicved in the wrist and forearm flexors
Paben concluded that the program in relax
tension control was of significant value
gross motor skill,

Benson (9) conducted a study of t
at the University of California, Los Ange
the effects of relaxation instructions on
ment. The subjects comprised two groups,

and an expcrimental group. The subjects

rececived twelve weeks of swimming instruc

tension control to

¢ not traincd in

rol. Ikach group
rolled at the Texas
chniques were used
each subject

and extensors.
ation and muscular

in learning a novel

wenty male students
les, to determine
swimming improve-
a control group

in the control group

tion in a regular

scheduled class which met three times a week, whereas, the

subjects in the experimental group receiv

swimming instruction, meeting twice each

ed twelve weeks of

week for swimming

and once ecach week for training in relaxation, The subjects

were selected on a voluntary basis, and on the amount of

residual neuromuscular tension before and after the experi-

mental period. Three swimming tests were administered to
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eroh subject to evaluate speed in swimming, before and after
the experimental period,

Each extremity was tested for four types of tension
during the designated testing sessions in the manner of
Raihbone (63, p. 175), that is (1) assistance used by the
subject in raising extremity, (2) resistance or the opposi-
tion by the subject to movement of the extremity, (3) the
manner the limb positioned itself posturally when moved up
or down and (4) the manner the extremity continued in the
motion started by the experimenter. Each movement was rated
according to a numerical value asscessment. The results
indicated that relaxation training was an assct to beginner
swimmers. Benson concluded that training in relaxation
techniques results in an increased ability to consciously
relax and facilitates swimming spced improvement amony
individuals who are extremely tense,

Walton (80) conducted a study of eighteen college
women enrolled in a beginning tennis class at the Texas
Woman's University, to determine the relationship betwecen
the ability of individuals to consciously relax the muscular
tension in selected muscles of the upper extremity and suc-
cess in tennis. A one group design was used, The subjects
werc taught selected ¢gross motor skills in tennis, Skill
tests were uscd to evaluate the proficiency levels each sub-
ject achieved. Each subject then participated in a round-

robin type tournament. The percentage of games each subject
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won was calculated. Electromyographic techniques were used
to determine the ability of each subject to consciously relax
specific muscle groups. Walton concluded that the more
¢fficient learners, as mecasured in the study, were unable
to relax specific muscle groups to a higher degree than the
subjecis who demonstrated less efficiency in the learning
of selected tennis skills,

Chaney (21) conducted a study of forty-cight female
students at the Texas Woman's University, to determinc the
relationship between specific relaxation ability and changes
in the performance of a novel motor skill and a novel mental
skill under induced tension., Electromyographic techniques
were used in the collection of data. The subjccts comprisecd
three groups, a control group in which the subjects partici-
pated in a program of body mechanics for a period of six
weeks, a placebo control group }n which the subjects took
a sugar tablet daily for a period of six weeks, and the ex-
perimental group in which the subjects rececived daily instruc-
tions and practice in Jacobscon's techniques of relaxation
for six weeks. Chaney found that the subjects in the exper-
imental group did not demonstrate a significant change 1in
the performance of a novel motor skill nor in the ability
to relax while performing when compared with the two other
groups who were subjected to different experimental treatments,

Jacobson (40) has demonstrated the cccurrence of"

muscle tension, evidenced by the electromyograph, in
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cuotional states. Sainsbury and Gibson (67, p. 216), using
clectromyographic techniques, conducted a preliminary
investigation of twenty-six patients diagnosed as possess-
iy anxiety states, and of thirty healthy soldiecrs measurcd
in a relaxed state, to determine if an increascd inncrvation
of the voluntary muscles is a physiological accompaniment,
The muscle tension of the anxious patients was found to be
significantly higher than the muscle tension of the healthy
subjects,

An inventory was filled out on thirty anxious and
tense patients, recording symptoms, feclings, and bodily
complaints, Llectromyographic observations indicated that
those with the most clinical manifestation of anxiety and
tension displayed the grecatest muscle tension., Sainsbury
and Gibson found a significant relationship between the
concerdance of tension levels in four muscle groups. Upon
the basis of the findings, the investigators concluded that
the body musculature as a whole receives increased innerva-
tion in patients who are anxious, Sainsbury and Gibson
suggested that an increase in bodily tension in one area
can be reliably associated with tension in other areas of
the body.

Relationship between Exercise and
Resting Muscle Action Potential

A survey of studies on the effect of the partici-

pation in exercise directly upon residual neuromuscular
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tension, determined by electromyography, revealed that
limited research had been conducted to evaluate its status,
Lai-son, Linderholm, and Ringqvist (49, p. 310) analyzcd the

chunges in the electromyograph of subjects after various
tyros of standardized muscular work. Subjects were four
fewnles and sixteen males of the University of Umea, Sweden,
with a median age of twenty-four years. Electromyographic
observations were made before the exercisc and for approxi-
matcely twenty minutes after the exercisc., The work consisted
of: (1) cycling of maximal intensity on a bicycle ergometer
for six minute periods, the resistance incrcased 200 or 300
kiloponds each minute until resistance became intolcerable,
(2) exhausting sustained contractions of elbow flexors
repeated after pauses of thirty seconds holding a ten
kilogram weight as long as each subject was able to main-
tain the weight for a period of fifteen secconds on each
trial, and (3) rhythmic isometric muscle contractions of
two seconds duration alternated with two second pauses con-
tinued until the total time was equal to the time of contrac-
tion attained during static work. A three channel electro-
myograph and needle electrodes were utilized to measure the
tension of the brachial biceps muscle and the quadriceps
muscle (vastii lateralis and medialis).

An increased number of polyphasic action potentials
appeared after the sustained muscular contractions and to a

lesser degree after the rhythmic contractions of the cycling,
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suggesting that the participation in exercise may provide a
thorapeutic effect in reducing muscle tension, The duration
of all action potentials decreased after exercisc with no
significant change in amplitude., The investigators statcd
thot the knowledge that a reversable increasec of polyphasic

action potentials and a decreased durationpotential can be
induced by sustained muscular contractions facilitates
Turther studies.

In a pilot study of eight college male subjects,
deVries (27) found that the participation in excercise lowered
residual necuromuscular tension, but that the teasion levels
became progressively larger with increasing periods of time
after the exercise period. The exercise consisted of riding
the bicycle ergometer for thirty minutes., Electromyographic
observations were made immediately before the exercise,
immediately after the exerciso: forty-five minutes after the
exercise, and ninety minutes after the cxercise. deVries
stated that the differences favoring the exercises were not
statistically significant because of the small number of
subjects.

deVries (31, p. 1) conducted a study of twenty-nine
physical education major students, twelve females and
seventeen males, at the University of Southern California,
to determine the effect of exercisc upon the resting muscle
action potential. The standard exercise consisted of bench

stepping for five minutes at a cadence of thirty steps per



minvte, LEach subject made two visits to the laboratory.
On ‘he first visit, electromyographic observations were made
before the exercise, immediately after, and one hour after

the exercise. The same observations were made on the sccond
visit except a rest period of fifteen minutes was substituted
for the exercise,

Neuromuscular tension in the elbow flexor muscle
group decreased significantly one hour aftcer the exercisec
compared with virtually no change on the control day. The
tension change amounted to fifty-eight per cent of the pre-
excrcise measured amount., The electrical activity in the
quadriceps muscle group decrecased by a mean of thirty-two
per cent after exercise, but the difference was not statis-
tically significant. Upon the basis of the findings, deVrics
concluded that neuromuscular tension can be reduced by a
rigorous bout of exercise lasting for five minutes, In sup-
port of the findings in the previous study, that exercise
contributes to a reduction in muscular tension, deVries (30,
p. 123) in a study of the spasm theory of muscle pain measurcd
by electromyographic observations, found that static stretch-
ing exercises caused a decrease in muscle action potential
following the exercise period.

A study was conducted by deVries (31, p. 1) on the
long term effects of exercise on the resting muscle action
potential of eighteen male members of the faculty at the

University of Southern California, who comprised an



23
exporimental group and a control group. Eluctroﬁyographic
obecrvations were made of the elbow flexor muscle group and
the guadriceps muscle group before and after the experimental
period., The subjects in the experimental group, faculty
members just starting in the faculty conditioning program,
we instructed in the use of barbells and other resistance
excreises and the use of a progressive interval training
plan for alternate walking and running. The group then
participated in a planned physical fitness program two or
three times a week until cach subject had completed a total
of scventeen work out sessions. The seven subjects in the
control group did not participate in an organized program
of exercise but maintained a relatively constant level of
physical activity. Maximal oxygen uptakes of each subjcct
were determinad to assure that a real conditioning effect
had occurred., The experimental group demonstrated a sig-
nificant mean improvement in physical conditioning in com-
parison with the control- group which did not experience a
significant improvement.

Changes in the resting muscle action potential of
the control group were small and were considered as normal
variability., The total electrical activity for the experi-
mental group decreased by twenty-five per cent which was
statistically significant. Upon the basis of the findings,
deVries concluded that vigorous exercise may provide sig-

nificant relief from hyperactive neuromuscular states.



Relationship between Exercise, Physical
Activity, Dance and Tension

Handlon, Byrd, and Gaines (36) conducted a study to
discover whether a reduction in muscular tension occurs when
subiccts who are in a measured state of anxiety participate
in ‘e physical activity of bowling. A Logul of 258 persons
who cntered the Palo Alto Bowl, Palo Alto, California, and
the Saratoga Lanes, San Jose, California, bowling ecstab-
Iishments for the purpose of bowling agreed to participate
in the study. A paper and pencil psychometric test was
administered to the subjects before and after bowling to
determine levels of aaxiety. The top ten per cent of the
250 bowlers, in terms of the presence of anxiety before
bowling, were selected for further study. The post-bowling
scores of the "tension bowlers" were then compared statis-
tically with the pre-bowling sceres and the psychometric
test results to discover whether a reduction in muscular
tension and anxiety had occurred. All but five of the
selected subjects showed a post game drop in tension. Upon
the significance of the results, the team of investigators
from Stanford concluded that support was obtained for those
physicians and psychiatrists who advise tense and anxious
patients to engage in physical activities such as bowling
to achieve a reduction in muscular tension.

Handlon, Byrd, Gaines, Lloyd, and Campbell (35)
conducted a study to determine the tension-reducing qualities

of the physical activity of bowling. Forty-one adults, with
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a modian of five years of bowling experience, who bowled at

the Palo Alto Bowl, Palo Alto, California, and the Saratoga

Lancs, San Jose, California, volunteered for this study.
Structured interview sessions were conducted with each sub-
ject upon the completion of a session of bowling. The com-

pleted interview forms were later examined and tabulated by
the psychologist member of the research team, The tcam of
investigators from Stanford concluded that post-bowling
interviews of forty-one subjects suggest that a majority of
persons who engage in the moderate activity of bowling will
experience reduction of muscular tension and anxictices.,
Upon the basis of the findings the investigators suggested
that the anticipation of a reduction in stress and muscular
tension causes some persons to seek bowling in order to
obtain a release from their anxieties.

Byrd (16, p. 238) surveyed 826 physicians in San
Francisco, California, to determine the medical viewpoints
and practices on exercise and tension. Fifty-three per cent
of the solicited responses were returned, of which ninety-
eight per cent of the respondents stated that they did
believe physical activity was valuable in the relief of
tension. Ninety-three per cent of the respondents indi-
cated that they had prescribed sports or activities of madium
intensity for the relief of tension. Ninety-two per cent of
the responding physicians prescribzd one or more of the four

activities of walking, swimming, golf or bowling. Byrd



speculated that perhaps some activities were recommended
for tiie social element accompanying the physical values,.

A survey conducted of the beliefs and practices of
eighity-seven psychiatrists in San IFrancisco, California,
in relation to exercise and tension, yielded approximately
the same results as the survey conducted of the physicians
(17, p. 426). Fifty-four psychiatrists responded to the
inquiry, of which ninety-onc per cent stated that moderate
exercise provides relief from tension. [kighty-three per
cent of the respondents had prescribed walking, swimming,
bowling or golf, in that order, for the relief of tension,
Byrd concluded from the results of the two surveys conducted
that the attitudes, opinions, and practices of physicians
and psychiatrists should be recognized by physical educators,
tecachers, and the general public. According to Byrd, the
opinions of the medical specialists should not be ignored
by those who foster physical education activities.

Alderman (1, p. 1) assessed attitudes toward physi-
cal activity of 1306 selected male and female championship
athletes, representative of ten sport events., Each athlete,
on an attitude inventory, was required to rate the mecaning
of specified concepts with respect to his attitude toward
physical activity. The areas investigated were physical
activity as a social experience, as catharsis, as health
and fitness, as an aesthetic experience, as the pursuit of

vertigo, and as an ascetic experience. Physical activity



as cuiharsis was described as "a characterization of those
activities, which provide, through some vicarious mecans, a
relcose of tension precipitated by frustration™ (1, p. 2).
The male and female groups differed little in their rating
of tho areas. Physical activity as an aesthetic experi-
ence was ranked as having strongest meaning, with social
experience and catharsis in the number two and three posi-
tions., The investigator stated that this scems to support
some notions that athletics do provide outlets for relcecase
of tension.  Alderman concluded that male athletes showed

a surprising strength of attitude toward physical activity
as an aesthetic experience, and that athletes do not ncces-
sarily possess a positive attitude toward the long, strenucus,
training programs deemed necessary in most sports.

Tne role of specific exercises in tension control
programs has indicated their possible value in the relcase
of muscular and emotional tension. Metheny (54, p. 59)
suggests the stretching of various muscle groups to achieve
relaxation. The exercises suggested are used in developing
a kinesthetic perception of what physical relaxation is,
and the exercises are directed to the muscles of the upper
back, face, legs, arms, and lcwer back. Young (87, p. 134)
prescribes stretching exercises to patieats who complain of
an inability to relax. She suggests that rhythmical move-

m2nts are necessary but must be performed slowly and quictly.

Any variation of tempo 1is dependent upon the individuals'
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psychological and physical tension, and the time it takes for
the patient to attain full extensien. Rathbone (63, p. 93)
recovmends three methods of reducing tensions, flexibility

exervises, rhythmic exercises, and conscious reduction or
contr action in specific muscle groups. The suggested exer-
cisc is comprised of rhythmic, swinging and stretching
movements.,

Exercise, physical activity, dance, and movement
therapy have heen successfully utilized to release tension
in treatment of mental patients in hospitals. Knudson and
Davis (48, p. 1090), in the observations of several hundred
mentally i1l patients at the Veterans Hospital in Washing-
ton, D. C., found that physical activities provided outlets
to alleviate anxiety, release aggressive feeling, reduce
guilt feelings, lessen mental confusion, resolve fecelings
of inferiority, improve social relationships, and stimulate
a return to reality. The investigators concluded that cor-
rective therapy has proved its usefulness in the psychiatric
field through its application to mental illness as a dynamic
aid to psychotherapy.

Davis (25, p. 142) found that physical activities
and sports such as golf, tennis, skating, swimming, volley-
ball, and calisthenics had values in releasing tension in
mental patients. For certain patients some judgment had
to be exercised in the provision of sports equipmant because

of their potential use as weapons of assault,



Clark (23, p. 154) found that sports an& physical
activities were effective in bringing patients out of con-
centration on specific thoughts and allowing them to face
reality., The psychotic patients became more alert and were
more cheerful toward others following the participation in
such sports as tennis and volleyball. Gamcs and sports
were especially valuable in bringing patients out of con-
ditions of indifference. Clark concluded that exerciscs
were noted to have values for all the patients.

Rosen (65, p. 215) conducted a study in dance
therapy at a small mental hospital near New York City of
two different patient groups. Group one was comprised of
twenty closed ward patients, and group two was comprised
of the open-ward patients who had full ground privileges.
In the closed ward, the patients learned to dance together,
never without a leader, on whom they depended for support
and encouragement. The open ward sessions were held in the
auditorium, The patients participating selected dance
among many activities in the recreation program of the
hospital. Rosen found,through observations of the patients
in the two groups, that dance was used as a medium for acting
out fantasies. The particular form and medium for expres-
sion which an individual selected seemed to be determined
by the individual personality needs, cultural orientation,
and education. The mode of expression selected by the
patients seemed to provide a means of relief from emotional

tensions.
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May (51, p. 101) stated that modern dance can be a
valuable attribute to psychiatric work. "The use of the

tom-tom and of music such as The Dagger Dance or the Bolero

serve to .release emotional tension and to give free play to
pent-up feeling" (51, p. 103). May concludes that a planned
program of modern dance to aid in the adaptation of suc-
cessful outlets for the desired drives can meet the uncon-
scicus needs of the neurotic or psychotic patient.,

In movement therapy, according to Winston (83,
p. 25), the psychological effects of improved body func-
tioning include reduction of anxiety, increased energy, and
a sense of poised self-confidence, Free motion stimulates,
stretches and relaxes the muscles. Winston concluded that
every therapist in the dance and movement therapy field has
seen patients respond to treatment, but experimental studies
in the arca are limited.

Johnson and Hutton (45, p. 49) conducted a study of
eight wrestlers, to determine how the participation in a
violent sport affects the individual. A personality test
was administered before the wrestling season, four to five
hours before the first intercollegiate match of the season,
and the morning after competition. Several group tendencies
were revealed., Decrease of functioning intelligence,
increased aggressive feelings, and increased neurotic signs
were characteristics noted of the subjects in the before"

match condition. A return to approximately the status
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exi: i ing prior to the competitive season, except for con-
siderubly less aggressive feelings, was noted the morning
afte: competition whether or not the subjects had won their
matcies, Johnson and Hutton concluded that the technique
used to evaluate the effects of sports competition was

deserving of further study.

The types of exercise and conditions under which the
exercising is done seem to reflect varied opinions as to the
effect directly upon relaxation. Mitchem and Tuttle (356,

p. 65) collected data from three groups of thirty subjects
each, to show the effects of bouts of exercises, which con-
sisted of arm-curls, knee-bends, and bicycle riding of
varying intensities, on neuromuscular tremor magnitude,
Mitchem and Tuttle concluded that the neuromuscular tremor
varied directly with the strenuousness of the exercise.
Slater-Hammel (71, p. 88), in a study of the effect of the
order of successive exercise bouts upon neuromuscular tremor
measures, failed to find the same results with respect to
leg exercises. Twenty male subjects enrolled at the

Indiana University participated in the study. Colville

(22, p. 7), in a study of fifty-two female subjects of the
University of California at Santa Barbara, found that the
neuromuscular tremor increases with the duration of exercise.

Selected Factors Which May
Influence the Study

The activities of bowling, swimming, and modern

dance selected for the present study were empirically placed
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into categories of light, moderate or heavy levels of activ-
ity tsocause no investigator had objectively evaluated the
encrgy expenditure or strenuousness of the participation in
the hree activities for women in one investigation. Wesscl
(84, p. 182) subjectively rated the previously identified
activities in the same manner that the activities were clas-

sificd for the purpose of the present investigation, that is,
bowling is a light level of activity, swimming is a moderate
level of activity, and modern dance is a heavy level of
activity.

Attitude toward physical education was considered a
possible factor in the influence of the participation in the
three levels of activity upon residual ncuromuscular tension,
Selected studies which utilized the Wear Physical Education
Attitude lnventory to assess the attitudes of college women
enrolled in activity classes are presented.

Keogh (46, p. 239), conducted a study to determine
if students differed in their attitudes toward general bene-
fits or values of physical education and if men and women
differed 1in this respect. Form A of the Wear Inventory was
administered to 136 male and 130 female University of
California, Los Angeles, undergraduates enrolled in coed
instructional classes in volleyball, badminton, and archery.
Keogh found that the men and women were not different in
their stated attitude toward physical education. Subjects

endorsed the social, physical, and emotional value of
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physical education, but they conflicted in opinions concern-
ing the relative value of a physical education program in
the school curriculum,

Broer (11, p. 15), in a study of the basic skills
curriculum for freshman women of low motor ability at the
University of Washington, used the Wear Attitude Inventory
to mcasure the attitude toward physical education activity
upon cntrance to college and following each activity course.
A group of 145 students received instruction in a special
program prior to entering the regular service program, After
the special instruction, follow-up procedures were cmployed
and then the group was compared to a matched group. Results
indicated that the instruction was effective in improving
motor ability and attitude toward physical education, and in
gaining skill and knowledge in specific activities,

Broer, Fox and Way (13, p. 378), surveyed the atti-
tude toward physical education of 1,149 college freshman and
sophomore students enrclled in the activity classes at the
University of Washington. The Wear Attitude Inventory was
administered to the students enrolled in the activity
classes. The investigators concluded from the results that
the majority of the students expressed a highly favorable
attitude toward physical education as an activity class.
Students enrolled in the activity classes of swimming and
tennis had a more favorable attitude toward physical educa-

tion than those enrolled in other activity classes. The



students enrolled in an activity class of archery reacted
less ‘avorably toward physical education. Broer, Fox and
Way ‘ndicated that the results of this study were in agree-
ment with a study conducted at the University of Michigan,
in thot a high percentage of students endorscd the valucs

of social development, mental and physical hcalth as attrib-
utes of participation in physical education (8, p. 379).
Vincent (77, p. 126) determined the attitude toward
physical education of 188 freshmaan and sophomore women
enrolled at the University of Georgia, and the relationship
between expressed attitudes and success in a variety of
physical education activities. The Wear Pnysical kEducation
Attitude Inventory was administered at the first class
meeting. The students participating in the study were
enrolled in the activity classes of archery, badminton,
basic motor skills, bowling, gymnastics, modern dance,
swimming, and tennis., The final grade received for the
activity course by each subject was used as the success
factor. Attitude scores were analyzed according to the con-
tribution of physical education to four categories, namely,
physiological-physical, mental-emotional, social, and general
values., The most favorable attitudes toward physical educa-
tion were expressed by the subjects enrolled in gymnastics,
followed closely by tennis, with the students enrolled in
swimming and bowling classes exhibiting the least favorable

attitudes. Vincent concluded that college women express
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approciation of the contributions of physical caucuLion to
all the values examined, but the greatest contribution of
physical education assessed is the physiological-physical
category. A significant relationship was found between
expressed attitudes and success in physical cducation,

Vincent (78, p. 502), in a study of thirty-seven women
enrolled in the activity classes of the University of Georgia,
asscsscd the factors of strength, efficiency, and expressed
attitudes toward physical education in the prediction of
success in physical education classes. Attitudes were cval-
uated by the Wear Attitude Inventory, strength by dynamo-
meters, and efficiency through calculation of net energy
cost of an exercise bout, using aa indirect, closed circuit
respirometer, and success in physical education was measurced
by the grade received for the semester in the activity class,
All prediction batteries were significant in the prediction
of success in physical education activities. Vincent con-
cluded that while the variables studied werc factors which
could be used as predictive measures, the use of the atti-
tude item alone could be considered as adequate,

Many submaximal tests for predicting maximal work
capacity have been suggested but insufficient data are
available regarding the reliability and/or validity. This
is especially true for women. Available research has
prompted investigators to suggest that the tests of sub-
maximal work level can give reliable information about a

subjecct's aerobic capacity (79, p. 45).
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Wahlund (79, p. 72),in his investigation of 469 malc
subjccts of various physical fitness levels, found a constant
mechuanical efficiency when his subjects were working on a
picy le ergometer., The test consisted of a series of work
load. beginning with 300 or 600 kilogran meters per minute
untii the subject could not continue the exercise any longer,
Pulsce rates were determined with a stethoscope from the
beginning of the third, fifth, and seventh minute of cach
load. Wahlund concluded that the results obtained show the
importance of making working tests with varying and suf-
ficiently high loads, with reference to circulatory and
respiratory functions,

Astrand (2, p. 45) on the basis of study of a mecthod
for prediction of aerobic work capacity for females and
males of different ages stated that the prediction of
asrobic work capacity can be m;he from a submaximal test,
Doroschuk (33) supplemented this statement by indicating
that studies of submaximal work capacity are fairly advanced
in European centers. In a study conducted for a safe method
to test working capacity, Doroschuk and his co-workers
developed a test with continuous increments in resistance.
Starting at 200 kilopond meters per minute the resistance
was increased by 100 kilopond meters each minute until the
subject reached exhaustion. Exhaustion in the legs usually
occurred in the tenth or eleventh minute with the heart rate

near 170 beats per minute., The findings indicated that the
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heart rate increase is linear and therefore it is possible to
predict final work capacity from heart rates during the first
few +inutes of work. The investigators concluded that it is

possible to stop the test at any point after at lcast three
heart rates are recorded. As a result of the investigation
a shorter test was standardized beginning with an initial
resistance of 150 kiloponds, increasing resistance 150
kiloponds per minute for a period of four minutes.

deVries and Klafs (32, p. 207) conducted a study to
evaluate some of the more commonly used submaximal tests
against maximal oxygen intake as a criterion measure for
validity. The tests assessed were the Sjostrand-Wahlund
test of physical working capacity, a modification of the
Sjostrand-Wahlund test using bench stepping instead of the
bicycle ergometer, the Harvard Step test, the Progressive
Pulse Ratio test, a three-minute modification of the Declta
R. 0. test, and the Astrand-Rhyming nomogram. Sixtcen male
students at Long Beach State College were subjects for the
study. Maximal oxygen intake was determined for each sub-
ject using a bicycle ergometer, deVries and Klafs indicated
that maximal oxygen intake and physical working capacity for
college age men can be predicted with a reasonable error
or prediction from submaximal tests. The tests using heart
rate during measured work loads as a basis of prediction
seem to possess greater predictive value than those tests

using the heart rate in the recovery period for prediction.
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The highest predictive values in this study were attained
from Astrand-Rhyming nomogram and the Sjostrand test.
Cumming (24, p. 873), on the basis of a study which
revealed that oxygen uptake at PWCy70 (physical working
capacity) was about sixty-five per cent for unfit boys and
eighty per cent of maximal for fit boys, stated that the
submaximal test can be expected to show a wider differcnce
between fit and unfit subjects than a maximum oxygen uptake

test.,

Summary

A review of related literature disclosced that
limited research has been conducted on the effect of the
participation in exercise or physical activity directly upon
residual neuromuscular tension. A number of individuals
have surmised that the.participation in physical exercise
provides an outlet for the release of emotional and muscular
tension, although objective research to support the belief
is limited. Electromyographic equipment has cnabled
researchers to objectively measure muscle tension within
individuals. The bulk of the research in relaxation revolves
around the analysis of the teaching of relaxation techniques
and its effects on neuromuscular activity, Clinical informa-
tion concerned with the value of relaxation in psycho-
therapcutic treatment was also presented.

Jacobson was a pioneer in teaching individuals to

relax and in metheds of detecting tension and relaxation.
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In & comparison of athletes with subjects trained in relax-
ation techniques, Jacobson revealed that the athlete group
was inferior in the attainment of relaxation levels in
certain muscle groups. Haverland and, later, Benson, found
that subjects trained in relaxation techniques were able to
perform designated tasks better than those ‘individuals who
had received no training in neuromuscular tension control,

Larsson, Linderholm, and Ringqvist, and deVrics

found that the participation in repetitious exercise caused
the action potential of the muscles measured to diminish,
suggesting that the participation in exercise may provide
a therapeutic effect in reducing muscle tension. Studies
conducted by personnel from Stanford University indicated
that the participation in the activity of bowling provides
relief in tension., A survey conducted of physicians and
psychiatrists concerning their beliefs of the participation
in exercise and tension indicated that personnel in the
medical profession advocate the participation in exercisc
as a measure of releasing tension, with walking, swimming,
golf, and bowling being the activities predominantly recom-
mended. Exercise, movement therapy, and dance have been
used in the treatment of individuals who are mentally ill,
and the results indicate their possible therapeutic value in
reducing tension.

Studies concerned with attitude toward physical

education suggest it is of value in the prediction of success
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activity classes. A significant relationship was found
exist between expressed attitudes and success in physical

iucation. Men and women were not found to be different in

their stated attitudes toward physical education,

Many submaximal tests for predicting maximal work
Capacity have been suggested but insufficient data arc
available regarding the reliability and/or validity. Avail-
able research strongly suggests that tests of submaximal
level can give reliable information about the aerobic
capacity of an individual.

Chapter III presents the procedures followed in

this study.



CHAPTER Il

PROCEDURES OF THI STUDY

Introduction

The purpose of the investigation was to determine
the influence of the participation in light, modcrate, or
heavy levels of gross motor activity upon residual neuro-
muscular tension in the elbow flexor muscle group and the
rectus femoris muscle as measured by quantitative electro-
myography. The recreational type activities selected for
the study were bowling, swimming, and modern dance. The
study entailed the use of a four group design, each group
comprised of fifteen college women, designated as: (1) a
light level exercise group, which was a bowling class;

(2) a moderate level exercise group, which was a swimming
class; (3) a heavy level exercise group, which was a modern
dance class; and (4) a control group. The subjects in the
motor activity groups participated in the regular classes
of the required physical education program during the spring
semester of the academic year 1969-1970. The subjects in
the control group participated in no scheduled program of
physical activity. The experimental period for the study

extendsd for a period of nine weeks. The procedures used
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in the development of the study are presented in this

chapter,

Preliminary Procedures

A documentary analysis of information pertinent to
all phases of the study was conducted bcfoHv establishing
definite procedures. Special emphasis was placed upon
(1) the relationship of exercise to relaxation and
(2) electromyography. Upon the basis of considerable empir-
ical and limited clinical evidence, it was theorized that
participation in physical exercise can play a therapcutic
rolec in the release of tension. Neuromuscular tension is
considered to be related to anxiety and other "stresses."

Relaxation has been defined in many different ways
and numecrous methods of achieving a relaxed state have been
recommended. Because of the latk of documentary evidence
correlating the participation of recreational activities to
the release of neuromuscular tension the present study was
undertaken,

A Tentative Outline for the study was developed and
presented in a Graduate Seminar conducted in the College
of Health, Physical Education and Recreation at the Texas
Woman's University in Denton, Texas, during the fall semester
of the 1969-1970 academic school year. The Tentative Qutline
was revised in accordance with suggestions made by the mem-

bers of the dissertation committee. Upon approval by the

committec members, the Tentative Outline was filed in the
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form of a prospectus in the office of the Dean of Graduate
Studics., Plans were formulated for the data to be collected.
Permicsion was secured from the Dean of the College of
Health, Physical Education, and Recreation to conduct the
propceced study during the spring semester of the academic

year 1969-1970,

Selection of Gross Motor Activities

The motor activities selected for this investigation
were bowling, swimming, and modern dance. The activitics
were selected on the basis that each was: (1) classified as
a rccreational activity taught in physical education programs
for women at the college level of instruction; (2) suitable
for all ages; (3) previously rated by an investigator as a
light, moderate, or hcavy level of motor activity based upon
the strenuousness or energy expenditure; (4) popular, that is
a recrcational leisure time activity participated in by, or
appropriate for, large numbers of womenj; and (5) taught in
the required program of the College of Health, Physical Edu-
cation, and Recreation at the Texas Woman's University during

the spring of the academic year 1969-1970.

Selection of Muscle Groups

The muscle groups measured were the elbow flexor
muscle group and the rectus femoris. The specific muscles
selected were the biceps brachii of the dominant hand and

the rectus femoris of the right leg. Upon the basis of



kinesiclogical analysis, the elbow flexors and the rectus
femori- have been determined to be of critical importance

to the activities selected, perhaps, the biceps brachii to

a les.or degree in the activity of modern dance and the
rectus femoris to a lesser degree in the activity of bowling
(12). Seclection of the specific muscles was based upon the

resulis of previous investigators (39, 59, 4). These
investigators indicated that a factor of gencral tension
existced and that during rest this factor is centered around
limb musculature, The biceps brachii was found to have a
very high loading factor with other muscles throughout the
body. The loading factor of the rectus femoris with other
muscles of the body was not studied. deVries (31) used the
rectus femoris and the biceps brachii in his study of the
effects of exercise upon neuromuscular tension. A previous
investigation suggests that an increase in bodily tension
in one area of the human body is reliably associated with

an increase in other areas (67, p. 223).

Instrumentation

Electromyography

The electromyographic instrumentation utilized for
quantitative analysis of residual neuromuscular tension in
the present study consisted of several separate component
parts. A Newport Laboratories Integrating Bio-electric
Monitor, Model 100, was used to integrate and sum the muscle

action potential input for precise time intervals by voltage
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to frequency conversion to pulse counting in an accessory
electronic digital counter and conversion into Root Mean
Square (RMS) values. The monitor frequency used in this
study was set as follows: High Pass hz 10K, Low Pass hz 1.0,
and Full Scale 0,1, This allowed maximum acceptance of the
frequencies appropriate to muscle action potential while
eliminating extraneous frequency response.

The Hewlett-Packard klectronic Counter Model H22
5211B, modified, produced a digital display of the integrated
potentials of muscle action over a ten second period. The
count, per unit time, is related to mean voltage as:

counter reading (total pulses) (30, p. 123)
30, p. 120

RMS : - : = )
integration period (in sec.)

The muscle action potential input to the monitor was dis-
played visually on the Hewlett-Packard Oscilloscope Model 1208,
The oscilloscope was essential to the pretesting of the
equipment and determining artifact or extraneous electrical
activity.

Accessory equipment for calibration of the monitor
and the entire system included a Hewlett-Packard Low Frequency
Generator Model 202A and General Radio Company Audic-Frequency
Microvolter, type 546-C. Industrial Medical Instrument
(I.M.I.) biopotential skin electrodes were used in testing
the subjects., Standard methods for the operation of the
electromyograph and accessory instrumentation were followed
in the quantitative measurement of residual neuromuscular

tension in this investigation (58).
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Attituode Toward Physical Education

The Carlos L. Wear Physical Education Attitude
Inventory (83, p. 113) was the instrument selected to mza-
surc the attitude of each subject toward physical education
before and after the experimental period. The instrument
was selected on the basis of objectivity, reliability, and
validity. The reliability of Form A was 0.94, and the
reliability of Form B was 0.96. The product-moment cor-
relation between the scores on the two forms was 0.96.

While the validity of this inventory had been established

on figures obtained from college men, Dr. Wear states,
"Because of the nature of the statements, it is believed
that the Inventory would be equally suited for use with
girls' and women's classes" (82, p. 122). Broer (10, p. 16)
checked the reliability and validity of the inventory with
college women and found the results equally valid for women,

Upon the basis of authoritative analysis motivation
has been cited as a determinant of performance level (53,

p. 39). The measurement of attitude toward physical educa-
tion was important since attitudes determine much motivated
behavior and level of performance (50, p. 94).

Form A of the Wear Physical Education Attitude Inven-
tory was administered to each subject during the initial
testing session, and Form B was administered to each subject
during the post-test session. The inventory was administered

to the subjects in the bowling group, swimming group, and the
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modern dance group during a regular class period. The Wear
Inventory was administered individually to the subjects in
the control group during a testing session in the Human
Performance Laboratory.

It was explained to the subjects that the inventory
was not a test but simply a measure to determine how each
one felt toward physical education. FEach one was reassurcd
that it was part of a research project and was to be usecd
only for that purpose. They were told that there were no
right or wrong answers. A sincere responsc based upon
previous experience was requested., Directions printed on
the inventory were read to the subjects to make sure cach
one understood the correct procedure to follow in marking
responses on the answer sheet.

The response of each subject on each item of the
attitude inventory was tabulated by 5-4-3-2-1 or 1-2-3-4-5
depending upon whether the item was worded positively or
negatively. A subject's score on the inventory was the sum
of the scores made on individual items., The scores of each
subject on the pre-test and the post-test were recorded on

the appropriate score sheet.

Estimated Measure of Physical Work Capacity

A short test of submaximal working capacity (SWCITO)
(33, p. 10) was the instrument selected to determine an

estimated measure of physical work capacity of each subject



befor« and after the experimental period. The bicycle
ergom - tcr was used for the practical measurcment,

A submaximal test was selected because of the ease
of adwinistration and the equipment available to the
investigator. According to previous investigators, the
advantages of a submaximal test are: (1) motivation can be
limited as a factor in physical fitness testing, (2) unfit
or unconditioned subjects can be tested without the possible
hazards attendant upon a maximum work load, and (3) a well
equipped laboratory with skilled technicians is not neces-
sary (3, 29).

The bicycle ergometer was selected for the measurc-
ment because it was the best instrument available to the
investigator. For testing physical work capacity, the
bicycle ergometer has the following advantages: (1) the
work load is expressed in standard units of work, thus
allowing for work comparisons more easily than the tread-
mill; (2) measurements with various instruments can be
easily taken because the subject's upper body remains
relatively motionless., Other instruments used to admin-
ister the test were a metronome, electronic stethoscope,
and a stopwatch.

Preliminary testing, prior to the experimental
period, to establish reliability of the submaximal test
(SWCy70) selected for the purpose of the study, indicated

a need to modify the SWC;7o Test requirements on the bicycle
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ergometer as suggested by Doroschuk (33) in the study of
collcege men. The reliability coefficient of the test found
fo: men was 0.72.

The investigator experimented with varying the
recistance increments each minute, attempting to select
measures that would allow the subject to complete the four
minute test. Upon the basis of the tests, it appcared that
the majority of the college population to be tested could
complete the test requirements starting with an initial
work load of 450 kpm and increasing the resistance 150 kpm
each minute for four minutes. A pilot study was then con-

ducted to determine the reliability of the test.

Pilot Study of SWCy7g

The purpose of the pilot study was to determine the
test-retest reliability of the modified chl?O' Twenty
volunteers enrolled in the activity classes of the required
physical education program in the College of Health, Physical
Education, and Recreation participated in the pilot study.

The equipment necessary for the administration of
the test included (1) a bicycle ergometer, (2) an electronic
stethoscope, (3) a stop watch, (4) a metronome, and (5) a
phonograph, The electronic stethoscope was connected to
the audio speaker of the phonograph for magnification of
the heart rate to facilitate counting while the subject rode

the bicycle.



Each subject visited the Human Performance Labora-
tory upon two occasions. Upon arrival the subjcct was given
instructions on the operation of the bicycle ergometer and
the purpose of the test.

The bicycle seat was adjusted as required for each
subjcct. The subject was then instructed to be seated on
the bicycle. A resting heart rate was taken for fifteen
seconds, monitored with the electronic stethoscope. The
rate was multiplied by four and recorded as resting rate
per one minute, The metronome was set at 100 and the sub-
ject was directed to pedal at this frequency. This stan-
dardized the work rate and the only deviation was the load
imposed by a mechanical brake.

The subject cycled for four minutes starting with
an initial work load of 450 kpm and increasing the resis-
tance 150 kpm each minute. At the end of each minute (the
last fifteen seconds) the heart rate was monitored and the
count was taken prior to increasing the resistance. The
rate was multiplied by four and recorded. Upon ‘the com-
pletion of the test, each subject was asked to return to
the laboratory two days later (forty-eight hours) at approxi-
mately the same time for a re-test.

The heart rate was plotted in relation to the work
load for each test. A best fit line was drawn and the point
at which the heart rate reached 170 was determined. The’

work load and the time required to reach the work load were
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recorided, A Pearson Product-Moment Correlation (47, p. 59)
was computed. The test-retest reliability was 0.91. The

same test given to fifty-nine college women not previously
testod resulted in a reliability coefficient of 0.95 (60).
Empirical validity of the test was accepted upon the basis

of the suggestions of the previous investigator of the
original SWCy7o Test selected for the present investigation
(33). Doroschuk (33) in standardizing the short version of
the SWCy;79 Test found the test-retest reliability to be 0.72
in comparison with a long version which was 0.83, indicating
the test to be a valid measure to estimate physical work
capacity. Justification in the modification of the SWCy7g
Test selected for the purpose of this investigation was felt
warranted because the population to be tested could perform
the recommended requirements of the test. Upon the basis of
the results of the pilot study and approval of the investi-
gator's dissertation advisor, the modified SWCy709 Test was

adopted for the purpose of this investigation.

Selection of Subjects

During the spring semester of the academic year
1969-1970, a total of sixty college women enrolled at the
Texas Woman's University in Denton, Texas, ranging in age
from seventeen through twenty-two years were selected to
participate in the investigation. Forty-five freshman and
sophomore women students were enrolled in the required phys-

ical education program of the College of Health, Physical
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Edvcotion, and Recreation in the selected classes of bowling,
swiining, and modern dance, and fifteen of the women, junior
and scnior students, were not enrolled in the required
prooram of the College of Health, Physical Education, and
Recrcation.

Lottery methods were used to select (1) the specific
cluss of bowling, swimming, and modern dance from the required
aclivity classes offered in the College of Health, Physical
Education, and Recreation, and (2) fifteen students enrolled
in cach of the classes to participate in the groups further
designated as the bowling group, the swimming group, and
the modern dance group. The criteria established for the
sclection of subjects in the bowling group and the swimming
group were that they had not engaged in organized competi-
tion and the subjects in the modern dance group had had no
formal lessons in modern dance during the previous four years.
The swimming and modern dance classes met approximately
forty-five minutes per day, three days each week, and the
bowling class met approximately sixty-five minutes per day,
two days each week.

Permission was secured from the Dean of Women of
the Texas Woman's University to select fifteen volunteers,
junior and senior students, from a dormitory which was
selected by lottery methods from among the dormitories which
housed junior and senior students to participate as a control

group. The subjects in the control group were not enrolled



in the required program of physical activity at the Univer-
sity o participating in organized competition during the
experimental period.

The four groups were equated in the best possible
manner with respect to previous background., The subjects
had not participated in organized competition or received
formal lessons in modern dance, and their scores on the
American College Test or the Scholastic Aptitude Test, and
age, that is between ages seventeen and twenty-two years,
werc comparable. Each subject in the motor activity groups was
asked if she had competed in organized competition, and cach
subject in the modern dance group was asked if she had
received formal lessons in modern dance within the previous
four years. The American College Test scores and the
Scholastic Aptitude Test scores were changed into z, or
standard scores, and the mean z scores of the groups were
compared with the mean age of the groups.

Procedures Followed Prior to
Experimental Period

The investigator established procedures for use
throughout the investigation. Preliminary tests were con-
ducted prior to initial testing of the subjects to establish
appropriate testing schedules and standardize procedure to
be used in the administration of tests before, during (after
the fourth week), and after nine weeks of the participation

in the selected activities of the required physical



educotion program or the non-participation in organized
activity.,

The investigator selected and trained two graduate
students as laboratory assistants to aid in the preparation
of the subject for each test and the recording of scores on
appropriate score cards. Several orientation and practice
sessions were conducted. An example of the scorc card used

in the study may be found in Appendix C, page 120.

Collection of Data

The investigator collected data pertaining to
residual neuromuscular tension, attitude toward physical
education, gnd an estimated measure of physical work capac-
ity. The data for neuromuscular tension were collected from
the subjects identified, through the administration of three
testing periods, a pre-test, a mid-point test, and a post-
test, the experimental period being of nine weeks duration,
The data for the attitude inventory and SWC;70 Test were
collected from the subjects identified, through the adminis-
tration of a pre-test and a post-test. During the experi-
mental period the subjects in the three motor groups partic-
ipated in the required physical education program of the
College of Health, Physical Education, and Recreation at
the Texas Woman's University, and the subjects in the control
group did not participate in a program of organized physical

activity.



N

Attitude Toward Physical Education

Form A of the Wear Physical Education Attitude

Inventory was administered to each subject during the initial
testing session, and Form B was administered to each subject
during the post-test session. Procedures adhered to are

described on page 46, Copies of Form A and Form B used in

this study may be found in Appendix B, pages 114-119,

Estimated Measure of Physical Work Capacity

The modified SWCy79 Test was administered to cach
subject during the initial test and at the conclusion of the
experimental period to determine if physical conditioning
had occurred, It was believed that the reduction of ncuro-
muscular tension was related to the level of activity in
which the subject engaged.

Special days during each testing period were
designated for each subject to visit the Human Performance
Laboratory of the Collegg of Health, Physical Education, and
Recreation of the Texas Woman's University. The investigator
monitored and counted the heart rate at rest prior to and
during the test. An estimated measure of physical work

capacity was determined as previously stated.

Residual Neuromuscular Tension

An electromyographic analysis was made of the
residual neuromuscular tension in the biceps brachii of the

dominant hand and the rectus femoris of the right leg of
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each subject in the four groups thus identified. FEach subject
made three visits to the Human Performance Laboratory for the
initi 1 testing period and the final testing period, and onc

visit for the mid-point testing period. Following the first
test during the initial and final test period, each subject
returncd approximately six hours later, and approximately
twenty-four hours later. An attempt was made to schedule
appointments for each testing session at approximately the
same time of day.

In order to control certain extraneous variables
subjects were asked to get an average amount of sleep the
night before scheduled appointments, not to smoke at least
one-half hour prior to the test, and not to take any drugs
or alcohol twenty-four hours before the appointment time,

Prior to each testing session operational tests were
conducted. The monitor was turned on one-half hour prior
to each test session for a stabilization period. Then the
auxillary components were activated. A record of a full
scale reading was obtained on the electronic counter for
one second (58, p. 2). The temperature in the laboratory
was maintained at approximately 720 Fahrenheit.

The monitor was calibrated each day before a testing
session and immediately after the testing session. A cable
connected to a microvolter was coupled to the monitor which
had been set at 0.1 for full scale readout on the visual

display unit, A low frequency generator had a setting of



1000 cycles per second and the microvolter was set at 50 to
provide a known, calibrated input of 50 microvolts to the
monitor. The reading of average voltage on the electronic
countcr should have been 45 as this monitor converts the
actua! input to Root Means Square (RMS) units. A value
greater or smaller than 45 = 1/RMS unit indicated an error
and was noted for future calculation; however, there was

no known error recorded during the testing period.

Each subject, upon arrival at the laboratory, was
oriented to testing procedures and instrumentation. A
laboratory assistant aided in the preparation of cach sub-
ject. Llectrode placement on the biceps brachii muscle and
the rectus femoris muscle was accomplished in a standard
manner. Spccifically, the placement on the biceps brachii
of the dominant hand was accomplished according to the method
of Davis (26, p. 29), and the placement on the right rectus
femoris muscle according to deVries (31, p. 5).

Following the location and marking of reference
points for the placement of electrodes, the skin was cleansed
with alcohol and then abraded with fine sandpaper for maxi-
mum contact and the lowering of electrical resistance.
Adhesive collars were placed on the electrodes and each
electrode was filled with electrolytic solution. Electrodes
were placed on reference points previously marked.

A test was made for the output offset error, to

determine if the error of the output section of the monitor
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which resulted from amplification was large enough to distort
the vecorded value. The monitor was set at 100 microvolts
(pv) full scale, the active leads were brought together
forming a short circuit where no resistance developed. The
recording was repeated with the monitor set at 0.1 pv full
scale, the test mode used in the present investigation. The
difference in the two values was recorded as the output
offset error. A value greater than one microvolt would be
considered significant and subtracted from each measurcment;
however, the output offset error never reached this dimension.

A test was made for impedance or total resistance
between the electrodes and the electrical potential in the
body. The active cables leading from the electrodes were
placed into the input cable connected to the monitor which
was set to record the resistance. A recorded value of less
than 5000 ohms was required. Any resistance higher than
5000 ohms would tend to generate or pick-up artifacts causing
errors in voltage to appear. The wave patterns on the
oscilliscope were observed for artifacts. If the minimum
acceptable dimension were exceeded, skin preparation was
repeated. This measurement was made at each test site.

The ground and active electrodes of the biceps muscle
were connected to the input cable to begin measurement of
tension levels. The subject was tested in a supine position
on a table in a grounded screen cage to eliminate all pos-

sible artifact.



The subject was asked to lie still and to relax,

She was told that the electrodes of the arm and the leg
muscics would be alternately connected and disconnected
during the test. The subject was instructed to close her
eycs and disregard any noise she might hear during the test.

Electromyographic observations were made of cach
muscle group being tested. The biceps muscle was tested for
one minute, then the rectus femoris muscle for one minutce,
followed by a rest period of one minute, The testing
sequence was repeated. Data were recorded on appropriate
score cards. The electrodes were removed and cleanscd for
the next testing session,

All electromyographic recordings were taken as the
one minute integral of muscle action potentials. The values
from the electronic counter were recorded as the raw scores,
Any output offset error and noise correction factors were
determined and subtracted from original data. The output
offset error was eliminated from the correctional procedure
since the error was never above ,0001 microvolt.- This pro-
cedure was followed on all test scores taken for each muscle
group tested and a mean of the individual one minute record-

ings for each muscle group was determined,

Activity Participation

No control over the teaching of the three activity
groups was allowed. Each group had a different teacher

and the lesson plans were not monitored. It is believed
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that this kind of situation was most appropriate to the

basic hypotheses of the study. For the control group, no
conirols could be exercised except to request that each sub-
jeci not participate in organized activity during the exper-
imental period. The subjects were not enrolled in any

clusses in the College of Health, Physical Education, and
Recreation, but did continue participating in the normal

activities of college students.

Analysis of Data

An analysis of variance technique was used because
the nature of the data collected by means of the administra-
tion of the Wear Physical Education Attitude Inventory and
SWCy70, and the quantitative analysis of residual neuromus-
cular tension had the desired characteristics for this type
statistical tool. A two-factor mixed design was selected to
determine the significant differences between each group and
within each group on the repeated measures of residual
neuromuscular tension (three) on the pre-test and post-
test (14, p. 282). A one-way classification design was
selected to determine the significant differences between
cach group and within each group on the tests given for
each of the identified variables when only one measurement
was taken of each subject (34, p. 269). Prior to the col-
lection of the data, it was decided that the five per cent
level of confidence would constitute the level for rejection

of the null hypothesis in all comparisons. The Duncan's
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Multiple Range Test (52, p. 172) was selected to analyze the

sionificance of the F-ratio.

Summary

In this chapter the procedures in the development of
the study were outlined. Preliminary procedures involved in
the selection of three gross motor activities of a recrea-
tional type, selection of muscle groups, instrumentation,
and selection of subjects. Collection of data included the
administration of measurements to determine attitude toward
physical education, an estimated measure of physical work
capacity, and residual neuromuscular tension, before, during,
and after an experimental period of nine weeks duration,.

Subjects for the study were sixty college women
enrolled at the Texas Woman's University of Denton, Texas,
comprising four groups: a bowling group, a swimming group,
a modern dance group, and a control group. The subjects
in the specified motor activity groups participated in
regular classes of the required physical education program,
and the subjects in the control group participated in no
program of organized physical activity for nine weeks.

Electromyographic observations were made during
each testing session of the biceps muscle group and the
rectus femoris muscle with an integrating Bioelectric
Monitor coupled with an electronic counter. Each subject

was measured in a relaxed supine position.



Analysis of variance was the statistical tool
utilized to evaluate the differences between the groups,
and within the grcups, on each test administered before,
during, and after an experimental period of nine weeks

duration.

Chapter IV presents an analysis and interpretation

of the findings.

o



CHAPTER 1V

PRESENTATION AND ANALYSIS OF DATA

Introduction

The present chapter contains the presentation of
the statistical treatment of the data utilized to test the
hypotheses of the study. An interpretation and discussion
of the results of the statistical analysis are presented in
narrative and tabular form,

The study was designed to determine the influence of
the participation in three levels of gross motor activity
of a recrecational nature upon the residual neuromuscular
tension of sikty college women enrolled at the Texas Woman's
University during the spring semester of the academic year
1969-1970. A four group design was employed: (1) a light
level exercise group, which was a bowling class; (2) a
moderate level exercise group, which was a swimming class;
(3) a heavy level exercise group, which was a modern dance
class; and (4) a control group, which was comprised of sub-
jects participating in no scheduled program of physical
activity.

Data were collected from the subjects through the

administration of three testing pericds, a pre-test, a

63
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mid-point test, and a post-test. The experimental period
extonded for a period of nine weeks. Electromyographic
meisurements were made of the residual neuromuscular tension
in the biceps brachii of the dominant hand and the rectus
feworis of the right leg. A modified test of submaximal
physical working capacity was used to estimate the physical
fitness of each subject. The Wear Physical Education Atti-
tude Inventory was administered to determine the attitude of
subjects toward physical education., It was surmised that
attitude toward physical education aad the physical fitness
level of an individual are factors which could possibly
influence the therapeutic effect of the participation in
motor activity upon residual neuromuscular tension.

Analysis of variance, a two-factor mixed design of
repeated measures of one factor (14, p. 54), was the statis-
tical technique selected to analyze the data. Duncan's
Multiple Raage Test was used to treat each F ratio in which
a significant difference‘was found at the .05 level of
confidence,

Determining the Homogeneity Between Groups
on Iaitial Measurements

Due to variations in scores of the subjects on the
initial tests of the study it was necessary to determine if
the groups were homogeneous in all measurcments taken. A
one-way analysis of variance was used to compare the means

of the bowling group, the swimming group, the modern dance
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group, and the control group upon each of the measurements
takes prior to the experimental period,.

Electromyographic measurements were made of the
resiing action potential of the selected muscle groups
privr to the experimental period. Measurements were taken
once, repeated approximately six hours later, and after
twenty-four hours. Table 1, page 66, presents descriptive
data with respect to the means, standard deviations, and
standard errors of the means of the initial mecasurements of
residual neuromuscular tensioan in the biceps brachii muscle
of the dominant hand and the rectus femoris muscle of the
right leg. The measurements are given in units of microvolts
for one minute intervals. The testing sessions are identi-
fied in the table by numbers with (T}) being the results of
the first measurements taken, (Tp) the second measurement
taken approximately six hours 1;ter, and (T3) the third
measurcmant taken approximately twenty-four hours later,
The subjects experienced the highest tension levels on the
first measurements taken of the biceps brachii and rectus
femoris with the exception of the control group on the
measurements of the rectus femoris. The higher mean scores
recorded for the first testing session on the initial mea-
surements were attributed to the subjects being uncertain
as to what to expect during the testing session even though
an effort was made to acquaint each subject with the instru-

mentation and procedures of the test. The control group
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experienced the highest tension levels on the measurements

of t2¢ rectus femoris taken approximately six hours after

the initial test. No reason can be found for this phenomenon.
TABLE 1

INITIAL MEASUREMENTS OF THE NEUROMUSCULAR TENSION MEASURED
IN MICROVOLTS DURING A ONE MINUTE PERIOD FOR FOUR
ACTIVITY GROUPS IN THE BICEPS BRACHII
AND THE RECTUS FEMORIS¥*

Biceps Brachii Rectus Femoris
Group
M SD SEM M SD SEM
Bowling
(Ty) 145.60 94.69 | 24.49 |100.26 [ 50.99 |13.17
(T2) 124.40 83.87 | 21.66 89.20 | 55.09 | 14.22
(T3) 130.33 89.45 | 23.10 94.20 | 46.67 | 12.05
Swimming
(Ty) 128.93 [ 107.41 | 27.73 87.41 | 66.04 | 17.05
(T2) 113.47 | 105.84 | 27.33 76.40 | 67.28 | 17.37
(T3) 113.87 [ 103.41 | 26.70 73.53 | 66.68 | 17.22
Modern Dance
(T1) 128.60 | 116.95 | 30.20 84.33 | 81.33 | 21.01
(T2) 109.73 90.10 | 23.26 81.13 | 69.52 [ 17.94
(T3) 121.20 99.49 | 25.69 79.40 [ 67.60 | 17.45
Control
(Ty) 120.80 [ 112,79 | 29.12 90.33 | 72.73 | 18.79
(T2) 118.27 76.70 | 19.80 92.33 | 73.50 | 18.98
(T3) 119.53 | 104.36 | 26.95 87.60 | 69.98 | 17.81

tResting muscle action potential for one minute
intervals given in units of microvolts with (T}) being the
results of the first measurement, (T2) the second measure-
ment taken approximately six hours later, and (T3) the
third measurement taken approximately twenty-four hours
later.

The bowling group elicited the highest mean scores

in resting tension of the four groups on the initial



score of 145.60 pv (microvolts)
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measurement with a mean for
the hiceps, and 100.26 pv for the rectus femoris. The same
group experienced the highest tension levels on the measure-
menis of the biceps repeated six hours later, and also on
the measurements made twenty-four hours later, mean scores

were 124,40 pv and 130.33 pv,

dance group and the
mean scores for the
and rectus femoris,
slightly lower than

taken of the rectus

dance--123.60 pv for the biceps,

femoris; (2) swimming--128.93 pv

respectively. The modern

swimming group had slightly different

initial measurement ta

with the modern dance

the swimming group on

femoris. The

for the

ken of the biceps

group ranking

the measurements

mean scores werc: (1)

84.33 pv

for the rectu

biceps, 87.41

modern

S

v

for the rectus femoris. The control group displayed the

most stable tension levels throughout the three testing

sessions in measurements taken of the biceps brachii and

the rectus femoris

The mean scores for the control subjects

(T1) 120.80, (T3) 118.27, and (Ts3)

in comparison with the

119.53,

three other g

for the biceps

with a range

2.53 pv; the mean scores for the rectus femoris were:

90.33, (T2) 92.33, and (T3) 87.60, with a range of 4.63

roups.
were.:
of

(T))
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One might surmise that the control group was the most stable

of the groups because the students were better adjusted to

college routine than the subjects in the motor activity

groups. The centrol group consisted of junior and senior

students who had survived the problems of the lower division
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curricula while the subjects in the experimental groups,
fre<hman and sophomore students, were not as experienced in
colicge procedures as the control group.

A one-way analysis of variance was used to determine
if there was a significant difference between the means for
each group on each of three sets of measurements taken, The
analysis was re-cvaluated in the analytical procedures of
the two factor mixed design for repecated measures of the
measurements taken during the experimental period. The
Frratio in each analysis was not significant at the .05
level of confidence, indicating that the groups did not
differ in residual neuromuscular tension levels taken once,
repcated approximately six hours later, and again twenty-
four hours later. A summary table of each analysis appears
in this chapter near the discussion of each of the measure-
ments taken of the biceps and r;ctus femoris. Refer to
Tables 5, 9, 12, 14, 16, and 18, pages 73, 78, 81, 83, 85,
and 87, respectively.

An estimated measure of physical working ‘capacity
was determined for each subject through the administration
of the SWC170 Test. The test was administered prior to the
experimental period. A one-way analysis of variance was
used to determine if there was a significant difference
between the groups on the initial measurements. The groups
were found to be homogeneous with respect to estimated meas-

ures of physical working capacity. The analysis is evaluated
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in the summary table on page 89, Descriptive data relative
to the mean, standard deviation, and standard error of the
meown for each group in the initial measurements of the SWC)-7q
Test appear in Table 2., The results are recorded in kilopond
meters, The groups were ranked in the following order begin-
ning with the highest mean score: (1) bowling, (2) swimming,
(3) control, and (4) modern dance. No significant difference
in the physical fitness of the groups, as mecasured by the
SWCy70 Test, suggests that the subjects who selected bowling
had a fitness level as high as the subjects in the other

groups at the beginning of the present investigation,

TABLE 2

INITIAL MEASUREMENTS OF PHYSICAL WORKING CAPACITY TO
REACH A HEART RATE OF 170 BEATS PER MINUTE AS
ESTIMATED BY THE SWCy7o TEST FOR FOUR
ACTIVITY GROUPS™

Group M SD SEN
Bowling 670.400 74.10 19.13
Swimming 668.600 69.45 17.93
Modern Dance 611.410 67.07 17.32
Control 650.800 60.21 19,99

*Recorded in kilopond meters per minute,

The Wear Physical Education attitude Inventory was
administered to the subjects in the four groups. The results

indicated that there were no significant differences between
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the bowling groun, the swimming group, the modcrh dance
group, and the control group in measured attitudes toward
physical education. A summary of the analysis is included
on Table 22, page 91. Table 3, on this page, presents
descriptive data relative to the means, standard deviations,
and standard errors of the means for the four groups on the
initial measurements of the Wear Physical Education Attitude

Inventory.

TABLE 3

INITIAL SCORES ON WiAR PHYSICAL EDUCATION ATTITUDE
INVENTORY FOR FOUR ACTIVITY GROUPS*

Group M S SEM
Bowling 124,47 12.00 3.10
Swimming 116.13 10.68 2,76
Modern Dance 123.00 9.33 2.41
Control 119.87 11.96 3.09

*Recorded in points with 150 possible points,

The means for the four groups varied little with respect to
points recorded in this attitude inventory, bowling 124,47,
swimming 116.13, modern dance 123.00, and control 119,87,

out of a possible 150 points.

Electromyographic Measurements

Electromyographic measurements were taken of the

biceps brachii of the dominant hand and the rectus femoris
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of the right leg before, after the fourth week, and after
the ninth week of participation in the previously designated
activity classes for three groups, as well as for the non-
participants in organized activity, the control group.
During the initial testing period and the final testing
period, a single measurement of each subject was taken three
times in a twenty-four hour period. An initial recording
was taken, a second recording was taken six hours latcr, and
approximately twenty-four hours later a final recording was
made. Only one measurement was taken of each subject during
the mid-point testing period and this measurement was taken
one hour after participation in the selected activity.

Table 4, page 72, presents descriptive data relative
to the means, standard deviations, and standard errors of the
means for the quantitative measurements of the biceps brachili
taken prior to any activity for-thc initial test, and approx-
imately one hour after participation in the activity for the
four groups during the mid-point test and the final test.

An analysis of the table reveals that all groups, with the
exception of the control group, experienced a decrease in

mean scores of residual neuromuscular tension between the
initial test and the final test. The control group displayed
the greatest stability in recorded tension levels. The

modern dance group had the greatest reduction in tension
levels between the initial test and final test, from 128:;60 pv

to 57.12 pv.
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TABLE 4

DQUANTITATIVE MUEASUREMENTS OF THE NEUROMUSCULAR TENSION
MEASURED IN MICROVOLTS DURING A ONE MINUTE PERIOD OF
THE BICEPS BRACHII FOR FOUR ACTIVITY GROUPS TAKEN
APPROXIMATELY ONE HOUR AFTER PARTICIPATION IN
THE ACTIVITY ON THE INITIAL TEST, MID-POINT
TEST, AND FINAL TEST

Group M SD SEM
Bowling

(Ty1) 145.60 94.69 24,49

(T9) 101.00 59.25 15.30

(T3) 86 .27 59.18 15.28
Swimming

(Ty) 128.93 107.41 27.73

(To) 106.07 70.77 50.17

(T3) 27.73 18.27 12.95
Medern Dance

(Ty) 128.60 116.95 30.20

(T2) 95.53 66.20 17.20

(T3) 57.13 14.32 11,44
Control

(T1) 120.80 112.79 29.12

(T9) 118.27 98.87 25.53

(Tg) 123.53 83.22 21.49

A two factor mixed design analysis of variance of
repeated measures was used to determine the significance of
the difference between the means of the groups during the
experimental period. A summary of this analysis appears in
Table 5, page 73,

An analysis of Table 5 reveals that the F-ratio
obtained for the differences between the groups was not

significant at the .05 level of confidence, indicating that
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TABLE S

AMALYSIS OF VARIANCE Of RESIDUAL NEUROMUSCULAR TENSION O
BICEPS BRACHII FOR FOUR ACTIVITY GROUPS MEASURLED IN
MICROVOLTS DURING A ONE MINUTE PERIOD TAKEN
APPROXIMATLELY ONE HOUR AFTER PARTICIPATION
IN THE ACTIVITY ON THE INITIAL TEST,

MID-POINT TEST, AND FINAL TEST

Source df SS ms I
Between Subjects 59 947538.4167 16059.9732 -
Between Groups 3 18906.6033 6302,2278 .3800
Errorb 56 928631.7333 16582.7095
Within Subjects 120 359841.3333 2908.,6778 -
Trials 2 64941 .3333 32470.8867 13.8516%*
Groups x Trials 6 32348.7333 5391.4870 2.,2999%*
Errorw 112 262250,6778 2344,2025
Total 179 1307379.7500
*Significant at the .05 level F (6,112) = 2,19,
#%Significant at the .01 level F (2,112) = 4.82,
F(3,56)(.05) = 2.78
F(2,112)(.05)= 2.19

the groups did not vary significantly in the reduction of
tension in the biceps brachii as a result of the participa-
tion in various levels of physical activity in a required
physical education program within the delimitations of the
study.

The F value for trials within subjects was highly
significant. This indicated an overall change in the residual
neuromuscular tension level from the initial test to the

final test. Residual neuromuscular tension levels of the
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grovns, according to mean scores, tended to decrease at
dificrent levels between the three measurements, The F
values for the groups by trials was significant at the .05
leve! of coafidence, indicating that the groups changed at
dififvrent rates in tension levels between the initial and
finai measurements. Table 6, below, presents Duncan's
Multiple Range Test for a comparison of the significance
between trials of the three sets of mezasurements taken

during the experimental period.

TABLE 6

DONCAN'S NEW MULTIPLE RANGE TEST APPLIED TO THE DIFFERENCES
IN NEUROMUSCULAR TENSION MEASURED I[N MICROVOLTS BLETWELEN
THE INITIAL TEST, MID-POINT TEST, AND FINAL TEST ON
MEASUREMENTS OF BICEPS BRACHIL FOR FOUR ACTIVITY
GROUPS APPROXIMATELY ONi& HOUR AFTER
PARTICIPATION IN ACTIVITY

(1) (2) ~ (3) (1)
Shortest
T3 T2 T Significant
Means 84.5500 105.2166 130.9833 Ranges
T4 84.5500 - 20.6666% 46.4333% Rq = 18.4150
Ty 105.2166 - 25.76067* Ro = 17.5261

*Significant at .05 level = (112, 3 = 2,950867;
112, 2 = 2,803867).

S = 6.2505 (Standard error of a single mean).,.

(1 - .05)2 = .9025 (Possibility of making a Type I
error) .

Tg (Final test)
T, (Mid-point test)
Ty (Initial test)
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The results indicated that there was a significant decrease
in residual neuromuscular tension of the biceps brachii
between the initial and mid-point tests, mid-point and final
tests, and the initial and final tests, measurements taken
onc hour after participation in the selected activity,

The F value of the groups by trials for measurements
of residual neuromuscular tension taken of the biceps ap-
proximately one hour after participation in the activity
that was presented in Table 5 was significant at the .05
level of confidence, revealing that the groups performed
differently on the final test when compared to the initial
test, Duncan's Multiple Range Test was applied to determine
which specific groups experienced the greatest dimunition
in residual neuromuscular tension between the initial mecas-
urements and the final measurements. An analysis of Table T,
page 76, reveals that the range between the means of the
initial and final measurements of the modern dance group,
the swimming group, and the bowling group was significant
at the .05 level of confidence. The range of scores for
the control group was not significant. There was a sig-
nificant difference between the measurements of the final
test for the modern dance group and the swimming group in
comparison with the final test of the control group. A
trend ig evident that participation in physical activity of
a recreational nature will provide relief in muscular ten-

sion approximately one hour after the participation in the

4044
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act ivity. The control group remained relatively constant
in ‘cnsion levels throughout the experimental period.

Quantitative measurements of the rectus femoris
muscle approximately one hour after participation in the
activities previously designated indicated there was no
significant difference between the four groups on meas-
uremecnts taken at the beginning, after the fourth week,
and at the end of the experimental period which extended
for nine weeks. Table 8, presented below, reveals

descriptive data with respect to the measurements.

TABLE 8

QUANTITATIVE MEASUREMENTS OF THE NEUROMUSCULAR TENSION
MEASURED IN MICROVOLTS DURING A ONE MINUTE PERIOD OF
THE RECTUS FEMORIS APPROXIMATELY ONE HOUR AFTER
PARTICIPATION IN THE ACTIVITY ON THE INITIAL
TEST, MID-POINT TEST, AND FINAL TEST

Group M SD SEM
Bowling

(Tl) 100.26 50.99 13.17

(To) 71.33 35.83 9.25

(T3) 52.00 71.19 18.38
Swimming

(Tl) 87.41 66.04 17.05

(T2) 45.73 35.28 9.11

(T3) 25.73 28.73 7.42
Modern Dance

(Ty) 84.33 81.33 21.01

(T2) 53.60 38.24 9.87

(T3) 34.66 31.02 8.01
Control

(Tl) 90.33 72.73 18.79

(T2) 74.73 41.71 10.76

(T3) 7396 40.83 10.54
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The swimming group obtained the greatest mean loss in tension
leveis between the initial test and the final test and the
lowest mean score for the four groups on the final test, a
mean of 87.41 pv for the initial test and a mean of 25.73 pv
for the final test, a loss of 61.68 pv., The control group
expcecrienced the least mean loss of the four groups, with a
mean of 90.33 pv for the initial test and a mean of 73.206 pv
for the final test. The tension levels recorded for the
rectus femoris are lower than the levels reported for the
biceps brachii earlier in this chapter., This is in agreement
with the results reported by Steinhaus (74, p. 31), and deVries
(31, p. 9). A summary of the analysis of variance, presented

in Table 9, revealed there was no significant difference

TABLE 9

ANALYSIS OF VARIANCE OF RESIDUAL NEUROMUSCULAR TENSION OF
RECTUS FEMORIS FOR FOUR ACTIVITY GROUPS MEASURED IN
MICROVOLTS DURING A ONE MINUTE PERIOD TAKEN APPROX-

IMATELY ONE HOUR AFTER PARTICIPATION IN ACTIVITY

Source df SS ms F

Between Subjects 59 311783.311 84.4629 -
Between Groups 3 22264.8222 7421 OOta 1.4325
Errory 56 289518.4889 5169.9730

Within Subjects 120 182408.000 1520.0667 -
Between Trials 2 60614.6778 30307.3389 29,9303*%
Groups x Trials 6 8384.4778 1397.4130 1.3801
Error, 112 113408.8444 1012.,5789

Total 179 494191.311

*Significant at the .01 level F (2,112) = 4,82,

F(3,56) (.05) = 2.78; F(1,56)(.05) = 4,02
F(6,112)(.05) = 2.19
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between the groups on the final test. The F value indicated
a significant difference between the initial test and the
final test, but the groups did not vary significantly. A
change in tension levels supported the theory that the par-
ticipation in recreational activities can contribute to a
reduction in tension in the rectus femoris muscle. Duncan's
Multiple Range Test, Table 10, on this page, reveals that
there was a significant change between each of the tests,
initial, mid-point, and final, of the rectus femoris taken

approximately one hour after the activity,

TABLE 10

DUNCAN'S NEW MULTIPLE RANGE TEST APPLIED TO THE DIFFERENCES
IN NEUROMUSCULAR TENSION OF FOUR ACTIVITY GROUPS BETWEEN
THE INITIAL TEST, MID-POINT TEST AND FINAL TEST ON
MEASUREMENTS OF THE RECTUS FEMORIS APPROXIMATELY
ONE HOJR AFTER PARTICIPATION IN ACTIVITY

(1) (2) (3 (1)

T T T Shortest

3 2 1 Significant
Means 46.4167 61.350 90.600 Ranges
Tq 46.4167 - 14.9444% 44.,1833* Rq = 12.1224
Ty 61.350 - 29.2500% Ro = 11.5185

®*Significant at .05 level = (112,3 = 2,950867;
112,3 = 2,803867)

Sy = 4.108079 (standard error of a single m2an)

(1 - .05)% = .9025 (protection level)

Table 11, page 80, presents the means, standard

deviations, and standard errors of the measurements of the
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biceps brachii repeated approximately six hours after partic-

ipstion in the activity. The swimming group experienced the
groatest mean reduction in residual tension with a mean of
113.47 pv for the initial test and 65.73 pv for the final
test. The control group remained the most stable of the
four groups, although a mean gain of 9.73 pv was depicted
between initial and final test. A Runs Test (69, p. 52)

indicates that the consistent trend of the activity groups
to lower the residual neuromuscular tension after participa-
tion in physical education classes is significant at the .05
level of probability. The data may be interpreted to sug-
gest that participation in the recrcational activities of
swimming and modern dance, within the delimitations of the
study, provide a therapeutic effect upon residual tension.
TABLE 11
QUANTITATIVE MEASUREMENTS OF THE NEUROMUSCULAR TENSION
MEASURED IN MICROVOLTS DURING A ONE MINUTE PERIOD OF
THE BICEPS BRACHII TAKEN APPROXIMATELY STX HOURS
AFTER PARTICIPATION IN THE ACTIVITY ON THE
INITIAU TEST AND FINAL TEST
M SD SEM
Group Initial | Final Initial | Final Initial | Final
Test Test Test Test Test Test
Bowling 124,40 94.33 83.87 63.83 21.66 16.48
Swimming 113.47 65.73 |105.81 42.28 27.33 10.92
Modern
Dance 109.73 64.93 90.10 53.61 23.26 13.84
Control 118.27 128.00 76.70 85.76 19.80 22.14




However,

th:s page,

en-c¢ between the groups on the final trial.

between the trials was significant at the

confidence,
and final tests at this test period,
ticipation in the activity.

trials was not significant,

the statistical analysis presented

indicating a difference between the

81

in Table 12, on

indicates that there was no significant differ-

The F value
.01 level of

initial

six hours after par-
The F value between groups by

indicating the groups did not

change differently in tension levels from the initial to

the final test.

TABLE 12

ANALYSIS OF VARIANCE OF RESIDUAL NEUROMUSCULAR TENSION Of
THE BICEPS BRACHII FOR FOUR ACTIVITY GROUPS MEASURED IN
MICROVOLTS DURING A ONE MINUTE PERIOD TAKEN APPROXI-
MATELY SIX HOURS AFTER PARTICIPATION IN ACTIVITY

Source df SS

ms F

Between Subjects 59 671925.0917 11388.5609 -
Between Groups 3 26077.2917 8692.4305 73537
Erroryp 56 645847.8000 11532.9964

Within Subjects 60 154912.5000 11532.9964 -
Between Trials 1 23885.4083 23835.4083 11.6023*
Groups x Trials 3 15746.4083 5248.8306 2.549
Errory 56 11538.6000 2058.5821

Total 119 326837.5917

*Significant at the .01 level F(1,56) =

F(3,56)(.05) = 2.78,

7.12;

Table 13, page 82, reveals that the swimming group

experienced the greatest reduction of mean scores (31.15 pv)



for the measurements of residual tension of the rectus

femoris taken approximately six hours following the partici-

pation in the activity with a mean of 56.40 pv for the
initial test aand 25.25 pv for the final test, The smallest
mean variation (10.78 pv) was recorded for the control group
with a mean of 92.33 pv for the initial test and 81.55 pv
for the final test. This follows the pattern noted in the
results of the measurements already discussed, in that the
control group remained the most stable throughout the test-
ing period.
TABLE 13
QUANTITATIVE MEASUREMENTS OF THE NEUROMUSCULAR TENSITON
MEASURED IN MICROVOLTS DURING A ONE MINUTLE PERLIOD
OF THE RECTUS FEMORIS APPROXIMATELY SIX HOURS
AFTER PARTICIPATION IN THE ACTIVITY ON THE
INITIAL TEST AND FINAL TEST
M SD SEM
Group Initial| Final Initial| Final Initial | Final
Test Test Test Test Test Test
Bowling 89.20 61.13 55.09 241.48 14.22 7.35
Swimming 76.40 24.25 67.28 26.74 17.37 6.90
Modern
Dance 81.13 40.20 69.52 39.27 17.94 10.14
Control 92.33 81.55 73.50 18,91 18.98 12.63
On measurements of the rectus femoris the control

group experienced slight mean gains. Table 14, page 83,

presents a summary of the analysis of variance of the mean
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vavriations experienced between the initial test.and final
test for measurements taken six hours after participation in
activity. The F value indicated there was no significant
difference between the initial test and the final test

scores.,

TABLE 14

ANALYSIS OF VARITANCE OF RESIDUAL NEUROMUSCULAR TENSION
OF THE RECTUS FEMORIS FOR FOUR ACTIVITY GROUPS
MEASURED IN MICROVOLTS DURING A ONE MINUTE
PERIOD TAKEN APPROXIMATELY SIX HOURS AFTER
PARTICIPATION IN ACTIVITY

Source df SS ms I’

Between Subjects 59 296577.4250 5026.,7360 -
Between Groups 3 22415.7583 7T471.9191 1.5262
Errory 56 274161.6667 1895.7441

Within Subjects 60 89918.5000 1498.6417 -
Between Trials 1 31850.2083 31859.2083 34.6891%*
Groups x Trials 3 6651.2917 2217.0972 2.,4147
Error 56 51416.9999 918.1607

Total 119 -386495.9259

*Significant at the .01 level F(1,556) = 7,12,

F(3,56) (.05) = 2.78
F(1,55) (.05) = 4.02

nn

Quantitative measurements of the neuromuscular ten-
sion in the biceps brachii approximately twenty-four hours
after participation in the activity before and after the
experimental period revealed that the swimming group experi-

enced the greatest mean reduction in residual tension
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(43,14 pv), a mean of 113.87 pv for the initial test com-
prred with 65,73 pv for the final test. Descriptive data
with respect to the measurements for the biceps brachii are
presented in Table 15. The control group remained stable
with a slight mean gain (1.20 pv), a mean of 119.53 pv for

the initial test and 120.73 pv for the final test.

TABLE 15

QUANTITATIVE MEASUREMENTS OF THE NEUROMUSCULAR TENSION
MEASURED IN MICROVOLTS DURING A ONE MINUTE PERIOD OF
THE BICEPS BRACHII TAKEN APPROXIMATELY TWENTY-FOUR
HOURS AFTER PARTICIPATION IN THE ACTIVITY ON
THE INITIAL TEST AND FINAL TEST

M SD SEM

Group Initial | Final Initial | Final Initial | Final

Test Test Test Test Test Test

Bowling 130.33 89.00 89.45 | 54.28 23.10 14.01

Swimming 113.87 61.53 103.41 | 42.62 26.70 11.00
Modern

Dance 121.20 75.80 99.49 | 45.50 25.69 11.75

Control 119.53 | 120.73 | 104.36 | 81.79 26.95 | 21.18

Table 16 presents a summary of the analysis of
variance between the means for measurements of the biceps
brachii taken approximately twenty-four hours after partici-
pation in the activity before the start of the experimental
period and after the completion of the experimental period
of nine weeks. The F value indicates there was no signifi-

cant difference between the groups on the final test of



messurements taken approximately twenty-four hours after
participation in the activity. There was a significant dif-
ference between the initial test and final test, but the

F value between groups by trials was not significant, This
indicated that the subjects diminished their neuromuscular
tension from the initial test to the final test but that the
groups did not differ significantly between the initial test

and the final test.

TABLE 16

ANALYSIS OF VARIANCE OF ReSIDUAL NEUROMUSCULAR TENSION
OF THE BICEPS BRACHII FOR FOUR ACTIVITY GROUPS
MEASURED IN MICROVOLTS DURING A ONE MINUTE
PERIOD TAKEN APPROXIMATELY TWENTY-FOUR
HOURS AVTER PARTICIPATION IN THE
ACTIVITY ON THE INITIAL TEST
AND FINAL TEST

Source df SS ms F
Between Subjects 59 641591.509 10874.4322 -
Between Groups 3 22442,5557 7480.8556 L6766
Errory 56 619148.9333 11056.2310
Within Subjects 60 187651.000 3127.5167 -
Between Trials 1 45552.0333 14552.0333 20.5188*
Groups x Trials 3 17959.6333 5986.5145  2.7000
Error, 56 124139.3333 2216.7738
Total 119 829242.500
* . . .
Significant at the .01 level F(1,55) = 7,12,

Descriptive data with respect to quantitative meas-

urements of the rectus femoris taken approximately twenty-four
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howrs after participation in the activity on the initial test
and final test are presented in Table 17. An analysis of
me-n scores reveals that the swimming group experienced the
groatest reduction in tension levels during the experimental
period (46.90 pv), from a mean score of 73.50 pv to 26.60 pv
respectively. The modern dance group ranked second in
reduction of tension (42.54 pv), with an initial score of
79.40 pv and a final mean score of 36.86 pv. The control
group experienced the least variation in mean score, main-
taining a similar pattern to that which was previously

reported.

TABLE 17

QUANTITATIVE MEASUREMENTS OF THE NEUROMUSCULAR TENSION
MEASURED IN MICROVOLTS DURING A ONE MINUTE PERIOD Or
THE RECTUS FEMORIS TAKEN APPROXIMATELY TWENTY-FOUR
HOURS AFTER PARTICIPATION IN THE ACTIVITY ON
THE INITIAL TEST AND FINAL TEST

M SD SEM

Group Initial | Final Initial| Final Initial | Final

Test Test Test Test Test Test

Bowling 94.20 49.60 46.67 22.24 12.05 5.74

Swimming 73.53 26.60 66.68 28.75 17.22 T.42
Modern

Dance 79.40 36.86 67.60 31.67 17.45 8.18

Control 87.60 76.46 69.98 42.38 17.81 10.94

A summary of the analysis of variance for quantita-

tive measurements of the neuromuscular tension recorded for
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the rectus femoris taken approximately twenty-four hours
aft~r participation in the activity before and after the
experimental period of nine weeks is presented in Table 18,
The I ratio indicates there was no significant difference
beiween the groups, and that there was a significant differ-
ence between the trials. The F ratio for droups by trials

was not significant,

TABLE 18

ANALYSIS OF VARIANCE OF RESIDUAL NEUROMUSCULAR TENSION OF THE
RECTUS FEMORIS FOR FOUR ACTIVITY GROUPS MEASURED IN
MICROVOLTS DURING A ONE MINUTE PERLIOD TAKEN APPROX-

IMATELY TWENTY-FOUR HOURS AFTER PARTICIPATION I[N
ACTIVITY ON THE INITIAL TEST AND FINAL TEST

Source df SS ms F
Between Subjects 59 252553.3667 4280.5655 -
Between Groups 3 16855.3667 5618.4556 1.3319
Errory, 56 235698.0000 4208.8928
Within Subjects 60 84775.0000 1412.9167 -
Between Trials 1 34273.1999 34273.1999 42.8626*
Groups x Trials 3 5723.8000 1907.9333 2.3861
Errory 56 44778.0000 799.6071
Total 119 337328.3667
*Significant at .01 level F(1,56) = 7.12

F(3,56) (.05) = 2.78

One might conclude upon the basis of a summary of
the findings of the data presented so far that participation

in physical activity of a recreational nature, within the
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del mitations of this study, does significantly influence the
resual neuromuscular tension in the biceps brachii approx-
imaicly one hour after participation in the activity. How-
ever, no significance was found between the groups for the
recius femoris at any time nor for any other time period
for the biceps brachii,
Estimated Measures of Physical
Work Capacity
Estimated measures of physical work capacity of cach
subject were determined before and after the experimental
period of nine weeks to determine if there was a change 1in
physical fitness. 1In Table 19, below, it is revealed
that the four groups varied in mean scores of estimated
measures of physical work capacity on the final test,
TABLE 19
FINAL MEASUREMENTS OF PHYSICAL WORKING CAPACITY TO REACH

A HEART RATE OF 170 BEATS PER MINUTE AS ESTIMATED BY
THE SWCIYO TEST FOR FOUR ACTIVITY GROUPS*

Group M SD SEM
Bowling 656.00 86.26 17.62
Swimming 695.80 88.89 22.95
Modern Dance 686.00 63.71 16.45
Control 632.80 54.41 14.05

*Recorded in kilopond meters.
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The modern dance group experienced the greatest mean gain,
44,59 kpm, between the initial test and the final test. On
Table 2, page 69, the mean scores of the initial test meas-
urcments of the SWC170 were presented. The subjects par-
ticipating in bowling and the control group had a decrement
in the performance measured by the SWCy7o from the initial
to the final test. Table 20, presented below, prescnts a
summary of the analysis of variance on initial test and final
test measurements., The F value indicates that the groups

were not significantly different on the final mecasurcements,

TABLE 20

ANALYSIS OF VARIANCE OF TH& ESTIMATED MEASUREMENTS
OF SUBMAXIMAL WORKING CAPACITY TAKEN BEFORLE AND
AFTER A NINE WEEK PROGRAM OF PHYSICAL ACTIVITY
FOR THREE GROUPS AND NON-PARTICIPATION
FOR THE CONTROL GROUP

Source df SS ms I’
Between Subjects 59 364631.4700 6180.1944 -
Between Groups 3 24550.2000 8183.4000 1.3475
Errory 56 340081.2700 6072.8798
Within Subjects 60 213156.0000 3552.6000 -
Between Trials 1 2900.8300 2900.8300 .8609
Groups x Trials 3 21566.2400 7188.7466 2,1335
Errory 56 188688.9300 3369.4451
Total 119 S5T7787.4700
F(3,56)(.05) = 2.78
F(1,56)(.05) = 4.16
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This reveals that the subjects in the activity groups did
no: achieve a statistically significant gain in physical
conditioning through the participation of the previously
designated activities in the required physical education
program, The results failed to support the classification
of swimming and modern dance as moderate amd heavy levels

of activity as measured by the SWCy;7o Test.

Attitude Toward Physical Education

The Wear Physical Education Attitude Inventory was
administered to each subject before and after the experi-
mental period. Descriptive data relative to initial mea-
surements are presented in Table 3, on page 70. Table 21,
below, indicates that the means of the four groups on the
final measurements of the Wear Physical Education Attitude

Inventory did not differ greatly with a range of 5.73 points,

TABLE 21

FINAL TEST SCORES ON WEAR PHYSICAL EDUCATION ATTITUDE
INVENTORY FOR FOUR ACTIVITY GROUPS*

Group M SD SEM
Bowling 125.33 12.65 3.27
Swimming 119.60 12.68 3.28
Modern Dance 123.00 7.68 1.98
Control 120.67 10.10 2.61

*Recorded in points, with a possible of 150 points,
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A cummary of the analysis of variance of the measurements
takon before and after the experimental period appears in
Tabie 22, The F values were not significant, indicating
that the expressed attitudes did not change from the initial

test to the final test through the participation in the

specific activity classes. It is therefore believed that

TABLE 22

ANALYSIS OF VARIANCE OF THE SCORES OF THE WEAR PHYSICAL
EDUCATION ATTITUDE INVENTORY TAKEN BEFORE AND AFTER
A NINE WEEK PROGRAM OF PHYSICAL ACTIVITY FOR
THREE GROUPS AND NON-PARTICIPATION
FOR THE CONTROL GROUP

Source df SS ms F
Between Subjects 59 12635.491667 214.1609 -
Between Groups 3 816.29167 272.0972 1.2892
Errory 56 11819.20000 211.0571
Within Subjects 60 2184.500000 36.4083 -
Between Trials 1 6.07499 6.07499 ,1661
Groups x Trials 3 130.825003 43.60830 1.1927
Errory 56 2047.600000
Total 119 14819.991667
F(3,56)(.05) = 2,78
F(1,56)(.05) = 4.02

the attitudes of the subjeects did not influence the results
of quantitative measurements of residual neuromuscular

tension of the biceps brachii and rectus femoris muscles.



Summary

A description of the statistical treatment of the
data collected through the administration of three testing
periods, a pre-test, a mid-point test, and a post-test, was
presented in narrative and tabular form, Quantitative
measurements of residual neuromuscular tension, estimated
measures of physical working capacity, and attitude toward
physical education were taken during the experimental period
of ninc weeks. Analysis of variance, a two-factor mixed
design with repcated measures on one factor, and Duncan's
Multiple Range Test comprised the basic analytical proce-
dures in treatment of the data.

The analysis of data revealed that there was no
significant difference between the groups on the quantita-
tive mecasurements of residual neuromuscular tension of the
biceps brachii and rectus femoris taken approximately one
hour after participation in the activity, repeated six hours
later, and after twenty-four hours. Residual neuromuscular
tension levels did change from the initial to the final test.
Only on the measurements of the biceps taken one hour after
participation in activity did the groups differ significantly
in changes of tension levels from the initial to the final
test. Duncan's Multiple Range Test applied to the signifi-
cant F value for groups by trials indicated that the final
test for the modern dance group, the swimming group, and the

bowling group differed significantly from the initial test.
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The change of tension within the control group was not sig-
nificant.
The results of the analysis of variance for quantita-
Live measurements of estimated measures of physical working

capacity and attitude toward physical education indicated
that the groups were not significantly difflerent. The meas-
ures did not change significantly from the initial to the
final test, but the groups did not vary significantly from
the initial test to the final test.

Chapter V presents the summary, findings, conclusion,

and recommendations for future studics,



CHAPTER V

CONCLUSION OF THE STUDY

Introduction

The present chapter contains a review of the study
with a presentation and discussion of the hypotheses., A
conclusion to the study is drawn and recommendations for

further studies are cited.

Summary of the Investigation

There is controversy over the therapeutic effects
of participation in recreational type activities. Physical
educators, physicians, psychiatrists, and psychologists have
offered favorable remarks in relation to the benefits of
participation in physical activity upon the release of emo-
tional and muscular tensions, although objective evaluation
through research on this point has been sparse,

Authorities in tension control contend that relaxa-
tion is a skill which may be learned in much the same manner
8s any other neuromuscular skill. Thus, the limited amount
of research conducted in the area of relaxation is principally
concerned with an analysis of the teaching of relaxation tech-

niques and its effects upon neuromuscular activity,
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Larsson, Linderholm, and Ringqvist (49); in the
analysis of changes in the electromyograms of subjects after
various types of standardized muscular work, found that the
duration of all action potentials decreased after exercise
with no significant change in amplitude, This finding was
interpreted that participation in exercise may provide a
therapeutic effect in reducing muscle tension. deVries (31)
found that neuromuscular tension can be reduced by partici-
pation in a rigorous bout of exercise. Exercise, movement
therapy, and dance have been successfully utilized in the
treatment of individuals who are mentally ill, indicative
of the possible therapeutic value of the participation in
physical activity in the release of emotional and muscular
tension.

The present investigation was designed to determine
the effect of participation in nine weeks of selected recre-
ational types of activities, classified as light, moderate,
and heavy levels of activity, upon residual neuromuscular
tension in the biceps elbow flexor muscle group and the
rectus femoris muscle as determined by quantitative electro-
myography. The specific muscles were selected because
previous literature suggested that the selected muscles
were indicative of the body tension and could be appropriately
measured as well as of obvious use in the recreational type

activities the subjects of this study participated in,
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The hypotheses tested in this study were: (1) There
is no significant difference between the influence of par-
ticipation in the motor activity of bowling, swimming, and/or
modern dance and non-participation in the motor activity upon
residual neuromuscular tension in the biceps brachii and the
rectus femoris as measured approximately one hour after the
activity, when repeated six hours later, and again after
twenty-four hours. (2) There is no significant difference
between the influence of participation in the motor activi-
ties of bowling, swimming, and modern dance upon the residual
neuromuscular tension in the biceps brachii and the rectus
femoris as measured approximately one hour after the activity,
when repeated six hours later, and after twenty-four hours,

To test the hypotheses, a research design of four
groups was employed. [Each group was comprised of fiftecen
college women. One group, whiéh was a bowling class, was
designated as a light level exercise group. Another group,
which was a swimming class, was designated a noderate level
exercise group. A third group, which was a modern dance
class, was designated a heavy level exercise group. The
final group was a control group. The designations as to
level of activity were based upon the literature. The sub-
jects in the motor activity groups participated in the reg-
ular classes of the required physical education program dur-
ing the spring semester of the academic year 1969-1970. - The

subjects in the control group did not participate in a
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scheduled program of physical activity. The experimental
proriod for the study extended for a period of nine weeks.
[":ta were collected from the subjects identified, through
the administration of three testing periods, a pre-test, a
mid-point test, and a post-test., Residual neuromuscular
tension in the biceps brachii and the rectus femoris was
measured with a Newport Laboratories integrating Bio-electric
Monitor coupled with an electronic counter which gave a
digital readout. During the initial and final testing
periods, measurements were taken approximately one hour after
the activity, repeated six hours later, and after twenty-
four hours. Measurements were taken approximately one hour
after the activity during the mid-point testing period,.

The Wear Physical Education Attitude Inventory was
administered to each subject before and after the experi-
mental period to determine attitude toward physical educa-
tion, It was initially theorized that if any differences
occurred they might be due to basic attitudes of the sub-
jects toward physical activity.

An estimated measure of physical working capacity
was determined through the administration of a modified
SWCy7p Test to each subject before and after the experimental
period. It was believed that the recreational activities
required different levels of physical activity and, since
strenuous activity had previously been shown to lower neuro-

muscular tension immediately after exercise, a simple measure
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ol basic fitness was used to see if the rocreat{onul activi-
ties did, in fact, alter fitness levels.

Analysis of variance, a mixed factor design of
repeated measures, was the statistical tool selected to
cvaluate the differences between each group and within each
group on the measurements taken during each period. The
Duncan Multiple Range Test was selected to analyze the

significance of the F-ratio,

Findings of the Study

An analysis of the data revealed the following

findings:

A. The bowling group, the swimming group, the
modern dance group, and the control group did
not vary significantly in residual neuromuscular
tension of the biceps brachii and rectus femoris
following a nine week period of participation or
non-participation in the selected activity
classes of the required physical education pro-
gram at the Texas Woman's University.

B. The overall change in residual tension levels of
the biceps brachii and the rectus femoris was
noted between the initial test and the mid-point
test, the mid-point test and final test, and the
initial test and final test of measurements taken
approximately one hour after the participation

in the activity. An overall change was also
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noted between the initial test and final test of
measurements taken approximately six hours and
twenty-four hours after the participation in the
activity. The changes were in the direction of
a decrease in neuromuscular tension,.

A significant decrease of the residual neuromus-
cular tension of the biceps brachii for the

modern dance group, the swimming group, and the
bowling group was observed one hour following

the participation in the selected activity

classes of a required physical education progranm
for a nine week experimental period,.

The residual neuromuscular tension of the biceps
brachii and rectus femoris for the four groups

did not differ significantly in changes between
the initial test an} the final test of measure-
ments taken approximately six hours aad twenty-
four hours following the participation in the
activity during the experimental period of nine
weeks.,

The four groups did not initially vary in measured
attitudes toward physical education as measured

by the Wear Physical Education Attitude Inventory,
and the attitudes did not change significantly

during the experimental period.
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F. The physical fitness levels of the four groups,

as measured by the SWC;70 Test, were initially

comparable and did not change significantly as

a result of the participation in the selected

activity of the required physical education

program for the three experimental groups and

the non-participation in organized activity for

the control group.

Discussion of the Findings

The findings will be discussed in relation to the

hypothesis. Possible implications will be included.

Hypothesis 1

The first hypothesis of the present investigation

was:

There is no significant difference between the influ-

ence of the participation in the motor activity of

bowling and non-participation in motor activity upon

residual neuromuscular tension in the elbow flexor

muscle group and the rectus femoris muscle as measured

approximately one hour after the activity, repcated

six hours later, and after twenty-four hours.
The F values for the analysis of variance between the groups
of the quantitative measurements of the biceps brachii and
rectus femoris taken before, during, and after the experi-
mental period of nine weeks within the prescribed times were
not significant. The F values for groups by trials were not

significant in all instances except for the mcasurements of

the biceps brachii taken approximately one hour after the
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participation in the activity during the three tésting
periods., Duncan's Multiple Range Test indicated that the
bowling group did not differ significantly between the
initial and final test, and the control group did not dif-
fer significantly between the initial and final test. Since
the change was not observed for all the measurements taken
there was a failure to reject the null hypothesis,

It may be assumed, therefore, that the experimental
period of a nine weeks participation in the activity of
bowling did not significantly lower residual neuromuscular
tension in the biceps brachii and rectus femoris. This does
not seem to coincide with the findings of the studies con-
ducted by Handlon, et al. (35, 36), which indicated that
participation in bowling significantly lowered tension.
However, it should be noted that these studies did not use
electromyograph techniques nor were the studies by Handlon,
et al., objective in nature. Further research involving
additional or completely different muscle groups, and per-
haps analysis of the muscles as a composite unit, could
provide better insight as to the effect of the participation
in the activity of bowling upon residual neuromuscular ten-
sion. The physical intensity of bowling is generally
believed to be low, thus, the physiological benefits are
thought to be small and, therefore, the rationale of a pos-
sible relationship between the physical intensity of the
recreational activity and a reduction in tension may still

hold.
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Hypothesis 2

The second hypothesis of the present investigation

was:
There is no significant difference between the influ-
ence of the participation in the motor activity of
swimming and non-participation in motor activity upon
residual neuromuscular tension in the elbow flexor
muscle group and the rectus femoris muscle as measurcd
approximately one hour after the activity, repecated
six hours later, and after twenty-four hours,
There was a failure to reject the null hypothesis, The F
values for the quantitative measurements between the groups
taken of the two muscle groups before, during, and after the
experimental period were not significant., In an analysis of
groups by trials, the swimming group experienced a signifi-
cant decrease in tension between the initial test and final
test only for the measurements of the biceps brachii taken
approximately one hour after participation in activity, A
discernable trend seemed to suﬁbort the results revealed by
deVries who found that: (1) a five minute bout of rigorous
exercise did contribute to a significant reduction in ten-
sion of the biceps brachii up to approximately one hour after
participation, and (2) an exercise program of conditioning
exercises performed two or three days each week for seventeen
sessions, through which conditioning occurred, significantly
lowered residual neuromuscular tension of the biceps brachii
(31). deVries (31) stated that the diminution of residual

tension in the rectus femoris was not significant in either

case. In combining the results of the measurements of both
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muscle groups in the long term program, a significant reduc-
tion in tension‘was noted by deVries (31).

The F values for the physical fitness measurements
in the present investigation were not significant. The
nhysical fitness level of the swimming group did not change
significantly as indicated by the SWC)7p Test. Perhaps, a
longer experimental period with guided levelé of instruction
would provide additional information to the effect of the
participation in a recreational activity such as swimming

upon residual neuromuscular tension.

Hypothesis 3

The third hypothesis of the present investigation
was:
There is no significant difference between the influ-
ence of participation in the motor activity of modern
dance and non-participation in motor activity upon
residual neuromuscular tension in the elbow flexor
muscle group and rectus femoris muscle as measured
approximately one hour after the activity, repeated
six hours later, and after twenty-four hours.
The F values indicated that the four groups did not vary
significantly on quantitative measurements of the biceps
brachii and rectus femoris, but an analysis of groups by
trials indicated that the modern dance group differed sig-
nificantly between the initial test and the final test on
the measurements of the biceps brachii taken approximately
one hour after participation in the activity. Therefore,

there was a failure to reject the null hypothesis. Impli-

cations discussed for the previous hypothesis can also be
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applied in this instance. The problem of the effect of
participation in physical activity through which condition-

ing occurs seems to warrant further study.

Hypothesis 4

The fourth hypothesis of the present investigation

There is no significant difference between the influ-
ence of the participation in the motor activitics of
bowling, swimming, and modern dance upon the residual
neuromuscular tension in the elbow flexor muscle group
and the rectus femoris muscle as measurcd approximately
one hour after the activity, repeated six hours later,
and twenty-four hours.
The F values between the groups of the quantitative measure-
ments taken of the biceps brachii and rectus femoris during
the three testing periods within the designated time inter-
vals were not significant. An analysis of groups by trials
indicated that only on the measurements of the biceps brachii
taken approximately one hour after participation for the
swimming group, the modern dance group, and the bowling group
was a significant change noted between the initial test and
the final test. The control group did not change signifi-
cantly on the same measurements. Since the trend was not
noted for the other measurements there was a failure to
reject the hypothesis.
In general a trend was noted suggesting that partic-
ipation in the recreational activities of bowling, swimming,

and modern dance lowers the neuromuscular tension level of

participants. The lowered tension level, as mzasured by
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¢lectromyographic methods, was transitory and while it may
of sufficient value for therapeutic purposes it was not

ctatistically significant,

Conclusion of the Study

Based upon the results of the study, it was con-
¢luded that the participation in the recreational activities
of bowling, swimming, and modern dance of a required phys-
ical education program for a period of nine wecks does not
significantly lower residual neuromuscular tension beyond a

short, transitory period.

Limitations of the Study

The present study was subject to the following

limitations:

A. The inability to test all subjects during the
designated time pcgaods of one hour, six hours|,
and twenty-four hours following participation
in activity because of conflicting schedules
or failure to keep designated appointments.

B. The measurement of physical fitness levels
through the administration of a modified SWC)7q

Test is not sufficiently accurate enough to

discover all the changes that may have occurred.

Recommendations for Further Studies

The following recommendations for further studies

are offered:
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The effect of the participation in vigorous
physical exercise upon relaxation of the hyper-
tense individual as determined by electromyography.
The influence of the participation in recreational
types of activities upon residual neuromuscular
tension of the hypertense individual as measured
by electromyography.

The therapeutic value of the participation in
physical activities of varying levels upon

release of emotional and muscular tensions for

the aged.

A comparison of the psychological analysis of

the therapeutic values of the participation in
physical activity of various levels of intensity
of different ages upon relaxation as an electro-
myographic analysis.

The influence of the participation in physical
activity of a recreational type upon residual
neuromuscular tension of individuals with varying
skill levels, as the highly skilled individual

in contrast to the beginner.
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TABLE 27

DATA OF ESTIMATED MEASURES OF PHYSICAL WORKING CAPACITY ON
THE INITIAL TEST AND FINAL TEST OF SWCj70 ADMINISTERED
BEFORE AND AFTER A NINE WEEK PARTICIPATION IN
SELECTED ACTIVITY FOR THE THREE EXPERIMENTAL
GROUPS AND NON-PARTICIPATION FOR
CONTROL GROUP*

Subject Initial | Final Subject Initial | Final
Bowling Modern Dance
1 732 681 1 582 633
2 723 678 2 627 690
3 624 618 3 717 729
4 564 597 4 690 714
5 771 783 5 567 579
6 S5T7 594 6 591 674
7 717 633 7 579 630
8 753 724 1§} 627 660
9 669 708 9 570 615
10 630 597 10 603 675
11 568 549 11 8041 619
12 615 635 12 615 690
13 729 681 13 687 769
14 629 597 14 687 705
15 756 765 15 675 687
Swimming Control
1 702 693 1 642 618
2 654 657 2 543 61
3 714 864 3 657 685
4 768 732 4 717 690
5 705 852 5 675 669
6 561 558 6 594 573
7 555 5641 7 702 642
8 708 714 8 570 507
9 675 678 9 612 603
10 612 660 10 648 663
11 783 759 11 678 675
12 657 720 12 639 642
13 714 732 13 639 657
14 582 600 14 657 687
15 639 654 15 789 687

*Recorded in kilopond meters per minute.



TABLE 28

DATA OF TOTAL POINTS SCORED ON PRE-TEST AND POST-TEST OF

WEAR PHYSICAL EDUCATION ATTITUDE INVENTORY ADMINISTERED
IN SELECTED
ACTIVITY FOR THE THREE EXPERIMENTAL GROUPS AND

BEFORE AND AFTER A NINE-WEEK

PARTICIPATION

NON-PARTICIPATION FOR CONTROL GROUP*

Pre- Post - Pre- Post-
Subject Test Test Subject: Test Test

Bowling Modern Dance
1 132 130 1 106 108
2 119 118 2 118 104
3 123 128 3 121 117
4 128 132 4 132 134
5 138 1395 5 119 121
6 130 115 6 121 118
7 93 103 7 119 120
8 129 139 8 120 123
9 135 124 9 128 126
10 117 109 10 118 107
11 120 145 11 137 127
12 122 112 12 125 127
13 106 127 13 121 115
14 142 125 14 126 129
15 133 138 15 134 1341

Swimming Control

1 129 124 1 111 109
2 126 120 2 120 129
3 131 131 3 130 133
4 84 102 4 109 98
5 129 135 5 140 132
6 126 127 6 120 129
7 110 112 7 140 143
8 129 120 8 117 104
9 121 118 9 115 114
10 110 123 10 115 113
11 113 123 11 113 119
12 95 98 12 114 116
13 115 132 13 128 130
14 109 108 14 110 119
15 115 121 15 116 116

*A possible 150 points.



APPENDIX B

CARLOS B. WEAR--PHYSICAL EDUCATION ATTITUDE INVENTORY

FORM A

Directions--Please read carefully: Below you will find some
statements about physical education. We would like to know
how you feel about each statement. You are asked to consider
physical education only from the standpoint of its place as
an activity course taught during a regular class period. No
reference is intended in any statement to interscholastic or
intramural athletics. People differ widely in the way they
feel about each statement. There are no right or wrong
answers.

You have been provided with a separate answer shect for record-
ing your reaction to each statement. (a) Read cach statement
carefully, (b) go to the answer sheet, and (c) oppositle the
number of the statement place a circle around the word (or
words) which best expresses your feeling about the statement,
If you agree, then decide whether to place a circle around
"agree" or "strongly agree." If you disagree, then decide
whether to place the circle around "disagree” or "strongly
disagree." In case you are undecided (or neutral) concerning
your feeling about the statement, then place a circle around
"undecided.” Try to avoid placing a circle around "undecided”

in very many instances.

Wherever possible, let your own personal experience determine
your answer., Work rapidly, do not spend much time on any
statement., This is not a test, but is simply a survey to
determine how people feel about physical education. Your
answers will in no way affect your grade in any course. Please
answer each statement as you actually feel about it. Be sure
to answer every statement.

Statements
1. If for any reasons a few subjects have to be dropped from

the school program, physical education should be one of
the subjects dropped.
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10.

11.

12l

13.

14.

15.

16,

17.

18.

115

Physical education activities provide no opportunities
for learning to control the emotions.

Physical education is one of the more important subjects
in helping to establish and maintain desirable social
standards.

Vigorous physical activity works of f harmful emotional
tensions.

I would take physical education only if it were required.,

Participation in physical education makes no contribution
to the development of poise.

Because physical skills loom large in importance in
youth, it is essential that a person be helped to
acquire and improve such skills.

Calisthenics taken regularly are good for one's general
health.

Skill in active games or sports is not necessary for
leading the fullest kind of life.

Physical education does more harm physically than it
does good.

Associating with others in some physical education
activity is fun.

Physical education classes provide situations for the
formation of attitudes which will ma<e one a better
citizen.

Physical education situations are among the poorest for
making friends.

There is not enough value coming from physical education
to justify the time consumed.

Physical education skills make worthwhile contributions
to the enrichment of living.

People get all the physical exercise they need in just
taking care of their daily work.

All who are physically able will profit from an hour of
physical education each day.

Physical education makes a valuable contribution toward

building up an adequate reserve of strength and endurance
for everyday living.



19.

24.

25.

26.

27,

28.

29.

30.

116

Physical education tears down sociability by encouraging
people to attempt to surpass each other in many of the
activities.

Participation in physical education activities maxes for
a more wholesome outlook on life,

Physical education adds nothing to the improvement of
social behavior.

Physical education class activities will help to relicve
and relax physical tensions.

Participation in physical education activities helps a
person to maintain a healthful emotional life,

Physical education is one of the more important subjects
in the school program.

There is little value in physical education as far as
physical well-being is concerned.

Physical education should be included in the program of
every school.

Skills lcarned in a physical education class do not
benefit a person.

Physical education provides situations for developing
desirable character qualities.

Physical education makes for more enjoyable living.

Physical education has no place in modern education,



CARLOS B. WEAR--PHYSICAL EDUCATION ATTITUDE INVENTORY

FORM B

Directions--Please read carefully: Below you will find some
statements about physical education. We would like to know
how you feel about each statement. You arc asked to consider
physical education only from the standpoint of its place as
an activity course taught daring a regular class period. No
reference is intended in any statement to interscholastic or
intranural athletics. People differ widely in the way they
feel about each statement. There are no right or wrong
answers.

You have been provided with a separate answer sheet for
recording your reaction to each statemznt, (a) Read cach
statement carefully, (b) go to the answer sheet, and (c)
opposite the number of the statement place a circle around
the word (or words) which best expresses your feeling about
the statment., If you agree, then decide whether to place a
circle around "agree" or "strongly agree." If you disagree,
then decide whether to place the circle aroand "disagree”

or "strongly disagree." In case you are undccided (or neutral)
concerning your feeling aoout the statement, then place a
circle around "undecided." Try to avoid placing a circle
around "undecided" in very many instances.

Wherever possible, let your own personal experience determine
your answer, Work rapidly, do not spend much tim2 on aay
statement, This is not a test, but is simply a survey to
determine how people feel about physical education. Your
answers will in no way affect your grade in any course,
Please answer each statement as you actually feel about it,
Be sure to answer every statement.

Statements

1. Associations in physical education activities give people
a better understanding of each other.

2. Engaging in vigorous physical activity gets one interested
in practicing good health habits,
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11.

12,

13.

14.

15‘

16.

17.

18.

19.

118

The time spent in getting ready for and engaying in a
physical education class could be more profitably spent
in other ways.

A person's body usually has all the strength it needs
without participation in physical education activities.

Participation in physical education activities tends to
make one a more socially desiraple person.

Physical education in schools does not receive the
emphasis that it should.

Physical education classes are poor in opportunities for
worthwhile social experiences.

A person would be better off ecmotionally if he did not
participate in physical education.

It is possible to make physical education a valuable
subject by proper selection of activities.,

Developing a physical skill brings montal relaxation
and relief.

Physical education classes provide nothing which will
be of value outside the class.

There should not be over two one-hour periods per week
devoted to physical education in schools.

Belonging to a group, for which opportunity is provided
in team activities, is a desirable experience for a
person.

Physical education is an important subject in helping a
person gain and maintain all-round good health.

No definite beneficial results come from participation
in physical education activities.

Engaging in group physical education activities 1is
desirable for proper personality development,

Physical education activities tend to upset a person
emotionally.

For its contributions to mental and emotional weel-being
physical education should be included in the programs
of every school.

I would advise anyone who is physically able to take
physical education.



20.

21.

[\
Do

23.

26.

27.

29.

29,

30.

As far as improving physical health is concerned a
physical education class is a waste of time.

Participation in physical education class activities
tends to davelop a wholesome interest in the functioning
of one's body.

Physical education classes give a person an opportunity
to have a good time.

The final mastering of a certain movement or skill in
a physical education class brings a pleasurable feeling
that one seldom experiences elsewhere,

Physical education contributes little toward the improve-
ment of social behavior.

Physical education classcs provide values which are
useful in other parts of daily living.

Physical education should be included in the progranm of
every school.

Physical education should be required of all who arec
physically able to participate.

The time devoted to physical education in schools could
be more profitably used in study.

The skills learned in a physical education class do not
add anything of value to a persoa's life,

Physical education does more harm socially than good.
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SWCy70

Name Group

Resting Rate: SWCy170

Submaximal Working Capacity (Modified)

240

2290

200

180

Pulse Rate
fo—
o
o

140

120

100 |

80

450 600 750 900
Work Load (kpm)
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