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CHAPTER 1
INTRODUCTION

Technological advances in modera tir-noo have lessened
the amount of necessary physical work required of the average
person. Taking our homes as an example, the use of many labor-
saving devices and the generally high standard of living which
contributes to our phyoical. comfort have greatly decreased man's
opportunities to engage in vital physical activities. These mechan-
ical contrivances have become an integral part of modern living,
Munn and his co-workers delineate the lack of physical activities
tn today's modern setting with the use of statistice as the analytical
validation of such existence. !

As a result of this modern enviroament, thofe is limited
opportunity for people to develop improved cazdio-respiratory
function, which i{s the most important aspect of human fitness.

Ikai pointed out the importance of cardiorespiratory function in

his study as follows:

lBigglo Munn and others, Physical Activity in Modern Living,

(New York: Prentice-Hall, Inc., 1963), pp. 1-11.




The factor of hurnan physical fitness principally consists of
thres aspecta; the factor which mnainly requires agility,
the factor which is mainly composed of muscular strength,
and the factor maialy of endurance. Among those, it is
very bhard to tell which is the most importaat for hamans,
but it appears that the aspect of physical fitness which
mainly consists of general or total body endurance is of
prime importance, since humane must survive by endur-
ing varicue environmental chaages and various exercise
loads throughout their lives. General or total body endur-
ance is principally represented by the cardiovascular and

cardiorespiratory systems.
de Vries also indicates that the most important physiological factors
are the cardiavascular aad respiratory functions. 3

It is interesting to mote that in Japan, the results of the
modified Harvard Step Test score showed that the people in the
agricultural areas were superior to the people in the urban districta.
The study by Yoshizawa indicated that high school students in cities

were inferior in an endurance run to the students in villages of the

sams state, although they were superior to the students in villages

2)Michio Ikai, ''Seineki ni Hiteuyo na Undo no Shoho (Exer-
cise Standarde for Physical Fitness of Youth), "' Japanese Journal
of Health, Physical Education, end Recreation XII, (July, 1963),
Pp. 351-5)3,

SHerbert A. de Vries, Physiology of Exercise for Physical
Educatien and Athletice (Dubuque, Iowa: Wm. C. Browa Compaay,
Publishers, 1966), p. 338




on test items such as the 50-meter darh, vertical jump, and rapeat-
ing side otop.‘

In addition, there is sufficient evidence to support the fact
that the leading cause of death and physical impairment in civilized
countries today stems from cardiovasscular problems. Teraslinna
and his co-workers reported the causes related te the development
of cardiovascular disease as follows:

The change describing the development of susceptibility to

cardiovascular disease caa be brought about by the dual

influence of (a) the anxiety of a competitive society which
develops the metabolic readiness to action, and (b) caused

by the industrialized and sedentary civilisation. 5
Among the cardiovascular diseases, coronary heart disease is of
especially high incidence. Concerming this problem, Wolffe pointed
out that there is a direct correlation between the sedeatary, push-

button characteristics of cur culture and the constantly rising inci-

dence sf coromary artery disease. 6 A considerable amount of

4Shigehiro Yoshisawa, "Chiiki betsu ni mita Undonoryoka
(Distinction of Motor Performance between Cities and Villages, "
Japanese Research Journal of Physical Education XI, (September,
1966), pp. 58-68.

SPentti Teraslinna, A. H. Ismail, D. F. Macleod, L. W.
Combe, J. E. Christian, and M. V., Kassler, ""Relatioaships
Between Fhysical Fitness and Susceptibility to Cardiovascular
Disease, ' Ressarch Ciuarterly XXXIX, (October, 1968), pp. 735-47.

6.Io.oph B. Wolffe, '"Prevention ¢{ Disease through Exercise
and Health Education, ' Health and Fitnese in the Modern World,
(Chicago: Athletic Institute, 1961), pp. 75-82.




evidence to support this statement has heen presented in other
stadies. I+ & % 10

Therefore, certain phyesical {itness programs must be
included in man's daily life in order to attain and maintain a certain
level of physical fithess that will allow him to live a full life, meet

emergencies on any given day and hopefully increase his longevity.

78. M. iox, and J. S. Skinner, ""Physical Activity and

Cardiovascular Health, ' American Journal of Cardiology XIV,
1964, pp. 931-46.

8w. L. Haskell, and S. M. Fox, "The Possible Place of
Strese Testing to Discover, and Physical Activity to Prevent,
Coronary Heart Disease, ' Southern Medical Jouraal, LIX, 1366,
pp. 642-49.

9. N. Morris, A. Kagan, and D. C. Pattieen, "Incidence
and Prediction of Ischemic Heart Disease in LLoadon Busmen, "
The Lancet, 1966, pp. 553-89.

107, Truett, J. Cornfield, and W. Kannel, "Multivariate
Analysis of the Risk of Coronary Heart Disease in Framingham, "
Journal of Chrenological Disease XX, 1967, pp. 511-24.




I, I'f5iE PROLLEM

Statement of the F'rodblern

This study was conducted to determine changes in the
physiological response of male higk schsol students to sxercise
performed on a motor-driven treadinill after eight weeks of
participation in a planned and supervised five-minute rope-jumping
program.. The measurement of the training effect was undertaken
to compare the work capacity of the heart through recovery of the
subjects’ heart rates and amounts of oxygen uptake during the motor-

driven treadmill test.

Importance of Vigorous Exercise During High School Years

Statements of the odjectives for high school physical
education generally include the physical, social, and intellectual
development aof the youth. The physical aspect of the objectives
should coneist of motor skills and physical fitness. Although all
aspects of physical fitnees should be developed in physical educa-
tion classes, aspects regarding muscular strength and especially
cardiorespiratory endurance must be developed through appropriate
fitness programs during the high school years. A principal reason
for thie is that the heart-lung function grows remarkably during
this time as compared to other factors of physical {itness.

There are scientific data to support the facts as mentioned

above. Morehouse and Miller suggested that the physiological pro-



cess involving the brain, nerves, heart, lung, and kidney, are

weak during iafaney and early childhood, become maximum by

puberty, and then declins. !l Oka reported that the weight of

the heart reaches 50 percent of an adult's at 10 years, and

70 percent at 15 yeares in the male. 12 Grim also reported that

the age of maximal development concerning the weight of the heart

is 16 to 17 years. 13 These data indicate that the heart muscle develops
remarkably at the age of high school students.

Morse and his co-workers found that children under twelve
years of age do nat have the capacity to utilise oxygen that older boys
do because of a roht_lvoly smaller stroke volume of the heart and a
consequent smaller capacity for increased circulatiom of bloed through
the lungs. 14 Astrand also indicated that although maximal oxygen
uptake (1/min. ) of 10 gear old boys is 50 percent of that of adults,

the function develops to the point of 90 pezrcent of that of adulte at

117 aurence E. Morehouse and Augustus 1. Miller, Physiology
of Exercise (New York: The C. V. Mosby Company, 1967, ) p. 272

12p)ira Cka, ''Statistical Observation of Anatomical Materiale
in the Pathology Research Room of Kyoto University, ' The Medical
Journal of Kyoto XXXVIIL, 1941, pp. 431-47,

/
134, Grimm, "Jugend und Sport, "' Lehrbuch d. Sportmedisin,
1956, pp. 447-83.°

14)(. Morse, F. W. Schults, and D. E. Cassels, "“Relation of
Age to Physiological Respomses of the Older Boy (10-17 Years) to
Exercise,? Journzl Applied Physioclogy I, 1949, p. 683.




15 to 16 years >f ags. 15

n o etdy oa Soys in the 10 to 17 year
age group, Morse and his co-workers iound that exhaustion in
treadmill running was reached at the lowest levels of oxygen
intake at the age of thirteen years and that the ability to lacrease
occurred at the age of seventeen yezsra. 16

On the other hand, there have been presented significant
data regarding the development of the respiratory function during
high school age. According to Stewart, between six and sixteen
years of age the miean vita.i capacity lncreased about 197 percent
in boys, and 156 percent in girles. The relative rate of annual
increase in vital capacity became more rapid with the onset of

puberty. 17 The increase in vital capacity was, at these ages, es-

tablished by other studies. 18 rhese studies supported the comunent

12 8. i.strand, ''EZxperimnental Studies of Physical
Working Capacity in Relation to Sex and Age,' (Ejnar Munksgaard,
1952); Cited in I'oshio Kodama et. al., Sports Igaku Nyumon (Intro-
duction to Sports Medicine) (Tokyo: Taiiku no Kagaku Sha. 1965},
PP. 222-23,

6Moroe. et al., Loc. cit. (p. 6.)

17Chester a. Stewart, ''The Vital Capacity of the I.ungs of
Children in Lealth and Disease, " fumerican Journal of Disease of
Children, XXXI (December, 1922), p. 453.

18; unk Falkner, et. al., Human Development {Philadelphia:
W. B. Saunders Company, 1966), pp. 164-66.




that the vital capacity of a 10-year-old boy is half that of an adult,
but tae {unction of a 15-yeur-2ld 20y is increased to 90 percent of the
vital capacity of an adulc. 19 . strand's etudy {ndicated that the maxlmsl
- breathing, or ventilation capacity {1/min.} reached complete develop-
ment at 15 to {5 years of age in n.ales, £

Lill und Consvlazio stated that the function of the boys in supply-
ing carbohydrate fuel to the tissues is superior at an older age than at
a younger age, 21

Kato divided the developmient ¢f hainans inte three sectione:
(1) Infancy {6-9 yre. ) whx&; 18 charactezistic of the development cf
aouro-muscular contrul; (¢) Childbhood (10-14 yrs. ), which is charac-
teristic of the rapid growth of the body; (3) Early adolescence (15-18 yrs.)
which is characteristic of the remarkable development of the muscle-
skeletal systemn, internal organs, and the cardiorespiratory function.
Whea the cardiorespiratory function in adolescence is made durable with
strenuous training, it is possible to Mw endurance traiming through cer-

tain severe exercise loads duriag this pericd. 22

19The Japan Mintstry of Education, Jido Seito Tairyoku Chosa
Hakoku Sho {(Survey Report of Physical Fitaess in Elementary and
Secondary School), 1957,

205 4trand, op. cit. (p.7).

215 B. Dill and F.C. Consolasic, "Responses to Exercise as

Related to Age and Environmental Temperature, ‘' Journmal Applied
22
Kitsuo Kato, '"Gakko Taiiku ni okeru Tairyoku Zukuri (Physical
Fitness Programs in Physical Education at Schools), Japan Journal of
Health, Physical Education and Recreation, XVI (July, 1966), pp. 386-89.




9
Nagoray recommended that the sports which require physical
fitness such as agility and power, should be begua at the age of 11 to
13 years. However, the sports which require the maximal muscular
streagth and endurance, such a long distance running, weight training,

etc., ehould not be begun before the age of 15 to 17 ”;rn.z3

Asagawa stated in his book that the orgams such as muscle, heart,
lange, aad bleaod vesseis are especially adaptadie te strenucus exercise
curing sexnior higa scacel age. 2¢ 1 tue expetimeat of the tzeaduiill test
(different speed and ;rade for eech age), ikai found the intereeting result
that ranning time on the treadimill incressead im proportion to the increase
in age between 12 and 17 years. However, he reperted there wus no in-
creade in running time in the ages between 20 and 30,28

From the views menticaed above, it is apparent that high school
age is the period in which the eardiorespiratory asd cardiowescular func-

tions grow rapidly and is an important pericd for developing their iuanctiens,

—

23y, E. Nagowny, '‘Overall Physical Develogmsut in the Preparation
of Yeuthful spertsmen, Umportamse of ', Fhysical Aducatjon ip 3chool, 1989,
I, pp. 6-10,

2gneichi Asagawn, '"Kindai Traiming te Xeko Talikw (The Moders
Training and Phyeical Education in Senior High Scheol), " Kindai Training
(Tho Moedora Twmining la Sposrts) (Lokyo: Talshukan, 1965), p. 166.

28 \sichlo Deai, "Seinamki ni okezu Undo Tukaryo o Shobo (Optimal
Ezercise Standards for Physical Fitness in Youth), " The Proceedings of

the i6th Japap liedical Society supual Comveation, X, 1963, pp. 207-11.
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Need {or the Study

Urbanisation bas tended to limit the play space neceasary
for man's participation in large muscle activities. Running and
jogging are coneidered excellent for the cardiavascular furction,
Participation in these activities has been made difficult by the
development of a complex traffic system; therefore, in countries
with inadequate indoor facilities, the amount of physical activity
is greatly dependent upon the weather. Considering these factors,

{t becomes evident that any exercize which increacres cardio-
respiratory ability and function, which can be performed {n a small
area at any hour of the day, has great value in a daily physical fit-
ness program.

The activity of rope-jumping demands a similar type of work
load as running, which is considered to be the best method of develop-
ing physical fitness of the total body. This activity was therefore
selected for the study for this reason, aud also because rope-jumping
is am activity familiar to bhoth sexes and 2)1 ages. The rope is an
inexnensive plece of ecuinment which s resdily obtained; rope-jumping
{s an faterestine and challenging activity, may he dope in s restricted
space regardleans of weather, and car 21low for individual differences

{z e¥Fi]l 224 prhyrsirsl Yavelorment,



1!

Lin.diation ¢! the Study

Due to the length of time neoded fur the pre-test and post-
test, the study was limited te thirtees non-athlete male high school
students. Qxygen uptake, pulmonary ventilation, heart rate, and
body woeight were the only parameters considered. Due to the late
arrival of the newly-purchased oxygen and carbondioxide analyszers,
the pre-training tcet data, although praobably quite accurate, should

be considered as a valid estiniate.
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II. DEFINITION OF TERMS

Aerobic: The metabolic process to supply the energy needs
of muscle contraction which takes place in the presence of adegquate
oxygen to oxidizs the carbohydrite sources of energy completely to
26

Cardiorespiratory Systermn: Comprised of the heart, the

circulatory system, and the ventilation of the lungs. 1lhe function

of the cardiorespiratory system is to supply blood and oxygen to the

tissues of the body.

Electrocardiograph: An {nstrument for recording the eiectric

current produced by the action of the heart muscle.

Maximal Cxygen Uptake: Maximal amount of oxygen which a
subject consumes when oxygen intake per unit of timme has attained its
maximum and remains constaat. .. owing tn the limitation of the cir-
culatory and respiratory systems. ¢l In this study, maximal oxygen
uptake was defined as the maximal amount ¢f oxygen which could be
consumer during hard workload exercise.

Pulmonary Ventilation: Fefers to the periodic renewal of the

ar in the lung alveoli, 26

263e Vrios, op. cit., p. 2.

275, v. "ill, Muscular Activity (Baltimmorae: The ' !1lams &
¥ ilkine Co., 12741, 5. 03,

28)Morehouse and Miller, op. cit., p. 6.
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Rope Jumping. A bouacing n.overuunt in which the performer
hope on Loth ifeet as rope ls passed under the body. The rope passes
over the head of the performer and under the feet.

Steady State: The steady state refere to the ceaditien in which
axygea intaks is adequate to meet oxygen requirements, so that no
further accumulation of lactic acid and cxygen debt takes place. 29
This is the physiclegical adaptation by the body when all organs,
especially the cardiorespiratory system, are in balaace.

Submaximsal Werk: Sulmnaximal work is the work performed
at an intenaity in which the energy expended by the cardierespiratory
eystem camtiness to previde sufficieat oxygen to meet the needs of
muscle. 30

t. Ratlg: Unit of statistical measuremeat used in the study
to represent gains in analysing pre-and peost-test results.

Telemetry: An electromic apparatus for transmitting the

electric current produced by the action of the heart muscle, to an

slectrocardiograph.

29Morehouse and Miller, op. cit., p. 6.

30w. wW. Tuttle and Byrem A. Schattslivs, Textbook of
Physiology (St. Louis: C. V. Mosby Carpaay, 1961) p. 310.
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CHAFTER U
REVIEW OF RELATED LITERATURE

It is anderstood this is the first study of physical fitness of
youth in rope-jum.ping trainming at this age level.

The value of rope jumping 28 a physical conditioner has been
-u';oitod bry several authors.

Mellby and /inderson stated that this type of physical activity
is am excellont physical education activity at schools and that it is
excellent in tmproving the coordination of children, and a phase of &
well-rounded physical educatioa program. 31, 32 jyoore aleo des-
cribed how rope jumping helped coordinate movements. 33 Rope

jumping is eaid to cause improvement in endurance snd stamina. 34 33+ 36

"Rou E. Mellby, '"Kope Jumping, " Joursal of Health sad
FPhysical Education VII, (February, 1936), pp. 93-98.

32Theress Andersoa, "Rope Jumping,? Jouramal of Health and
Physiczl Education XVII, (June, 1946), p. 196.

”Mnrtlu Moore, ""Rope Jumping for Coordimation, ' Jourmal of
Health and Physical Education XVII, (November, 1946), pp. 554-56,

Mpea w. Miller, Karl W. Bookwalter, and George E. Schlafer,
Physical Fitness for Bays, (New York: A. §. Barnes and Company, Inc.,
1943), p. 210.

35
Mabel iee and Mirfam M. Wargner, Fundamaeatals of Boys!'
Mechanics and Conditioning, (Philadelphia: W. B. Saunders Company,
1949), p. 179.
3¢ Newton C. Loken and Robert J. Willeughby, Complete Book of
Gymnastics, (Englewood Cliffs, N.J.: Prentice-Hall, Inc., 1961), p. 179,
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in addition to improving endurance, coaditioning value of rope jumping
is also mentioned. According to F'ahey, and Casady, Mapes and Alley,
boxers have used rope jumping as a conditioning exercise for many years. 37,38
From a remedial point of view, Stafford and Duncan stated that rope jump-
ing is a good exercise for comditioning, i.e., they pointed out that rope
jumping helped a boy who had trouble rising to hie toes. 39
Fahey, and Loken and Willoughby suggested that rope jumping
would be a valuable azercise to carry over into post-schsol years, since
it contributes to endurance, stamina and other factors of physical fitness. 40,41
Several studies have slso dbeen conducted to determine the effects
of rope jumping on cardiorespiratory and cardiovascular fitness. DiOrias,
using aine fitness tests oa younger boys, found various effects oa cardio-
vascular fithess in the Schneider Test, Heartograph, expiratory force
and breath-holding test after exercise. 42

37Helen Fahey, "Everyone Jumps Rope, " Journal of Health and
Physical Education, X!, (September, 1940), pp. 420-22,

38pomald R. Casady, Donald ¥. Mapes, and i.ouis E. Alley,
Handbook of Physical Fitness Activities, (New York: The Macmillan
Company, 1965), p. 129.

39G. r. Stafford and R. O. Duncan, Physical Conditioning,
(New York: A, 5. Barnes and Company, 1942), p. 28.

‘oFahey. loc. cit.

41Lakan and Willoughby, loc. cit.

‘zhouu P. DiOria, "Effects of a Physical Training Program on
* Cardiovasecular-Respiratory Fitness of Young Boys, " (Unpublished
Master’s thesis, Univereity of Illinois, 1985.)
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Bird reported the effects of rope ekipping on the energy
expenditure of an athletic man, forty-two years of age. The sub-
Joect jumped a rope using doth feet at a rate of 120 jumps per minute
for five minutes the first day. Each succeeding session he increased
his jumping time by thirty seconds until on the thirteenth day he
jumped rope for eleven comsecutive minutes. The result of the
Harvard Step Test showed that the Physical Fitness Index of the

subject tmprovod.‘3

Powell investigated to determine the effects of rope ekipping
on five elementary lchooi boys between the ages of nine ead eleven
years. The rope skipping training was given to the subjects for an
hour end e half for ten consecutive Saturday moraings. In addittoa,
the subjects were required to train at home for fifteen minutes a day.

The average vital capacity increased from eeventy-eight
cubic inches to eighty-six cubic inches. When considering recovery
heart rates, three boys improved, one boy remained the same, and
one boy showed a slight regression for the five-minute Step Test.
Data from the heartometer indicated improved heart efficiency.
Four boys could run longer in the '‘all-out’' treadmill rus at five
miles per hour at an 8. 6 perceat grade. All subjects showed

immprovement in the 600-yard run.4¢

43patrick J. Bird, "Effecte of a Program of Progressive
Rope Skipping on the Energy Expenditure of One Middle Aged Man, "
(Unpublished Master's thesis, University of llinois, 1957,)

“Jchn T. Powell, "Effects of Rope Skipping on Pre-pubescent
Boye, ' (Unpublished Master's thesis, Univereity of Rlinois, 1957.)
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Jones, Cquires, and iiodal inveetiguted the effect of rope
skipping on cardiovascular fithess of seven untrained, non-athletic
womesn, nineteen to tweaty-four years of age. Tle subjects partici-
pated in a daily five-minute rope skipping program (axcept Saturday
aod Sunday), during a four-week period. At a rate of seventy-six
skips per minute, the subjects had an interval4ype of training, i.e.,
aose minute of skipping end two minutes of rest, ame miaute of skip-
ping and two minutes of rest, etc., for a total of five misutes rope
skipping.

The results of the bicycle ergometer test at 450 kpm per
minute showed that the msan pulse rate dropped from 159 beats at the
beginning of training to 141 beats at the end of the four-week training
poriod. This decrease was statistically significant beyond the 0.01
level. The estimated mmaximal oxygen uptake according to the Astrand
nomogram incressed from 1. 71 liters per minute to 2. 28 liters per
minute, representing a 25 percent improvement in physical work cepa-
city.

The mean pulse rate after {ive minutes of rope skipping sleo
was lowered from 168 beats per miaute duriang the first week, to 145

beats per minute during the last week. 43

435D, Merrit Jones, Chadwick Squires, and Ksare Rodahl,
"Effect of Rope Skipping ca Physical Work Capacity, " Research
Quarterly, XXXIII (May, 1962), pp. 236-138.
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Garret, Sablie, and Fangle conducted a study on the effect of

cardiovascular fitness of college freshmen (N = 43) during volleyball

instruction. The four treatments, each administered during the final
three or four minutes of the scheduled teaching period, twice a week,
were: Carlson's Spot Running, rope skipping, bench etepping (using
a 17-inch bench at a pace of 30 steps per minute), and a control group.
The subjects in the rope skipping group participated in a regimen of
reope skipping with alternating periods of maximal aad moderate effort.
The writers concluded that performance on the Harvard Step
Test for all subjects showed significsat rnprevemsat over the experi-
mental peried. They stated, bowever, that gain could not statistically
be atiributed to a single treatmant approach. According to the scores
on the Physical Fitness Index by each group in the Harvard S5tep Test,
the following improvements were noticed: running in place 7(4!5): rope
skipping (+13); bench stepping (+8); and coatrol group (+). ¢

Cascino, in his study, stated that a pregrem of progressive

rope skipping will ismprove the cardiovascular fitness of adult men.

Ten subjects skipped rope for a period of eight weeks, f{ive days a week.
The subjects were asked to reach a level where they could skip rope for
ten continuous minutes. Once the ten-minute level of continuous skip-
ping was reached, each subject attermpted to increase the number of
skipping repetitions within the ten-minute period.

“Looa Garret, Moharnmed Sablie, end Roy Pangle, 'Four

Approaches to Increasing Cardiovascular Fitness during Velleyball
Instruction, ” Resesrch Uuarterly, XXXVIi, (December, 1965,) pp. 996-99.



19

Cascino repcorted the results of the three cardiovascular tests
as fellows: The Schneider Index standard scores improved an average

of twenty-five percent during the eight-week training period. On the
Harvard Step Test, the total number of pulee beats of the subjects,

following the step test, was reduced from a pre-program mean of

169 beats, to a post-program mean of 133 beats. On the physical
work capacity test, the subjects Lmproved an average of thirteen

percent in predicted maximal oxygen intake. 47

Baker, in his reseazch, tried to compare the effects upon
cardiovascular efficiency that resuited from programs of rope skip-
ping and jogging. The Harvard Step Test was administered %o 92
male college students in arder to determine their level of cardio-
vascular efficiency. Subjects in Group Il skipped rope 10 minctes
per day, 5 days a week, for 6 weeks. The beginning skipping speed
was 129 turns of the rope per minute. As the invastigation progres-
sed, the subjects were allowed to gradually increase skipping speed
in accordance with the Prentsp’s Table skipping speeds: (1) 125 to
135; (2) 135 to 145; (3) 150 to 160; and (4) 165 to 170 turns psr minute.
Subjects in Group 1l jogged 30 minutes per day, five days a week, for

6 weeks. The beginning speed was three minutes per 440 yards. As
individual condition and ability developed, subjects were allowed to
progress to 2 1/2 minutes per 440 yarde, and 2 minutes per 440 yards.

”Jouph A. Cascino, “The Effects of a Program of Progres-
sive Rope Skipping on the Cardiovascular Fitness of Adult Men, "
{(Unpublished Master's thesis, Temple Univeresity, 1964.)
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Baker reportad that there was no sigrificant difference in the mean
performance of the two groups dbut there was significant difference

between pre- and post-test mean performance of hoth the ropeskipping

and jogging groups (p = 0, 05}, It was cencluded in the study that a

daily 10-minute program of rope-skipping was as efficient as daily

30-minute programs of jogging for iznprovlni; cardiovascular c!ﬁcicncy.‘a
in the study by Spencer, eot. al., sixty-eight healthy sedentary

college women 16 to 21 yeare of age were assigned to one of three

groups: QGroup A skipped rope four days a week for four weeks. The

program consisted of 76 skips per minute for ocne minute, then a two-

minute rest; alternating this pattern for a total of five minutes of skipping-
Group B participated in physical education classes, and Group C was the

control group.

For Group A, the mean predicted maximal oxygen uptake
according to Astrand nomogram, significantly increased (0.001), and
represented an improvement of twenty-one percent {n physical work

capacity. The writers concluded that the five-minute daily rope-skipping
exercise program improved physical work capacity to a greater degree

than did participation in physical education classes twice per week. 49

4€ yonn . Baker, ""Comparison of Rope Skipping and Jogging as
Methods of Improving Cardiovaacular Efficiency of College Men, "
Research Uuarterly XXXIX, (May, 1968, ) pp. 240-43.

4°M.rgw.ttto E. Spencer, et.al., ''Effects of Rope Skipping
and Fhyeical kducation Classes on Fhysical Work Capacity of Seden-
tary College Women, ' American College of Sports Medicine and The
Athletic Institute, (1968), pp. 79-81
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Kobayashi, Takeuchi, and Obayashi found significant
improvement of the modified Harvard Step Test {a three-minute
stepping on a 45 centimeter bench) as 2 result of alternate programs
of rope jumping and jogging. Kive non-ithlete high school freshmen
participated in five-minute rope jumping per day, twice a week, and
1500-meter jogging {running speed: aprroximately 55-seconds per
200 meters) per day, twice a week during a 40-day summer vacation.

After the submaximal exercise of a 10 kg. workiocad bicycle
eriameter for three minutes (R. M. R. 3-4), the subjects immediately
rode the bicycle ergometer at full speed (R. M. R.185-20) for one minute.
At the same time, the maximal oxygen intake was measured and the
pulse rate also was checked each time after finishing the maximal
load exercise for five minutes. At the coanclusiom of the investigation,
the writere found that the pulse rate recovery for five minutes after
the maximal exercise impraved significantly from the pre-test.
Oxygen-pulse of the subjects improved remarkably. However, there
was statistically ro eignificant differencs in the maximal oxygen intake

between the pre-test and the post-test. 50

saYoohio Kobayashi, Shinya Takeuchi, and Hideyuki Cbayashi,
“"Kaki Kyaka ni okeru Kokosei no ‘fairyoku Kanri, {(Administration of
High School Students’ FPhysical Fithess of Cardiorespiratory Functions
during Summer Vacation), ' Japan Research Journal of Physical Educa-
tien X1I, July, 1968). p.S52.
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In the stady by Curtis, one hiundred thizrty-three doys and
gizls of the fourth, {ifth, and sixth grades were included in the
experimmental group of the study. The subjects jurcped rope for
five oilnutes daily for eight weeks. The writer of the study,
however, found no significaat improvement in endurance for boys
and girle, 5!

In the studiss of gymnaastic training programs for young boys
such as rope skipping, trampolining and tumhling, Wilkstrom and

Wright found no significant improvement om cardiovascular fitness. 53, 53

51Delores M. Curtis, "Rope Skipping and the Endurance,
Leg Power, Agility, and Coordination of Children, '' (Uapubdlished
Doctoral Dissertation, Usiversity of Illinois, 1963.)

52Robert B. Wilkstrom, “Effects of Gymnastic Training oa
the Progressive Pulse Ratie Test of Boys, ' (Unpudliished Master's
Thesis, University of lllinols, 1954.)

53James N. Wright, "The Effects of Cymnastic Training oa
the Heartogramse of Yoang Boys, ' (Umpublished Master's Thesis,
University of Hllinois, 1954.)



23

CHAPTER 11
PROCEDURE
I. S8UBJECTS

For this particular study, thirteen subjects were chosen by
the instructor of physical education at Charleston High School in
Charleston, Iilinois. The selection was deterrnined by their co-
operation and willingness to participate in the study. The male
subjects were non-athlete high school ntuﬁontl ranging from 16.3
years to 17. 7 years, with a mean of 17.1 years. A mean of their
body weights was 161. 5 pounds, and a mean of their heights was
178. 03 centimeters. Each subject received his parents' approval

and the approval of a local physiciaa prior to participation in this

study.
11 TRAINING PROGRAM

The tratning in rope jumping was conducted for five minutes
daily in the physical education classes {ive days a week, between
. March 25 and May 16, 1969 - a total of eight weeks. The total number
of daily pericds of rope jumping was thirty-five. To help motivate the
subjects, they were told to perform as maay jumps as possible in the
five-minute period. In addition to this, the subjects were required to

record their recovery heart rates each day. Results of the jumping
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may be found on Page 32, Dalily training was administered by the
investigator in an exact manner, that is, the subjects were required
to jump rope with both feet, and all subjects started and stopped
jumping at fho investigator's signals. During rope jumping the
elapsed time was called to all subjects each minute, and after the
exercise, the subjects sat down on the floor and took their heart
rates at the carotid artery for a 15-second period, 15 seconds

after cessation of the exercise. The rope jumping program was
held at the beginning of tﬁo eight o'clock physical education class

in the Charleston High School, Charleston, Illinois. Following the
daily rope-jumping activity, subjects returned to their normal non-
strenuous class activity such as volleyball, kickball and limited soft-

ball outdoors.
III TESTS

Three basic tests were administered one week before (T 1) and
one week after (T,) the 8-week rope jumping program. Body weight,
submaximal treadmill run and the Modified Johnson Treadmill Test
were administered in the Physical Education Research lL.aboratory
at Eastern Illinois University, Charleston, MNlinois.

Body Weight
Wearing only an athletic supporter, each subject was weighed

to the nearest quarter-pound by a calibrated Healthometer R<21s,



Sub-Maximal Treadmill Run

The teet had two purpsoses. Number one was o serve as a
warmup for the Johnson Treadmil: Test and number two, to obtain
some submaximal keart rate and oxygen comsurnption data. Thke
e ot connisted of a four-minute run at six miles per hour /no grade),
followed by & four-minute recovery period.

Heart F.ate, im order tc monilor heart rate during each minude

of exercise as well as duzing each minute of recovery a telemetry
system Qno emplc;yed. Two surface electrodes for recording the
action current (€. T. G.) of the heart were placed on the chest, thus
enabling the {nvestigator to determine heart rate response to exer-
- ¢ise. Chest electrodes were placed at the V, and Ver positions.
The following procedure was used in placing the dispusable elec-
tredes (Teloct/rode made by Johnson and Johnsoa) on the subjects:
(1) The skin was shaved and was rubbed with a towel

(2) A small amount of electrode jelly was applied to a
cottom Q-tip :

(3) The ekixn where the electrodes were to be placed wa=x
rubbed briskly with the (.tip until it became red in color,
then excess jolly was removed

(4) A pea-sined drop of electrods paste was placed en the
slectrode contact acreen

(8) ihe electrede wzs positioned on the skin
The E. C.G. was transmitted via telemetry to an R. K.G. Model

100 receiving unit uanufactured by Hamilton-Standard, Windeor lLocks,
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Connecticut, The signal was then sent to a Saaborn Model 500

Viso Cardiette where at a paper apeed of 25 mm/sec., the URE
complex of each beat was observed and counted as the heart rate

of the subject. A five-second sample of the heart rate taken during
the last five seconds of each of the eight minutes was used in describ-
ing heart rate response to a submaximal test.

Uxygen Consumption. Comnnected in open circuit to a Kofranyi-

Michaelis Respirometer (manufactured by the Max-Plank Institute,
Cettingea, West Germany), the subject with nose clips in place and
breathing into a Colline Triple J Valve (made by Warren E. CTollins,
Braintree, Massachusetts), ran for four minutes aad remained seated
for four minutes in recovery from the submaximal run. Expired air
was sampled at the rate of .3 percent via the Johnson Metalised Bag
method®* and the ventilation and gas temperature were aoted. One
bag comtaining this small sample cf work and recovery gas was then
analysed for Oxygen aand Carbon Dioxide content on a B®ckman Model E,
and Beckman Model ..B; apalyser respectively.

Unfortunately, because of the late arrival of the newly-purchased
CO; analyser, the axygen consumption data for T} will be ealy a crude
estimate, siace the necessary ''true oxygen'' parameter could not be

obtained without knowledge of CO; comtent,

54K obert E. Johnson, Frances Robbine, et al, "A Versatile Syetem

for Measuring Oxygen Consumption in Man, " Journal of Applied Physiclogy
XXII, (February, 1967), pp. 377-79.




Modified Johnsorn i readniill Aun

The Jobnson Treadniill Run Test >3 is a five-minute run, if
the subject can stay on that long, up an 8.6% grade at 7 miles per hour,
The test is designed so that heart rate response in recovery from

vigorous exercise might be noted. The test was modified in that the

investigator used the submaximal run described earlier as a warmup
instead of the suggested warmup, and that an (maxirmal) oxygen uptake
measure was made in conjunction with the latter stages of the run,
which proved to be nsarly ''all out' for the subjects.

Physical I'itaess Index. The heart rate response related to

the Modifiad Johnson Treadmill test will be referred to as the Physi-
cal Fitness Index (P.¥.1.). The number of heart beats between 1:00
to 1:30, 2:00 to 2:30 and 4:00 to 4:30 minutes in recovery from the run
were obtatned manuarlly at the carotid artery while the subject was in
a seated position. The P.F¥.1., an arbitrary score, was determined
by adding or summing up the recovery heart beats and placing them

in the appropriate formmula. (See Chapter IV,)

Oxygen Uptake During Hard Work. The V o, W88 determined via
the open circuit method. A thirty-second sample of expired air wae
obtained at 4:14 to 4:45 minutes of the Modified Johnson Treadmill Rua,

55C. Frank Consolasto, Robert E. Johnson and Louis J. Pecoras,
Physiology Measurement of Metabolic Functions in Man {New York:
McGraw-Hill Book Campeny, Ine., 1963), pp. 367-71.
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with the exception of the few subjects who could not complete the
five-minute run. For them, a 30-second sample was taken, accord-
ing to their eignal, at a time when they felt they could not continue
more than one additionsl minute. Expired air passed through 2
Model CD, Parkinson-Cowan Gas Meter (Instrumentation Association,
New York ), then into a plexiglass sample chamber where it was
drawn out by & small vacuum pump in the metalised bag described
earlier. ¥From ﬁain, the process of gas analysis and determination
of oxygen consumption was performed as previously indicated.

1t must be pointed out again that due to the unavailability of
s CO, analyser during Ty, this Oxygen Uptake measure is a gross

astimate and cannot be an exact mmeasure,



CHAPTER IV
ANALYSIS OF DATA

Ipirtesn male high school students were studied to determine
the eliecta of & rope jumping training progran. on cardiorespiratury
litaess. 4 total of 33 {ive-minute workouts were performed during
the eight-week training period. Body weight, submaximal treada:ill
run, and a Modified Johnson Treadniill Kun Test were the basic three

tests administered before (1)) and after (1) the eight-week program.
I. DATA CONVERSION

The body weight scores were converted to kilograms for the
analysis. The puluicnary vestilation and oxygen consumption data
from the submaxiral treadmill run and the Modified Johnson Tread-
mill Run were corrected to Standard 1emperature and Fressure Dry
#. T.7.0, ) and oxygen expressed in milli liters per kilograin of body
weight per minute. The 3 thirty-second heart counts in recovery from
the Medified Johnson Treadmill Run were placed in the following formula
to determine a Fhysical Fitoses index (FP.¥.1.).

(Seconds the subject) x 100
2 x Sum of the 3 thirty-second heart counts

P.F.l. =
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II. STATISTICAL TREATMENT

The t test for determining the significance of the difference
between the means for axmall correlated samples, is described in the

following derived formala .56

L = an-(Zu!z
N
N(N-1)

£ § test wus used t-o determine the significance of the difference
between the average mumber of rope jumps performed on the first and
iast training day.

A t test was alse used te determine the aigaificance of the
differsnce between mesns obtained 'u T) and T3. Thet ratics were
computed for budy weight, heart rates during and aiter a submaximal
treadmill run, the Fhysical Fitness Index derived from heart beats in
recovery from the Modified Jobnson 1readmill Run, total pulmonary
veatilation duriag ead in recevery {rom the sadmnaxirmal treadmill rua,
and axygen uptaks aad pulmenary ventilation related to bard workloed
as performed in the Modified Johnson Treadmill Rus. Data were also
converted to Standard Scores and the perceat changes ia varicus para-

meters was determined.

S6Charlee H. MecCloy and Norman D. Young, Tests and Measure

ments in Health and FPhysical Education (New York: Appleten-Cestury-
Crofts Inc., 1954), pp. 430-31.




31

in some instasces, all thirteen subjects were not included ia

the analysis becavse of questionable equipment performance during T,

IIl FINDINGS

Repe Jumps on First and last Training Day

The number of rope jumps for a five-minute period was
recorded each day. The mean sumber of jurnps on the first day
was 239.1. The mesa mumber of jumpe oa the last day of the train-
ing program was 49%4. 1.

At zatio of 18.6 was found, This represented a significant
difference beyend the .0l level of confidence. One can also note the
improved ability of the group as shown by the increased average
swaber of jumps per day. The numbers each day are presented in
~ Figeze 1.

Body Weight

The msaa body weight prior to the training pregram was 73.42
kilograms. The mean bedy weight at the end of the traiming program
wae 72,98 kilograms.

A t value of .63 was found act significant at the .05 level.

The mean bedy weight of the subjects during the period before training

and the period after training bave been presented in Table I,



82

Week Number of Jumps
| 239.1
1 1 286.9
| 310
] 333
1 289.5
2 | 338.2
] 362.6 Average Subject:
| 341.5 397 Jumps
3 | 382.6 :
375.3
— 356 Iz per Day.
| 377.8
[ 369.6
4 | 388.1
| 386.9
] 398.6
] 399.3
| u423.2
5 ] su9.5
439.8
442.5
| u18
| 4345
6 | 422
428.8
429.1
| u20.6
7 | u458.6
474
— _ . ) | s71.0
| u4s8.8
| u51.4
8 461.2
- | 411.6
§ sou.1
Figure 1

Number of Jumps Per Day (Average Subject)
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TABl.LE !

BODY WEIGHTS BEFORE AND AFTER TRAINING PERIOD

Subject Body Weight (kg.) Standard Deviatien  Difference t
T, Ty T T, Between T,
end T,
Meaa 73.42 72. 98 10.39 11.30 .44 .-63
1 59.89 60.90 @ -cc--e cew-a + Lol
2 82.73 76.76 = cccee ecee- - 6.03
3 66. 48 65. 90 cewer eece- - .58
4 65.23 59.09 = ----- —eee- - L14
5 80. 80 80.60  ececccec  ceee- )
6 83.98 83.30 cemen cee-- - .68
7 76. 48 77. 713 ceeee  eaa-a + 1.28
8 67.95 68.7% = -c-ce- ce-ae + .80
9 12.39 70.09 = -e-ce  ce--- - 2.30
10 9¢.48 100,11 = -cccee cce.- + 3.63
11 69. 32 67.16 e —veea - 2.16
12 ©6. 70 60.48 - aee-- - 22

13 71. 92 1,70 eveece cecaea. + .68
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Hsart Rates

The beart rates of the subjects were taksn dold during and in-
recovery from a sulsmaximnal treadmill ren azd after the Modified
Jealasoa T reaadxnill Run.

submasitrsl Wurklosd, [Migire 2 rovesls the svernge hougt

rates Zuring eath ininuis of work and rucuwery related to the sud-
maxzimal treadmill yan, One can sea2 €ut at eack minute, the avarsge
heart rate during Ti‘- wad lower Wz thie aversge heart rate dusing T 3
However, there weare no cﬁtuticany sigalficant differances hatween
the two testa during the run., (3ee Table II,)

ia recovery from: the run, statistically significent dillsrences

ars noted at 1, 3, and 4 m:inutes of recaevery. (See Table lli.)



HEART RATES
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Figure 2

AVERAGE HEART BEATS DURING SUBMAXIMAL

TREADMILL RUN AND FOUR-MINUTE RECOVERY PERIOD AT Ty AND T2

S¢



TABLE 11

MEAN HEART RATES
DURINQ FOUR-MINUTE 5UBMAXIMAL TREADMII.L RUN

ON PRE-TEST {Tl) AND FOST-TEST (T5)

36

Time Mean Stasdard Deviaties  Dift, i
(minute) ‘I‘l T, '1‘! T, bestween Ratie
- Mean
1 156.8 148. 1 8.9 22.6 -8.1 l. 65
3 1‘34 5 15106 30. 5 ‘316 "509 lc ‘l
3 164.8 161. 8 13.3 10. 9 -3.0 . 96
4 163. 7 163.8 16.2 13. 4 + .1 . 209
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TABLE Ui
MEAN HEART RATES DURING it .COVERY PERIOD
CN P2.E-TEST AND POST-TEST

FOTLOWING SUBM2XIMAL TREADMILL RUN

Time Mean Staadard Deviatioa  Diff, 2 Ratlo
{raioute) o 1 ‘l‘a Ty T between
. aean
1 12¢.) 105.1  20.9 24.9 -18.2 3.01 e
3 1060 9 9’0 z Zl. l l’- s - 1. 7 lo ’5 ‘
3 108.9 98.17 1.8 16.9 - 993 2.50 ¢
4 106. ¢ 96.4 20.1 13.9 -10.90 6.60 %00

& Sigaifieant at . 05 ievel of cenfidence
¢»% Significant at . 01 level of comfidence



Recovery from the Modified Jobnson Treadmill Run, Nine

sudjects completed the five-nminute run at T, Ileven subjects com-
pleted the runat T,. Twa subjects who failed to complete the run
initially, finished it at T,, Of the two remaining subjects, one
showad a decressed time on the trendmill at '!'3. while the other
subject logged a sinilar time at T; and T,.

Though po attemnpt was made to statistically analyse T, and
T, meaa heart counts at each of the three recovery periods, ome can
see from Figure 3 that th.-'rz mean was lower thaa the T) mean
during all thres periode.

A t test was performed to detezmine the oignificance of the
ditference between P. F.l. scores at Tj and T;. Table IV revesls
that eleven of the subjects Lmproved their P. F.1. scores, while two
subjects showed a decrease. The differeace between the mean at
Ty (75.4) and the mean ot T, (81.9), was statistically significant at
the . 05 level of confideace. The incresse represanted a 7. 9 percent

improvanant in the standard ecove frem the pre-traiaing level.



HEART RATES

PER 30 SECONDS
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TABLE IV
THE MCOIFIED JOHNSON THEADMIL.L RUN

PHYSICAL FITRESE: INDEX

Subject ——Tr%_ T, Di T T :g"—“l’onou of
1 74. 6 77.2  +2.7 41.7 47,2 48,5
2 73.1 68.5 -4.¢ 39.0 30.58 -8.5
3 87.2 €s.2 +1.0 66.2 68.1 +1.9
! 9.2 9.4 +1.2 80.5 82.1 +1.6
S 78.9 Bl.  +2.6 50.4 55.¢ 4.6
6 63. 6 81.5 #T.17 £9. % 3.6 413,17
7 48.6 $3.3 +5.7 6.7 10.2 +3.5
8 59. 6 77.3 +17.7 17.1 47.2 +30,1
9 102. 9 111.9 49,9 87.8 95.1 +7.6
10 80.0 47.7 2.3 7.6 6. -1.9
11 47.9 T1.4 +23.5 6.2 3.4 +29.2
12 107.1 120.9 +13.8 92.1 9.2 +6.1
13 73.9 78.58 +5.6 40.5 49.6 +9.1
Mean 73. 6 $1.9 +46.3 45.8 $3.7 +7.9

soDo 19.‘ 20.? Rl L2 d - Y™

S Ratte  2.18¢

¢ Signilicant at . 03 level of camfidemce
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Pulmesary Ventilation

Sybmaximal Werklead. The total pulmesary veutllation
‘was measured during both s four-minute submarximal treedmill rum

agd 3 four-wwdaute recovery perlod.

Tuble vV receals minalte volurae per kilogram of the vady
welght of the total pulsnanary vextilition. Ten of the subjscts ducreased
thefr Cotal veutilation, while three subjects showed lacrease. The tnean
pulmonary vantilation we.s decreased from. 41.5 liters puz muinete om the
T, ta 38. € liters per minute on T;. The diference between the meaa of
.73 liters per kilogrem per mimute was statietically sigaificant teyocad
the .01 level of confidence. Using a standard scere, the aversyge per-
ceatage of decrease was 10, 6 percent.

Fard Worklead., Dats fryom: osly sevea of the thirtees
sudjects were used fov the hard workicad exercise because of qQuestian-
able equipmaest performasce during T, as maestiesed earlier.

Table Vi shows the minute velume of veatilstion durzing the
latter stages of the Medified Johnson Treadmill Run. The meas pul-
chomary ventilation in this mezsarement was alse deesreased from
107. 92 Liters per kilegrasz per minmute te 107.81. Thesre was, heowever,

5o statistically significest differeace between T) amd T,.



TABLE V

TOTAL PULMONARY VENTII.ATION DURING

FOUR-MINUTE SUBMAXIMAL TREADMILL RUN AND

THE FOUR-MINUTE RECOVERY PERIOD
(Iiters Im- ' 3. “f. P. U. )
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Subjeet o SAY OEOEE Standard Score
T) TB Diet. g i 1 'I‘z Percest
of DAff,
l ’7.31 36. 5’ L .62 325“ 3’- 4‘ - 3. 18
] 49.5) 46.46 -3. 07 92. 36 83.15 - 9. 21
3 43.62 39.29 -4.33 70.19 44. 03 -28. 38
4 31.8Y 217.70 -3.87 9.68 2.54 - 6.7
5 39.58 39.72 + .17 46. 41 47.61 + 1.28
¢ 49.39 46.62 -2.97 92.51 83.89 - 8.62
7 38.08 33.25 -2.83 37.83 22. 9% ~14,.87
8 39.4¢ 35.2 -4. 16 45.63 é2.96 ~22.66
9 37.4%  39.76 +2.33 14. 09 47.61 +13. 52
10 56.40 50,60 -5.80 29.94 94. 84 -~ S, 10
l! ‘5. 17 36. 31 .3086 77.“ zs. 16 ° ."-“
12 36.13 34.50 -1.63 27.09 19.49 - 1.60
i3 35.71 35,85 + .14 25. 14 25.78 + .64
Mean 41.49 38.7¢ 2.1 53,18 42.58 ~10. 60
5. ua 6- ” 6. !g
t Aatie  ).412¢ee

~ s8s Sigaificsat at the . 01 level of camfidence



TAEBLY V!

MINUTE VOLUME OF PUILIMONARY VENTILATION

DVRING HARD WORKLOAD EXRERCISE
(liters, S§.T.F..2.}

43

Raw Seege Standard Scove
Subject
ot T Difi. ~ T;  T; Percest
u : _of Dift.
l lo.. 10 10’. ‘l - zo 6’ 50..0 ‘.o. - lo 92
3 105,98 109.01 + 3.03 44.82 683,19 + 8.36
‘ 93. 65 .3. Zl - 9.“ ‘. “ ‘0 37 + . 19
6 108.81 123,98 18, 19 44.43 86.66 +42.4)
‘ 90." .’.30 - 1-35 ll. Sl ’c .5 - ln “
10 126.8¢ 127.69 + .85 90.66 91.16 + .96
11 125.42 116.11 - 9.31 88.88 71.90 -16.98
Mean 107.92 107.81 - .1 55.08 52.29 -~ 2.79
8.D. 13.97 16.89
° “z

$ Ratle
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xyeon ptake

Submaximal Workload, The total oxygea tptzks was x.eaz.red

for eight miautes: during the four-minute sedmaxtmal treadmill run
and the four-minute recovery paricd.

The minute voluxre of oxygen uptake is presented in Tadle VII.
Nine subjects increased their oxygen uptake wuder the condition, while
four subjects deczrecsed theixr axygen uptake. The msans of the cxygen
aptake were 21,21 milliliters per kilogram pez minate a; T and 21. 76
milliliters oa T;. The average imcrease of , 5% milliliters from the

pre-training level did nat indicats any statlstical signiftaanca.

Hard Workload. OCuly seven subjects were used for the hard
werklozd oxygen upiake ruessurements for the same reason as men-
ticaed previoualy.

Table Vill revesls thet all but ane af the subjects {#1) showed
increases. The average percestage of increasse in the standard score
for the hard workload was abeut twenty-twse perceat with the degres
of incrosse ranging appraximately from plus two parceat to plus fiRy-
oixm percent {a terms of standard scores.

The meaa oxygen uptake under the hard werkload was 47.3
miiiliters per kilogram, per minute ca Ty and $1.29 millllisers per
kilogram, per minute ¢ca T,. This diferemce was statistically

significant at the . 02 level of confidence.



TAEBRLE VI

TCTAL OXYGEN UFPTLKS DURING SUBRMAXIIAL

WORKLOADR AND RECOVERY PERIOD

(mi/kg/mia. )

45

1.81

Subject ?I_E&%ﬂ! TR Tlmg_ésm ey
of Diff,
1 20.20 22.66 42.46 24.51 73.89 +49. 87
2 20.66 21.12 + .46 32.64 42.07 + 9.43
3 28.27 26.40 +1.13 98.08 99.36 + 1.28
4 19.%59 20.68 +1. 06 15. 1% 32.64 +17.49
9 18. ¢4 19.56 +1.12 4.85 14.65 + 9.84
¢ 13.46 23.69 - .17 05.99 74.5¢ «11.49
7 21. 71 22.13% + .42 55.17 64. 06 + Q.89
8 23.40 22.70 - .70 65,31 73.2) -12, 08
9 20. 31 22.69 +2.38 46.11} 74. %4 +38.47
10 21.77 20.68 ~1.09 56.36 33.00 -23. 36
11 20.20 2l. 14 + .9 24,20 42.47 +18. 27
12 20.99 19.48 «1.99 29.36 12.71 -16. 68
13 19.71 21.01 +2.89 16.60 39,74 +23. 14
Mean 21.21 21.76 + .55 46.28 51.76 + 5.48
$.D.  1.08

t Ratto 1,571




TABLE ViI

OXYGEN UPTAKE OUKRING BARDL WORKLOAD

45

(ml/kg/min. )
Law Score Standard Score
seliject T 1 T 2 Diff, i 1 T 2 lercent
of Diff,
1 50.59 54, 84 +4. 2% 53, 48 84.61 +25, 13
3 53,69 55.39 .70 63. 26 86. 86 +26.67
4 4. 62 $5,17 + .55 83.65 85,99 + 2,34
6 45.9% $2. 79 +6. 75 26.11 73. 87 +47.46
4 32.82 43,32 +9. 59 2.68 9.85 + T.17
10 41.5% 51. 24 +9, 69 7.64 64. 06 +56.42
11 48.99 47. 38 -1,85 47.21 35. 9¢ -11.27
Mean 46.44 31.29 4. 88 41.00 52.98 +21.98
8.D. 5.36 4.87
t Katic 3,142 »»

“¢ Sigaificant at the . 02 level of confidemce
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II. DIsCUSSION OF TBF FINDINGS

Iraining Program

Establishing a desired exercise standard is important for the

subject to establish a good physiolegical effect from the training.

However, it is difficult to estabiishk u physioclogical and psychological
standard. The standard for training the subjects was a five-minute

daily exercise program of rope jumping. his daily exercise load

was sufficieat to impreve cardiorespiratory fitmess.

As the writer mentioned earlier, rope jumping and runaing
(which is considered the best exercise for improvement of endurance),
demand a similar type of workload. iLe average heart rate filteen
secaads following a daily workout was between i40 end 150 beats per
minute. From the stasdpoiat of heart rats anly, this workicad was
similar to the joggiag or rumning which was recammeanded as a daily

paysical fitmess program fer improved endurance. 57

Validity of the lesting

In this investigation, a tmoter-driven treadmill test at s apeed

of 7 mph at a grade of 8. 6 perceat (following a warmup exercise con-
sisting of a treadmill run at a speed of 6 miph at no grade, ) was used

to determine the effacts of the training on cardiorespiratory fitness.

57lichio kal, "Karada Zukuri no Gensoku (Basie Principles
of Physieal iitases Trataing), Japan Jourmal of Health, Fhysical

Educatisn, and Recreation, XVI (December, 1966), pp. 686-18,
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Johnson, et al., foundess of tho crigingl Johmson Trendnaill
Rum, described in thely beck somne values of the test as & physical
fitasss teet for hard musculsr work. 5% n additioa to this, there
are a few scientific studies to support the testing workload used In

this study.

Curetoa pointed out that the test must be & mazimal test which
will overload the circulatory-respiratory capacity enough to bring
sbout exhaustion within five minutes or lese, to determine maximal
physical efficiency ss a testing workload. Cureten recommsnded that
a treadmill run st about 7 mph, 8.6% grade, be ueed as a test for an
ordinary healthy young mas. 59

Astrand also stated that a runniag speed ca the treadmill which
will force the subject te an ‘‘all out'' state at five or ¢ix mimutes, must
be used as a testing lond for eadurance. i"or this reason, Astrand ex-
plained that a five or six minute exercise duration is necessary in orderx
fer the full involvemsent of the respiretory and circulatory systerns ia
the sxercine. ¢0

As the writer menticaed previcusly, some of the subjects had
to stop rumning on the treadmill, evem though they could have camtinued,
because the Jahmsoa Physical Fituess Iadex was used in the investigation,

ss;mohuo. Jehusoa, and Fecora, loe. e¢it,

$9Tbomes K. Cureton, Phyeical Fitness of Chempioa Athletes
(Urdasa, lisois: University eof lliineis Press, 1981), p. 314,

69p, O. Astrasd, “Maximal Oxyges Uptaks and Heart Rate in

Variows Types of Muscalar Agtivity, " Jourmal of Applisd Physiology,
XVL !%l. ”0 977"l0



Cardicusapicatory ' itasss

A maia cbjective in this investigation was to detern.ine the
subject's changes in cardicrespiratary (circulorespiratory is used hy
same scholarse) fitneses when rope jurnping trainiag was used. >Strictly
speaking, the word ‘fitaess’' refors to ''emduramce.’ Although there
are severa]l ways to test cardiorespiratory sndurance, the training
eliocts of cardiorespivatory fithess in the study will be descoribed in

four phases:
Phase L Heart Rase

Fuase 11. Grose (Total) Oxygen Uptake and Pubmanary
Ventilation

Phase Ill. Maximal Cxygen Uptake

Phase IV, Oxygen Femowval Fate

rhese 1, Heart Rate. The zharp acceleratioa in heart rate

which occurred with the commenceruent of subinaxinal exercise, and
the gradual linear iscrease in hea:t rate that occurred after the firet
minute and comtinued when the steady stats was reached, sre typical
heart rate responses to submaximal workload (see Sigure 2, page 35.)

Although there wae no significunt differeace betweea 1) and T,
slow incresse of heart rats duriag exercise wae o T3. GCenerelly
speaking, it was obvicus that tha trained subject showed a slower in-
creass nf the heart rate in respensc to a given emercise workload.

Zapid heart rate recovery from submaxtmal exercise appears to
iadicate that cardiorespiratory efficleacy increassd with tralning. (See
Table 11, »2ge 36.) l.ower pulse rates, especially durtng recovery, are
goed evideace of cardicrespiratory efficiency and cardilac output.
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This finding ia the study terds to corroborate that reportoc in
other studies by Balke, Schneider, kal, and Matsul. 61, 62, 63, 64
They reported that a ratic ¢f recovarate heart rate was valuabls as an
svaluation for endurance.

in the study, the physical fitneso iadex following a hard work-
load treadmill run, wae used as a criterioa for cardiorespiratery
lmprovement (see Iable 1V, page 40.) ns recovery heart retes were
presented ia Figure 3, mean heart rates on the post-traiming level at
each point decreased more rapidly than the heart rates oa the pre-
traiaing level. In the Physical Fitness index, a 7.7 percent improve-
ment in the standard score was foend with statistical sigmificance at
the . 05 level of confidence.

Freom the data ina this etudy, it can be considered that rapid
vecovery of heart rates to the normal after the hard werkicad tread.
aill run (er an increase of the phyeical fitness (ndex), indicated car-
dierespiratery adaptatioa to strenuous exercise and an evideace of
cardierespiratory improvemant. This fact indicates certota impreve-

ment of cardierespiratery feactien due to a given workload szercise.

“l. Balke, ‘'Expevimental Evealuation of Work Capacity as

rejated to Chramological sad Physical Aging, " Civil seromedical Re-
search institets Publication (Oklaboma City: 1963), p. 18
62
C. K. Schneider and C. Crapton, "A Comparison ef Some
Respiratory and Circulasory Resctions of Athletes and Non-athletes, "
Americas Jeurnal of Physiology, CXXIX (April, 1940), p. 165.

8331chto Ikat, Shigehiro Yoshisaws, and 1. Nskagawa, "Tread-
mill Ho ! yore Zesashin Jikyusei ne Hyoka (An Eveluatica of Endurasce
through ireadmill fua, " Japsnese Jourmal of Physical Fitness, X (Aogust,
1962), pp. 227-38.

6411idejt Matsul, "Shinpaku Su ai yors Training ne Kaarl (Admta-
istration of Training threugh tbo Heart Ratee), Olympis, XX, 1963, pp.2-8.
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There sve naay studies which seport that Aighly trateed
athietes showed rapid recevery of heart retes frem hard worhlead or
maxtmal worklead sxercise. 93¢ 66: 67 Ti4g mesas the same werkicads
require less functiomal reserves of athleses, than they do of the (adivid-
ual out of trainimg,

Phase U, OGross Oxygen Uptake and Fulmonary Ventilation.
)Aoroﬁmo end Millerb® poiuted gut that through trainiag, the exygea

requirement for sudmaximal sxercine s diminished ss & result of
movre e¢fficient use of muscles and of greater mechanical efficlency ef
the muecles thamselves.

The fladings of the writer's etudy showed ane significant difference
in Ty and T, exygen consumption {ram the sohmaximal treadmill ran. It
is interesting to nots that the tolal pulmonery ventilation during the sub-
maximal treadmill rus and in the recovery period, showed a eigatficant
decrease at She . 01 level of confidence, With mean difference of 2. 73
1/kg. per mia. and with 10. 6 percant decresse ia the standard secorve.
This fact may Indicate that there wae geod iasdicatien of greater ecosomy
and less strain om the energy metabdslism needod, Thie fact may ales

‘il. inmer, O. Helleasy, and T. Cureton, "Lffects ¢fa Program

of Endurance Ezsrcise on Fhyesical Work, Amezican Journal of Cardiclogy,
XIV (December, 1964), p. T49. ‘

$6Taxaaki Avamt and H. Kagays, "Shinpsdu Su hars mita Jikywsei
Noryoka (Eadurence Capacity from the Standpoint of Heart Rate),” Japan
Joursal of Nealth, Physical Education, snd Hecreation, X1V (May, 1964),
pp. 270-7s.

67 Tashihiro Isbiko, "Aercbic Capacity and External Criteria of

Perfarumase, ' Proceeding of the lateermmtional Sympwelum op Physical
Activity esd Cardiovascular Health, The Canadian Medical Aessciation

Jouraal 1.IX (Magzedh, 1967), pp. 746-49.
68, 0sebouse and Milley, loc. cit., p.6.
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indicate that the same workliced under submaximal cenditicas,
encroached lese on the functianal respanses of the subjects and that
there wae meze officiant axygen transport by the cardiozespiratory
system. It is obvious that other things being equal, the physically
fis er ethistically trained individual has lower pulmasary vestilatian
for & givea emercise worklead.

There are studies which tend to support the staternent that the
puimonary vestilatien for & gives enercise worklead dscreaies with
trainiag. 69, 70

From the results of the data and other studiss which suppert
the findings, the writer believee that the decrease in the tatal pul-
menary veatilation during the subxmaximal workicad shows a pbase
of improved cardioreepirateory fitness.

FPhase 1II, Maximal Oxygen Uptake. As writtea previsusly,
the oxygea uptake during the Mndified Johnson Treadmill Rua casnot

be called true maximal oxygen wptake. For the fellowing reesens,
however, it is sure that the oxygea uptake was very cloee to the max-
ima) oxygen uptake: The workload of 7 mph, at 8. 6 percent grede for
five minutes was coneidersd slmost a workload for the subjects, by
the writer's observation. In addition to this, the sudjects experisaced
a steady state before the treadmill run. The steady state could help

thern display maximal functisas of the cardiorespiratory system during

69, E. Schnelder and G. C. Ring, ''The Influsace of s Moderate
Amount of Physical Training ea the Reepiratery Enchange and Breathing

during Physical Exercise," American Journal of Physiology, ¥CI, 1929,
”o lO’-l‘.

10C, Germmill, W. Booth, ead W. Peacock, "Musculary Trainiag
I " American Jourmal of Physielogy, ¥C1, 1930, pp. 253-70,
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The strenusus exercise workioad. The oxygea uptake duriag the
hard werkiead had obvicusly high value as a sabstitute for the
maximal exygen uptake,

Many studies renorted that ouximsel axygen uptake is praobably
the best measuremeanat of aerobic work capacity and cirenlatery-
resplratory function. 71, T2, 13, 74, T8, 76, 17

In the study, inspection of Tatle VIl reveale that the difference
between T, and T, means for axygen uptake was significant (at the . 03
level. )] The standard score shows 21,6 percent improvement. This
findiag indicates that cardiorespiratory and otbher physiological func-
tiens could ndapt teo the incrensed metabolic needs of bard exercise.

Tip . astrazd, "Human Physical Fitness with Special
feference to Sox and Age, ' The Journal of Clinical Investigation XXX V],
Jaly, 1986, pp. 307.35,

T2Michio Ikai und Muneharu 5hinde, ‘Zenshin Jikyu Sei mo Kenkyu
(A Stedy of Endurance), Japan Joursal of Heelth, Physical Education and
Kecreation XV, (November, 1965, pp. 669-173,

?32(. lange Andersom, "'Physiclogical Work Capacity, ' Health
and Physical Fitness ia the World, (sthletic Institute, 1961), pp. 365-67.

T84, 1. Iaylor, £. Buskirk, and A. Henschel, ‘'Maximal
Oxygen Intake as 28 Cbjective Measuremeat of Cardierespiratory Fer-
formance," Journal of Applisd Physiolegy, VI, 1935, p. 73,

"A. Helmgren, '"Cardierespiratory Determinante of Cardie-
vascular ¥itnees, ' Cavadiam Medical Associntion Jowrnal, X1II, (March,
1967), pp. 687-792,

u'ulahib;m Miyamura, '"Shinpake Shuisuryo kars mits Zeashin
Jikyu Sei (A Study of Eadurance with Respect te Caurdiac Outputj, ' Japan
Research Journal of Physical Education, X1, (September. 1966), pp. 69-76.

775, H. Mitchell, B. J. Sprouls, aad C. B. Cahpman, "The
rhystviogical Meaniag of the léaxizual Cxygen miake Teat, ' The Jourmal
of Cliaira) investigation, XXXV, {April, 1958}, pp. 535-38.
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1 lde maximal oxygea uptake relates aot only te the adility of the heart

te pump blood to working tissuee, but also to the ability of the bedy's

tissues te abserd oxygea frem the circulating bleod. This means the

maximal oxygea uptake is significars ta desermine endurance of the body.
Therefore, it is evideat that the subject gained cortsin tmmpreve-

mam in endurence fzom the imcresse of oxygen uptake under the condi-

tiom of & hurd worklaad.

Phese IV. Oxygen Remowval Rate., Oxygen removal rate is the

ratie of exygen uptake (mfililiter per minute) to venttlation (iiter per
minute). it is the reciprocal of the ventilation squivalent. 78. 79, 80.
Los exygen ren.oval rate gives the yasmiity cf uxygen cansumed for
oach liter of air breathed. Koff, et al, stated that oxygen resnoval
rate declined as the effective veatilation -- perfusion ratio -- was
exceesded, 5}

There are different opinions concerning physielogical relation
between oxygen uptake and the ventilation capacity. Thupmaa and
Mitchell82 clafin that maximal oxygen intake has nothing to do with the
capscity of the lunys for ventilation or diffusfon.

78Concohs£o. Johnsun, and Pecork, op. ¢it., p. 200,

TI9M. Txai, %. Yoshisawa, and I. Nakagawsa, "Treadmill Ho ni
yoru Jikyusei no Hyoka , Marathon Sensku o chushin te shite (An Ewval-
wation of tha Rudurance through a Troadmill Run, especially the Test
of Marathoa Runners), ' Olympia, XI, 1962, pp. 66-73,

‘oMiyoshi Crabe and Takashi Tsubokawa, Kokyu Junkaa Kimo
Keasa Ho {(1bhe iests and !nagurements in Respiratery-Circulatory
romctioms.) (Tokyo: Nankode, 19(1;, pp. 44-45,

“Am&é Koll et al., "Gardiersspiratory Responses 49 Stremncus
Exercise In Physically Traleed and Ustrained Nermal Men," Regearch
Luarterly, XXXIV (March, 1963), pp. 41-49,

Pilagioron . hspiubh @bk Jeze fi. iwiicacil, 'The Physiology

of Exercise, ' Sclentific American, CCXIU (May, 1965, ) pp. 88-96.
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Cureton, however, contended that oxygen uptake iz dependent
on msay factors; amenag them the total ventilation of the lungs, the
exygen-carrying capacity of the blood, etc.83 Ishiko also reported
the ventilation capacity of the lungs 19 one of the factors which influ-
ences the maximal oxygen uptake upciw?“' sad with this position !n
miad, the writer of this paper decided to comsider exygen removal
rate ia the saalyeis of data,

The data gathered from the submaxirnal workload of this study
showed there was no significant difference in the oxygen uptake between
T; and T;. The ventilation data, however, showed a significant decrease

at the . 05 level on T; (ses Table V, page 42.) Oxzygen removal rate
showed » faly increase on T; at the . 01 lovel of conlidence. The oxygen
remmoval rate during submaximal work is presented ta Table IX, and
showe greater mchnlul efficiency as indicated by o lower ventila-
tiem foz a given amount of work. This must be censidered evidence of
tmproved cardierespiratery fitness.

On the other hand, there wae an inverse phenomenon in the data
obtained under the hard werkicad. The ventilatica data was similar at
T, and T,. Hoewever, the oxygea céasumption during T; was significantly
higher whes campared to the measurement recorded at the time of the
initial testing. The exygen removal rate during bard work at T alse
incressed. The data for the oxygem remaval rate has bean presented
in Table X,

ssc‘"'“. l&o c&.' ’.40.

841 oehihiro Ishiko, “‘Samso Sesshu Ryo no Genkai (The Limitation

of Oxygen Intake), "' Sports igaku Nyumea (intreduction to Sports Medicine)
Tokyo: Taliku mo Kagaku Sha, i1968), pp. 79-80
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TABLE IX
OXYGEN REMOVAL RATE DURING
SUBMAXIMAL TREADMILL RUN

AND IN RECOVERY PERIOD

(ml/1/min,)
T T3
axygea vestila- O.R.R. oxygen vestila- 0. R.R.
Subjeet uptake tian (ml/1) uptake tiom (ml/l)
{mal) (1) {ml) 1)

1 1210 37.21 32.52 1380 36.59 37.72
2 1710 49.5) . 53 1620 46,46 34.07
3 1680 43,62 38.38 1740 39.29 44.29
4 1180 31. 87 37.38 1220 27. 70 37.65
s 1490 39.88 37.67 1580 39.72 39.78
6 1970 49.59 39.44 1890 46.62 40, %4
7 1660 38.08 43.59 1720 35.28 43.91
s 1890 39. 44 40.31 1560 35.28 44.22
9 1470 37.43 39. 27 1390 39. 76 3%.99
10 2100 56.40 37.23 2070 50. 60 40, 91
il 1400 45,17 30,99 1420 36.31 39.11
12 1400 36.13 38.7% 1290 34.50 37.39
13 1400 35.71 39.20 1510 35.85 42.12
Msan 1360 41.49 37.64 1580 38. 76 40.58
8§.D, 270 6.9 3,02 240 6.10 3.65%

t Ratfo 3.92 seo

e*¢ Significant at the .01 level of canfidence
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TABLE X

OXYGEN REMOVAl RATE DURING HARD WORKI.QAD

(ml/ 1 /min. )
T T2
Subject oxygea vemtila- O, R.R. oxygea veatila- O.R.R.
aptake tion uptake tion
(ml) (1) (ml/1) (ml) @) (ml/1)
1 3030 108.1 28.03 3340 105.41 31.69
3 3370 106.98 31.49 3650 109.01 33.48
4 3290 92.65 35.51 3260 83.21 39.17
6 3960 105.81 37.43 4490 123.96 36.22
& 2230 90. 65 24. 60 2910 89. 30 32.60
10 3910 126.84 30.83 5130 127.60 40.18
11 3390 125.42 27.03 3180 116.11 27.39
Mean 3310 107.92 30.70 3710 107, 81 34.39
8.D. 580 13.97 4.31 810 16. 89 4.47
t Retlo 2,64 ¢

¢ Sigpificant at the .

0S5 level of canfidagee
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Figures 4 and 5 indicate am incraased cardiorespiratory
efficiemcy by revealing changes in oxygenm uptake and pulmonary
ventilation. Figure 4 indicates that during submaximal exercise,
the mimute volume of ventilation on T, (vertical axis) decreased,
while the minute volume of the oxygen uptake on both T; and T,
were almost the samme amount (horizontal axis). On the other
band, Figure 5 shows that the minute volume of ventilation on
both T ; and T, were the same during the hard workload.

As the limiting factors of endurance, Ikal et al., 85 found
decrease of tidal volume, decrease of oxygen pulse, and decreace
of oxygen removal rate during '‘all out' exercise.

Is this study, therefore, the writer considers that the
increase in the oxygen removal rate for both submaximal and
hard workload conditions reveals a fairly significant improvement

of cardiorespiratory Iitness.

ssuichlo Ikai, Shinjiro Ebashi, H. Kagaya, st al,,
"Treadmill Ho ai yoru Seishone no Undo Shoho ni kagssuru Kenkyu ({I)
(Optimnal Exercise Standard for Physical Fitness of Youth (II), The
Limiting Factors of Endurance)'’, Japar Research Journal of Physical

Education, V1 (February, 1965), pp. 61-71,
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CHAPTER V
SUMMARY AND CONCLUSION
i. SUMMARY

The main purpose of this study was to determine the effects
of an eight-week rope jumping program ox the cardiorespiratory
fitness of high school students.

Thirteen male non-athlete students at Charlestor High School,
Charleston, llinois, served as subjects. The rope jumping program
consisted of thirty-five daily training sessians, administered over an
eight-week period during the first five minutes of the regular physical
education class. Subjects were required to jump a rope with both feet
simultaneously as many tirmes as possible.

Oxygen consumption and heart rate respoase to submaximal and
vigorous treadmill runs were studied before and after the traiaing pro-
gecam., In a.ddition. pre and post training body weights were investigated.

A t test was used to determine the significance of the difference
between pre and post training means., Data were also converted to
Standard Scores and the percent change in variocus parameters was

determinsd,



1. CONCLUSICON

Based oa the fiadings of this investigation, the following
conclusion appears warrented. A program of repe jumpisg as
performed ia this study will mprove the cardiorespiratory fit-
sess of male nona-athiete high school studesnts, as determined by:

1. Impreved hsart rate receveries [rom sekmaximal

and hazd treadmill ruas
2. lLower pulmenary ventilation during submaximal work
3. Ineressed cxygea uptake capacity during herd werklicad

4. Iacressed anygen rumoval rats for & givea worklosd.
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APFENDIX



HEART RATES DURING SUBMAXIMAL TREADMILL RUN

AND IN RECOVERY PERIOD ON PRE-TEST

APPENDIX 1

Exercise (Minutes)

Recovery (Minutes)

Subject 1 2 3 4 1 2 3 4
1 160 165 170 170 94 103 102 109
2 170 175 173 173 12 10 14 10
3 152 155 160 167 108 108 105 103
4 8¢ 145 160 167 85 8 100 8l
5 150 163 167 170 110 108 109 10
6 140 150 155 148 89 82 82 87
7 160 167 170 160 n7 101 99 103
8 150 155 160 170 122 122 108 100
9 160 165 160 167 85 77 95 95

10 144 160 170 173 122 105 98 95
11 170 170 165 173 135 129 120 12l
12 125 128 135 130 59 65 59 66
13 145 149 152 185 97 91 95 96




APPENDIX I
HEART RATES DURING SUBMAXIMAI. TREADMILL RUN

AND IN RECOVERY PERIOD ON POST-TEST

Exercise (Minutes) Exercise (Minutes)
Subject 1 2 3 é 1 2 3 4
1 160 165 167 165 .- oo  e=e 109

2 170 175 175 173 121 110 114 110
3 160 172 174 173 130 118 117 118
4 150 180 175 160 100 95 87 95
5 150 160 165 170 119 96 110 108
6 160 170 175 173 no 108 108 108
7 160 175 170 170 129 115 109 107
8 170 160 160 158 166 148 140 125
9 150 153 150 149 86 92 98 100
10 155 170 175 182 130 110 108 109
11 165 160 165 160 128 121 116 115
12 135 125 124 126 9% 59 78 72

13 150 160 169 170 132 111 111 110




& PPENDIX II1
RECOVERY HEART RATES AFTER THE MODIFIED

JOHNSON TREADMILL: RUN ON PRE-TEST

Subject Running Time 1 1 111
(Sec. ) 1:00-1:30 2:00-2:30 3:00.3:30
1 300 75 66 60
2 300 7 66 62
3 300 64 LY 51
4 300 61 54 41
s 300 68 63 s9
) 300 65 58 56
7 195 74 68 S8
8 255. . 79 68 67
9 309 51 48 48
10 218 ee 67 - 60
11 210 82 73 64
12 300 53 46 41

13 300 17 67 59




HPPENDIX 1V

RECOVERY HEART RATES AFTER THE MODIFIED

JOHNSON TREADMILL RUN ON POST-TEST

Subject Ruaning Time I 11 15l
(Sec, ) 1:00-1:30 2:00-2:38 3:00-3:30

1 300 12 64 58
2 300 81 70 66
3 300 63 57 50
4 308 62 53 39
5 300 67 53 50
6 300 63 55 46
7 195 68 60 S5
8 300 75 63 56
9 300 5] 43 40
10 185 74 63 57
11 300 76 71 61
12 300 48 39 37

13 300 72 62 87
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