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PREFACE

A matter of current national concern is physical fitness. Many as-
pects of this problem have been investigated in the past, but little has
been done in the area of endurance. This study has had as its purpose the
development of a metabolic functional capacity test for upper elementary
age boys.,

I entered college teaching with a desire to advance the knowledge
now in the field of health, physical education, and recreation. There
are several ways of doing this and I believe that one of these ways is to
develop tests and measurements for evaluation in this field. 1 am confi-
dent that the test of endurance presented in this study will give the
physical educator in the field a tool that he might use with confidence.

I thank my advigory committee, Prof. Valerie Colvin, Dr. Julia
McHale, Dean Helmer Soremson, Dr. Albin Warner and Dr. Aix Harrison for
their very wvaluable guidance in the developmeunt of this study. Indebted-
‘ness is also acknowledged to those whose help made this study possible,
especially to those boys who participated in the study.

Special thanks go to my wife, Betty Bayless, for her unfailing en-

couragement and understanding throughout the undertaking of this study.
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CHAPTER I

INTRODUCTION

Background of the Study

“Physical fitness is a term which has been rather difficult to define
objectively., About the simplest definition is: the capacity of an in-
dividual to perform a given task. Dr. Peter Karpovich, M.D. of Spring-

Ha

field College, Springfield, Massachusetts, defines physical fitness as
fitness to perform some specified task requiring muscular effortg"l Dr.,
Bruno Balke of the University of Wisconsin states that '"the best test of
physical fitness would be men's ability to survive under extra-ordinary

biological demands."?

There are many facets of physical fitness. Some
of these are strength, flexibility, cardiovascular fitness, neurg-muscu-
lar coordination and endurance. This study was concerned with endurance
as a phase of fitness. In»tﬂis study physical fitness was assessed by
determining the subject's potential capacity for high energy demands.

Total work capacity is made up of two phases, the aerobic and anaerobic

phase. The first phase, the aerobic phase, occurs when an adequate supply

lpeter V. Karpovich, Physiology of Muscular Activity {(Philadelphia:
4th ed.: W. B. Saunders Co., 1953), p. 260.

25, Balke, "The Effect of Physical Exercise on the Metsbolic
Potential, a Crucial Measure of Physical Fituness," Exercise and Fitness,
ed. The Athletic Institute (Illinocis, 1960), p. 73.




of oxygen is available to an individual and results in the complete utili-
zation of carbohydrates to produce carbon dioxide and heat. During muscu-
lar exercise, the blood vessels leading to the muscle dilate and blood flow
is increased so that the available oxygen supply is increased., The magni-
tude of this increase is indicated by the fact that the metabolic rate of
a muscle during exercise might be increased to 100 times its rate at rest.
When muscular exertion is extremely high, aerobic resynthesis of energy

_ stores. in the body cannot keep pace with their utilization.3 At this mo-
ment the individual's metabolism reaches what is called the crest load.
This is described as the point where the largest work load for which the
oxygen intake of the body is adequate to meet the oxygen requirement.

The second phase of work capacity is anaerobic. This. phase ovccurs
when there is an inadequate supply of oxygen during work. The oxygen
requirements exceed the aerobic capacity and are met by the body's ability
to incur a certain amount of oxygen debt. Oxygen debt is a deficit in-
curred during anaerobic work, and the lactic acid and other by-products
of work serve as promissory notes assuring prompt payment.

Authorities have agreed that endurance is the ability to continue
work. This is limited by two factors; first, the wiilingﬁess to work on
in spite of the discomfort and pain of fatigue, and secondly the capacity
of the homeostatic mechanism to make rapid and extensive adjustments with-
in the functioning organism.

A definition of an individual possessing endurance would be a person

who has lowered the sensitivity thresholds, while homecstatic adjustments

3William F. Ganong, Medical Physiology (Los Angeles, Califormnia,
1963), p.. 36.




are taking place as the body becomes experienced to increased metabolic
demands. The blood circulates more freely because of a more effective ad-
justment by the vasomotor system which goes into action even before the
activity is commenced and shifts the blood to the working muscles in just
the proper volume as the work is continued. At this time pulmonary ven-
tilation is keeping pace with the requirements for gaseous exchange rather
than over-responding to the excitement of exercise, which sometimes pro-
duces giddiness due to chemical imbalance will no longer strive for air
with a continually expanded chest, but permits a full excursion of his
thoraco-diaphragmatic bellows to provide an efficient ventilation of his
lungs. The subject's perspiration is almost entirely free from eye-sting-
ing salt, since the sweat glands are capable of excreting the water needed
for cooling while conserving the salts needed to maintain the delicate
fluid balance of the body.

There are two basic types of test used in the measurement of endur=-
ance. These are laboratory tests and field tests. Balke has found that
procedures for determining human working capacity in the laboratory take
advantage of such equipment as treadmills, bicycle ergometers or stepping
devices. for providing desirable and reproduciblé levels of work intensity.
The test that Dr. Balke and his associates have used in the laboratory
has been primarily with the treadmili. The laboratory conditions allow
for a continuous monitoring of the circulatory and respiratory responses
to exercise which is essential for the recognition. of an individual's
capacity for coordinating a complexity of organic functions. Most re~
searchers testing large numbers of students have found that treadmills

and bicycle ergometers are quite expensive.



Since the use of this equipment would not be practical for testing
large numbers there is a need for field tests. Balke states "that with-
out 'on-the-spot' measurements, most tests involving physical exertion
are too dependent on the individual's motivation and tolerance for pain
and discomfort, Without physiological measurements during a ‘fitness’
test an investigator can rarely ascertain if the subject is performing
within or beyond his physiological limitations. A field test of physical
competencé should engage a familiar type of physical exercise inveolving
large muscle groups and eliciting general functiomnal responses within and
up- to the limits of capacity. The test accomplishments should be simply
measureable in commonly understandable terms &nd readily convertible into

né The type of exercise which comes

data of physiological significance.
very close to fulfilling most of these requirements is the work of walk-
ing and running. Balke has shown in Figure 1 (page 6) his attempt to
illustrate the role of the oxygen debt capacity during the performance

of exercises requiring near all-out efforts compared to time intervals
from 1 to 15 minutes. It can readily be seen that a very short effort,
e.g. running 100 yards in 10 seconds, is accomplished almost entirely an-
aerobically. 1In a four-minute run the oxygen debt capacity covers about
twenty per cent of the work. TIn work periods exceeding 12 to 15 minutes,
the anaerobic phase becomes less and less important for the accomplishe
ment of the total work, accounting for not more than approximately five

per ceunt of the totally required amounts of oxygen. On this basis, Balke

4%, Balke, "A Simple Field Test for the Assessment of Physical Fit-
ness," Report to the Federal Aviation Agency, Civil Aeromedical Research
- Institute, Oklahoma City, Oklahoma, p. 1-2.



has recommended the 15 minute run as a field test of endurance.’

In 1942, Johnson, Brouha and Darling introduced the "Step Test' as
a method of assessing one's physical fitness for strenuous exercise. The
test required a subject to step on to a 20-inch bench at the rate of 30
steps (4-count cycles) per minute as long as he is able, or if still step-
ping at the end of five minutes the exercise is terminated. The recovery
pulse is then counted from 1-1%, 2-2%, and 3~3% minutes after the cessa-
tion of exercise. The five minute step test according to Montoye cannot
be a test for work performance prediction. Montoye concludes '"despite
the fact that work performance cannot be predicted from Step Tests scores
there is an appreciable amount of evidence that the Index does reflect
the relative state of fitness of the cardiovascular system."6 It appears
from the results of Montoye's study that the Fitness Index is not very
closely related to one's ability to carry on strenuous work.

At present the most widely used field test for endurance is the 600
yard walk-run test presented by the American Association of Health, Phy-
sical Education and Recreation. The 600 yard run can be completed by
most anyone in two to three minutes. It can be seen from Figure 1 that
this would mean that 20-40% of the work was being done anaerobically.
Because of the strain on.the subjects and complaints from parents on the
distance of the test the 600 yard walk-run has not been generally accept-
ed.- At present there are no generally accepted~field tests of endurance

that have beén wvalidated.

51bid.

6Henry J. Montoye, '"'The Harvard Step Test,'" Revue Canadienne de
Biologie, 4 (1952), pp. 491-499.
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The practical problem involved im this study was that of establish-
ing a test that could be used by physical educatoré in the field to test
endurance. When one is attempting to assess the endurance of individuals
as part of physical fitness it is necessary to have an objective method
of testing which will readily indicate the magnitude ¢f changes in physi-
cal condition derived from physical conditioning, extended periods of com-
plete inactivity, and physical fatigue., In this study it was hoped that
a procedure could be found that would serve the purpose of determining a
person's crest load capacity for functional demands of aerobic work, com=-
monly referred to in this study as endurance.

There have been previous studies conducted with adults and high
school age students that have established foundations for this study.
Balke has worked on testing endurance in adult males and females, as well
as high school boys. Balke's test for adult males utilized a treadmill
to increase the work load. This testing procedure is generally accepted
among physiologists and physical educators. The criteria for this test
is the length of time the person can walk on a treadmill with a gradually
increased work load until anaerobic work is reachedq7

Balke has also experimented with a portable stepping device using
both healthy and cardiac male subjects. He started these subjects step-
ping at the floor level, raising the step interval Z cm. per minute., The

results of this test indicated a2 high correlation with those of the more

8runo Balke, "The Effect of Physical Exercise on the Metsbolic
Poitential," Exercise and Fitness, ed. The Athletic Institute (Illinois,
1960), pp. 73-81.




elaborate treadmill teuts.s

Balke, Clarke and Phillips in separate studies have theorized that
children respond differently in pulse rate and blood pressure patterns
than adults to this type of test.? At the present time there are no es-
tablished tables of norms for children using this proposed administrative
technique for testing of endurance. This is the reason for a separate

validation and norming procedure for children.

Purpose of Study

The purpose of this study was to establish a metabolic functional
capacity test as a measure of endurance for upper elementary boys ages
eight through twelve. The procedure was a step test utilizing a motor-
ized stepping device., It was first necessary to establish the starting
height of the step, progression of work load through speed of elevation,
how often the step was to be raised, and what pulse rate do the boys at-
tain before reaching the cut-off point between aerobic and anaerobic work.

Another problem associated with this study was to find the point dur-
ing exercise where the subject's systolic blood pressure dropped signifi-
cantly representing the cut-off point between aerobic and anaerobic work
load.

These work loads refer to those levels of work where in the step

test the step was elevated every minute, thus increasing the energy

aLetter from Dr. Fran Nagle, Biodynamic Branch, FAA Center, Oklahoma
City, Oklahoma to Dr. A. Harrison, Oklahoma State University, Stillwater,
Oklahoma, October 1964.

98. Balke, Exercise and Fitnees, p..75.



demands gradually. These demands are met by proper adjustments of the
cardio-regpiratory systems. The increase in heart rate and pulse pressure
change indicates the enlargement of the cardiac output which is of primary
importance for adequate oxygen and energy supply. The progressive demands
on the respiratory system, handling the metabolic gas exchange, are ex-
pressed by the increase of pulmonary ventilation.

Balke and others have found that in adults the functional limitations
become apparent when the heart rate reaches about 180 beats per minute.lo
At this critical frequency, the time for sufficient ventricle filling
with blood between contractions becomes too short, and as a consequence
of reduced blood volume, the pulse pressure falls off. At this point man
also encounters his maximal capacity for breathing. This is the point
where the aerobic process leaves off and the anaerobic process takes over.
These criteria, indicating the attainment of maximum aerobic capacity,
are observed at low work intensities in subjects with low functional ca-
pacities and at higher work intensities in subjects, who, by training,
have become functionally adapted to greater demands. The test was ter-
minated before the subject went into anaerobic oxygen debt at a heart
rate of around 180 beats per minute and after a drop in systolic blood
pressure was noted.

The test used in this study was one which may fill one of the serious.
weaknesses in our current fitness testing program by providing an econom-
ical and easily administered test which would give information about the

child's functional capacity and cardio-respiratory reactions to moderate

10stacy Hoover Mathews, Physiology of Muscular Activity and Exercise
(The Ronald Press Co., New York, 1964), p. 363.
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exercise. The stepping device that was used in this study can be built
for around $100.00. After validity and norms have been egtablished for
the test, any physical education teacher could administer the test with
some training in taking pulse rates and operating the stepper.

It is hoped that both the equipment and the knowledge gained from
this study will be used in an additional study of work capacity of chil-
dren. Some of the sub-problems of this study were:

1. the measuring of energy cost during the test

2., establishing norms
3. measuring net oxygen debts incurred during this test
4, determining the mean pulse rate that a child attains

before he reaches the cut-off point between aerobic
and anaerobic work.,

Limitations

The sample for this study was not a random sample because of the time
factor and lack of controlled sampling procedures during summer months.
The number of subjects in the test was relatively small for establishing
norms .

Upon arriving at the laboratory the boys were somewhat apprehensive
as to what was going to happen. With all of the instruments and testing
devices in the room the subjects seemed to bulld high anxieties. Several
of the boys became so excited they hyperventilated during the early part
of the test procedure. This was a factor that could not be controlled.

The boys' activity prior to coming to the laboratory was alsoc

.another factor that could not be controlled.



CHAPTER 1T

REVIEW OF LITERATURE

In making this study of metabolic functional capacity of grade school
boys it was necessary to cover the literature as thoroughly as pogsible
to find what information had been uncovered before this study. Several
individuals have made studies directly or indirectly concerned with the
topic at hand.

Some of the first work capacity studies were done by measuring car-
diac output. The earliest methods of studying cardiac output involved the
problem of the blending of gases in the lungs. The factors determining
this blending have been investigated by many workers. A systematic study
has been reported by Lundsgaard and Schierbeck {1923), where references
to the earlier work may be found. They concluded that results obtained
with hydrogen could be extended to other gases (oxygen, nitrous oxide, and
carbon monoxide). Three main factors presented themselves to these in-
vestigators for study; (1) the amount of air in the lungs after expiration,
(2) the depth of rebreathing, and (3) the number of rebreathings. By re=-
breathing from a rubber bag, containing 2 to 2.5 liters of a hydrogen-air
mixture, and starting from the residual air of the subject, they found
that three respirations were sufficient for attaimning mixture in the- two
subjects studied. Regarding the rate of respiration which in most of
these experiments was between 10 and 16 per minute, they state, '"a few

experiments were performed in order to determine quantitatively the

11



influence of the rate. We did not arrive at definite results, Our im-
pression was that rate may be varied considerably without any appreciable
influence on the results,"l

In 1942, Johnson, Brouha and Darling introduced the "Step Test" as
a method of assessing one's physical fitness for strenuous exercise. This
initial test was explained in Chapter 1.2 Although the test was origin-
ally developed for appraising the fitness of healthy men, modifications
have rendered the test applicable to boys, young women, girls, and older
men and patients. One modification for the girls was;those who became
fatigued may have to be stopped before the five-minutes period was com-
pleted. This test was devised as suitable for estimating the dynamic
physical fitness of high school girls. The test is based upon the prins
ciple that the more fit an individual, the more rapidly will the heart
rate return to normal after exercise. The equipment consisted of a plat-
form 16 inches high and a stop watch.

Since the publicatioh_of the initial research in Revue Canadienne de

3 the Fitness Index has been subjected to numerous critical evale

Biologie,
uations. Despite severe criticism in some quarters the Index has gained

rather wide-spread popularity. The Step Test is purported to measure

"the functional status of the body and its ability to do strenuous work.

e, Lundsgaard and K. Schierbeck, "Respiratory RBreathing Rate,"
Journal of Physiology, LXIV (1923), p. 210.

2R, E. Johnson, L. Brouha, and R. C. Darling, "A Test of Physical
Fitness of Strenuous Exertion," Revue Canadienne de Biologie, 1 (1942),
pp. 491-503.

3D, Mathews, Physiology of Muscular Activity and Exercise (New York,
1964), p. 373.
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To measure indirectly, or in other words to predict, one's capacity for
doing muscular work would indeed be valuable.4 The validation against a
work criterion of similar simple tests of fitness which have appeared in
the past have, for the most part, failed. It was the purpose of Montoye's
study to determine the relationship between the Fitness Index (Step Test
Scores) and several criteria of work performance.5 Similar attempts have
been made by others and their results are discussed by Montoye. . However,
the number of experimental subjects in some instances was small. Further=
more, it seemed important that the subjects be conditioned to strenuous
work before administering the Step Test and tests of work performance.
Montoye found the relationship between. the Fiﬁness.Index and work per=
formance in fifty college men who had participated in a strenuous condi- -
tioning program for three months. Criteria of work performance consisted
of maximum number of sit-ups, time on a half-mile run, and duration of
maximal performance on frictional bicycle ergometer peddled at the rate
of 20 miles per hour against four pounds resistance. Thé computed co-
efficients of correlation between the step test scores and the criteria
were 0.286 and 0.091 respectively. These results corroborate the work of
others indicating that there apparently was some slight relationship be-
tween the Fitness Index and height, weight or surface area. Although age
in Montoye's study was statistically significant it was considered rela-

tively unimportant. Montoye's conclusion was that the low correlation
y p y

43, R. Gallagher and L. Brouha, "A Simple Method of Testing the
Physical Fitness of Boys,'" Research Quarterly, 14 (1943), pp. 23-30.

5Henry J. Montoye, "The Harvard Step. Test," Revue Canadienne de
Biologie, 4 (1952), pp. 491-499.
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between. the Fitness Index and measures of stature, weight and surface

6 7

area was not surprising in view of the results of Bookwalter  and Seltzer.

Bookwalter correlated results of the Army Physical Fitness test and
the Harvard Step test only to find no significant relationship. He also
found that Step Test scores are apparently independent, for all practical
purposes, of structural méasurements'.8

An. influential researcher that has contributed his knowledge to the
type of test done in this study was Dr. Bruno Balke. He has stated in
his studies. that "Procedures for determining human working capacity in
the laboratory take advantage of such equipment as treadmills, bicycle
ergometers, or stepping devices for providing desirable and reproducable
levels of work intensity,"9 Balke reports test results in terms of the
duration of exercise required to produce a heart rate of 180/min. The
test consists of walking at a constant speed on a treadmill, the slope of
which is increased each minute, The heart rate is measured each minute.
The test requires a treadmill, a-stop watch, and an electrocardiograph
10

heart rate.

The type of exercise which comes very close to fulfilling most of

6k, w. Bookwalter, "A Study of the Brouha Step Test," Physical Edu-
cator, 5 (1948), p. 55.

7c. €. Seltzer, "Anthropometric Characteristics and Physical Fitness,"
Research Quarterly, 17 (1946), pp. 10-20.

SBookwalter, p- 55,

98, Balke and R. W. Ware, "An Experimental Study of 'Physical Fit-
ness' of Air Force Personnel," U.S. Armed Forces Medical Journal, 10
(1959), p. 675.

10g, Balke,. Journal of Applied Physiology, 7 (1954), 231.
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these requirements Balke mentions is the work of walking and running.
According to Henry's compilation of data on‘thevoxygen requirements for
these exercises, level walking at a: fast pace produces metabolic rates up
to eight times the resting value while in relatively slow running the
energy expenditure may exceed the resting rate as much as 10 times or
more. This explains why most '"normal" people usually become quickly ex-
hausted when "“in a hurry."11 About 70 to 80 per cent of the adult male
population attain cardiorespiratory limitation at energy expenditures of
10~11 mets (Mets: multiples of the basal metabolic rate).12 In another
of Balke's studies a simple but very efficient form of exercise, namely
hiking up-hill on.a motor driven treadmill was used as an appropriate
stress factor. Stress was gradually increased by elevating the slope of
the treadmill one per cent per minute. Thus during walking at a constant
speed of 3.4 m.p.h. the energy demands were gradually increased., These
. demands were met by proper adjustments of the cardio-respiratory systems:
the increase in heart rate and in pulse pressure indicated the enlarge=
ment of the cardiac output which was of primary importance for adequate
oxygen and energy supply.13 |
Balke experimented with another test of endurance. ‘He had a group
of 34 high school boys with an average maximal oxygen intake of 43.6

ml/kg/min in the treadmill test run 15 minutes on an oval track. They

g, M. Henry, "The Oxygen Requirement of Walking and Running,"
Research Quarterly, 24.(1953), p. 169.

12p, Balke, Exercise and Fitness, pp. 73-81.

131bid, p. 75.
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were to cover the greatest possible distance during that time. The boys
averaged a velocity which required an oxygen intake of 44.4 ml/kg/min.
Most boys stayed well within the acceptable range of ¥ 10% deviation from
the perfect correlation between maximum oxygen intake and distance cover-
ed. A few boys performed better in the running test than was predictable
from the objective treadmill data. Based on Balke's findings a field
test for the assessment of physical fitness.was established which employs
a l5=minute run-~around or along known distances~~-at best individual ef-
forts. From the accurate distances and time measurements of the average
velocity in meters per minute was determined and converted into the phy=
siologically meaningful value of equivalent oxygen requirement. 1In a
"best -effort" this value represents very closely the aerobic work capac-
ity and permits a rather objective rating of physical fitness°14
Dr. Nagle and Dr. Balke have also experimented with a motorized stepper
using as subjects healthy and cardiac males. These researchers started
the stepper at 2 cm. and raised it 2 cm. each minute. Only three of
twenty-six subjects continued stepping to.a height of 40 cm. and going
twenty minutes in duration. These same men started at the end of one
minute of exercise with a mean VOp/ml/kg of 10.0 and three raised this to
a mean V07/ml/kg of 41.3 at the end of the twyentieth minute. Balke and
Nagle gave the following scale as their classification index for the step

test.

lag, Balke, "A Simple Field Test for the Assessment of Physical Fit-
ness,' Report from Federal Aviation Agency, Oklahoma City, pp. 1-11.
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TABLE I

WORK CAPACITY STANDARDS

VOz/ml/kg Classification
25-30 Very Poor
30-35 Poor
35=40 Fair
40-45 Good
45-50 Excellent
50-55 Superior

There was a high correlation between Balke's treadmill and 15 minute run
fact A 15
tests and the.stép test,

According to practical experience in the field, a state of complete
exhaustion was. to be expected after about two hours of slightly submaximal
work on the treadmill. During such work, the organism is running out of
readily available energy stores which are mainly composed of the glycogen
. . . . g 16
deposits in muscles and liver.

Incompetence is indicated near this rate by: (a) an excessive volume
of ventilation; (b) a respiratory exchange ratic of unity; (c) an acute

decrease in the ratio of oxygen consumed to the work dome; (d) a tendency

for the oxygen. consumption to level off, indicating increased anaerobic

I5petter from Dr. Fran Nagle, Biodynamic Branch, Federal Aviation
Agency, Oklahoma City, Oklahoma, to Dr. A. Harrison, Oklshoma State Uni-
versity, October 1964.

lég, Hedman, “The Available Glycogen in Man and the Connection be-
tween Rate of Oxygen. Intake and Carbohydrate Usage," Acts Physiology
Scandanavia, 40 (1957), p. 305.
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work. This is demonstrable if the exercise is graded to allow for phys~
iological adaptation at the various work'levels.17
For some of the calculations in this study reference was made to

.Phyrsiological Measurements of Metabolic Functions in Man by Consolazio,

. Johnson. and Pecora. On the basis of their experience they have establish-
ed procedures for other researchers to use in metabolic calculations,,18
~Another field test that is being used at present is the 600-yard
run-walk. This test is a screening measurement in the suggested elements
.of a school-centered program for Youth Physical Fitness. The students
star£ running on an oval track with the signal to."Go!". They run the full
distance (walking only if necessary). Walking is permitted, but the ob-

1

ject.is to cover the distance in the shortgst possible time. The record
in time is the basis. for scoring the 600 yafd run-walk.19

In summary, the procedures that have been used in the past to meas=
ure endurance have been questioned. Most of the earlier test that have
been done, have been of the anaerobic phase of exercise. Since Balke's
studies have been made there are a few researchers that are éarrying these
studies on into different areas of testing. In Balke's festing procedure
there was involved much elaborate and expensive equipment. It is hoped

through the efforts of this study that expense can be kept at a.minimum

and a valid and reliable test of metabolic functions can be found.

171bid, p. 306.

18Consolazio,.Johnson and Pecots, Physiological!Measuremefts ‘of
Metabolic Functions in Man (St. Louis, 1964).

19Pres_ident's Council on. Youth. Fitness, Youth Physical Fitness,
Suggested Elements of a. School-Centéred Program (Washington 25, D.C.:
Superintendent of Documents,. U.S. Government Printing-Office,;196l), p. 54.




CHAPTER III

METHOD AND PROCEDURE

Establishment of Testing Procedure

The first step in the establishment of this test was to develop a
procedure and have a trial run. It was decided to start with a stepping
height of four inches and increase the height of the step interval one
inch every minute of exercise. This choice was influenced by Dr. Harri-
son's study using adult men starting at a height of eight inches1 and
Dr, Balke's and Dr, Nagle's studies starting at floor 1eve1.2 The de-
cision was made to use four inches as the starting point for this test;
this point being a mid-point between the above two levels.

One subject was asked to come to the physical fitness laboratory for
a trial run of the test wearing tennis shoes and sports apparel. Subject
K. E., age twelve was chosen and tested because of his age, good health
and availability. K. E. reached his crest-load at the end of the seventh
minute. This was derived from observation of his metabolic calculations.
His systolic blood pressure fell from 128 mm. Hg. to 122 mm. Hg. on the
seventh minute of exercise with the step at a height of ten inches.

K. E.'s oxygen content of expired air was 16.05 per cent at the end of

1p. Harrison, "Swim for Fitness," Physical Educator, 22 (October,
1965), p. 129.

2B. Balke and F. Nagle, p. 18.

19



the seventh minute and fell to 15.85 per cent on the next minute. From

the results of these calculations the procedure was chosen.

Selection. 0f Subjects.

After the procedures had been checked out on the one subject the re-
searcher chose twenty-nine more subjects from a summer swimming program
that he was teaching. The only prerequisite being that the subjects
needed to be between the ages of eight and twelve. All of the boys had
physical examinations before entering the swimming program, although this
was not absolutely necessary since the test was sub-maximal and would not
prove injurious to the subjects. The time schedule was set and the sub-
jects came to the laboratory in groups of three or less. After all of
the subjects had been tested, five were asked to return for a retest to

check the reliability of the test.

Administration of the Test

After arriving at the laboratory the subjects height and weight was
taken and recorded, also. the following measurements; grip strength, push-
pull strength, skinfold fat and vital capacity. These measurements, how-
ever, were not used in this study. They were given to acquaint the sub-
ject with the laboratory and testing procedures. TFollowing these tests
the subject was asked to sit in a chair facing the stepping device. The
cuff of the sphygmomapometer was attached to the subject's upper arm.

The stethoscope bell was attached to the subject by means of a wrap to
the cubital area where the brachial, radial and ulnar arteries intersect.

A long section of rubber tubing was attached to the hearing device on
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the stethoscope, This additional length in tubing permitted the subject
to have freedom of movement and also allowed the researcher to be free
for other testing procedures.

After a five minute rest in the chair the subject's resting pulse
rate and blood pressure were taken. A three minute resting metabolism
was then taken. A one way valve and mouthpiece was attached to a modified
football helmet by means. of the face protector attachment on the helmet,
thus freeing the subject from having to support the weight of the valve
in his mouth. A nose clip was attached to the subjects nose sc as not
to allow exhaled air to escape from his nasal passages. The subject’s
expired air was accumulated in a Collins 120 liter clinical spirometer.
The resting metabolism was calculated from analysis of gas samples taken
from the spirometer. A volume of the expired air was taken from a kymo-
graph connected to the spirometer.

Following the resting recordings the testing of exercise started.
The subject was introduced to the stepping procedure. He was told to
step up and down on the stepper to the rhythm of the metronome (120
steps/min.) keeping his eyes on the stepper, thus lowering the possibile-
ity of falling into the equipment. The subject was told of the pressure
that would be on his arm when the tester was taking his blood pressure.
At this time the subject was asked to try the stepping procedure and the
importance of keeping the rate of 120 steps per minute was re-emphasized.
The test was administered on a portable, motorized stepping device which
was designed and built for this purpose by the Federal Aviation Agency,
Oklahoma City, Oklahoma. The stepper can be raised from ground level to

a maximum height of 20 inches by simply switching on a toggle switch.
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"The device provides a.stepping;platform which could be varied to any
height from ground level to twenty inches while work was: being perform-
ed. The height of the step at the beginning was four inches and each
minute the height of the platform was raised one inch to:produce corre-
spoﬁding increases in work load. 1In.this test procedure the step was

. raised during the last fifteen.seconds of every minute during the test.
The first forty-five seconds of each minute was used for sampling pro-

cedures.

STEPHEIGHT INPICATOR -

THREAPE Kov™ _
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Figure 2. Schematic Drawing of Motorized Steppér
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It was necessary to have a minimum of two people present to admin-
ister the laboratory test. One individual took the heart rates and blood
pressure readings with a stethoscope, recording these every minute. The
other tester moved the stepper and took expired air samples from the
spirométer, which included removing and adding the meterological balloons
with each sample.

During the Metabolic Functional Capacity Step Test the same measure-
ments were taken as those taken during rest. The systolic and diastelic
blood pressure readings and heart rate weré taken every minute of exercise.
Sample volumes of expired air were taken in the spirometer for fifteen
seconds of every minute. The sampling procedure was achieved immediately
following the raising of the step or during the first fifteen seconds of
every minute. The expired air samples for analysis were taken from the
spirometer during the third minute, fifth minute, seventh minute and every
minute thereafter until itbwas evident that the subject had reached his
crest load. This point being that which dete;mines cessation of aerobic
and beginning of anaerobic work, This was projected to be where the
systolic blood pressure rises. during sub-maximal work and tends to.drop
upon reaching the crest load. It has been shown that the crest-load was
reached in adults when the heart rate is 180 beats per minute.

The test was terminated when anaerobic work began in the subject as
indicated by pulse rate and systolic blood pressure. The time that it
took each subject to reach this level was an indication of his metabolic
functional capacity. Most subjects were encouraged to go one minute past
this point to provide potential validating data from various metabolism

measurements., It was estimated, from previous tests on adults, that aa
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average subject would take from seven to twelve minutes to complete the
test, The complete testing procedure took ten minutes plus the amount of
time the subject stepped,

At the conclusion of the test the subject sat in a chair with all
testing apparatus intact and recovery measurements were taken. These
measurements were blood pressure, heart rate and fifteen second expired
air samples for three minutes following exercise. The expected results
of these measurements were that the subjects heart rate, blood pressure
and rate of breathing would return to resting levels or close to these.
The amount of time it took this return to happen is an indication of the
condition of the individual. It was also necessary to have the recovery

‘measurements available for calculation of oxygen debts.

Analysis of Expired Air

The fifteen second expired air samples were taken from the spiro-
meter during resting, exercise and recovery in rubber meterological
balloons and retained until after the test was completed. These samples
were then analyzed by the gas chromatography method for oxygen, carbon
dioxide and nitrogen content. The recorder and gas chromatograph were
warmed up thirty minutes to an hour before analysis was to be made.

This was to assure that the balancing of the machine was valid. The
helium gas was turned on to assure proper flow during time of testing.

Two samples. of two known calibration gases. and their quantities of
oxygen and carbon dioxide were recorded to assure wvalidity of the calcu-
lations. A calibration graph based on these recordings was constructed

for each days work.
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The samples of expired air were fed into a V~25 Fisher Gas Partiticner
through the gas sampling valve on the front of the partitioner directly
from the meterological balloons. A syringe and needle can be uséd to in-
ject samples into a small rubber port hole on the top of the instrument,
but the use of the gas sampling valve increases reproductivity. Helium
gas was used as a carrier gas for the chromatograph. The total analysis
procedure including nitrogen takes about three minutes per sample depend-
ing on the selected flow rate of heliym. The chromatograph partitions
the amount of oxygen, carbon dioxide and nitrogen in each sample. The
amounts were recorded on a Sargent Recorder connected to the partitioner.
A correction factor for argon was used in calculating the oxygen percent-
ages as suggested by Hamilton., The correction factor was (.8) and merely
involved a simple subtraction of this factor from the raw oxygen percent-
age,3

At least two samples of the resting gas was checked to assure re-
liability. In other readings where there seemed a lack of consistency,

a second sample was tested. With previous experience on the chromatograph
it was found not to be necessary to check all samples twice unless there
was some inconsistency.

Each sample was also measured in the spirometer for volume by use of
. the kymograph attached to the spirometer. A temperature and barometric
pressure reading was taken each day. These were used to apply standard-

ized corrections on all gas volume measures. With these calculations

3L. H. Hamilton and R. C. Kory, "Application of Gas Chromatography
to Respiratory Gas Analysis," Journal of Applied Physiology, 15 {1960),
PP. 5, 829-837.
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(volume, 0y and CO9) the respiratory quotient, and true oxygen, energy
cost and oxygen debt figures were derived from metabolic tables. These
procedures for metabolic calculations were taken from Metabolic Methods
by Consolazio, Johnson and Marek .4 y

The testing of the subjects, gas analysis and basic calculatioﬁs be-

fore grouping of figures consumed approximately three hours per subject.

Grouping and Analysis of Data

Upon completion of all tests and metabolic calculations, the data
was divided into two groupé, accdrding to ages, 8 to 10 and 11 to 12.
Group data was compared for differences in pulse rate, blood pressure and
metabolic variables due to age. After comparing data from these groups
and finding almost no differences it was decided to use the data as coming
from one homogeneous group. Graphs and charts. were constructed showing
the data obtained including energy coéf ratio, blood pressures, pulse
rates, oxygen and carbon dioxide content of expired air and respiratory
quotients.

A suggested test procedure for others to follow was outlined with
tentative norms based on minutes of work accomplished before cut-off
pulse rate was reached. The data, as shown by tables and graphs in the
summary were analyzed for supporting evidencé for validity of cut-off

points based on this data.

4Consolazi09 Johnson and Marek, Metabolic Methods (St. Louis, 1951).
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CHAPTER 1V

RESULTS

physical educators in the field to test endurance.

TABLE II

This study has attempted to establish a test that could be used by
Originally it was
decided the results of the test would be divided into two age groups.

The data in the following table reflects the closeness of the metabo-
Greoup I had those subjects ages

Group. IT had those subjects ages eleven, twelve

MEAN CUT=-0OFF POINTS OF TWO GROUPS TESTED

Data Taken Group: I Group IT
Systolic Blood
Pressure 116 mm . Hg 122 mm.Hg
Diastolic Blood
Pressure 68 mm.Hg 67 mm.Hg
Heart Rate per
15 gec. 45 46
Ventilation Rate
per minute 45 43
Oxygen Percentage
{Expired Air) 18.09% 17.23%
Carbon Dioxide
(Expired Air) 3.21% 3.35%

27
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On. the basis of the above evidence being so close it was decided to
treat all subjects as one group.

One of the sub-problems of this study was to find how long the sub-
jects would exercise before reaching their crest-load. The data. in
Figure | 3  shows that the largest number of students stepped for eight
minutes with the next highest number at seven and nine minutés_ These

scores agree highly with the metabolic calculations shown in Figures 4,

"5 and 6.
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- Figure 3.  Total Number of Subjects Crest~Loads for
for Bach Minute of Test
To assess the significance of the results shown in Figure 3 it was
necessary to compare these figures with other variables of the test.
These crest»lqéds by the minute were used in establishing test norms for
field~-test use.
The data that supported the crest-load being close to the eighth

minute of exercise is that of the calculations in Tables III, IV, and V.
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These tables and accompanying graphs indicate a crest-load between aerobic
and anaerobic work.,
Table III gives the test data for mean systolic blood pressure and

ventilation rate. Both of these variables had a breaking point of seven

minutes.
TABLE III
METABOLIC CALCULATIONS HAVING A BREAKING 'POINT
"OF SEVEN MINUTES
Minutes of Number of Systolic Blood Number of Mean
Exercise: Subjects Pressures mm.Hg Subjects Ventilation
Rates L/min
0-1 30 106 .866 8 33.5
1-2 30 111.133 11 32.3
2=3 30 114.733 25 33.28
3=4 30 118,466 10 33.4
4=5 30 121.133 25 37.16
5«6 29 121.758 13 36.30
6-7 29 123,448 26 40.11
7-8 27 120.258 19 42 .84
89 23 119.869 : 21 45.57
9-10 15 123,400 14 42 .42
10-11 6 122.333 6 46 .66

The above data is shown in graph form in Figure 4.
- Figure 5 shows a comparison graph of Dr. Balke's study using as sub-

jects adult males on a treadmill exercise test. As shown the systolic
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blood pressure rises steadily in almost a linear line. The adults systolic

blood pressure starts at a higher level than do the boys, but the rise is
at about the same speed.1

Figure 4 presents the group mean systolic blood pressures. This
graph pictures a rise in mean systolic blood pressure from the start of
the test-with the subjects having a low of 100.866 mmHg. at the end of one
minute of exercise. The subjects were stepping at a height of 4 inches.
The rise was terminated when the subjects mean systolic blood pressure
reached a high of 123.488 mm.Hg and dropped to 120.259 mm.Hg, This drop
as shown in the graph came after the seventh minute of exercise with the
subjects stepping at eleven inches on the stepper. Figure 4 also gives
a picture of the mean ventilation rate as experienced by the subjects
during exercise. Seventy per cent of the subjects had a rather high
ventilation rate to start with, due to high anxiety and some hyperventi-
lation derived from this new experience and laboratory environment.

The mean ventilation rate graph shows the rise in mean ventilation
rate starting at 33.5 L/min and reaching a breaking point of 45.57 L/min
before making a sharp rise. The first six to seven minutes of exercise
were well within the individuals aerobic working capacity as demonstrated
by the fact there was no decrease or leveling off of the mean ventilaticn
line.

The following table gives the data of mean oxygen percentage content

of expired air samples. There was a definite breaking point or leveling

1g. Balke, 'Modified Work Capacity Studies in Individuals with and
without Coronary Artery Disease," Journal of Sports Medicine, 16 (1964),
pP..208.
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off of these calculations at the eighth minute of exercise. This
particular calculation agreed with the highest number of subjects hitting
their crest loads at eight minutes of exercise. Table IV gives the mean

oxygen percentage of expired air.

TABLE 1V

GROUP MEANS OF OXYGEN PERCENTAGE
THROUGHOUT TEST

Minutes of Number of -Oxygen
Exercise Subjects Percentage

0-1 5 19.39
1-2 8 18.48
2-3 24 18.62
3=l 10 17.65
4=5 24 17.96
5«6 12 17.40
6-7 25 17.60
7-8 18 17 .40
8-9 20 17.52
9-10 14 17.55
10-11 6 17.66
11-12 0 0.00

The mean oxygen percentage started at a level of 19.39 per cent,
after one minute of exercise and steadily dropped to 17.40 per cent be-

fore leveling off. This change or level off occurred at the end of the
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eighth minute., This data will be shown graphically in Figure 6.
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Minutes of Exercise
Figure 6. Group Means of Oxygen Percentage
Throughout Test

The mean oxygen percentage started at a level of 19.39 per cent
after one minute of exercise and steadily dropped to 17.40 per cent be=-
fore leveling off. This has been. reflected in the graph above.

Another set of data that shows a brezking point at eight minutes is
carbon dioxide., Table V gives the mean data for this calculation.

In Figure 7 the mean carbon dioxide started at 2.19 per cent after
one minute of exercise and climbed to a height of 3.29 per cent where it
leveled off for the last three minutes of exercise.

There were several metabolic calculations that did not show any
actual change or breaking point. They included respiratery quotiemnt,
ventilation corrected, heart rate, diastolic blood pressure and Exercise

Metabolic Rate/Sitting Metabolic Rate ratio.
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TABLE V

GROUP  MEANS OF CARBON DIOXIDE PERCENTAGE
THROUGHOUT TEST

‘Minutes of Number of Carbon Dioxide
Exercise Subjects Percentage
0-1 5 2.19
1-2 8 2.59
2.3 24 2.51
3=4 9 3.03
45 25 2.88
5«6 12 3.28°
6-7 25 3.14
7-8 18 3.29
8-9 20 3.20
9-10 14 3.20
10-11 6 3.38

This data is shown in Figure 7.
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TALLE VI

Heart " Diastolic R

Minutes Number Ventilation Number Number Rates Number Blood Number IR

of of Corrected of Respiratory of per 15 of Pressure of SMR
Exercise Subjects L/min Subjects Quotient Subjects sec. Subjects mmn. Heg. Subjects Ratio
0-1 3 19.88 5 1,19 29 30.55 30 65,13 4 3.16
1-2 8 19.85 8 1.03 30 32.53 30 65.33 8 2,75
2-3 23 18,51 24 1,16 29 34.28 30 67.50 23 2.84
3-4 9 23.79 11 .96 30 36.07 30 67.60 9 4.15
45 23 22.96 25 1.11 29 38.03 30 67.50 22 3.95
5=-6 12 26.47 12 .93 29 39.21 29 68.10 11 4,73
6-7 24 27.57 25 1.08 28 41.43 29 68.06 24 5.29
7-8 19 31.72 17 1.01 27 42.41 27 67.44 17 6.40
8-9 19 30.53 20 .995 23 43.91 23 66.74 19 6.04
9-10 13 33.10 14 1.05 15 45.07 15 64.0 13 6.96
10-11 6 37.14 6 1,11 7 47.14 6 63.0 6 6.68

ON
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The mean respiratory quotient (R.Q.) started at a high of 1.19 and
slowly dropped to a level of 1.0l before leveling off for the next three
minutes. This resbiratory quotient is the ratio of carbon dioxide to
oXygen g%z. _Duriﬁg short duration exercise the R.Q. will have a tendency
to rise vwhen the exercise is prolonged or exhaustive, the R.Q. goes
steadily down, The only explanation that might be given for the type of
calculation dgriyed from this study. is that the subjects were hyper-
ventilated, thus causing spurious R.Q., resulting from over breathing.
The subjects R.Q.'s were high during the early part of the test but
dropped off after the exercise started (figure 7).

MeahAcorrected ventilation also leveled off after the eighth minute
7 of exercise, but again had a tendency to rise for the next two minutes
ﬁot showing aﬁy true ‘breaking point. This calculation started at a low
of 19.88 L/min and rose to 37.14 L/min before all subjects terminated
their éxercise.

The subjects mean heart rate started at 30,55 for a 15/sec. count
or 122,20 pulse rate per minute and climbed steadily terminating at a
mean of 180 pulse rate/min. Seven subjects were permitted to go approx-
imately 208 pulse rate/min to find if any oxygen debt was encountered
following thelgrest load of the chosen'180/min heart rate.

”As for tﬁe»mean diastolic blood pressure there was almost no change
throughout the exercise period.i The diastolic blood pressure started at
65.133 mmHg. and stayed close to this figure with a 67.50 mmHg. at its
highest level, where it leveled off for the remaining 3 minutes. The
subjects were at this time stepping at a height of eleven inches.

The last group of data in the table gives an expression of energy
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cost using a ratio of the work metabolic rate and the resting metabolic
rate. Work can be considered moderate when its cost is three times that

of the resting rate. When the metabolic rate increases eight times, it

is considered hard work, but can be maintained for eight hours. Reference

to this ratio may be found in Dr. Karpovich and Dr. Weiss writings con-

Work Metabolic Rate
Resting Metabolic Rate

convalescent patients.‘-2

The mean Eﬂ% ratio of the subjects in this study started at the end

cerning the Ratio, in prescribing exercises to

of two minutes of exercise at 2,75 and climbed to 6,96 at the end of ten
minutes. On the following page Figure 8 gives a graphic view of the data
shown in Table VI,

Means were calculated on all subjects at their observed cut-off
points for biood-pressure,'pulse rates, ventilation fate, carbon dioxide,
-oxygen and respiratory- quotients. The:following table shows the means at
the cut-off points for the totalrgroup.

TABLE VII

OBSERVED MEAN CREST LOAD POINT FOR THE TOTAL GROUP

Tests Given ' ' Means
Systolic Blood Pressure 123.00 mm. Hg.
Diastolic Blood Pressure 68 .00 mm.Hg.

. Pulse Rate 44«45 per 15 sec.
Ventilation Rate 45.57 per minute
Carbon Diexide Percentage ‘ 3.29 per cent
Oxygen Percentage 17.40 per cent

~2R. A. Weiss and P. V. Karpoyich,;"Energy Cost of Exercise for Con- .
‘valescents," Archivés of Physical Medicine, 28. (1947), p. 447.
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These data were called the observed cut-off points because they
reflected the points where a rise, level off, or drop occurred in:the
metabolic data. About seventy-five per cent of the crest load points
observed were the same as the crest loads used as cut~off points during
the testing. \

In the construction of the graphs in this chapter some éampies were
not drawn on the graphs, because of the small number of scores during
these minutes of exercise. Heart rate and blood pressure measurements
were taken every minute. Expired air samples were taken on the third,
fifth, seventh and every minute thereafter until termination of the ex-
ercise.

Some observations made before the actual exercise started, during
exercise, and during the recovery stage were these:

1. The subjects had a tendency to be very anxious and hyperventila-
ted evidently due to the environment in which they found themselves and
the interest and mystery of what was going to happen to them during the
test.

2. It was noticed that some of the boys had some problems in hitting
the step when nearing the crest-load time of the test. They seemed to
have a tendency to stumble or catch their toe on the end of the stepper.

3. At the end of exercise it was noticed that each boy was per-
spiring and those boys that went the shortest time had the highest quan-
tity of perspiration on their forehead.

Table VIII includes the mean scores for the VO;/ml/kg along with the

‘minutes of exercise and number of subjects that the calcﬁlafions include.

If exercise is moderate and uniform, the oxygen intake rises gradually



and then levels off and remains at this level for the duration of the
exercise. This figure has generally been accepted as being the most

valid reflection of endurance among all physiological variables.

TABLE VIII

MEAN OXYGEN INTAKES PER MINUTE

Height
of Step Minutes of Number of
(inches) Exercise Subjects V0, /ml ke
4 0-1 3 9.97
5 1-2 7 11.14
6 2-3 25 12.61
7 34 8 15.54
8 45 26 19.01
9 5-6 11 20.69
10 6-7 26 25.08
11 7-8 19 28.71
12 8-9 21 31.00
13 9-10 13 28.65
14 10-11 5 29.15

It was necessary to check the reliability of this test procedure.
A group of five randomly selected subjects were asked to return to the
laboratory after all tests had been given for the first time. At this
time only heart rates and blood pressure measurements were taken. The
resulting measurements were almost identical to those of the first test

indicating that this is a reliable test procedure. The following are the
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mean scores for those subjects during the first and second test.

TABLE  IX

CREST LOAD MEASUREMENTS FROM ORIGINAL TEST AND RETEST

Subjects Systolic Blood . Diastolic Blood Heart Rate

Tested Pressure Pressure

Test No. st 2nd lst 2nd lst _ 2nd
D.P. 115 115 69 69 43 41
AP, 131 131 69 69 39 39
B.C. 132 138 70 69 39 40
K.E. 115 117 68 69 42 42
R.M. 150 150 69 70 35 36

It is recommended that when this test is used in the field that
three basic pieces of equipment be used: the stepper, a stethoscope with
a modified five to six foot tube attached to the listening bell for free-
dom of movement, and a metronome for speed of step. An assistant may be
necessary to trigger the electric motor on the stepper. The instructor
after attaching the stethoscope to the chest by means of an athletic wrap
or tape, will read the heart rate while subject is stepping. He can also
record these heart rates while exercise is in progress. The subject
should be stopped when he reaches a heart rate of 45 beats for a fifteen
second count.

The table on the following page gives norms that have been calculated

with the data from the thirty subjects in the study.
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TABLE X

METABOLIC FUNCTIONAL CAPACITY STEP TEST NORMS
FOR BOYS 8-12 YEARS OF AGE

Minutes of Height Functional Capacity Estimated
. Exercise of Step Classification VOz/mlfkg
0 -3 4-6 inches Very Poor 12.61
4.=5 7-8 1inches Poor 19.01
6 - 7 9-10 inches Fair 25.08
8 -9 11-12 inches Good 31.00
10 - 11 13~14 inches Excellent 34,00
12 - Above 15-Above Superior 37.00

One addiﬁional way the heart rates might be recorded is by the use
of a small diaphragm microphone, attached to the subject's chest, connected
to a tape recorder. By this means the instructor might have a taped record
of the heart rate of the subject. To know when to terminate the test,
flashes of the electric eye found on many tape recorders could be counted
per minute to make sure the test remained subemaximal.

When aerobic resynthesis of energy stores cannot keep pace with
their utilization in skeletal muscle, energy needs are met for short
periods by anaerobic glycolysis and an oxygen debt is incurred. This
study was a sub-maximal test. Some of the subjects were permitted to go
a minute or two past the crest-load to find if they developed very much
oxygen debt., The oxygen debts incurred were minimgl. The range was from
.0324 .to 1.4495 liters with a mean of .6295 liters. Some of the readings

-were so low there was almost no oxygen debt.



CHAPTER V
CONCLUSIONS AND RECOMMENDATIONS

This study has produced data that will give the physical educator in
the field and the researcher in the laboratory additional information with
which to measure the metabolic functional capacity of upper elementary
boys. Chapter II (Review of Literature) pointed out a number of factors,
in some detail which have been thought of as having need for additional
research, With the metabolic data backing up the validation of this par-
ticular test it is assumed to be a valid test of endurance.

The writer. of this study has gained considerable insight in regard
to the need for such a test in the field of physical education. There
has been a need for a test with good physiological validity to measure
endurance., The test itself was very interesting to the subjects tested.
In fact this became somewhat of a problem during the testing procedure
in that the subjects became so interested in what was done around them,
they lost their concentration on the stepping height and cadence. This
was the reason for much of the hyperventilation some of the boys experi-
enced. With so much interest prevailing this test could be used as a
motivational device throughout the course of the school year.

Quotations raised earlier in this study expressed the need to have
a valid test of endurance as well as an inexpensive one. It may be in
the future that a stepper of the type used in this test would be mass pro-

duced, thus cutting down on the cost of the stepper. With some training
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in the use of a stethoscope and the taking of heart rates an instructor
in the field could test a different student on the average of every ten
minutes in class. With a total fitness testing program being followed
through, this test of endurance could be one facet of a circuit testing
program.

Figures 4, 5 and 6 show ample data that the crest-load for these
thirty subjects came within the seventh to ninth minute with the highest
percentage falling at the eighth minute. With the retest being so close
in relationship to the full testing procedures it is assumed that the
taking of heart rates would be all that would be necessary for giving this
test. The time element of how long it takes a subject to reach a heart
rate of 44 to 45 for fifteen seconds would be an indication of the sub=
jects metabolic functional capacity. Also the height of the step before
he reached the above heart rate would also be an indication of the bodies
ability to re-balance to resting metabolism after termination of the ex-
ercise. The variable here would be the time factor of return to resting
heart rate.

On. the basis of the data collected in this study the following con=
clusions were made:

1. This test offers a valid measure of functional metabolic capacity.

. 2. This test procedure is reliable.

3. As a field test, using length of time to reach cut-off point,
only pulse rates need to be monitered.-

4. A pulse rate of 180 beats per min (45/15 sec) is recommended as
the cut-off point for the age group of boys, 8-12,

5. There wasvery little oxygen debt incurred in performing this
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test. (Mean .6295 liters)
6. Mean energy cost at crest load was 6.4 times resting rate or

approximately 31 m,/02/kg body weight.
Recommendations

The following recommendations for using the Metabolic Functional
Capacity Step Test as an instrument for the testing of endurance in the
physical education classroom by an instructor of physical education can
be made as a result of this studyﬁ

1. It is necessary in most programs to have some type of screening
device to evaluate the students physical fitness. The recommendation is
made that this test be used for one facet of physical fitness, that of
endurance.

2. The test could be used as a motivational device for the students
to better their scores through physical conditioning by improving their
performance.

3. After testing the students the scores should be compared with
the table of norms to let the student know where he stands in comparison
with the above or below average scores.

4. By comparing the scores with those on the norm table the instruc-
tor can ascertain if the student needs additional work on this phase of
the total fitness program.

5. The student should be encouraged to better their individual
scores in competition with themselves rather than with other individuals
in the class.

6. This type of testing could be given at the beginning of a semester
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to determine the improvement in individual scores and to evaluate the

program. .
Recommendations for Further Study

The following recommendations for further investigations of the
Metabolic Functional Capacity Step Test as an imstrument of testing for
endurance in physical education are made as a result of this study:

1. a study should be made with more subjects taken by random sam-
pling for comparison with this study.

2. an investigation using the same procedures with two changes:

a. The step stay a certain height, maybe 12 inches, and b. the speed of
the metronome be changed every minute to speed up the subject as time is
"increased. Correlate both studies to see if a motorized stepper is
necessary.

3. a similar study should be made with all test being taken, but in
surroundings familiar to the subjects being tested. This may cut down
on high énxiety before test procedure begins.

4. an investigation identical iun nature but in another geographical
location to ascertain and compare standards of performance with the geo-
graphic location of this study.

5. a study using the same test should be made for girls of same
age and grade level. Norms should be made available.

6. an investigation should be made as to what relationship factors
such aé mental age, height, environment, eating habits, etc. have to do

with the metabolic functional capacity.
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7. wvalidity and norms should be established in more depth using this
test on high school age students.
8. correlate this study with another using a treadmill test that

has been validated for endurance testing.
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A TYPICAL CHROMATOGRAM OF A MIXTURE CONTAINING
' COZ’ 02 and N2

€02

Composite

Injection

When a mixture of gases is introduced into the chromatograph, it is
swept through the two chromatographic columns by a continucus flow of
helium carrier gas. All components of the gas:sample except carbon diox-
ide, are swept'qﬁickly through several separating columns. Each gas is
detected and recorded on a chromatogram. Each gas can then be identified
by its position on the chromatogfam, and its concentration determined

from the peak height. The composite peak is of no analytical significance,
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Subject Participating in Test



LABORATORY METABOLIC CALCULATION
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Subject: : Date:

Age: Somatotype No.: B.P. (mm. Hg.):
Height: Weight: 0.C. Temperature:

Surface Area: Correction factor by Harvard line chart:

A. Sitting (non-basal)
1. RQ = (from Harvard line chart)

2. Ventilation/min.= 5 pen (from Kymograph)s _ x 1.332=_______L./min,

3. True 02 x ventilation = -———T’éﬁ—-ﬂ L./min. of 02
Corrected 02- X = L./min. 02 - Intake

4. SM.R. = -———»35‘-11-5—*-"7"——@» = cal./Hr./Sq.m.

B. 02-Debt and Rate of 0,-Debt

1. First bag of recovery gas:
Ventilation/min.= mm {from Kymograph)x 1.332 = Liters/min.
True 02 x vent. ° |
-=--—-T%0-—- = _____Liters or _ L./min.

2. Second bag of recovery gas:
Ventilation/min.=_ __m (from Kymograph) x 1.332 = Liters/min,
True 0, x vent. o
-—-——-1%6-————- = Liters or L./min.

3. Third bag of recovery gas:

v Ventilation/min.= mn (from Kymogrqph) x 1.332 = Liters/min.
True 02 x vent. ° )
m_ﬁ’id,.__ = Liters or L./min.

4. Gross 0,-Debt = + : = Liters

5. Net 02-Debt = Gross - Sitting equivalent = - = _Liters




SAMPLE CALCULATION FOR FOR EXERCISE PHASES OF TEST
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Name Date
Exercise Speed Hefght
Time
1. RQ= (from Harvard 1ine chart)
2. Ventilation/min. = - mm = x1.32=_____ L./win.
ol i T e L./min.
3. Gross 0,-Intake = True 0, x ventilation = _T,@tl'ﬂ__ “ L./min.
4 EMR = —2X2"XE0 . Cal./Hr./Sq.m.
5. Intensity of Exercise = -’Sg!_L - Cal./Hr./Kg.
Exercise Speed Height
Time
1. RO = (from Harvard 1ine chart)
2. Ventilation/min. = mn = x 1,332 = L./min
WCOrr. factor x vent.
Corrected ventilation = X = L./min,
3. Gross O,-Intake = True 0, x ventflation = __'!%D__' = L./min.
4. EM.R = —22-X80 . Cal./Hr./Sq.m.
5. Intensity of Exercise = — X300 . Cal. /Hr./Kg.
Exercise Speed Height
Time
1. RQ= (from Harvard line chart)
2. Ventilation/min. = o mn = x 1.332 = L./min.
Corr. factor x vent.
Corrected ventilation = X = L./min.
3. Gross 0,-Intake = True 0, x ventilation = ——ypm— = L./min.
4 EMR = —22X00_. Cal./Hr./Sq.m.
5. Intensity of Exercise = —X300 = Cal./Hr./Kg.
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WORSA CaPAvliY Toofl :

Abdominal____ 5 Subscapulsr____ 7,8
¢ . e iTiveps Meagures _g

LJAital Lapacitys 190

R,

Name$ D, F, AiSt Py
S, 1,09 " C.F. 887 .

Aget _ Heights_ . wearght? 47 Iype Testﬁ__»_&.p_____ Dax 144 I'm

min. | Bag | Syst/ | Pulse | Vent | Vent | Vent, | Tidal | COnf 05 | BQ | True EdiR

Nro | Diast Kymo | Corr.,| BRate| V/L [2) S0k
&gt 368 19 93 : 13 . 2,52 {1931 1.k 1.7? fé : J
oa |1 9‘}571 1 30 136 16,08 | 28 |,57h3 j2.h {19.05/1.3 {1.85 gé-gééé }-5h6.

G2 .
12 /70 3
L 9150 33 lih f19.31 | o |.ske (2.7 f19.0 |1.5 [1.76 | 22803 { 4y
98/
2 1/3 i 6.5
0 16,5320 |
ys 13 70 38 220 25.99 { Lo | .6L98 12.61 18,5 |1.21| 2.30 |=pxiges-3.110!
S<b 70 : T

i) L2 228 26,94 | Lo }.6735 13.21 }16.9]1.6 | 2.97 |.220.183L]y.1
61 Jhs ' o

, 99/ hh
1=8 /70 :

5 19 15 200 23,63 | bk |.5370 [2.9 [17.7].86 ! 3.31 | 215.2568).06
8=9 /10 “oaipEe Jn069
210
10=11
11-12
1213
13=1
=15
15-16
16-17
15-18 v .

Co 120

oy y 18 160 18.%0 | 36. |.5250 {2.62{18. | .86 | 3
hoo/ | sz }

0u2 AO 8 |52 6.15 20 |.3075 |2.55 |18.24 .92 | 2.75

oe3 98/ 26 o6 6.62 124 1.2758 {2.45118,2) .86} 2.80
13 99,31 ’

O=ly_ 1 L 60, %.

Net O. ’

Debt 2 +2610

o




57

WOHRA CaPAcliY Tudl

Abdorinal __19 ?u.bscapular
Hto of Sten at Start: 4" Lempt_ ﬁ! Iriceps Measurel_ 2k

dar 3 ¥ital Capaclitys,

Named J. F. . ANT) it 33
agei__g  ieighti_ Ju gw __ weight:_10L ryge"'?e}&.sai_mii'_ S ¥ ol
min. | Bag | Syst/ | Pulse | Vent | Vent | Vent | Tidal | CO,| 0, | EQ | True | Edd

Spo | Diast Kymo | Corro| BRate| V/L Q2 1 SR |
Rest, 112/60 | 25 Il il 2011196 L1 A5
0=1 122468 17
1=2 130/70 38
2=3 p & 130/175 Ll 200 23,31 136 | 2. 682119.2 | 1. ¢cel1 55___%_3,13
3=l 2 li30/75 | U3 284 133,30 ihh 1,7523 13,9 118, 1 1.2512.77 20528 .59
s 18 luo/ms | us f272 13170 |uo 17928 l3.s5laz.8 | 1a7l3.m w: 5.0
5=b 6 _4130/75 | W5 128L 133,00 136 1,900k |3.6 7.8 11930 |27, 22
61 8 |125/70 | L6 0L 135.43 {36 {.98h2 |3.61[17.9 | 1,25} 2,87 . '!: A2
28 |9 |120/70 | ko |3k Juo.0p 48 [.8352 13.5 18 | 1.062.76 228 b
8<9
2:_1__0
10-11 NUSENE] ROSUO
dl=12 st e iete ba
12-13 . N
1314
A4=15
1216
i
O=1 10 1125/70 39 2 [ 32 27428 § 3,18118.6 1 1.82 2.10
0=2 11.11158/70 36 23:E.L\‘1L 36 27253 1 2,72121.2
Q=3 12 .1110/70 36 180 28
o=l
Dev 02 p3790
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WORA CaPAvliY Toeot
Abdorina f'aubacapu.lar L
Ht, of Step at Start:__)w lamps_ "riceps Measuret__ §

Bar Pr3_73 Vital Capacitys___ 119
N s ol "‘E wos
. m 3908 “—-ﬁ
ages__ 9 Heights_ L'10" weightt BT Type Test:Step Sext A X F____
min. | Bag | Syst/ | Pulse | Vent | vent | Vent | Tidal | COpf O, | BQ | True | EdR
Nr, | Diast ym. | Corr,| Rete V/L 0, | sk
106,
Sant ,é‘ g0 |53, losa |17 |.o086 k.3 [19.4 |1.5 [1.56 |22.29
g 110/ =4
P /75 | 51
1 11‘5’/ 22 l136 |15.66 | 28 |.5593 |2.65 |19.3 |1.7 [1.55 P6:88 2,55
2.3 -m L] - - - - . w .
34 méo 3
) 50,21
bl 2 /}g 36 16k 18.87 | 32 |.5897 [2.95 |18.7 | 1.L5| 1.10 | 55 |Li.OB
130
5e6 /}o 36 -
130 5,
6=7 3 /70 37 176 20.25 | 28 «.7232 (3.1 19.3 | 2.15] 1.Lk0 i 2.98
17-8 13%0 Lo 4
L e b3 |2u0 | 27.62 | 36 |.7672 (3.4 [18.2]1.33] 2.55 | 165:01 |7,
M ?D - . . - . - A -
su0 15 20/ {us om0 [3e.23] 36 [.6983 [3.5 [18.2[1.36] 255 [ 1928 Ja.q
139 158.30
Toat 251 o |268 [30.8u | 36. [.8567 [3.4 |18.5]1.55] 2,19 | 18X .10
11-12
12=13
13-1
=15
15=16
MEE 7 1"‘%5 3 1k 76,57 | 28 | .5918 |2.95] 21.2] 1.83 2.16
o2 |8 [P%, |26 fie8  fu.73 |28 |.s2a |2.6 |17.9] 179 1.9u
o3 |9 1% 26 |16 |13.35 |28 |.u768 {2.2 [18.L] 1.6] 1.80
1517 119,
o=l S | e
Net .788
oemo"’ 7889 |
i




Hto of Sten sl Starti v

Nm's-——-—-aﬁ—x.-n_um,__
Agel _ 9 Height: _g3dn aprght? 53 Tyue Tear:, Step ext d gy ¥

wutle LarAuis X Ten!

iam;xlu
¢ Afay

Aaan

Suhe 1.0

___~ubscapular g
cTiceps Meusured 3
32 dital capscdiys 130

59

mine

Bag;
hpo

Rest

Vent
| _Ba

14

Tidal
V/L

9,

20.2

0=1

2L

2780

20.2

L‘.m

2215

12.2

§E£i_1ﬁa
5.

3.35

el
o
-

N

8150

2‘2

18.8

<97

+7450

18.5

7.36

o<}

118.6

7.23

~ o M e e

46173

5.83

255306
f

e s

ol

2-05

19.4

ollili8

2,22

19-2

518 I8 |

J62ll

1.l

20,3

“Net 0,

Debt

L0L23




2nd Test

* WORK CAPACITY TuST

Subscapulax
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Hte of Step at Start: L » ;bdor:inal Iriceps Measure?

; Bar Prs Vital Capacitys

Namet A, P, v RGSs . 1GSs

Ages Heights__ . Weights Type Tests Sext ¥__F____

min, | Bag | Syst/ | Pulse | Vent | Vent | Vent | Tidal | CO,| 0, | BQ | Twue | R
Npo | Disst | Kymo | Corroj Bate] V/L 0o SHR

Rest, 112/63 | .28

Owl 107/67 | 33

12 125/68 | 3

2.3 127/69 36

3=k 129/70 1.3,

=5 13/70 | 38

56 136/10 | 11

6=7 1_-39/70 .h2

1=8 140/70 | L2

8=9 136/70 | U3

9=10 p35/70 | L

10-11 13/70 | k6

1112

12-13

131

=15

15816

16-17

R

0e1 L:33/68 .

0=2 1 30/66

0=3 126/62

0=l

i
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' ‘ Abvdominal 9 subscapuler_9
Hto of Step st Starte__ 4" lemps 22 Triceps Messures 7
‘ T Har Prs_ _oitel Gspscllys 138,
Name$ M, F, RRSH 35 ARS8 35
" SuA. 1429 c.F, 888 .
apes _ 9 Heights_ 4t 8" Wweights 932 ‘i‘ype ”fessa_‘ Sext iy Ko
min. | Sag | Syst/ | Pulse | Vent | Vent | Vent { Tidal | COpj 0p | G | True | EdR
Ny, | Diast Kymo ) Corr.l Batel V/L 02 SeiRk
BRest Joh/68t 29 28 18 1 2,951 18,71 1.L41_2.01
ol | 108/7 a8
’ 108,7L
1a2 I ao/70! Lo 1oash v 22,761 Lo | .3hko {2,971 18.6). 1,380 2,15 LG8 1 3.51
2=3 118/7¢0_ .39 '
3=l 2 1 11s/751 L 392 22,711 32 270971 3,025 18,4 1,24 2.ho 1 730,9 1,09
45 i 18,78) o }. 396 ; 23,189 36 1 .6uho}3.02] 19,31 2,050 1.k 1 3 .Z 2.53
) 166,140
=6 s 1 .110/801 L8 224 1 26,501 Lo |} 66251 3,3 | 18,11 1.21 2,70 _36?62 5.38
) 189.2
6=1 6.1.310/801 50 | 2l | 28,86} Lh | .65591 3,321 18, i 1.17 2,82 1730,95 | 6,11
1=8 '
8«9
J=10
10=11
11-12
12=13 -
13-,
=15
18-16
16-17
1718
Co
O=1 Zot 235,701 30 ) o4 )312.30) ok } .5125) 2.8 18.4 1.2 2.20
o2 1 8} 2o/mst 30 | 72 fese foh | .s0l2.3) 300 1.3 1.78
O3 9} 108/781. . 29 72 8,536 1 20 1 .1.258) 2,15] 1o,y 1,3F 1.6h
o=l ‘
Net O
Debt ~ |.1601
RO S - ., ¥
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WORS LabAclsl Tood

Abdoninal ___ 6 oubscapular
Hto of Step at Start:  L4m . femes .28 _ Iriceps 5’*-"3”5t
< ar "'"‘..-......7!1.1_._.; Jalk eapscatyd 110
Nam&, SI Ta "'"""....‘-,v_...._as..........";'s.....
S.A.  1.09 C.F. .882
Aged 9 Heights_ §33m  wamage__ 83 Type Tes':__ Stap Yext JX
min. | Zag | Syst/ | Pulse | Vent Vent | Vent | Tidal Slgl 0, By | True Bkt
lipo | Diagt Kymo | Corro| HRate] V/L [+2) Suft
Rest 98/68 1 2l £5 28 a‘L_lg__L} gg by 7e
0=l 110/60_| 32 |
1=2 11L/65 33
85,
2=3 1 135/70 1 .33 192 117,86 1Lo _ _LLh&s . 2.6.09.3 11.8111.73 g‘% 2.3]
3=4 115/70 1 3% | = N
TR 120.28 |
-5 12 |12/70 | 39 188 i22.l1 iul 1"5093 2,7..08.8 11.3711.98 . Be27
| 1.1
$=6 15 1110/70 i Lo 2oL 123,96 iu8 . _',0992 1 3 28,6 |1 !2.ah 13877  B.8k
158.26
6= 16 13120/70 1 Lk 204 j23.96. LB 1992 13,2 18,35} 1.31:2.00 .30
151.
1=8___17_ .J10/65 | L6 1208 _)le,x_wéd;.m._t,ism 3,1 08,5 1 1.36.2.25 . 17
190,40
B=9 8 ,.JL? 256 30.08 52 jéns 3,18 18.L5 ! 1.36!2.30 7 .18
2=10 i
10=11 o e i)
T
1112 “ o ey |
12-13 s
=15 W
15-16
16-17
E:o -
0=1 9 1120/65 | 26 108 [2.68 132  1.3962 {2.65[19.2 | 1.54 1.70
0-2_ |10 J110/65 | 26 |60 y.0b9 |28 12518 | 2.1 }19.6 | 1.4|1.50
0=3 11 }103/65 | 27 6l 28 1.5120.7
o=}
Net 4
Davt, 2 |05
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WORA CAPACLLY TabT
Abdosanal 10 Subscapular_ 9

Hts of Step at S’tar‘t{___y R Temps “2& o riceps Measures g
Bap #7350 Vita) Capacitys __ 130
Namﬁib_ B, He JABNE 50 [Py g
S.h. 1,27 C.F..B8%90

ages_10  Heights_ L' 8" Weights_ 87 Type Test: Step . vex: #X ¥

mine | Bag | Syst/ | Pulse | Vent | Vent | Vent | Tidal | 0O, 0, RQ | True EeR

Npo | Diast Kymo Corr, | BRste} V/L Qg Siik
Rest : JoL/68 18 60 20 22.419.0 1 1.6001.70
0= 105/65 1 29
1=2 110/75 130

52.65
2=3 1 1135/75 432 188 122,00 1 32 1,6966 5 2,95118.9 1 1.6502.,79. 1 20,27 12,60

3=l 125/70 1 38
, 108.425
L=5 2. _1125/70 37 220 26,08 | 36 7244 3,5 118,91 1,84 1.90 1 20,97 15,40
Sb 125/70 18
125,339
6= L $130/70 1 39 268 131,774l 1.7220 § 3.k1118.,01 1,21 2.80 .1 770,27 16.18
y ) 135/65 & 1
: 170,24k
89 5..1130/65 i LS 320 137,93 {96 1.,6773 | 3,01118.1¢ 1,31 2,65 T"é"‘so. 7180
, ; 182,220
=30 : 6 1129/65 | L9 332 139,36 152 1.7569 : 3. 7L 17,91 1.3f 2.85 | 20,27 18.99
10=11 ]

11l=12

12=13
13-14
1o
15:26 e
16-11 ‘

17=18
Recc

0=1 7 t215/75 1 22 |88 (1043 |28 [.7911 ; 3.1118,1] 1.1p 2,78

0=2 9 i110/70 | 19 68 16.12 118 §.8956 § 3.1118.3] 1.13 2.50

O3 10 ! 110/70 § 20 76 9,0 16 1.5625 i 2,85 18,4! 1,18 2.L2
Osly )

Net 0, {382
Debt
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WORK CAPACILLY TuST

Abdominal 5§ Subscapular,
Hto of Step at Starts__ L4* Temp: 1 riceps Measures
4 Bar Pri Vital Capacity:_ 120
Name$ B. I. RGS3 L3S
Sl 1.1" G.F. - 3

agei__ 10 Heights L' 5" Weightt__73 1bs. Type Test: Step Sext 4X_ F

min. | Bag | Syst/ | Pulse | Vent | Vent | Vent | Tidal | COp O, | BQ | True | EMR

Nro | Disst Kyw. | Corro| Ratel V/L O | SeR |
Reat, |  195/65 | 68 | 19 27 1.65 | 19.9 | 1,15 1.35
O=1 95/65 2l
12 105/60 | 28 .
2-3 |2 |uo/ko | 32 n2 13.17 | 2L 54881 1,65 | 1919 ] 1.15] 1.35 %T‘_nm
2 = 99.50
b5 13 l12/60 | 32 128 21,63 L | .4916|2.83119, | 1,62] 1,75 (82,2 |1.60
56 139/60 | 31 -
6= 14 120/65 | 39 |20k 27,17 | 4o 26792|2,85 | 18,08 1,22| 2. 2k 2,33
7-8 15 |130/65 § 39 204 123,99 ko | 5 117,81 1,15| 3.0L | S 3.08
B=9 |6 112/65 | Ly |260 .58 | 52 | .588 (18, | 1,03] 2,87 32t 3.71
9-10 |7 l1/60 | 46 1272 | :.991 52 | .6152 |2.92118.1] 1.03] 2.80 . 3.79
10-11
11-12
12-13 "
L334
=15
15=16
16-17
T=18
o |8 Insseo |20 luo  lieaz | 32 | .swrf2.3619.0 [1.0] 1.8
o=2 |9 Ino/6s | 28 & 9,41 | 16 | ,5861 2,13 19.2|1.17| 1.8
03 110 {120/65 | 28 |10  116.47 | 2k oéﬂﬁi 1.89| 19.9/1.4 | 1.20
o=l
g:lt;toa «039%
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WORK CAPACLYY TiST .

. Abdominal 9 _ _Subscapular,
Ht. of Step at Starts_ L Tenpt 23 Iriceps Measuret
Bar Pri Em Vital Capacitys_ 3186
Name? Re W, . "~ RGS:2 . 0 14Ss 37

. Sehe Fy o
Ages___10  Heighti_ __ L' " wWeight:__72 ‘fypel’rlg‘atx Step _° FBexB:BZML F

min. | Bag | Syst/ | Pulse | Vent | Vent | Vent, | Tidal | CO, 0, | BQ | True | EMR

Npo | Disst Kymo | Corro]l Rats] V/L 1 02 SiR
Rest ol/62 1 17 152 | 0870 | 16 {.0054 }2.85 18,8 | 1.5} 1.95
. 121421
01 90/60 | 26 2.7 |18.7]1.29] 2,10 | 73§ |5.29'
1=2 98/65 | 30
2.3 1 | 105/75 | 30 160 | 18.80 } 32 | .5875 |2.9 §18.h} 1.17] 2.L5 2,89 ]7.99
110/75 § 31
bs | 2 |usmol s | ws |ra3s | | 3950 3.2 1.3 77 | ko | TE5B50 {13,
5ub "115/70 | 37
67 115/70 | 39
1=8 105/70 { 39
302 ¢ 1O

"y

pritery L4
9s10 | 7 | 105/65§ Lo 220 | 25.8k | L4 | .5873 12.81] 18.6] 1.29f 2.19 -EE'.§'9' 6.50

1011

11-12
d2=13

=15
1516
16-11
17-18
Co

o2 |8 laos709l 22 60 17.0u9 | 20 | 352 2.51) 18.5] 1.0 2.0
02 1o l310/765l 20 |68 17.980 | 32 | .2u961 2.1 | 18.2] .85] 2.80

——

Debt

0=3 10 § io8/65 | 319 60 7.0 | 20 1} ,352hk] 2.5 | 18.8] 1,29 2,0
Ol :
Net Oy 1.4495




66

WORK GAPACITY TiST :
' ) “Abdominal__10 Subscapular, 9

Ht. of Step at Starts U® Temps 20 ITriceps Msasures _ 9
Bar Prt Vital Capacity: 110
Bame? D. D. : RGSs___~ %:i 1GSs _ Io
. ) SA 1. C.JF. o897
ipes_10 Hoights_L18" Weaghts 129 lbs. Type Test:_Step Sex: M X F

min. | Bag | Syst/ | Pulse | Vent Vent | Vent; | Tidal | CO,f 0, EQ | Tiue R

Nr. | Diast Kym, | Corr.| Rata} V/L 0 SHR
Rest, /68 | 26 1188 19.96 1.95 | 18,6 | .81 | 2.0
0=l 110/68 | 3 36,
2 18/70 | 38

2a3 2 Ji22/10 | Lo} 188 20,07 | ko | o5018]2.35 } 18.2 | .83 | 2.8 -11%-3-3%7-1,0h
3eb, 12L/70 4 43 : .
ks 13 hooso [us o8 lones | | agele.s |a7esl.oo |30 | E89rt.a
s=6 | 1 ' ‘ .

£-1
1=8
8=9
9=10

10=11

11=12

2=13
13-1h

1516
16-17
1718
ol lu busme | lss  lwas 28 | .3r5ed2.6 117,7] (76] 3.38
02 132/68. | 33 88 30,5151 28 23789 2,691 17,61 ;761 3,50
0=3 6 112h/68 1 31 &0 9,169 1 2L 2382012,191 17,8] .75} 3,29
O=ly |

Net
Debt°2 79787

23
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WORA CAPACILLY TuST

Abdomina Subscapular, 9
Hto of at Start:_ )n Tempi ps Measure! g
e Bar 23 ?g Vital Capﬁnit.yl 130
Name? B. H. RGS3 LGSs o
e SA-1. CF. 8%

Age__10 Heightl_hsﬁs Weight? 3519'5 Type Testi__Step Bext 4 F____
180

min. | Bag | Syst/ | Pulse | Vent | Vent | Vent, | Tidal | COp| O, | BQ | True | EMR

= Kmo | Corro| Ratel V/L o3 | sar
Rest Ve |18 e 20 2.9 |19.01.69] 1.70
105,
O=1_ )5{5 29
110
=2 /15 | X
2.3 |1 115?5 32 188 22.29 | 32 | .6966 |2.95]|18.9| 1.65] 1.79 | 52:6 2.0
A ol
=4 70 _
bes |2 12% 37 220 26.08 | 36. |.72uk [3.5 {18.7]1.88| 1.%0 108,12 5.0
125/ 38
2=5 1/?o
67 b [ 30 le6s [snm|w [.re20 [500 |18.0] 1.22] 2.00 [5259 |62
135/ i
1-8 /65 |
so 15 [P%s [ 45 |30 |31.93| s |.6773 [0 |18 | 1.:) 2e68 | BT |ouio
oo |6 [P%s |49 332 [39.36 | s2 |.7s69 [, 17,9 13 | 2,68 Fgise fo.os
10-11
1112
12-13
=15
7=18
o I P 2 B fwas |28 | |30 f18a]1.2 2.5

oz P % 19 pss sz 18 |.eese [ [18.3]1.13] 2.5

o3 po P9 Jo  ps oo Jae [.sees |o.65]18.4] 1,29 202

Net,
Dtabt.{:'2
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WOlh CAPAULLY Tawl
A dosnal_ 13 Jubscapular__.]] —

. Iriceps Measure® 10
“wl Gapacitye . 16l
4. 7 TS o )E

SOA. 101[2 C.F‘. 0883
apes_ 11  Heights_ gv qm  weaghts_ 10k, . Type Testi__ __ Stap. . “ext o X ¥ _

Hto of Step ab Starts_ W"

Name$ SeBs..

mine | -Bag | Syst/ | Pulse | Vent | Vent | Vent | Tidal | CO,1 0, BQ | True | EWMR

Apo | Diast Kvmo | Corro| Ratej V/L [0 Sl
Best 101/69 1. 2L 8l 21709 1 17 1.,0100 1 3.61118,8 | 2,1 13,73 136,32
0=1 108/75 | 27
1=2 130/75.1..33
2=3 1 1110470 1 3l 168 119,76 0 2l | 1.8233 | 3,26118.6 ) 1,771.2,00 %%12 2,31
3=l 5/70.1,. .35
45 2 j120,70 | 136 3,28/17,7.1 1.003.21 136,11
5=b 120/70 ;. .38 | .
67 Lo i10/701 b2 1 oey 1330 |36 10278 ! 3.3 |a7.60 .99} 3.30 2 Joas
: 245,80 |
1=8 o 1110470 i Lk 28k 33.40 132 11.0438} 3.55117. | 1.0} 3.5L 2—225‘% 6.92
89 6 J1i0/70 1 16 292 134,33 [ Lo 1.8582 j 3.6 117,21 .95} 3,76 | T36. 1L |7.55
7=10
10-11 i
11=12
12-13 )
13=1}
=15
15-16
16-11
17=18 _
o1 1z lnosm | 2z daon liees tou Lisose | 2.0 laeuod 1.0l 2085
0=2 8 taog/s bo27 12hda.58 t2h . 1.6075 0 2.9118 o2l 2,98
0=3 9 1102/75 | 28 14,8 117,40 {24 ].7250 | 2.65 18,6 1.1f 2.22
Q=
Net 0,

Debt = {6523
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WOHA CaPACLLY Toot
Abdoriinal__ )i 8 Jubscapular

Bt e e et T
Name$ D. P. qisa 35 wiss
apes 11 Heightsh'6®  weight®_67 lbs, &Typ}e.]%asu Step i -‘»;xazhﬂ_x_ Foees o
min. | Bag | Syst/ | Pulse | Vent | Vent | Vent, | Tidal | CO5| O, | RQ | True EdiR
Npo | Diast ymo | Copro| Rate| V/L 0p | sag |
Rest | 1 p8/68 | 20 |53 10,48 | 33 | .00 1]19.3 | 2459(3.7 |27.58
o= | 2 Eﬁ;ss % || :
22 | 3 hiofo | 38 1132 [15.37 | 28 | .5uB9{2.5 [19.3 ) 1.60]1,55 [ZT.58 3.72
2-3 L Nn12/70 | 39 .
3l us/o | W |ie 19,09 | 2 | .5966]3.0 [18.6 | 1.3d 2.15 %m
u=s_| 5 f22/10 | U3
5.6 | 6 heomo | b3 |16 |18,16 | 36 | .soll|3.45 |18.0 | 1.2d 2. 258183
62 | 7 h2omo | k8  fobo 27,94 | ko | 69851340 [18.2 | 1,31 2. 38479
78 | 8 j18/o {uhy |20 (2.0 | ko | 61500332 |18.2 |1.28] 2,55 [FTEE q.9m
8=9
710
10-11
11=12
12-13
A3=1l
I3
15-16
16-17
EOE b4 128/63 29 T2 8.382 | 20 A419112,5 |19,0] 1. {1,680
0-2 |10 [110/68 | 27 68 7.916 | 20 39581243 |19.4| 1.45) 1.60
0=3 |m loh/e8 |22 |s2 6.0536[20 | .3027
o=l
Net 0,
Dbt * | ! | ! 2




2nd Test

WORK CAPACITY T&ST

70

De_bt \

Et. of Step at Starts_ U" ﬁg;?iml gﬁi:gﬂﬂ-::eurec
Nama b. P. gggsl’rl ‘Il‘:\dg?l Capacity?
Ages Heights_________ Weights Type Tastt Sexs #__F
min. | Bag Syat/_ Pulse Vent | Vent | Vent | Tidel | COpf O, | BQ | True | EMR
Npo | Diast. Xymo | Covre| Rate| V/L 0, | SMR |

Rest: /61 |19
o 105/68 | 35

T2 109/70 | 38

2.3 113/70 | 39

30 n19/70 | L2

Les 123/70 | b2

Sab 122/70 | L3

61 ns/o | 17

7.8 117/70 | L8

8«9

9=10

10=11

11=12

12213

FEET)

pINSL]

_]j:lé

16-17

17-=18

Eﬁ“ “has/ee.

Om2 Ul3/67 ]

0=3 108/66

o=b

Net
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WORK CAPACITY TEST

: : Abdominal,__3, Subscapuhr_E____T__

Ht.. of Step at Start:_ Ji* gﬁ?;ﬂ‘ gﬁ.:gpgagz:i:ﬁt
oot o & a2
Lget )] Heights 523% . Welghts 56 1bs., _ Type Tests_Step Sext ¥__F__
min. | Bag | Syst/ | Pulse | Vent | Vent | Vent | Tidal | CO5| 0, | BRQ | True | BIR

Mpo | Diash | | Xym. | Corr.] Ravel W/ op | SR
Best ) YA 2 R 3% 2,2 18,6 | .92 f2.34 | 92,68
0ol 200/% {. 2 %
1=2 lico/so | 29 | 100

223 11 lossso {20 Jme |a3sof 28 | .usselaies|a8.s) .65 | 256 | 92,68 Yoo

3l o/ | o jire . S——
ks |2 lwo5/50 | 0 }1ge | 18,751 36 | .5209|2.3 |17.5] 6 | 3.7h o7 o816

56 . 105/95 | 33 192 _ —

67 |5 l1os/ss | 36 {200 123l 36 | .6512/2.65{17.1] .62 | k.15 % 2,49
' ’ 236,578

=8 16 1los/ss | 36 192 22,50 1 L 2,754 17, | o6k | L.2l 32‘25’__,2,55

1,18
B |7 loss | % oo Imeslse | .seodosslaral 0l nao |8 o
910 v

0-11

11-12

12-13

=15
15=16
16-17
1718
Co ) .
Os1 90/59
0=2 8a/50...
0=3 85/58

Ol

108 | 28 12,68 2,15 17.9 55| 3.76

2k 11,24 1,850 13.8 .55] 3.1
F.gs 2 12.6% 1.6 | 19.] .75] 2.05

ﬂ:"a’ 3 B

Net 02
Debt
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wona wabAuis d Tool
AL

....... et 5 8
abdoninal T _rubscupular_ 5

Ht, of Stern gl Stoarts n temg b ......“ 5 i AR s rey 5
to Cf ! B S 3 ;:. R 6‘9—5 G, . %t P
Name ¢ B Baas . o 03 COMRRES || AR L S, et e S
Seh. 1.22 C.F, 861
AEG’-—-B—-—-—— Height,in_h_'“u_. .ﬁ.;l,s': t '..-..gﬂi.._._.., Typ* laat _snn i Ay k ‘:‘_;.... !"_‘_'_
min. | Bag | Syst/ | Pulse | Vent } Vent, | Vent, | Tidal | Oupi U, | R [ True | it
Hrs Dﬁ&g} ;KE:. CO!Z.‘. ____Hﬂl- V/I. On Sedl
Rest, log/égl 108 | 85 o2l 20 1 .008) 2,08 019,20 1.L61 1,70
0=1 110/65| 31
i=2 115/ 34 -
61l
2=3 1 _1120/65i 135 136 | 15,601 28 1 .5571 12,1 1 19..9 1,351 1.60 2'6'%6 2.32
34 120/65 ) 36 i L by
| 127.1
L=5 2 | 120/651 Lo 16 ! 21,84 | 28 +7800 ;2,6 ! 18,21 .93 ! 2.7% "!3:1% L.83

5<6 125/65 | 39 ; i
- f _ 101,53
6=1 L t1esf6s| 53 | 100 !13.321 36 | .3700 |3,05 ;17.L5. 483 3460 "23‘!68 -1 3.85
i 287.61
7-8 | 5 luo/sy 2 | 272 {3139 ) 52 | .5998 13,5 117.2) .91 13-80 26,36 J0.91
8-9 | 6 |115/65] L3 | 256 L8

3.5 17,24 91 | 3,75 [ P& 182
|

. OINE DU 100 |

S

c 1)
0=1 2.1 0o/t 33 92 10,
0=2 8 Jlaios/701 28 76 8,71
0=3 9. 1105/70 1 31 72 8,26

o392 12,351 18,5) ,971 2.L0 5
23629 11.85119, | 981 1,09
| o3uk2 11,851 19, 1 91l 2.

B




Hto of Step at Starts_ L "

WORA CAPACLLY Tedl

Abdominal, & Subscapular, [

Triceps Measures__ 11

lemps %

73

Bar Prs Vital Gapacitys 130
Name?! JoDy ]uSe 18 4iSs 23

Sehe 1,24 C.F. .915
Agel__ 11 Heightt_ __ )1 gn Weightd__gg Tests 7T 5 S AN
mine ::f _m Pulse ;’;;: :Ttm_ Vent, T%:l’il Cop| 0, | BQ T&u ﬁ_
Regt fo/ssd 37 126 30 221203 laasla85 13,89
0= 115/65 | 28 3% 1,25 120.81.8% | .70
2 | 1 |10/65] 30 Uy | 2705 | b |.3986 1.8 121,295 | .87 . 1.17
2=3 130/65 | 33 Ll 2,25 139,412,351 .70
34 2_1130/65 | 33 196 | 23.89 | 36 |.6636 12,35 119,311 2.3ul .78 %i'.é 1.37
L=5 135/ 60 36 L0 2.3 l10.112,381 .73
56 | 3 |135/60 | ko 308 | 37.54 | 2u.2 562 1.7 {104 ] ,o7] .89 I 2.29
6-7 135/65 | 38 36 2.7 118,813, | .98 .
78 1 4 J13s/65 | 1 | 256 |31.20 | ko |.7800 |2.65 |18.4 ] 1.6 | e oo
85 woses | 18 | 276 |33.6n [ uo |.8ut0 |26 {18 | 1.05] 2,50 2k louis
3210 wo/ss | 48| 268 |35.10 | 32 h.o96o 1289 |18, | 1,03 250 [5EBE  leurs
10-11
Al=12 —
12-13
A3=24
=15
15-16
16-17
o=l
0=2.
0=3
o=l
Dy 2
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WORS CniAuls ! Toass

Bto of Step at Starts LY

s g, T

Name P, J,

S.A. 1,08 c F._.89o
ages 1) Heights LY 810 weights 56 Type Tests _Step ___ oexe X F__

min. | Bag | Syst/ | Pulse | Vent | Vent | Vent, | Tidal | CUp{ O, RQ | True EiR

. Npe | Diast Kymo |} Gorro| Rate| V/L 0y SRt
Rest, 100460 1 .. 18 b6 23 2,685 117.3.0..47..1.3.90
0=1 106/66 1 32
1=2 108/70 32

195,39
2=3 1_1116/701 _3h W8 | 27,54 | 32§ 548 12,6 117,24 .6k | 1,01 [T 8L.75 12,30,
120/70

2 ~ . 220,50

L5 2_l222/101 36 12y V70§ 32 ook 12.51116,19 Lk 1§ 5.0 ITBhL.5  |2.60
5eb 12/70 ] 37 :
62 1 3 laog/zol 13 | 356 tasol 36 | .5136 |2.8 116,91 .63 | .35 [TBL75  [2.6
1=8 128/69 1 hb
89 Y 1132/704 W6 | 176 120,86 % 4O | 5215 13, 117, | 071 Lo16 | BL.TE (2.8
=10 5 1 1e8/701 7 178 121,30} L2 {502k {3,081 16,72 .87 | L¢32 |"BL75 | 2.98
o :

1l=12
13=14

15=26
16-11
T R
0=1 6.1 120/684§ 3k 16 1io.bh i 32 f ,60751 2.75) 17.8 .85 3.21
0=2 7.1 116/68 28 | aoh |312.33] 28 | o) 2.48] 17 .es| 3.80

0=3 .4.200/67) 28 § 128 115,17} 2h | .6321

Debt, »182B
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Abdomina ;ubuapnhr 20

Ht. of Step at Start Lemps riceps Meusurel_22

e : bt B::p 3 Vital Capacity’_3)gn
Name$ JWoe RiSs_ “ee WS ge

56.8 84 1. CP, .879 i

ages_1] Heights_ g Weightt_129 pe Test:Step Sext A X F____
mine | Bag Syst/ | Pulse | Vent | Vent | Vent, | Tidal COp| Op | RY | True | EMR

fip, | Dias Kyme | Corr.| Rate] V/L 021 SdR
Regt 21 111 |.Lu88s | 24 |.0204 f2.71 f17.L | .7 |3.76
0= 2l
22 n |60 |08 | 32 |[.6588 [3.1 [16.45].63 [L.85 [202eTI. 4 099
223 | 3 '
R 38 |28 2670 | 32 .83 [3.25 |16 | .6 [s5.37 |282:92 4 5
Lss o | © 2N
£ £ b2 256 |29.97 10 |.mus2 3.5 1s.85.62 | sm |3R Lo
a7 b [ |ws fare fzem fw [ 55 |6 |65 |52 [332:26 slne
e % w6 [n6 [s1.00 |56 |.ee0r [3.25 [16.6] .69 [u.e2 [ 330238 3husa,
B=9
2=10
10-11
12-13
=15
215-16
16-17
9%1‘ 6 12%»1 |2 |24.82 |36 |.689k |2.65 [17.4]| .7 | 3.76
o2 1 P |29 |6 |ob.29 36 |.7025
gy o ot 25  he8  [ik.99 |24 |.62L6 |2.2 |17.6d .61 | 3.5

Y il
o=l 822
Het !
Dert ? e
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WORK CAPACILY TuST

Abdominal 8 Subscapular; _
Hto of Step at Starts )" Temps 23 Triceps Measures

Bar Prs___ 738 Vital Capacitys 136
‘Name$ E, Ry ROt 10 LaSs___ 3

SQ‘. TQ?O COFl .877

ages 11 Heights____Ji 7’n Weightt_ 72 . Type Testi__Siap Sext My _F

min. | Bag | Syst/ | Pulse | Vent Vent | Vent, | Tidal | COp| O, BQ | True EHMR

Nro | Disat Kymo. | Corr.| Rata] V/L 02 SR
Rest _} 90/65 1 20 68 1 ,2500] 17 | .0148 §2.7 }17.89 .85 | 3,16
0«1 _90/70 4 30
1=2 ~_1300/70] 33
115,50

243 1 {100/70{ 33 156 | 18.22 | 28 6507 12.3 {18,b1 .9 | 2,56 | B2.75 }1.86
3ol 100/70 | 33
L=5 2 | w0/701 36 152 | 20,25 ] 24 | .8438 2.6 | 17.6] W7k § 3.50 | 62,75 |2.ub
26 105/70 | Lo .
ecle
67 3 }05/701 Lo 200 | 23.36| 20 1.1680 }2.55] 17.4] .66 | 3.80 'ET%T 3.54
N 2 . .
7-8 b ] 105/70§ L2 260 | 30,37 { 28 [1,0846 }2.69)17.4} .71} 3.75 'g%y_ LSk
<bF .00
8=9 5 ] 100/ 79 b5 26, | 30.84} LO «7720 1 3.1 | 17.5] .88 | 3,50 ’3?‘7? k.30

'9=10

10=-11

112

o1 | 6 | 10/65 ]| 28 16 |3.27 | 28 | .1168]2.78) 17.9 .9 | 3.08

O=2 7 96/65 | 25 112 | 3.27 | 28 211681 2.4 } 18.6 1.04 2.30
o3 |9 | so/esi2s |16 281 |2k | 1171 1.95] 19, 1.0] .95
o=k
Net




77

Abdomina Subscapular__ 7
Ht. of Step at Starts__)n g:?t 1&1”%::::;:‘
Name! R He RGS3
13,2 & L0 oF .57

Aged__ 1] Heights J'7n  wWeaghti__73 Type Teats Step Sexs HX_F____
min. | Bag | Syst/ | Pulse | Vent | Vent | Vent | Tidal | COp| O, | EQ [ True | EHR

by, | Dlast Ko | Corr.| Rete| VL 0 | s
Regt %% | % |uo 38 2.2 |20.5]2.2 | .70
Gt e ENEREEIE 1.80 [ 10.9]12.35] 130 .0l
12 1112/{0 33 |12 | 20.02| 36 2.7 |18.9]1.10] 1.86 b. 266
o O | 35 228 |26 | i 2.8 |17.6] .81 | 3.1 B.033
3= 22?75 39 91 | 3.27
L5 o |13 oo |onou]| s 3.0 |17.7] .84 | 3.1 | 5ESE B
56 o |
ar o b o~ dl5 . T2, | o0.01].5 2.52|17.6] .83 [ 3.5 | 25447 e
i :?0/}0 R EEIE 312 |17.6| .o | 3.3 %?%ﬁé_
Bed /70 50 292 33.99 | 52 3.12 [16.6] .91 | 3.39 | 3gog- §.959
10
10-11
n-12
12-13
13=1
=15
13=16
1617
o1 11%0 1 e 28 2.8 | 182 1.09] 2.70
o w R A 2l 1. |15 .85 | 1.85
0= oL 25 |6 2L 1.62 [19.8] .9 | 1.85
o=l
Dera 2




WORR CAPACILY TuST

Abdominal,___ 13 Subscapular

i1

78

Ht, of Step at Starts__ _Li* Temps___- 2} .. Triceps Measuret _10___
re © e @ Bar Prs 'g!'36 Vital Capacitys__ 16k .
Nume$ S. B, RIS3 TS 15
47.3 Sa- 1.52 CF- .883 '
Apes__11  Heights_ stan  weighte 30k .. Tyce Tests_Step . Sex: 84X F__
min. | Bag | Syst/ | Pulse | Vent Vent | Vent | Tidal Cdz 0 RQ | True EiR
Ny, Di}:_st Lmo | Cowrosi Ratel V/L 02 Suilt
' — {10k
Rest /69 2k 8L .709 17 .0100 }3.61{18.8{2.1 |1.73 | 36,11
108/ 27
0=1, /}5
110/
1=2 /}5 - v
110 83,19 .
223 1 /70 al 168 19,76 2k .8233 13,56 18.61 1,77 2.00 =7 2.31
3=l 126;,’0 ,
Lt 2 /70 36 3.28 17,7} 1.01} 3.21 T
120/ 38
56 /}0 ,
120 232,86
67 L /_? L2 28k 33.140»”_“3_6. .9_278 3;3 17.6Y4 .99 | 3.30 T 1645
7.8 |5 /}o L 28l 33.40 { 32 1.0538 3.55117.L] 1.0 | 3.58 | s222= |6.92
110 272.70
829 6 /70 L6 292 3b.33 ¢ Lo | .8582 13.6 117.2] .95 § 3.76 | Z=== |7.55
9=10
10=11
1132
12-13
D 13=1k
=15
15516
16-17
17=18 : v
Co 110
0ol 7‘ /}5 27 104 12,23 | 2k .5096 2.9 18,051 1.0] 2.8
: 100,
o |8 O 27 12l 14.58 ?h, 6075 §2.9 |18 | .92} 2.95
oy |9 1%, fe8 s o fau 7250 [e.es]18i6] 117 2022
13/ 71439 110,69
ol s W
.Net O
Debt 2 '-65 23



RECORDING FORM

WORA CAPACLTY TxST

79

Abdominal ___9  Subscapular, 1

Ht, of S t Starts )" Tempt Triceps Measures
ol : a::p 3 ital Capacity:__ 126
Names$ e RGS: 3§ 1653
L0, SA- 1.2} cf- .875
Age:___11%  Heights _ J16" Weight:_____ B89  Type Tests Sex: MY F__
min, | Bag | Syst/ | Pulse | Vent | Vent | Vent; | Tidal | CO,| O, | BQ | True | ENR
Np. | Diagt Kymo | Corro| Rate] V/L 02 | SHR
92/ 18 126 |.117h | 24 {.ook9 2.k |19.k| 1.5 | 1.59
Rest, /&8
%0/ 27
0=1 /65
%0/ 0
1=2 [60
a4 9%; 32 |k 16.78 | 32 |.s2uk [2.6 |18.u] 1.65] 1.55 | 22X sy
3l 0 |
70
100/ B2.90
4es 2 Vec 33 196 |22.85 Lo .5712 2.9 | 18.6] 1.31| 2.18 310 2.9
100/ 3
- VA 13L.61
100/ 2 : 5
67 L e 39 308 35.90 | 52 690k | 3.2 | 18.4] 1.35] 2.3L LA L.7L
95/ L1
71=8 /6‘;’ e
101 .
89 4 /35 L3 256 26.8L 52 .5738 | 3.3 | 18.6| 1.58] 2.06 ?0.02 3.05
105 .
9-10 6 é,f}s Lk 276 36,76 | 52 3.15{ 18.7] 1.6 | 1.97 10;53 2,46
10 H
1l=12
12=13
=1
AUy=15
15-16
16-17
'Ea:.,& 957
&j 9 760 26 18L P1.L5 52 4125 2.9 | 18.9] 1.54 1.8
100/
w2 10 95/60 25 164 19.11 | b li3u3] 2.5 | 19.3] 1.59 1.60
1 /60 P
LWE&? LA
o=l 8,53
Dowt 2 0321




HEto of Step at Starts___jn

WORS CaPACLlyY TwbST

Abdominal__9

Temps

‘ i iz vt s

80

__Jubscapular___ 7

Iriceps Measures

Bar Pes . _4ital Gapacitys 12
Name$  J. T. RS 38 4iSe Lo
S.A. 1.2 c.F. .875
Apet 1} Heights  )o gn  weighte_g89 . Type Tests__Step .. . Sext sX F__
min. | Sag | Syst/ | Pulse | Vent Vent | Vent, | Tidal | COp¢ 0, BRQ | True EiR
lpo | Diast Kymo | Corro| Rate] V/L ' o)) SR
Rest 92/6B. 1. 18 326 1.3 7h 42k l.ooho L2 ido.h b 1.8 11,59
0=1 . 00/6s 127
12 90/60.L 30
i , 2h.36
2=3 1 95 /65, 32 2 16,78 5.32 Gobl 2,6 419k 1.1.4811.55 RI0..1.8577
3=l 100/70 13
82.94
4=5 2 100/68. 33 196 122,85 @ ko S712 12,9 118,61 3.233 2,18 T 2.90
B=b 300/70 4. 3k
o 134.61
b7 b 1300/68 L 39 308, 135,90 .52 2590k 13,2 138 1 14359 2.3 1 TOT0 _ih.7h
1=8 ou/6s |11 '
8606h
89 §5 100/65 1. k3. 256 ..129.84 i 52 25738 1 3.3 118,61 1,58 2,06 3,00 i3.05
70,02
$=10 105/65 1 Ll 276 136,76 1 52 3,15018,7 ¢ 1.65 1,97 5°§ 2.6
105,53
10=11 105/65 + L9 288 {33,656 152 1.6453 §3,2 {18,511 1.2 2,22 | “FEN0 13,72
11=12
12-13
13=1i
y=d5
15=16 N
16-11 .
17=18
fecc
0=l 9 95/6Q.1 26 1a8h  i21.ho fo2 .W125 § 2,9718,9; 1.5B 1,80
02 104 100/60 1 25 16k 119,331 L hh  f.h3h3 3 2.5 119,37 1.55 1,60
O=3 11 98 /40 24 J
o=l
Net O
por 02 50322‘
. 1.
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Ht. of Step at St.artt__I}_'___ ps Measures
ital Capacityt
Hm‘ l.o P. m
E SA . 0m
Agei__12  Heights_lL'3" Weightt: 98k 1bs,  Type Tests Sexs ¥ X F
min, | Bag | Syst/ | Pulse | Vent | Vent | Vent; | Tidal | COp| O, | BQ | True | EMR
Nro | Diagt Kymo | Corr.| Ratel V/L 0> | SHR
Rest 6y | 26 48 10,61 | 18.9| .005613.0 |18.8| 1.59 1.%0
u!.!g
1=2 12l/68 | 3L
1OV« (O
2.3 |2 fi28/70 | 35 252 l29.33| 48 | .61303.05 [18.2 | 1.1 2.65 0 1.326
3=l 129/0 | 31 .
Libepl
s 13 1360 | 39 {296 a6 | 48 | .7179)3.12 |18 | 1.33 2,36 #5166
137/70 | ko
e D27
6=7 |4 |Wo/70 | L1 08 35.86 Lu0k3.2 18,2 1.23 2.60 “fﬂ"ﬁb"‘.w_ 8.78
cl0s
7-8 |5 juo/71 | l1 30 39.58 «706813.3 |18.2| 1,20 2,56 T 22,50 | 9.54
g |6 [au/r0 | k2 |3k v | w | .8s73|3.72 [ 18.0] 1.3f 2.72 e 9.66
9-10 |7 [13/70 | Lk 356 L.k § L8 .8633'3.3 18,1| 1,2} 2,70 %: o5
10-11 |8  j13L/68 | L7 376 | Lu3.77 | 56 76816)3.3 [18.1] 1.2 2.70 |2 :°6 117
1112
22=13
A3-14
=15
15=16
16-17
o1 1o bawm o le lisealan | oloseliel 10k 200
0=2 110 1132/68 1 29 3,861 1930
0=3 111 l1ou/68 |28 1% 21,18 | 20 25591 2,5 119.8] 1.8 1,20
o=k
Net
-Del:t'.“2 ,3291
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First Test WORR CAPAUL:Y Tewt

e el JUEBCADULAT,
Siriceps Meagupss

Ht, of Step at Starte }® , .
e tital Gapsclityd

arm sessmmeme—em

N -

Name$ Bs Co il 8
ages__12  Heights 60X "™ welght%l..&..,.m.ms?é;m lil_ﬁtm_..f.j_, »8*77 A s
min. | Sag.] Syst/ | Pulse | Vent ven£ Vent, | Tidal | COp! 0, Ry | True EuR

Ny, | Diast Kyme Cogpro| Ratel V/L Qg Sult
Rest_ 126/68 | 26 | 8 1552 | 20 $007812,59 119,21 1,57 1,66 | 35,54
0: Wo/68 | 37 | o
12 Wo/68 | 31 1112 120,091 32 | .6278l2.85 |17.91 .92] 3,06 szs':sz 3.96
2=3 2/69 | 38 '
3=l We/70 | 38 a8y 21,% | 28 2767813.15 1 17.3 1 +829 3,77 %%:5.22
L5 wh/70 | 39
t=b 138/ | 39 200 23,36 | 36 6U8913.3 117, | .81 k.10 2%?:2_;___ 6.17
6o1 138/70 | 1o e
7.8 | 137/10 { k2 ies6 oo, o | .qureis.s liz, | .es| b.os %mu
8=9 1384/70 | b
9210 ampo W le60 3.7 lho | 1s2l3.68 16, | Lol 5,20 FSEE0.3s
10-11
11-12
12-13
131k
=15
1515
16-37 .
17=18 _
(>=-§.,o 10/68 129 12l iabo . {31 WbOTUE 3al 3 1T01 b a76: La02
02 11.8/68 27 108 12,61 127 Li67012.75 1171 8.1 3.36
O=3 11h/67 25 96 11,22 L2 L675i2.08 117,91 431 3,28
ol
g:gtog « 9053

i




Second Test

WORK CAPACITY TiST

83

Subscapular,

Ht. of Step at Starts___L* g::-m‘ - T:i.'ict;]s'pg £;$.
Namet Bs Co RGS: LGSs
Ages 12 Heights_____ Weightt Type Test? Sext 4__F____
min, | Bag | Syst/ | Pulse | Vent | Vent | Vent | Tidal | CO, 0 | BQ | True | EBR
L Mr. | Dinst Jtym. | Gorr.| Ratel V/L 0p | SR
Rest, 126/68 | 26
0= Uo/68 | 31
1=2 1,0/68 | 37
2=3 W2/69 | 38

Ww2/70 | 38
=5 Wl/70 | 39
(23 138/ | 39
6=1 138/0 | W0
1-8. 13/70 | L2
=9 134/70 | kb
910 132/70 | L7
20-11
1l-12
2-13
13=24
=15
15-16
16-17
g_ki% 130/68 | 29
0=2 18/68 | 27
0=3 1h/67 | 25
o=
o
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WORL CaPaclsiy Teb?

Abdonnal__6 subscapular___ 7

Hto of Step at Starts_4® 5?:;; Eﬁzggiﬁ:::ﬁ‘
ot e S =
Apges__ 19 _ Heights v o  weight: 97  Type Teat: Stap __ Sexs sy F__
min. | dag | Syst/ | Pulse | Vent | Vent | Vent | Tidal | CO5| 0, | BQ | True | EeR

Np, | Diast Kymo | Corr.| Ra V/L 0, SuRt
Rest woro | 27 {ne 3386 |16 | 0002k |18 l2.07 [2.06 |76.9%
o1 poo/to | 32
22 hoo/ro | 35
2-3 1 _p1o/75 | 39 168 | 19.60 | 28 N 61 17,7 1.76_.13.39 % 1.66
3=l /15 | ko
45 2 msks | ko 1236  !127.5% |28 | .9836)2,75 117,6 .78 |3.46 | s j2.81
5=6 5 P20/75 My [280 [32,67 |28 | 1,16683,21 {17.0 |.71 a&_ﬁ&_am
61 | 6 n2s/rs |46 l28 133,13 lho | .828213,35 16,9 1,76 | L.25 | 2 has
1=8 7 _020/70 | W6 1288  }33.60 | Lo #8400 13,3 116,9 | .77 | k.22 2:2 .19
8=9 el
2=10 gt
10=11 "
11-12 =
22=13 . H I = |
131 ' i
14=15 sk
15=16 s
16-17
0=l 8 p2o/75 | 33 11,0 16,3 |28 +58361.75 118,52 .68 | 2.55
0=2 9 Ilm/‘rs kY 11,0 746 |16 06621265 [17.6 | ,75 | 3.5
=3 |1 !100[?5 29 12,13 116 .758112,12 |18.5 | .85 | 2,49 il
0=l
it B |

i . 4 i i : U 4




85

WORK CAPACLLY TudST
Abdominal A Subscapular

S e e et e
Names__ B, Ta RS 3 WS LS
Agei__12  Heighti_ _ggje mam__aa__? ?y'ml'rzfm._f'_h Sl IR SRS
min. | Bag | Syst/ | Pulse | Vent | Vent | Vent | Tidal | CO,| 0, | BQ [ True | EdR
Nre | Diast Kymo | Corro| Rate| V/L SR
Rest 90/50] 17 | 50 12 2 |18 | .63]3.8
0= 100/50 | 27 .
-2 | 1 |100/55 | 32 | 152 |18.02 | 28 |.6436 | 2.1/18 | .65]3.15 ﬁ 3.04
2.3 100/60 | 31
3=l 2 Jios/60 | 3b A 117,07 {18 1,983 13 117 210 67 %_ 3.81
b5 110/60 | 34
56 3 1115/60 | 36 188 | 22,28 | 24 },9283 | 3,2 {17 222 b %L.w
61 115/60 | 38
=81 L |320/60 | L2 260 |30.82 i 30 11,0273
8=9 120/60 | L2
g0 |5 lwosss| ue |28 Inuplae lioves {33026 | el s | “BIE louro
10-11 :
11-12 . o 8
d2-13 S
13=1l; o il
=10 i SNONEN: o
16-17 E o
7=18 i
ol
0=2
L - -
o=y
g |
L i r i . } i 1 i i
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First Test ' WORK CAPACILY TuST
' Abdominal _________ Subscapular
Bt, of Step at Start:: i Inches Temps 23 3ricepg Measure?
Bar Pr3_738 ital Capacitys
Name? R. M. RGS3 - LGS
SA 1.3 C.F. .877
adpes_ 12  Heightt Wweights___ TypeTests_______  Sext M__F__
mine | 8ag | Syst/ | Pulse | Vent | Vent | Vent | Tidel | CO,f 0, | BQ { True | EMR
Nyo | Diast Kymo | Corr.] Ratel V/L 0o SiR
Rest, Pos/er | 18 ) 23289 1 22 01%12.7 117,91} .85} 3,12
0=, 136/70_1 29 {172
) | 186,73
1=2 1 }136/68 1 28 180 24,99 1 ko .621812,7 117,51 .7k 3.62 189,00 12.74
223 2/69 1 0 212 8
L2 L 5T
lgB 158/70 3 3 260 Il BT
6=1 159/70 1 38 30 52
) 398,78 ,
=8 __1 RL/71 ¢ 10 00 40.07 1 52 77061 3.8 116,41 .79} 4,79 |~ 69,00 b.75
Baf lash/70 | k3 13w ' ‘
v h27.§§
9=10 154/70 § Lh 380 Lli,79 § 52 28613 3,551 16,61 o771 L.55 K 6.20
5%2.26
10=13 150/70 § L5 1468 53.98 1,038 3.89) 16,4} .82] L.70 . 7.71
1312 ‘ '
12-13
13-30
=15
15-16
16-17
J%e»le
C o
0=1 252/65. 129 1216 125 hé i ko ! .6369 3,25) 317,11 .88 3,99
0-2 138/66. 1 23 1u2 13,20 ] 28 L7lg 2,9 1 37,80 .83 3,55
0=3 13/68 1 23 J108 112,74 | 28 s 12,5 | 18 .84 3,01
O=ly.
get
‘ebt 1928
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“Second Test © WORK CAPACLTY TiST ,
Ht. of Step at Stai-t..:‘ 'y- » | ﬁi;’fiMl gﬁiﬁ:ﬁuﬁ;ﬂm -
Named . ___ R, M, . . kBa._‘ngPri" ‘{éstfl Capécityt
Ages 12 Heights . Weights Type Test? ——Sext M _F
min, | Bag | Syst/ | Pulse | Vent | Vent | Vent | Tidal| CO,| Op | BQ | True | ER
Nro | Diast, Eymo i Covrs| Ratel V/L 0 SHR
Best | hoeses |19 |
o1 ﬁ;{@ | 2
12 135/69 1 28
23 jio/es | 31
3=l 18/70 1 31
b= 151/70 . | .33
g=6 153/10 | %
61 w9/10 | 31
7=8_ {1s0/10 i 1o
8=9 160/70 | b3
' 9a10 188/70 | is
10-11 157/10 1 b ]
11-12 e
22-13
e
15=16
16-17
«18 _ N
Co _
o 155/68_{ 38
0=2 2saser | 3
0=3 iu8/el | 28
ok |
,g::toa\
)
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st Test WORA CaPACL:iY Tedl

oo of Step at Starts_is T e
Bar Pr3 Yital Capscitys 182
Namet __ K, B, R #_um L7
Apes_12  Heights_6Q"  weight:_86 _ Type Testi_Step _  Sexs ux F___
min. | Sag | Syst/ | Pulse | Vent | Vent | Vent, | Tidal | CO,| 0, | BQ | True | EeR
fip, | Diast Kymo | Corro| Rate] V/L O | SR
Rest 108/6k | 2L
0=1 110/64 | 35
=2 110/68 | 36
2=3 2_|112/70 | 39 %
3=4 111/70 | 43
s 1 3 |120/70
s=6_ | b 1120/70 | LS
6=1 5 | 128/70 | L7
7-8 6 |122/70 | k8
8-9 | 7 |120/70 | L8
7=10
"
10-11
11-12
12-13
A3-1
1y=15
15=16
16-17
o-1 |8 /68 | 33
0-2 |9 [28/68 | 3
-3 [0 ha/és |29
o=l
X
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Abdonina Subscapular_ 12

Ht. of Step at Starts__ §® g:r;p; - ggivfatﬁutﬁl
tomt L B
Aget__ 12  Heights_i' T® weaghts_ 89 Type Teat: Step _  Sext o X F___
min. | Sag | Syst/ | Pulse | Vent | Vent | Vent | Tidal | CO,f 0, | RQ | True | EdR

Npe | Diast Kymo | Corro| Ratel V/L -
Rost jios/él | 2 | L8 18 3. 116,85 .68
o=1_ 110 35 113 2
p ) 110/68 | 36 132 28
2-3 |2 12/ | 39 1168  119.67 ) 2 | .6147|2.65 |17.2 | 65| L. %Wﬂ
3l 1L/ | b3
=5 13 [120/70 | kS 196 22,94 | ko «573513.25 | 16,4 | 66| 4.B7 %*"
S=6_iL 120/70 | ks [216 125,29 1 )0 | ,632213,39 126,21 .66 ;,m_%:
6-1 5 1128/70 | k7 232 2,82 | L8 2517113,61 116,08 o771 k.65 %5.03
-8 16 !122/70 | LB 220 25,75 1 36 #715313.7 115,85 o771 5.46 % 5.12
89 17 | 48 1248 129,03 | @ 2907213,61 15,89 65! 5,49 :0 5.77
7=10
10-11
11-12
1213 -
A3=1l
A=15
15=16
16-17
QH;E? 8 |1uh/68 | 33 104 12,17 | 2k +507113.25 | 16,2} .63 5.1k
=2 |9 1128/68 | 32 6l 7.u89 |25 2,71116,6] o568 L4.76
9=3 |10 1l/69 | 29 72 8.43 |20 . 2,71 ] 16,81 o59) L.50
o=l
e 4 |

i
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;mmm._ ?mmputr__zz____
" s : asures
Ht. of Step at Start:__ L B::p:‘r-'t—'__;' \fit.aipzapacityl
Name? Koo o) RIS A — LS 1ha
53.6 SA-l.h cr-aa'gﬁ
Ages__12  Heighti_ Li1qw weaghts__318  Type Tests ________ Sext My F___
min. | Bag | Syst/ | Pulse | Vent | Vent | Vent | Tidal | CO| O, | BQ | True | ER
Ny, j?lt Kym. | Corr.]| Rate| V/L O3 | SdR
12
Rest, 8. 25 56 2373 | 23 .0060 2.1 [18.8|1.0 | 2.10 | 28.21
“ﬂﬁ 35
Q=1
122 37
23 |2 "% 138 Jm2 isos | 36 [.363 [2.2 |16 .05 | 259 gﬁ,am
u.
E E"é) W 132 [s.k2 | ko |.3855 [2.7 [17.8] .82 | 3.28 -;Ft_h.a
R 13 o he.36 |0 [.oo |3 |17.49 .83 | 3.60 [Eed [u.29
56 k 1‘*%0 L5 128 k.95 | 32 L4672 [3.2 [17.L4 ] .87 | 3.62 %}.9&
67 |5 [ |41 a2 poos |10 |.s022 [3:3 [17.08 .81 | h.o3 5 [s.90
78
8=9
2=10
0-11
Al=12
12-13
=15
15-16
6-17
<l F% 1 |88 10.27 [ 28 |.3668 {3.1 |17.4] .84 | 3.65
8 i . s .65] .
o2 |7 29 5 9.93 |26 |.3819 |2.95 h7.65| .87 3.36
0-3 9 25 80 9.35 |28 .3339 2.4 [18.2]| .85 | 2.79
10/ 1417 1.7
O=li el .
Net
nm,o"’ .8319




Hte of Step at Starts__Lw

WORK CAPACITY DrST

Abdomi.ns]._ﬁ____Subacapuhr
Triceps Measurol

91

Temps

Ages 112 H”'ght"-'[;ﬁ.zg:", Weights_ Lt Type Test'mn_f{__.—f%@“ HX_F___
win. | Bag | Syst/ | Pulse | Vent | Vent | Vent | Tidal | CO,| 0, | BQ | True | EMR

| Np, | Diast | Kyme | Gorr.| Batel V/L 0, | siR
Rast ah?h 19 |er  l.2uoo | 19 [.0126 2.5 [18.541.05]2.35 | 59.02
o=l Ve 12
1-2 VRE
s |1 | | 2 |wo [ene | 28 [.seen [2.3 [16.5] .03 [ 2us | 3252
3= VR E . f
WHE 8%0' o Juk oo |20 |.eou8 (2.1 [17.1] .62 | uaas | 4208
5ot A 35
er 15 % |37 [0 Juas [ & 1.0z |1r.3] .79 | 5.77 [ 23252
7-8 R E »
b 18 ™% | a0 Jasan|36 fues19(33 |urs).er[an [ Bl
9-10 0 |
L w0/, [ ur faae Rsas [ [.sre [sas|uref .8 ses | 20
112
12-13
3=24
Upels
15-16
16-17
ﬂ%a 8__[10 / 26 |8  }7.36 2L |.7233 [3.0 |17.4] .81} 3.66
o2 | 10%; 23 |8 9.86 (20 | .u930}2.5 [17.8] .76] 3.30
o3 |® 90[ ol |96 tuer |20 |.sess| 2 he.sz] .79 2.k
e | PR
Doy, 02 1.3588

1.74

2,92

3432

3.63

.07
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WORK CAPACLIY TeST

Ht. of Step at Starts_J, ot mm—funis_t.
. a s_L* enp
iy . R e
s : 35.5 sA 1.27 CP-, B892
Agei_13 Heightt_ Li'11%  weights__78n Type Teati Stap Sexs My F____
min. | Bag | Syst/ | Pulse | Vent | Vent | Vent | Tidal | COp| O, | BQ | Trus | EMR
RS % Km. | Corr.] Ratel V/L Qo1 BAR
Ragt E?Qf 25 |1 |aes | 2 |.0069 [2.28] 19]1.15]1.%
o1 e 2 |00 16
22 y" I R 20
T 142 3% |60 [19.01] 28 [.ev69 [2.52]17.8] .72 | 3.3 | 8BS 3.0
3l ¥% | n lue 32
e 12 | jés 39 182 |[2s.s1| 28 [.o132 [3.5[27.09 .09 [ .50 | 263:28 [u.36
56 o | b2 |22 Lo
g7 13 [/ | [202 |30 k0 |.725]3.8 |16] 60 | Ltk | 28t [7.93
20 15 |78 | u6 [au8 (296 ( w0 |.7365 [3.75| 26k ] .78 | .75 [ 2081 |auls
gop |11 |" 78 | w6 [216 3279 | w | .use [3.98) 26 ) 8 | .69 | 26228 |9.3
2=10
20-11
112
A2=10
3=
=15
25226
262
ﬁ?ﬁ W/ |32 fe  paaa |28 | .ors|a.6 | 16.6f 9] nosu
o2 120/ 29 feu |98 |28 |.36u]3.3]26.85 .76] L.30
ol us 29 Is6 |e.65 |24 | .31m]2.5] 11,7 .59 3.5
ou |3 | i
G
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