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ABSTRACT

MAXIMAL WORK CAPACITY AS RELATED TO STRENGTH,
BODY COMPOSITION, AND PHYSICAL
ACTIVITY IN YOUNG WOMEN

by Doris Darwick

The relationship of physical activity, strength, and
body composition to the maximal work capacity of young
women was studied. Twenty-eight college women, age 18 to
22, were measured to determine their: (a) body composition
by assessing body fat and calculating fat-free body weight
from the predicted specific gravity, (b) habitual physical
activity by means of an activity history recall question-
naire, (c) strength using the cable tensiometer in the
measurement of eleven positions, and (d) maximal work capacity
by determining the maximal oxygen consumption in a graded
treadmill test.

Gross body welght and fat-free body weight were found
to correlate .64 (r) with maximal oxygen consumption.

Body weight and fat-free body weight correlated .69 and .62,
respectively, with the daily caloric expenditure estimated
from the recall questionnaire data. Maximal oxygen intake
correlated .51 with hip flexion and .50 with knee extension.
The best strength measures to indicate total strength were

hip flexion (.88), knee extension (.84), and elbow flexion

(.83).
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Active subjects as rated from the recall questionnaire

were: (a) heavier and possessed a greater fat-free body

welght, (b) found to expend more energy per day, (c) capable
of higher maximal oxygen consumptions, and (d) stronger in

total and trunk extension strength.

Physical education majors as a group had higher fat-
free body welghts, expended more energy per day, were

capable of higher maximal oxygen intakes, and were consis-

tently stronger than the non-physical education majors.
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CHAPTER I
INTRODUCTION

"And the Lord God formed man of the dust of the
grcund, and breathed into his nostrils the breath of
life; and man became a living soul."l Oxygen 1s necessary
nct only to 1life itself but to every act of human perform-
ance; mental and physical actions are dependent upon oxygen
supply to the working tissues. Bard stated that "maximal
cxygen consumption 1s probably the best single physioiogical
indicator of a man's capacity for maintaining extremely
hard work."2 According to Astrand and Rhyming, "the 1individ-
ual's capacity: (or fitness) for heavy prolonged muscular
work will first of all be dependent on the supply of oxygen
to the working muscles. In types of work which engage large
groups of muscle the limiting factor for the maximal oxygen
Irntake (aerobic capacity) will probably be the capacity and

regulation of the oxygen transporting system."3 Astrand

lGenesis, 2:7.

©Phillip Bard (ed.), Medical Physiology (1lth ed.;
., Louis: The C. V. Mosby Company, 1961), p. L4a8.

St

3P. 0. Astrand and Irma Rhyming, "A Nonogram for Cal-
Culaticn of Aerobic Capaclty (Physical Fitness) from Pulse
Rate During Submaximal Work," Journal of Applied Physiology,
7::18, July, 1954 to May, 1955.




believes that "it 1s of essential physiological interest to
know &) the maximal activity level éf the normal healthy
human and how thls level varies with sex and age; b) the
factors normally limiting this upper level and, therefore,
the physical performance.”u
As the human body 1s designed for action 1t 1s evident
that physical work capacity should be assessed during muscular
work; preferrably to determine maximal work during maximal
performance. Because of natural endowed physical capacities
and anatomical structure, performance, although relatively
constant in one individual, varles considerably between
individuals. It 1s apparent that sex, age, body composition,
inherent skills, and similar factors all influence the
physical work capacity of the individual. Just what level
of physical work capacity 1s necessary and/or desirable for
general health 1s not yet known. It 1s generally agreed,
however, that an individual should possess a work capacity
level above that which 1s necessary to carry on their daily
activities. It 1s the obJective of this study to contribute
to the better understanding of physical work capacity of

young women and the individual varlations as influenced by

Strength, body composition, and physical activity.

—

HP. 0. Astrand, "Human Physical Fitness With Special
Reference to Sex and Age," Physiological Reviews, 36:380,
July, 1956.




Purpose of the Study

This study was designed with the intent of determining
the relationship of physical activity, strength, and body
composition to the maximal work capacity of young women.

In order to realize thils purpose four main objectives
were selected:

1l. to determine maximal oxygen capacity of young

women,

2. to determine the effect of body composition on

maximal oxygen consumption,

3. to determine the relationship of strength and

maximal oxygen consumption, and

4, to determine the differences between active and

less active individuals 1n relation to maximal

oxygen consumption.

Need for the Study

The literature reveals only a few studies on women
concerning maximal work capacity as related to age and body
composition and none relating physical activity or strength
to maximal work capacity. Contributions of basic informa-
tion in the analysis of human biological individuality are
€ssential if man is to gain:

a. understanding of human difference,

b. understanding of fitness and efficlency of

performance,



c. understanding of activity programs and procedures

to increase the effectiveness thereof.

Limitations of the Study

Sample.

1. The number of subjects in the sample were
limited to twenty-eight women.

2. All subjects were college women 18 to 22
years of age.

3. All subJects were volunteers.

Technigues and procedures.

1. The design of the study was limited 1n that each
of the subjects participating could not follow
a definite order and sequence in testing and re-
testing.

2. The physical activity history recall questlonnaire
was based on the subjects individual record of
activities for a limited period of five days.

3. Very little research evidence was available on
ways to assess maximal work capacity of women or

levels of performance.

Definition of Terms

Per cent of standard weight (relative body weight).5

Per cent of standard weight was calculated by dividing the

5Build and Blood Pressure Study, 1959, Vol. I (Chicago:
Society of Actuaries, 1959).

y—



predicted weight into the actual weight. The predicted

welghts were obtained from the Bulld and Blood Pressure

Study.

Predicted specific gravity.6 Specific gravity was

predicted by using the following formula:
Specific gravity = 1.0884 - .000’4231Xl - .OOOBUOle3

Where X1 = skinfold on mid-abdominal line halfway
between the umbilicus and the pubis. (in mm)
X13 = percentage "standard" weight (average

weight per height and age).

Per cent of fat of body weight.7 Body fat content was

calculated from densiometrically determined specific gravity

using the Rathbun and Pace formula:

100 (5.548 - 5.044)
Specific Gravity

Per cent fat =

Fat-Free body welght. Fat-free body weight was com-

buted by subtracting the calculated fat content from the_body

welght.

Ponderal index. Ponderal index was computed by

dividing height by the cube root of welght.
Height
3 v Welght

6Charlotte Young, Elizabeth Martine, Rosalinda Tensuan,
and Joan Blondin, "Predicting Specific Gravity and Body Fat-
Ness in Young Women," Journal of the American Dietetic
Association, 40:105, February, 1962.

TE. N. Rathbun and N. Pace, "Body Composition I,"
Journal of Biological Chemistry, 158:675, 1945.




Physical activity. All subjects completed an activity

history recall questionnaire in which they recorded their
activity for a consecutive five day period. Energy expendi-

ture; i.e., physical activity, was determined by the compu-

tation of the subject record.

Maximal work capacity. Maximal oxygen consumption was

determined during a "run" on the treadmill at 6 mph with a
one per cent grade increase each minute until the subject was
unable to continue. The "run'" was preceded by a ten minute

warm up "walk'" at 3.5 mph on zero grade.



CHAPTER II

REVIEW OF LITERATURE

In order to develop a complete review of the litera-
ture pertalining to thls study, it was necessary to consider
several aspects of investigatlion. The several topics
involved willl be treated as separate areas of review and
will appear under separate headilngs.

Studies Concerning Methods for Determining
Body Composition and Specific Gravity

Young8 and her assoclates reported a pilot study
designed to obtéin normative data on the lean body mass and
fatness of a representative sampling of 94 Cornell University
women 17 to 30 years of age. The authors were interested in
studying the interrelationships existing between estimates
of lean body mass and/or adiposity based on determinations
in each of body density, total body water, skinfold measure-
ments, fat-pat measurements from soft tissue x-rays, anthro-
Pometric measures, creatine excretion, and basal oxygen

Consumption.

8C. M. Young, M. E. Martin, M. McCarthy, M. J. Marniello,
E. Harmuth, and J. Feyer, "Body Composition of Young Women,"
iggpnal of the American Dietetic Association, 38:332-340,
ApriT, 1961.




The authors finding59 on body weight, fat-free body

welght, per cent body fat, and specific gravity are

presented in Table TI.

TABLE I

WEIGHT, PER CENT BODY FAT, AND SPECIFIC
GRAVITY AS DETERMINED IN YOUNG'S STUDY

Characteristic Range Mean S.D.
Weight (kg) by, 11 - 76.20 58.96 6.445
Fat-free body

weight (kg) 31.94 - 61.11 42,15 6.073
Per cent body fat

(Rathbun-Pace) 15.81 - 38.62 28.69 4.856
Specific gravity 1.0217-1.0665 1.0408 0.0094

The authors further stated that the '"pubils'" measure-
ment correlated best of all measurements with both total
skinfold thickness (r=.90) and density (r= -.66).

Young10 and her associates in a more recent article
Published a predictive equation for specific gravity.

Intercorrelations between skinfolds, with total skinfold

thickness and with density, were obtained. Using the

91bid., p. 335.

10voung, et al., op. cit., 102-107.




skinfold measurements obtained in their earlier study,11
linear regression equations were formulated to predict
specific gravity. After numerous computations the authors
found that when a standard wéight was included as a variable
there was no significant difference in predicting specific
gravity using only one skinfold. The pubis skinfold used

in this formula had the best correlation with both total
skinfold thickness (r = .90) and density (r = -.66) as
reported in the previous study. The following equation

was formulated for predicting specific gravity.12

Specific gravity = 1.0884 - .OOOLI23lXl —.0003401X13

When X

1 skinfold on the mid-abdominal line
halfway between the umbilicus and the
pubis (in mm).

Xl3 = percentage "standard" weight (average
weight per height and age).
The correlation between determined and predicted
Specific gravity based on this equation was r = .70;
Standard deviation of differences was 0.0068 units. This

was found to be approximately 3.4 per cent body weight as

fat.

11Ibid.

121p14., p. 105.
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Studies Concerning Maximal Oxygen Consumption
as Related to Body Composition

Mahadeva, Passmore, and WOolf‘l3 Investigated the rela-
tionship between energy expenditure during standardized
walking and stepping, and welght, height, race, and sex in
50 subjects. Energy expenditure was found to be closely
correlated with body weight, but was not significantly
correlated with height, age, race, or sex. The authors
concluded that in any physical activity in which a large
proportion of energy expenditure 1s used to move the body
the metabolic cost will be directly proportional to the
body weight.

Seltzerlu measured the oxygen intake of 34 male
students, aged 20 to 38 years, during a maximal two to five
minute run on the treadmill. The mean maximal oxygen uptake
was 3.35 liters per minute. A number of anthropometric
measurements were correlated with energy expenditure.
Maximal oxygen uptake per minute correlated with stature

(r = .59 and with weight (r = .88).

13K. Mahadeva, R. Passmore, and B. Woolf, "Individual
Variations in the Metabolic Cost of Standardized Exercises:
The Effects of Food, Age, Sex, and Race," Journal of Physio-
logy, 121:225-231, 1953.

lLlCa.r-l C. Seltzer, "Body Build and Oxygen Metabolism
at Rest and During Exercise," American Journal of Physiology,
129:1-13, 19)40°
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Buskirk and Taylor15

studied the relationships be-
tween maximal oxygen intake and components of body composi-
tion. Fifty-nine young college students and soldiers
participated in the experiment. The following correlation

coefficients were obtained: maximal oxygen intake with

body weight r = .63, maximal oxygen intake with fat-free

body weight r .85, maximal oxygen intake with "active
tissue" r = 91, and maximal oxygen intake with blood
volume r = .78. They defined "active tissue" as body
weight minus estimated body fat (densitometry), thiocyanate
space and bone mineral (7 per cent of fat-free body weight).
The subjects were also divided into three groups of nine
relatively sedentary students classified according to the
percentage of body fat (less than 10, 10-25, and 25 and
above). Each group was compared with respect to the
maximal amount of oxygen used per minute per kilogram of
fat-free body welght. The authors found no observable
difference existing between the groups.

Von Dobe1n16 Investigated the relationships between
maximal oxygen intake, total hemoglobin, and (body weight

Mminus adipose tissue) 2/3. In all, 33 male and 32 female

Subjects participated in the study. For each subject,

15E. Buskirk and H. Taylor, "Relationships Between
Maximal Oxygen Intake and Components of Body Composition,"
Federation Proceedings, 13:21, March-December, 1954.

16Wilhelm Von Dobeln, "Maximal Oxygen Intake, Body

Size and Total Hemoglobin in Normal Man," Acta Physiologica
Scandinavica, 38:193-199, September, 1956.
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tctar hemcglobin, per cent fat based on hydrostatic weighing,
z2rd maximal oxygen consumption per unit of time was obtained.
Maximal oxygen intake values were plotted against the
respective values for body weight minus adipose tissue. A
correlation coefficient of r = .76 was reported between
(weight minus adipose tissue) 2/3 and maximal oxygen intake.

Von Dobeln17

administered a maximal oxygen uptake test
to 35 men and 35 women to determine the differences in
maximal oxygen uptake as related to body composition. The
mean maximal uptake for men was 3.91 liters per minute and
for the women 3.06 liters per minute. The mean weight of the
men was 69.3 kilograms and of the women 62.8 kilograms; how-
ever, the men at a ten per cent higher body weight attained

a twenty-eight per cent higher maximal oxygen uptake than the
women. Von Dobeln concluded that there was not a linear
relationship between body size and maximal oxygen intake.

The author suggested that the difference in maximal metabolic
rate between the sexes was due to the difference in the
hemcglobin content of the blood. The mean hemoglobin con-
tent of the men was 14.95 g/100 ml. and in the women 13.47

Cr ten per cent less.

17Wilhelm Von Dobeln, "Human Standard and Maximal
Metabcliic Rate in Relation to Fat-Free Body Mass," Acta
%ﬁzsiologica Scandinavica, Vol. 37, Supplementum 126:3-38,
956.
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Welch, Riendeau, Crisp, and Isenstein18 studied the

relationship of maximal oxygen consumption to various com-
ponents of body composition in 28 healthy young men. The
authors stated that on the basis of previous studies con-

19 and Von Dobeln,20 the

ducted by Taylor and Buskirk,
assumption was fhat oxygen was more highly related to lean
tissue than to any other description of body composition.
"One can infer from the correlations reported that maximum
oxygen consumption is dependent mainly on the amount of
lean tissue in the body."21

The subjects used in this study were tested on the
treadmill at grades of 6, 8.5, and 11 per cent. The time
of the runs was 2 minutes and U5 seconds. Maximal oxygen
consumption was considered to be attained when running at
the next higher grade did not increase the maximal oxygen
Consumption by more than 150 cc. above the previous grade.
Significant correlations (P < 0.0l1) between maximal cxygen
Consumption in liters per minute and body weilght (r = .59);

body weight minus fat (r = .65); and body weight minus bone

(r = ,64) were obtained. The authors emphasized that the

18B. E. Welch, R. P. Riendeau, C. E. Crisp, and R. S.
ISenstein, "Relationship of Maximal Oxygen Consumption to
Various Components of Body Composition," Journal of Applied
Physiology, 12:395-398, May, 1958.

lgTaylor and Buskirk, loc. cit.

20Von Dobeln,

°lyelcn, et al., loc. cit.
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correlations obtained by Taylor and Buskirk,22 and Von

Dobeln23 can be interpreted in that from 53 to 83 per cent
of the variability in maximal oxygen consumption may be
attributed to variations in the percentage of lean body
mass. Welch and his associates concluded that the percen-
tage of fat in the body had no significant influence on the
maximal oxygen consumption when expressed as either liters
per minute or cubic centimeters per minute per kilogram of
fat-free body weight. Significant differences were found
when maximum oxygen consumption was expressed as cubic
centimeters per minute per kilogram of weight. The authors
suggested that although fat may not have an effect on the
ability of the tissues to extract oxygen, it did have a
significant effect on the circulatory capacity of the
individual. This was due to the fact that fat increased
weight, and therefore, the energy requirement. However,
there was not a corresponding increase in the maximum
OXygen intake.

Studies Concerning Methods and Procedures
for Determining Maximal Oxygen Consumption

Johnson, Brouha, and Darlingzu discussed methods and

Procedures used to determine an adequate test of fitness

22Taylor and Buskirk, loc. cit.

23Von Dobeln,
2MR. E. Johnson, L. Brouha, and R. C. Darling," A

Test of Physical Fitness for Strenuous Exertion," Revue
Canadienne De Bilogic, 1:491-503, June, 1942.
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for strenuous exertion. The same investigators concluded that
hard work must be used to determine hard work if hard work
is in question as differences between fit and unfit individ-
uals during submaximal work are arithmetically smaller at
lower metabolic rates.
The authors stated that the type of exercise used is
not important provided that it:
a. stresses the cardio-vascular system by involving
Large muscle groups,
b. 1is of such intensity that it exhausts one-third
of all the subjects within five minutes, and
¢c. does not demand any unusual skill for successful
performance.
The authors further postulate that all subjects should
work at a rate linearly proportional to their body welght.
The reactions of the fit and unfit individual of the same
weight to the same maximal work differ in that the fit
individual will consume more oxygen, attain a lower maximal
heart rate, and will endure longer before reaching exhaustion.
Taylor, Buskirk, and Henschel25 examined maximal

OXygen consumption methods and procedures by running several

25H. L. Taylor, E. Buskirk, and A. Henschel, "Maximal
Oxygen Intake as an Objective Measure of Cardio-Respiratory
Performance," Journal of Applied Physiology, 8:73-80, July,
1955 to May, 1956.
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experiments on the motor driven treadmill. Data was
collected on 27 soldiers and 46 student males between the
ages of 18 and 35.

The warm-up consisted of walking at 3.5 mph on a 10
per cent grade for ten minutes to one hour. Within five
minutes or less of completing the walk, the subject
started running at 7 mph for three minutes. The subject
repeated the test procedure on three successive days with
a grade increase of 2.5 per cent each day.

The authors found that using a constant speed (7 mph)
and increasing the grade in steps of 2-1/2 per cent was
more satisfactory than using a constant grade and 1lncreasing
the speed. The increase in oxygen consumption, associated
with an increase of 2-1/2 per cent grade (below maximal
oxygen intake), was approximately 300 cc/minute. If the
Oxygen 1ntake at two different grades differed by less
than 150 cc/minute or 2.1 cc/kgm of body weight per minute,
they assumed that a maximal oxygen intake had been obtained.

Increasing the working muscle mass by simultaneous
funning and arm work increased the maximal oxygen intake.
Therefore the same investigators concluded that maximal
Oxygen intake was only maximal under specific working
conditions. The authors further postulate that after maximal
Oxygen had been reached changes 1in speed or grade of the
treadmill did not change the oxygen intake. It appeared to

the authors that as long as changes in grade running skill
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did not change the muscle mass used for this purpose that
maximal oxygen intake must be independent of skill.

The coefficient of reliability for these procedures
was 0.95 in 69 test-retest determinations.

Studies Concerning Responses to Maximal
Work Capacity of Men and Women

Metheny and associates26 determined physiologic.

responses of men and women to strenuous work on the motor
driven treadmill. The subjects consisted of 17 women be-
tween the ages of 19 and 27 and 30 men between the ages of
19 and 23. The exercise consisted of running at 7 mph on
an 8.6 per cent grade for five minutes or until unable to
continue. During maximal work the average run for the
women was only half that of the men before becoming exhausted.
The women attained a maximal oxygen consumption of 40.9
cc/kg/min., a maximal R.Q. of 1.06, and a maximal heart rate
of 197/min. The men attained 51.3 cc/kg/min., 1.14, and
194/min. respectively.

In a study by Astrand27 44 physically active female

Subjects 20 to 65 years of age were examined three to seven

26E. Metheny, L. Brouha, R. E. Johnson, and W. H.

Forbes, "Some Physiologic Responses of Men and Women to
Moderate and Strenuous Exercise: A Comparative Study,"

American Journal of Physiology, 137:318-326, August-November,
1942, '

27Ir'ma Astrand, "Aerobic Work Capacity in Men and Women
with Special Reference to Age," Acta Physiologica Scandinavica,
Vol. 49, Supplementum, 169:11-87, 1960.
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different days when cycling at submaximal to maximal loads.
Heart rate, pulmonary ventilation, and oxygen uptake were
determined during work and blood lactate concentration was
measured after each work load.

I. Astrand and P. 0. Astrand administered various
maximal work capacity tests to women of many ages.
Metabolic responses concerning the age ranges pertinent to

the present study are presented in Table II.

TABLE II

METABOLIC RESPONSES

Number Maximal Maximal Maximal
Age of 02 1/ 02 ml/ Heart Oxygen
Subjects Minute kg/min. Rate Pulse
20-29 8 2.23 + .09 39.9+1.66 187 + 3.4 11.9 + .45
20-25
P.0. 32 2.88 + .04 M8.Mi .49 199 + 1.8 -
Astrand
20-25
P.O.
Astrand 4y 2.90 + .04 48.4+ .50 198 + 1.5 -
1952

Maximal oxygen uptake was indicated by: (a) an oxygen
uptake which did not increase despite a rising work load,
but reached a level and/or two liters and (b) a blood lactate
concentration which was high, 90-100 mg per 100 ml after

work of at least four minutes duration. Oxygen uptake at
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certaln loads was somewhat smaller for younger subjects.
Women had a lower oxygen uptake than men at a fixed work
load but calculated mechanical efficiency was identical.
At lower loads (300 rpm/minute) the mechanical efficiency
was significantly lower for older than younger subjects.
Mechanical efficiency decreased from about twenty-five to
eleven per cent when decreasing the load from 450 to 50 rpm
per minute. A rectilinear relationship between oxygen uptake
per minute and pulmonary ventilation per minute and also
an approximate rectilinear relationship between heart rate
and oxygen uptake per minute was found in all age groups.
Astrand classified aerobic work capacity into norms to
evaluate work capacity. The figures used to evaluate women

of normal body weight aged 20-29 are presented in Table 111.28

TABLE III

AEROBIC WORK CAPACITY, OXYGEN 1; ml/kg

Low Fair Average Good High
< 1.69 1.70-1.99 2.00-2.49 2.50-2.79 2.80 >
< 28 29-34 35-43 by-u8 4o >

28

Ibid., p. 83.
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Studies Concerning Responses to
Maximal Work Capacity of Men

Taylor29 administered a submaximal and maximal tread-
mill test twice to 31 male college students ranging in age
from 19 to 26. The test consisted of a four minute walk on
the treadmill; 108 meters per minute at a grade of 5 per
cent, and a run to exhaustion; 162 meters per minute set at
the 1nitial grade of 5 per cent elevated one per cent each
minute untll time of subject exhaustion. The test and re-
test were three days apart. The mean maximal values attained
were heart rate; 198 per minute, and oxygen in liters per
minute; 3.48. The test-retest correlations were r = .81 and
r = ,70 respectively.

During the submaximal test per cent oxygen correlated
Positively with time run while body weight and carbon
dioxide were insignificantly correlated. However, the
responses (heart rate, respiratory rate, ventilation, and
®lood lactate) to the maximal test were insignificantly
Correlated with time run. Taylor stated that this evidence
Fevealed that each subject ran to his individual maximal
Value which had little relation to his fitness; the length
°f the time he was able to run being the essential value.

In submaximal exercise the oxygen consumption cor-

Pelated with body welght r = .71 and with welight partialled

29Craig Taylor, "Some Properties of Maximal and Sub-
Maximal Exercise with Reference to Physiological Variation
and the Measurement of Exercise Tolerance," American
Journal of Physiology, 142:200-212, August to December, 1944,
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cut r = .23. In maximal exercise the oxygen consumption
correlation dropped to r = .43 and with weight partialled
out rose to r = -.46. Taylor concluded that in submaximal
exercise oxygen consumption is chiefly a function of body
welght and only slightly related to fitness but that in
maximal exercise the relation with welght drops and the
fitness criterion increases consliderably.

Heart rate and blood lactate were found to be the
most reliable submaximal measures but were approximated in
maximal work by per cent oxygen and oxygen consumption.
Ventilation was of low reliability in both submaximal and
maximal work, while respiration became highly reliable in
the maximal exercise.

C. Taylor'30 determined the circulatory, respiratory,
and metabolic responses of four male subjects (three physical
education students with athletic experience and one com-
Pletely untrained) to a periodically increasing work-load
on a bicycle ergometer set at 70 rpm. All experiments were
continued without interruption until the subject was forced to
Quit from exhaustion.

On the approach to maximal levels there was no
Manifest sign of circulatory failure accompanying exhaustion;

hOwever, failure of an adequate blood supply to certain

3OCraig Taylor, "Studies in Exercise Physiology,"
American Journal of Physiology, 135:27-42, December 1941-
February, 1942.
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tissues was thought to possibly affect the onset of exhaus-
tion.

Total ventilatlion displayed a linear increase with
work-load tending toward excessive acceleration at maximal
levels. The rate of increase varied considerably between
subjects but was fairly constant for each individual.

Final ventilations ranged from 40 to 115 liters per minute.

The rate of oxygen consumption was considered to be a
highly significant physiological variable not only because
it represented the physioclogical cost of the work, but be-
cause 1t gave evidence of the transport capacity of the
clrculatory and respiratory mechanisms. The oxygen consump-
tion curve as related to work load was found to be a good
measure of the efficlency of the subject. The trend of
oxygen consumption at maximal levels was consldered to be
of great significance because of the prevailing view that
the abllity to absorb oxygen 1is a limiting factor in an
individual's physical performance. In Taylor's study oxygen
consumption was by no means always deficlent at exhaustion
levels. In fact, in 50 per cent of the cases no deviation
in the linear increase of oxygen intake occurred and in the
remaining cases the value accelerated rather than declined.
In the cases where the curve turned upward approaching
exhaustion it was the opinion of the author that the effec-
tiveness of the muscles performing the work had to lower
to necessitate the mobilization of additional motor unilts to

be able to sustain the rate of work.
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The alveolar pC02 and per cent C02 in expired air both
increased in the transition from rest to work and remained
on a fluctuating plateau throughout most of the work range
and declined sharply at exhaustion. These variables as well
as ventilation were considered to be the most reliable
signals of exhaustion onset.

Wyndham and associates31 tested four highly trained
men at various levels of work on the bilcycle ergometer to
attempt to determine the level at which maximal oxygen intake
1s attained and to compare the results with previous studies.
The subjects warmed up for ten minutes at 3000 ft. 1lb/min.
followed by a training run on the cycle set at 70 rpm at
7500 ft. 1lb/min. for thirty minutes each day. After the
training run they worked to exhaustion at various levels of
work between 9000 and 11,000 ft. 1b/min. Training covered
a period of four months.

The maximal oxygen level remained constant over a
number of months. The average coefficient of variation of
heart rate of the four men at the same three levels of work

was 3.5 per cent indicating that in trained men maximal heart

rate is constant.

310. H. Wyndham, N. B. Strydom, J. S. Maritz, J. F.
Morrison, J. Peter, and Z. U. Potgleter, "Maximum Oxygen
Intake and Maximum Heart Rate During Strenuous Work,"
Journal of Applied Physiology, 14:927-936, °1959.
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There was a significant difference between the maximal
observed heart rate of some of the men. The mean of the
asymptote values was 178.3 beats per minute as compared to
Astrand's3? mean heart rate for young men which was 194.6
beats per minute.

The authors found that after the maximal heart rate,
and presumed maximal cardiac output was reached, that the
oxygen uptake continued to rise. The same investigators
considered this evidence that a small additional quantity of
oxygen could be obtained from the circulating minute-volume
of blood after the maximal cardiac output was attained.

The authors discussed criterion used by other authors
In the determination of an absolute level of maximal oxygen
uptake attainment and rejected them due to thelr own study
results and conclusions. Wyndham and associates felt that
there was not sufficient knowledge of the relationships
between oxygen uptake and rate of work to accept with cer-
tainty criteria for determining maximal oxygen intake attain-
ment.

Schneider'33 tested 6 sedentary men on a bicycle

ergometer carrying loads of 2000, 4000, 6000, 8000, and

32P. Astrand, Experimental Studies of Physical Working
Capacity 1n Relation to Sex and Age. (Copenhagen: Munksgaard,
1952).

33E. C. Schneider, "A Study of Responses to Work on a
Bicycle Ergometer," American Journal of Physiology, 97:353-
364, April to July, 1931.
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10,000 foot pounds at a set rate of 70 rpm's/minute.
Preceding the experiment and between each work period of
six to eight minutes the subject completely rested for
twenty minutes.

A linear relationship between oxygen consumption and
work load was maintained during submaximal work; however,
as work load increased the linear relationship was broken
for four out of the six cases. Heart rate also maintained
an approximate linear relationship to work ioad; however,
it was found to vary from man to man. Beyond this oxygen
uptake and heart rate responded to the load to a lesser
degree than at submaximal loads. An overload was found to
fail to increase oxygen uptake. Schneider considered this
to be sufficient evidence to conclude that a load of work
may be undertaken i1n which heart rate will also be unable to
increase.

Oxygen pulse rose.gteadlly with an increase in work
load except for the heaviest loads. Some of the subjects
made only a slight addition to the oxygen pulse upon reach-
ing thelr maximum load but a few were able to increase
beyond expectation even at the heaviest loads. |

Mitchell, Sproule, and Chapma.m:i‘4 administered a tread-

mill test to determine the physlologlical meaning of the

3“J. H. Mitchell, B. J. Sproule, and C. B. Chapman,
"The Physiological Meaning of the Maximal Oxygen Intake
Test," Journal of Clinical Investigation, 37:538-547, 1958.
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maximal oxygen intake to 65 normal men. Subjects warmed up
for ten minutes at 3 mph on a 10 per cent grade which was
followed by a ten minute rest perliod. After the rest the
subject ran at 6 mph at zero grade for 2-1/2 minutes. After
another ten minute rest period the grade was raised 2-1/2
per cent (speed remaining at 6 mph) and the procedure was
repeated. Thils procedure continued until oxygen intake per
minute leveled off.

Maximal intake was taken at the point at which the
oxygen intake curve ceased to rise. In 72 per cent of the
cases oxygen intake either remained the same or declined
when work load was increased beyond this intake. Because of
a relatively slight rise in some cases a final value of 54
ml or a rise of less than 142 minus 88 ml per minute was
accepted as the criterion to determine at which point maximal
oxygen intake was attained. The mean maximal oxygen intake
was 3.22 liters + 0.46 per minute and the mean maximal heart
rate was 187 + 10 per minute.

Robinson35 administered a treadmill test to 93 normal
non-athletic males ranging in age from 6 to 91 years to
study the interrelations of age, basal heart rate, and the
adaptation of heart rate work to various levels of work.

The subjects walked for fifteen minutes at 5.6 mph on an

-3581d-R0b1nson, "Experimental Studies of Physical
Fitness in Relation to Age," Arbeitsphysiologie, 10:251-
323, 1938.
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8.6 per cent grade. After a ten minute rest they ran at a
rate which exhausted them in two to five minutes.
Men aged 20 to 29 attained an average maximal heart

rate of 189 beats per minute as compared to a mean of 19536
and ranges of 174 to 192 (men) and 168 to 192 (women)37 of
comparable studies. The mean maximal oxygen consumption of
subjects 18 years of age was 3.61 liters per minute and of
subjects 25 years of age 3.56 liters per minute.

Studies Concerning Maximal Work Capacity
as Related to Physical Activity

Knehr, Dill, and Neufield38 performed a study on 14
college men over a period of six months. Data were collected
before and during the training period for subjects working
to maximum on the motor driven treadmill. The subjects
walked for eight minutes at 3.5 mph on an 8.6 per cent grade
and then immediately ran on the same grade, or a higher grade,
at 7 mph for five minutes or until exhausted.

The same investigators found a mean increase of 60
per cent in work done due to greater use of anaeroblc mecha

Nisms for energy transformation as evidenced by an increased

36D. B. Dill and L. Brouha, Travail Humain, 5:1, 1937.

3. H. Christensen, Arbeitsphgsiologle, %:453, 1931.

38, A. Kneur, D. B. Dill, and W. Neufield, "Training
and Its Effects on Man at Rest and at Work," American
Journal of Physiology, 136:148-155, March-July, 1942.




maximal oxygen intake. This was indicated by increased
lactate tolerance and an increased oxygen debt. The
authors concluded that the capacity to accumulate lactate
runs parallel with and furnishes an excellent index to
cardiovascular fitness. There was also an increase in
oxygen transport to the working tissues which represented
a gain in aerobic work capacity.

Astrand?9 in a review of the literature, summarized
the effects of training evident during maximal work. The
effects of training are:

a. An unchanged maximal heart rate,

b. An increased aerobic capacity,

c. An increased oxygen debt capacity,

d. An increased capacity for supplylng oxygen to

the tissues,

e. An increased utilization of anaerobic reserves,

f. An increased lactic acid capacity, and

g. An increased blood sugar level.

39Astr'ar1d, "Human Physical Fitness with . . .
loc. cit.

28



CHAPTER III

METHODOLOGY

To determine the relationship of body composition,
strength, and habitual physical activity to maximal
oxygen consumption in young college women the following

methods and procedures were followed.

Subjects

The 28 women used in this experiment were under-
graduate students at Michigan State University between the
ages of 18 and 22. The majority of the women were fresh-
men, 17 of which were physical education majors and 11
which were non-majors attending instructional classes in
physical education. They did not represent a random
sample of young women since they were selected on a
volunteer basis with an attempt to select subjects repre-
sentative of different levels of habitual physical activity.
All subjects were examined by the university hospital and

were considered to be of good health.

Test Procedures and Data Obtained

Data collectlon covered a period of approximately
five months. Measurements on each subject were completed
in two testing periods of an approximate length of one

hour each. Subjects were tested five days a week
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beginning at 7:00 A.M. and ending at 5:00 P.M. All metabo-

lic data were collected in the A.M. from 7:00 to 12:00 Noon.

Anthropometric Measurements

The procedures followed for these measurements were
taken from the instructions issued by the Committee on
Nutritional Anthropometry of the Food and Nutrition Board

of the National Research Council.“o

Height. The subject removed shoes; stood with her
back against the calibration on the stadiometer; heels, hips,
shoulders, and head touching the backboard. The head was
erect with the chin tucked in slightly. The subject stood
as tall as possible. The square was placed against the
calibration on the backboard above the head of the subject.
It was brought down until it fitted firmly against the top
of the subject's head. The reading was taken at the lower
edge of the square. Height was recorded to the nearest one-

half centimeter.

Weight. The subjects were weighed without shoes 1in
standardized dress of bermudas, blouse, and socks. Weight

Wwas recorded to the nearest half-kilogram.

uoCommittee on Nutritional Anthropometry of the Food
and Nutrition Board, Nutritional Research Council, in
Body Measurements and Human Nutrition, J. Brozek, editor
(Detroit: wWayne University Press, 1956).
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Per cent of standard weight (relative weight). Per

cent standard weight was calculated by dividing the pre-
dicted weight into the actual weight. The predicted

weights were obtained from the Build and Blood Pressure

Studz.u1

The standard weight figures in the Build and Blood

Pressure Study included shoe heel height of about two
inches and usual indoor clothing, which on women approxi-
mates four to six pounds. In order to make the figures in
this study comparable the average heel height of one inch
was added to each height and two pounds added to the weilght

to cover the extra clothing.

Pubic skinfold. The pubic skinfold site 1is located

on the mid-abdominal line halfway between the umbilicus
and the pubis. The skinfold was grasped between the thumb
and index finger in the vertical plane of the body. The
size of the skinfold was enough to include two thicknesses
of skin and subcutaneous fat but no fascila.

The application of the Lange¥* Calipers was about 1 cm.
from the fingers and at a depth approximately equal to the

thickness of the fold. Three successive measurements were

ulBuild and Blood Pressure Study, op. cit.

¥Werna-Gren Aeronautical Research Laboratory, Kentucky
Research Foundation, University of Kentucky, Lexington,
Kentucky.
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taken on the right side of the body while the subject was in
a supine position. The three measurements were averaged and

recorded in mm.

Predicted specific gravity. Predicted specific

gravity was obtained by the use of the prediction formulas
devised by Young and her associates.42 The pubis skinfold
measurement and the per cent of standard weight were based
on the predicted weight for age and height as determined by

the Build and Body Structure Study.

Per cent fat of body weight. Per cent fat of body
43

welght was derived from the Rathbun and Pace formula using

specific gravity figures.

Physical Activity

All subjects completed an activity history recall
qQuestionnaire in which they recorded their activity for a
Consecutive five day period. Energy expenditure, i.e.,
Physical activity, was determined by computing the activity
in terms of calories per hour per body weight. The subjects
Were listed in rank order according to the total energy

€Xpended in activity over the five day period.

by
QE-—£i£2Youn%§uet al.,"Body Composition.of Young Women, "
A4 LI ) p .

u3Rathbun and Pace, op. cit., p. 675.
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Metabolic and Heart Rate Technigues

The maximal work capacity test. Subjects began walking

on the Reeves motor driven treadmill at 3.5 mph on zero grade
for ten minutes. During this ten minute "warm up" period
oxygen was not collected nor heart rate recorded. .During

the last thirty seconds of the walk the subject was connected
to a Collins plastic triple "J" high velocity valve by means
of a rubber mouthpiece with the nose belng completely closed
with a nasal clamp. At the end of the tenth minute the
treadmill speed was increased to 6 mph (without interrupting
the experiment) to begin the "run." At the completion of
each minute of the "run" the grade was raised one per cent
until the subject was unable to continue. The speed remalned

constant at 6 mph throughout the "run."

Subject dress. The subjects wore standardized dress

of bermuda shorts, blouse, athletic socks, and tennis shoes.

Electrode placement. The chest-back type electrodes

Were used to record heart rate during the "run." The
three sites of electrode placement were:
a. On the chest: one inch above and to the
center of the left breast,
b. On the chest: one inch below and to the
center of the left breast, and

c. On the back: parallel with the lower chest
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electrode and three inches to the left of

the spinal column.
Cramer Tuf-skin was applied to the skin site and then
roughed with paper toweling to insure electrode placement.
A small area (the size of the electrode) was scraped clear
of tuf-skin at the exact spot of the electrode placement.
The inner cap of the placement side of the electrode was
thinly covered with Sanborn Redux Electrode paste before
placing the electrode in the cleared area of the site.
Johnson and Johnson one inch waterproof adhesive tape was
then placed over the electrode to stabilize 1t. The center
of the three inch strip of tape was placed on the electrode
and held in place as one side of the tape was stretched and
Secured to the side of the electrode and then the same pro-
cedure was repeated to secure the other side of the tape.
Duke elastoplast (a four inch square) was stretched and

DPlaced over the tape and electrode to prevent the tape from

loosening or curling due to body perspiration during activity.

The electrode lines were then brought toward the left
Shoulder, straight but with slight slack, looped, and
Secured to the shoulder with adhesive tape. The cord
€Xtended through the collar of the blouse and was inserted

Into the Sanborn portable electrocardiograph recorder.

Subject directions. The subject was directed to walk

and run using her natural stride and to attempt to focus on

a8 point directly ahead of her. It was emphasized that an
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all out performance would be necessary for the experiment
to be successful. The nose clip and mouthpiece were posi-
tioned to glve her the proper feel of the equipment. (The
valve was adjusted to her height by raising or lowering the
valve attached by a rubber hose clamped over an overhead
ceiling bar.) All subjects were able to adjust to the
treadmill during the ten minute warm up walk and had no

difficulty adapting to the speed change of the run.

Experiment procedures. Seven persons were necessary

to administer the all out test on the treadmill. Each
testor had a specific responsibility during the all out run.
The jobs consisted of:

a. Operating the Reeves motor driven treadmill: to
regulate the speed at 3.5 mph for the ten minute
walk on zero grade and at 6 mph during the run
with a one per cent grade 1ncrease each minute;

b. Operating the Sanborn portable electrocardiograph
and twin visa recorder: recording heart rate and
calling a 5 second count down at the end of each
thirty seconds;

¢. Exchanging the Douglas gas bags each thirty
seconds;

d. Standing along side of, encouraging, and watching
the subject for slgns of impending exhaustion;

e. Transporting the Douglas gas bags to the person



Calculated maximal work capacity data.

operating the Fisher gas partioner and the
Beckman infared 02 analyzer;

Operating the Fisher gas partioner and the
Beckman infared 02 analyzer: to analyze the
expired air for carbon dioxide and oxygen
content, and

Operating the Kofranyl meter: to determine the

temperature and volume of the gas metered.

data were calculated:

a.

b.

Maximal oxygen uptake in liters per minute,
Maximal oxygen uptake per kilogram of body
weight in liters per minute,

Maximal oxygen uptake per kilogram of fat-free
body weight in liters per minute,

Time (in minutes) of maximal oxygen uptake
attainment,

Heart rate simultaneous with the maximal oxygen
uptake attainment,

Heart rate of the last minute on the treadmill,
Total treadmill time (in minutes),

Exercise R.Q. simultaneous with maximal oxygen
attainment,

Maximal R.Q.,

Oxygen pulse,

36

The following
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Determination of maximal oxygen attainment. The

thirty second gas bags (necessary due to the smallness of
the bags available) were analyzed and the readings combined
to determine one minute oxygen per kilogram of body weight
calculations. The criteria for determining maximal oxygen
consumption was the same as used by Taylor.uu Taylor stated
that "if the oxygen intake at two different grades differs
by less than 150 cc/min. or 2.1 cc/kg of body weight, it can
be safely assumed that the maximal oxygen has been attained.
In the present study maximal oxygen consumption did not show
in the same way for all subjects. In thirteen of the cases
maximal oxygen rose to a peak followed by a decline and in
the remaining fifteen cases 1t rose upward and then leveled
off. 1In those cases where there was a peak followed by a
decline maximal oxygen was taken at the peak minute. In
those cases where the oxygen consumption leveled off and was
relatively constant over the previous minute maximal oxygen
Consumption was taken in the minute where there was no

further increase over .00150 liters per minute.

Cable Tension Strength

Eleven strength measures were determined by use of the

Cable tensiometer. The strength measures included:

uuTaylor, et al., op. cit., p. 79.
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a. Shoulder Extension

b. Elbow Extension

c. Ankle Extension

d. Elbow Flexion

e. Shoulder Horizontal Flexion

f. Hip Flexion

g. Hip Extension

h. Shoulder Flexion

i. Trunk Flexion

j. Trunk Extension

k. Knee Extension

The measures were taken at least twice at each site
according to instructions outlined by Clarkel.*5 If the
second measure differed from the first by more than 2.0
points additional measures were made untlil two of the
measures differed by not more than 2.0 kg when corrected.
The first of the two measures differing by not more than
2.0 kg were averaged and recorded.

Directions and diagrams for subject positioning and
Cable tensiometer attachments as taken from Clarke'su6
Manual of cable tenslon strength tests are reprinted here
Wwith permission granted by personal communication with the

author.

45H. Harrison Clarke, A Manual: Cable Tension Strength
Tests (Chicopeet Brown-Murphy Company, 1953).

u6Ibid.




Shoulder Extension.
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b7

Starting Position

a. Subject in supine lying position; hips and knees
flexed, feet resting on table; free hand resting
on chest.

b. Upper arm on side tested adducted at shoulder to
180 degrees; shoulder flexed to 90 degrees;
elbow flexed with wrist in prone position.

Attachments

a. Regulation strap around humerus midway between
shoulder and elbow joints.

b. Pulling assembly attached to wall at subject's
head.

Precautions

a. Prevent shoulder elevation by bracing with hand.

b. Prevent humerus abduction by guiding elbow.

Objectivity coefficients: 0.97

/) )
= [II= ’\ == /

Figure 1. Shoulder Extension

u7Ibid., pp. 17-18.
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Elbow Extension.u8

Starting Position

a. Same as for Elbow Flexion, except elbow is in
40 degrees flexion.

Attachments

a. Regulation strap around forearm midway between
wrist and elbow joints.

b. Pulling assembly hooked to wall below subject's
head.

Precautions
a. Prevent shoulder elevation by bracing.

b. Prevent raising elbow and abudcting upper arm
by bracing elbow to side.

c. Requlre subject to keep head straight so as to
reduce tendency to flex the spine laterally.

Objectivity coefficient: 0.94

Figure 2. Elbow Extension

uSIbid., pp. 16 and 18.
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Ankle Plantar Flexion.ug

Starting Position

a. Subject in supine position; hips in 180 degrees
extension and adduction; knees in 180 degrees
extensions; arms folded on chest.

b. Ankle on side tested is in 90 degrees plantar
flexion.

Attachments

a. Regulation strap around food above metatarsal-
phalangeal joint.

b. Pulling assembly attached to wall at subject's
head.

Precautions

a. Prevent: 1inverslon or eversion at ankle Joint,
extension of metatarsal-phalangeal jolnt; and
raising of leg.

b. Brace behind shoulders to stabalize subject.

Objectivity coefficient: 0.93

Figure 3. Ankle Plantar Flexion

491v14., pp. 30-31.



Elbow Flexion.
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Starting Position

a. Subject in supine lying position, hips and
knees flexed, feet resting on table, free
hand resting on chest.

b. Upper arm on side tested adducted and
extended at shoulder to 180 degrees; elbow
in 115 degrees flexion; forearm in mid-prone
supine position.

Attachments

a. Regulation strap around forearm mid-way
between wrist and elbow joints.

b. Pulling assembly hooked at wall at subject's
feet.

Precautions

a. Prevent raising elbow and abducting upper

arm by bracing at elbow.

Objectivity coefficient: 0.95

Figure 4. Elbow Flexion

50Ibid., pp. 16 and 18.

42



Shoulder Horizontal Flexion.
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51

Starting Position

a. Subject in supine lying position; hips in 180
degrees extension and adduction; knees fully
extended; free hand on chest.

b. Upper arm on side tested flexed at shoulder to
90 degrees; elbow flexed to 90 degrees; forearm
directly across body in mid-prone-supine position.

Attachments

a. Regulation strap around humerus midway between
shoulder and elbow joints.

b. Pulling assembly attached to wall away from body.

Precautions

a. Prevent trunk from lateral flexion and shoulders
from 1lifting by bracing; require subject to keep
head straight.

b. Steady subject's arm in testing position by

holding.

Objectivity coefficient: 0.93

Figure 5. Shoulder Horizontal Flexion

°11pv1d., pp. 17-19.
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Hip Flexion.52

Starting Position

a. JSubJect 1in suplne lying position; hip and knee
of free leg flexed with foot resting on table;
arms folded on chest.

b. Hip and knee of leg being tested extended and
adducted to 180 degrees.

Attachments

a. Regulation strap around thigh, lower third
between hip and knee joints.

b. Pulling assembly attached beneath subject
through slit in table.

Precautilons
a. Prevent 1lifting of shoulders by bracing.

Objectivity coefficient: 0.90

\N 7

"/

Figure 6. Hip Flexion

521p14., pp. 24-25.



Hip Extension.53

Starting Position

a. Subject in prone lying position; hip in 180
degrees extension and adduction; knees fully
extended; arms along sides of body.

Attachments

a. Regulation strap around thigh, lower third
between hlp and knee Joints.

b. Pulling assembly attached beneath subject
through slit 1in table.

Precautions
a. Prevent 1lifting of hips by bracing.

Objectivity coefficient: 0.94

Figure 7. Hlp Extension

—_—

531p1d., pp. 25-26.

45



Shoulder Flexion.

54

Starting Position

a. Subject in supine lying position, hips and knees
flexed, feet resting on table; free hand resting
on chest.

b. Upper arm on side tested adducted at shoulder to
180 degrees; shoulder flexed to 180 degrees;
elbow in 90 degrees flexion.

Attachments

a. Regulation strap around humerus mid-way between
shoulder and elbow joints.

b. Pulling assembly hooked to cross piece below
subject's arm.

Precautions

a. Prevent shoulder elevation by bracing with hand.

b. Maintain right angle at elbow.

Objectivity coefficient: 0.94

Figure 8. Shoulder Flexion

5L‘Ibid., pp. 16-18.

4e
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Trunk Flexion.55

Starting Position

a. Subject in supine lying position; hips in 180
degrees extension and adduction; knees fully
extended; arms folded on chest.

Attachments

a. Trunk strap around chest, close under arm pits.

b. Pulling assembly attached beneath subject
through slit in table.

Precautions
a. Prevent 1lifting of hips by bracing.

Objectivity coefficient: 0.90

Figure 9. Trunk Flexion

\

55Ibid., pp. 23 and 25.



Trunk Extension.56

This test 1s performed in the same manner as trunk
Flexion, except subject 1s in prone position with
hands clasped behind back.

Objectivity coefficient: 0.99

Figure 10. Trunk Extension

Ibid., pp. 23 and 25.
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57

-y - . D
fnee Lxtension.-

Starting Position

a. Subject in sitting, backward-leaning position;
arms extended to rear, hands grasping sides of

table.
b. ¥nee on side tested in 115 degrees extension.
Attachments

a. Rerulation strap around l=zg midway between knee
and ankle joints.

b. Pulling assembly attached to hook at lower end
of table.

Precautions
a. Prevent lifting buttocks.
b. Prevent flexion of arms.

Objectivity coefficient: 0.94

Figure 11. Knee Extension

N
°T1pid., pp. 28 and 31.



CHAPTER IV

ANALYSIS OF DATA

Description of Subjects and
Comparative Data

A general description of the subjects 1s presented
in Table IV. Comparative data of the present study and
Young'558 study on body composition and specific gravity
are also shown in Table IV. The mean values in Young's
study for body weight (58.96 kg) and fat-free body weight
(42.15 kg) are almost 1dentical to that of the present
study; 58.46 kg and 43.89 kg respectively. The other

measures are also similar.

Maximal work capacity. Maximal oxygen consumption

was determined on 28 young women who ran on the treadmill
at 6 mph with a one per cent grade increase each minute
until unable to continue. The "run" was preceded by a ten
Minute warm-up "walk" at 3.5 mph on zero grade. Eight
Subjects re-ran on the treadmill at maximal capacity to

determine the reliability. The metabolic responses

58Charlot-te Young, "Body Composition of Young Women,"
Journal of the American Dietetic Association (April, 1961),
38:332-300.
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to the maximal test and retest are presented in Table V.

The reliablility correlations are also shown in Table V.

Mean metabolic responses to maximal work capacity as

compared to the mean results of other studies on women by I.

62

Astrand,59 P. 0. Astrand,60 Metheny,61 and Von Dobeln"”

are presented in Table VI.
It 1s interesting to note the work of others as com-

pared to the present study. Maximal work capacity as cor-

related with different body composition measures compared

similarly with four other studies even though the subjects

used in the other studles were men. Table VII presents

maximal oxygen consumption as correlated with body composi-

tion measures of the present study and those of Buskirk ahd

65 66

fPaylor,63 Von Dobeln,6u Welch, and Seltzer.

59Astrand, "Aerobic Work Capacity . . ., " loe. cit.

601144,

61Metheny, et al., loc. cit.

R 62Von Dobeln, "Human Standard and Maximal Metabolic
ate ., . .," loc. cit.

63Buskirk and Taylor, loc. cilt.

"

1 6uVon Dobeln, "Maximal Oxygen Intake, Body . . .,
=2c . cit.

65Welch, et al.,loc. cit.

66Seltzer', loc. cit.
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Strength. Eleven cable tension strength measurements
were taken 1n various areas of the body as outlined by

Clarke67 in A Manuel: Cable Tension Strength Tests. The

means, standard deviations, and ranges found in the present
study are presented in Table VIII. No comparable data on

women were found in the literature.

TABLE VIII
CABLE TENSION STRENGTH IN KILOGRAMS

Characteristics Mean S.D. Range
Total strength 383.96 77.00 243 - 572
Hip flexion 57414 14.55 36.00-94.32
Hip extension 44,09 10.35 26.35-65.50
Knee gxtension 64,90 18.83 39.25-117.61
Shoulder extension 25.31 6.35 13.00-38.38
Elbow extension 17.08 4.25 9.75-26.88
Ankle extension ' 41.78 13.29 22.00=74.42
Elbow flexion 26.34 4.73 14.75-35.75
Shoulder horizontal flexion 16.90 3.92 10.75-24.65
Shoulder flexion 27.64 7.00 15.25-43.38
Trunk flexion 3-.03 10.72 14.,13-60.00
Trunk extension 32.34 12.10 14.75-52.88

———

Eluigrrelationships of Parameters

Pearson Product-Moment correlations. The Pearson

Pr”bduct-Moment Coefficlent of Correlation was employed to
©Stimate the interrelationships of parameters. Table IX

Presents the matrix of intercorrelations of all the variables.

\

87¢1arke, op. cit.
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The results of the intercorrelations reveal that:

1. The two body composition measures indicating tﬂe’highest
relationship with maximal oxygen consumption were body
welght (r = .64) and fat-free body weight (r = .64).

2. Body welght and fat-free body weight indicated a higher
relationship with daily caloric expenditure than other
body composition parameters. The correlations were
r = .69 and r = .62 respectively.

3. Maximal oxygen consumption and trunk extension strength
indicated a higher relationship with daily caloric
expenditure than other metabolic and strength parameters.
Maximal oxygen consumption and trunk extension strength
each correlated with daily caloric expenditure‘r = .59,

4. The two strength measurements indicating the highest
relationship with maximal oxygen consumptlion were hip
flexion (r =.51) and knee extension (r = .50).

5. The best indicators of total strength were hip flexion
(r = .88), knee extension (r = .84), and elbow flexion

(r = .83).

Elementary linkage analysis. Elementary Linkage Analy-

S1s for isolating Orthogonal and Oblique Types and Typal

68

Revelancies®® was performed on the intercorrelation matrix

68Louis L. McQuitty, "Elementary Linkage Analysis for
Istblating Orthogonal and Oblique Types and Typal Relevan-
viwes," Journal of Educational and Psychologlcal Measurement,
©1. 17, no. 2, Summer, 1957.
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for the purpose of clustering related parame emsntary

linkage 1s defined as "the largest index of association which
a variable has with any or all of the other variables."69
Every variable is assigned to a type or cluster in terms of
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type than it has with any variatle o2t is tne type. A
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the cluster. The results of
are presented in Figures 12 tc 16.

The results of the Elementary Linkage Analysis of
Types III to V indicated inherent relaticnzhips; i.e.,

with metabolic

-~
147)
0
{r

strength with strength and metabclic respcons

-

responses. Types I and II, however, indicated interrela-

eparate crigirns. Type I indi-

(]

tionships of parameters of
cated that the subjects who possessed more body fat and a

greater fat-free tody welght were mors actlve and were

[

w

stronger in trunk extension strength. It interesting to

note that trunk extension strength did nct relate to any cf
the other strength measures. Type 11 indicated that the
Subjects who possessed a greater fat-free body weight were
able to consume more oxygen and were able to run for a longer

Period of time before becoming exhausted.

®91p14., p. 208.
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Trunk Extension
Strength
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Fat-Free Body

in Kilograms

Y

Weight in Kilograms

Type I

+—— Means a reciprocal pair

— Means that the variable
highest with the one at
the head is not highest

of variables.

at the tail of the arrow is
the head, but the one at
with the one at the taill.

Figure 12. Elementary Linkage Analysis: Type I
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Maximal Oxygen in Total Time
Liters per Minute on
Treadmill
Maximal Oxygen Maximal Oxygen in Time Maximal
per Kilogram of+«—— Fat-Free Kilograms+——— 0Oxygen
Body Weight in of Body Weight in Attained

Liters per Min. Liters per Minute

Type II

-—

Means a reciprocal pair of variables.

Means that the variable at the tail of the arrow
is highest with the one at the head, but the one
at the head 1s not highest with the one at the tail.

Figure 13. Elementary Linkage Analysis: Type II
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Shoulder Horizontal
Flexion Strength

‘
Elbow Extension
Strength

Shoulder Flexlon <+«
Strength

Elbow Flexion——— Total Strength«—————— Hip Flexion

Strength

I -

Ankle Extension
Strength

Trunk Flexion
Strength

Type III

Strength

¥—— Means a reciprocal pair of variables.

—_—

T——Means that the variable at the tail of the arrow is
highest with the one at the head, but the one at the
head 1s not highest with the one at the tail.

Figure 14.

Elementary Linkage Analysis:

Type III
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Heart Rate Simultaneous =«

,-Heart Rate.During
with Maximal Oxygen d
Attainment &izgdﬁi??te on
L
Type IV

+—— Means a reciprocal palr of variables.

Means that the variable at the tail of the arrow is
highest with the one at the head, but the one at the
head is not highest with the one at the tail.

Figure 15. Elementary Linkage Analysis: Type IV

Standing Height <« Ponderal Index

3

Type V

+———— Means a reciprocal palr of variables.
—_—

Means that the variable at the tail of the arrow is .
highest with the one at the head, but the one at the
head 1s not highest with the one at the taill.

Figure 16. Elementary Linkage Analysis: Type V
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Analysis of Variance

One way analysis of variance using unequal subclasses
was applied to determine if there were significant differ-
ences between the sub-groups. All subjects completed an
actlvity history recall questionnaire in which they recorded
their activity for a consecutive five day period. The
subjects were listed in rank order according to the average
daily energy expended in activity over the five day period.
Next subjects were classified into two groups with two cor-
responding sub-groups based on rank order energy expenditure.
The groups were:

Group I: The upper 20 per cent or "active" subjects

as compared to the lower 20 per cent or
"less active" subjects determined by a one
day average of caloric expenditure, and

Group II: The upper 10 per cent or "most active"

subjects as compared to the lower 10 per

cent or "least active" subjects determined

by a one day average of caloric expenditure.
Data on daily caloric expenditure 1is shown in Table X. The
Subjects were further classified into another group with two
Corresponding sub-groups. The group was:

Group III: Physical education majJors as compared to

non-physical education majors.

The null hypothesls states that there are no signifi-
Cant differences between the two groups. Variance ("F" ratio)

Was accepted at the .05 level of confidence.



TABLE X

DAILY CALORIC EXPENTITURE OF GROUP I,

GROUP II, AND TOTAL SUBJECTS

Groups Mean S.D. Range
Group I
"Active" upper 20 per cent 2551 335 2201 - 2975
"Less Active" lower 20
per cent 664 L6g 371 - 992
Group II
"Most Active" upper 10 per
cent 2812 144 2688 - 2975
"Least Active" lower 10
per cent 535 101 371 - 621
All subjects 1590 687 371 - 2975




Results of analysis of variance for the upper 20 per

cent or "active" subjects as compared to the lower 20 per

cent or "less active" subjects. Analysis of variance data

of body composition are presented in Tables XI to XV. The
significant differences found upon examination of these
tables are:
1. The "active" subjects were heavier than the
"less active" subjects. (Significant at the .01

level of confidence.)

2. The "active"subjects possessed a greater fat-

free body weight than the "less active" subjects.

(Significant at the .01 level of confidence.)
Analysis of variance data of physical activity are
presented in Table XVI. The significant differences found
upon examination of thls table are:

1. The "active" subjects expended more energy per
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day than the "less active" subjects. (Significant

at the .01 level of confidence.)

Analysis of variance data of maximal work capacity are

Presented in Tables XVII to XXIII. The significant differ-
€nces found upon examination of these tables are:
1. The "active" subjects possessed a greater maximal
oxygen consumption in liters per minute than the
"less active" subjects. (Significant at the .05

level of confidence.)
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Analysis of variance data of strength are presented

in Tables XXIV to XXXV. The significant differences found

upon examination of these tables are:

1.

The "active" subjects were stronger in trunk
extension strength than the "less active" sub-
jects. (Significant at the .01 level of

confidence.)

Results of analysis of variance for the upper 10 per

cent or "most active" subjects as compared to the lower 10

per cent or "least active" subjects. Analysis of variance

data of body composition are presented in Tables XXXVI to

XL. The significant differences found upon examination of

these tables are:

1.

The "most active" subjects possessed more body
fat than the "least active" subjects. (Signifi-
cant at the .01 level of confidence.)

The "most active" subjects were heavier than the
"least active" subjects. (Significant at the
.01 level of confidence.)

The "most active" subjects pcssessed a greater
fat-free body welght than the "least active"
subjJects. (Significant at the .01 level of
confidence.)

The "most active" subjects had a lower ponderal
index than the "least active" subjects.

(Significant at the .05 level of confidence.)
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Analysis of variance data of physical activity are
presented 1n Table XLI. The significant differences found
upon examination of this table are:

1. The "most active" subjects expended more energy
per day than the "least active" subjects.
(Significant at the .01 level of confidence.)

Analysis of variance data of maximal work capacity
are presented in Tables XLII to XLVIII. The significant
differences found upon examination of these tables are:

1. The "most active" subjects possessed a greater
maximal oxygen consumption in liters per minute
than the "least active" supjects. (Significant
at the .01 level of confidence.)

2. The "most active" subjects possessed a greater
maximal oxygen consumption per kilogram of fat-
free body weight in liters per minute than the
"least active" subjects. (Significant at the .05
level of confidence.)

Analysis of variance data of strength are presented
in Tables XLIX to LX. The significant differences found
upon examination of these tables are:

1. The "most active" subjects possessed a greater
total strength than the "least active" subjects.
(Significant at the .05 level of confidence.)

2. The "most active" subjects were stronger in hip

flexion strength, hip extension strength, knee
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extension strength, elbow extension strength, and
shoulder flexion strength than the "least active"
subjects. (Significant at the .05 level of con-
fidence.)

The "most active" subjects were stronger in trunk
extension strength than the "least active"
subjects. (Significant at the .01 level of

confidence.)

Results of analysis of varlance for the physical educa-

tion majors as compared to the non-physical education majors.

Analysis of variance data of body composition are presented

in Tables LXI to LXV. The significant differences found

upon examination of these tables are:

l'

The physical education majors possessed a
greater fat-free body welght than the non-
physical education majors. (Significant at the

.05 level of confidence.)

Analysis of varliance data of physlcal activity are

presented 1n Table LXVI. The significant differences found

upon examlnation of this table are:

l.

The physical education majors expended more
energy per day than the non-physical education
majors. (Significant at the .01 level of con-

fidence.)

Analysis of varliance data of maximal work capacity

are presented in Tables LXVII to LXXIII. The significant



differences found upon examination of these tables are:

l.

The physical education majors possessed a

greater maximal oxygen consumption in liters

per minute than the non-physical education
majors. (Significant at the .01 level of
confidence.)

The physical education majors possessed a

greater maximal oxygen consumption per kilogram
of fat-free body weight in liters per minute than
the non-physical education majors. (Significant

at the .05 level of confidence.)

Analysis of varlance data of strength are presented

in tables LXXIV to LXXXV. The significant differences

found upon examination of these tables are:

1.

The physical education majors possessed a greater

total strength than the non-physical education

majors. (Significant at the .05 level of

confidence.)

The physical education majJors were stronger 1in

hip extension strength than the non-physical

education majors. (Significant at the .05 level
of confidence.)

The physical education majors were stronger in
trunk extension strength than the npn—physical
education majors. (Significant at the .01 level

of confidence.)

70
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In general then it was found that:

1. The "active" subjects (upper 20 per cent),
"most active" subjects (upper 10 per cent),
and the physical education majors:

a. possessed more fat-free body weilght,

b. were more active,

c. possessed a greater oxygen consumption, and
d. were stronger

than the "less active" subjects (lower 20 per
cent), "least active" subjects (lower 10 per
cent), and the non-physical education majors
respectively.

2. The physical education majors were most llke the
"most active" subjects (upper 10 per cent)
except that the "most active" subjects displayed
greater strength in more areas of the body as
compared to the "least active" subjects (lower
10 per cent) than the physical education majors
as compared to the non-physical education majors.

The analysils of varlance data are presented 1n

Tables XI to LXXXV.



*po3do00o® seM ‘swed3OTTH UT 3yd3tom Apoq ul sdnoald ayjz uasmilaq

NsoousdaJJTP JUBOTJTUSTS SBM 2J9Yyjl j3BYU3 ‘sTsayjodAy o3BUJIS3T® Y] °poajdoalfod sem gfsayjodLy

TINU 8ayj ‘ado0Jadayj ‘pue 8dUSpPTJUOD JO TSAST TO0° ©9U3 3B 92UBOTJTUBTS pPOMOUYS OT3BJI J SBYJL
#0°0T TI0° 3® 4

96'f = G0°* 38 & °OT = JP PUB T = ['Jp J0J 4 oTqel Wold
999G 4T 0T 9999 GST sdnoJad UuTU3ITM €eeEg-ts SAT]0VY SS97]
T10° GLEGL K2
£eeg-age T geee-age sdnoap usamjag 999T1° 49 SAT30V
20UuU®BD 0Ta3®Yy aaenbg wopoasdayg sadaenbg S0UBTaRA u®eap dnoap
-TJIUSIQ o UuB o Jo sooaada( JOo ung JO ©oanog

I dNOYD NI SWVHDOTIX NI LHDIHM AdOd 40 HONVIHVA 40 SISATVNV

ITX HI9VL

‘pagdsooe seM sTsayjodAy TInu ayz “sgoJsdsyz $qUBOTJTUITS ©q O3 pPuUNOJ 30U SBM OTJBJI J 9YJ
K0°0T= T0° 3®e 4 2 1
96°% = G0* 38 4 0T = “Jp PUB T = ~Jp J0J 4 9Tqe] woayg

9TH6 4 0T 991t " 64 sdnoap UTYITM £€€g0°fe SAT30V S§S97]
*S°N Eggen e
0000°¢cT T 0000°¢cT sdnoap usamjag £€€g80°9¢ SAT3OV
|aoued oT3®Yy saenbg wopsady saaenbg S0UBTJIBA ueap dnoap
~-TJTU3Ig wdu UBon Jo sosaldsg JO wng JO 9294n0g

I dNOYD NI IvVd AJdOd LNHD YHd 40 UONVIYVA 40 SISATVNY

IX HdT149VL



73

*pa3dsoor seM sTSsayzodAy TInu ayjg ‘sdo0Jsada9yjz {3ueOTJTUBTS 8Qq 03 punoJ 30U SBM OTjBJI 4 9YJ

hO"O0T T0® 3® 4

96°f = GO* 38 4 ‘0T = SJP PUB T = 'JD J0J 4 OTQR] WOJId
970" Lh 0T 919 0L sdnoap uTy3zTM €€80°09T SATJ3OY SS897]
‘SN 68626 €
GL98 48T T GL98 /8T sdnoap ussmjlag E£E£E6°L9T SAT3OY
2oued oT3®eY sadenbg WO poady saaenbg S0UBTJRBA ueap dnoan
-TJTUITIQ wdu ueap Jo soauala( Jo ung Jo 20anog

I dNO¥D NI (SHHLIWILNED NI) LHHIHH ODNIANVLS 40 HONVIHVA 40 SISATVNVY

AIX Y1dVL

*po3dado® SBM ‘SwWBJIIOTTY UT 3U3Tom Apoq 9adaJ-38J Ul sdnoad oyj ussmlaq Saousd

-JI9JJTP QUBOTJTUSTS SBM aJ9Ujl 3®'U3 ‘sIisayjodAy ajeuasjle ay], °pPa393fad sem sTsayjzodLy
IInuU ayjg ‘adoJadayj ‘pur 90USPTJUOD JO TSAST T0° 9Y3 3® S0UBOTJTUITIS pPaMoOys OT3BI 4 9YJ

#0°0T = T0° 3® 4 z 1
96°t = G0°* 38 4 °0T = “Jp pue [ = "Jp J0J 4 OTQBL woJayg
99T9°§ 0T 99971 ° 9§ sdnoah UTUITM €EEg o SATI]OY SS97]
I0° TGhH0°0€E
00G6.°89T T 006.° 89T sdnoap usamjag EEEE BN SAT]0VY
20UBD oT3®Yy saaenbg wopaadg saaenbg 20UBTJIRA ueapy dnoap
-TJTUSTS wda ueop Jo sasaldo(q Jo wng Jo aoanog

I dNOYD NI SWVHDOTIM NI IHDIHM AdOd HHHI-LVH 40 HONVIHVA 40 SISATVNY

ITIX HIdVL



=
N~

*po3deooe sBM € (o3vasae Aep 8u0) sanjTpusadxe OTJIOTBO UT sdnod3d ayj ussamlaq Sa0uUd

-J3JJIP JUBOTJTUBTS SBM 843Ul 3BY3 ‘sSTsayjzodAy o23BUID]TR aYL °pojoaflaa sem sTsayjodAy

TINU ayjz €“aa0Jsdaayj ‘puB S0ULDPTIJUOD JO TSAST I0° ©9U3 3® SOUBOTJTUSTS paMOUs OT3BJI 4 9y
#0°0T = T0° 3® 4

96°ff = G0° 3® 4 0T = va pue T = Hmu Jd0J 4 9TQqBL woday
€€82°T19291 0T 0€€8°2T9.9. UTY3TM 9999°£99 9AT]OY SS97]
10" E€LETE HET sdnous
cE80°"H600TEOT T cE80°"H600TEO0T ussmjag 0006°11G2 SATI]OVY
20U®BO 0T13®Y Soaenbg wopaadg saaenbg S0UBTJIRA ueap dnoap
-TJTU3 TS i ueay Jo sooaJalda( Jo ung Jo o22oanog

I dN0¥D NI (IDVHHAV AVdA INO)
HINLTIANIdXH OIHOTVDO 40 HONVIHYVA 40 SISATVNVY

IAX HT14dVL

"po3dadooe seMm sTsayjzodAy TTnu ayz ‘agoJadsayl $quBOTJTUITIS ©Qq 09 puUNOJ 30U SBM OT3BJI 4 9YJ
. "#0°0T= T0° 3e 4

96° = G0° 3 4 °01 = va pue Hhﬁ Jd0J 4 9TqBL woday
TI0TH " 0T hTOT "4 sdnoap uTy3TM 06T6°CT SATI30Y SSs97]
"S°N 61.85°
goHhe” T gonwc- sdnoap ussamjaqg 9T1f9-21 SAT3OV
20UBD O0T3®BY saaenbg wopsaag saaenbg 20UBTJABA ueap dnoayp
~TJTUI TS wdy ueap Jo sosa3da( Jo ung Jo ©soanog

I dNOY¥D NI XHUANI 'TVHHANOd 40 HONVIYVA 40 SISATVNV

AX dT1dVdL



75

*po3daooe seM sTsayjzodAy Trnu ayjz “sda0Jadayjz €queBOIJIUZTS ©Qq 03 puUNoOJ 30U SBM OT3eBJI 4 9YJ

#0°0T = T0° 3® 4 2 1
96° = G0° 3 4 0T = “Jp pue T = JD J0J J 9Tqe] wWoJdy
0000~ 0T T000° sdnoad uTylTM 19¢0° 9ATJOY SSIT]
*S°N £eEgelL”
0000~ T 0000~ sdnoap usamjag 88€0° SAT]0V
20UBD O0T3®Y soaenbg wopaady saaenbg SOUBTJIRBA ueap ’ dnoap
-TJTU3TS wdu Uu®Ba JO soaalda( Jo ung Jo soanog

I dNO¥D NI HLNNIW H¥dd SHHLIT NI LHOIHUM
Ad0d 40 WVHUDOTIMN Hdd dMVLdN NIDAXO TVWIXVW 40 HONVIHVA 40 SISATVNV

ITTAX HdT19VL

*pog3dadooe seM ‘o3nutw J8d Sa93TT UT 8yeadn usldAxo TeurxeW ul sdnodld ayjz usamilaq Saoud
-JI9JJTID QUBOTJTUBTS SBM 849Ul 3eU3 ‘sTsayjzodAy ojeUId]T® dY] °poajoalaa sem stsayjzodLy
TIINuU 8aysa €o2J0J9Jd9Yl ‘pur 90USPTJUOD JO TOAST G0° 9U3 3B 99UBOTJTUITS pamoys ofjzed g 9yl

R0°0T = 10" 3® 4 2 1
96° 4 = G0 38 4 °0T = “Jp Pue T = Jp J0J 4 9Iqe], wodayg
clet: 0T ccle 1 sdnoad UTYJTM 0666°1 SAT3OY SS897
Go0° ceegn -l
02s6° T 02Ss6° sdnoap ussm3dg £866°¢ SAT3OY
aoued 0T3®Yy saaenbg Wwopasdg saaenbg S0UBTJIBA uesy dnoap
-TITU3TS wd ueap Jo sesadaqg Jo ung JO 92anog

I dNOYD NI HINNIW ¥Hd SHELIT NI IMVILdN NIDAXO TVWIXVIW 40 HONVIHVA J0 SISXTVNY

ITAX HT9Vd



76

‘ps3dador seM STSayjzodAy TTnuU ayjz “sJoJaasylg <quedOTJTIUZTS 8q 03 PUNOJ 30U SBM OT3®BJI J 9YJ
#0°0T = TO" 3® 4 > T

96°f = G0° 3® 4 °0T = ~“JP pue = Jp JOJ 4 SIQe] wWoJayg
gegn e 0T geeghe sdnoah UTYFTM €EEQ T SAT]30Y SS97
SN 9GEE0”
£€go” T €ego- sdnoap usamjag 0000°GT SAT30Y
Eblig=h) 0T3®eY saaenbg wopsadyg saaenbg SOUBTJBA UuBo dnoan
-TJTU3TS e ueBap Jo sasaalda( Jo wung JO 82anog

I dNOY¥D NI INHWNIVLLV
IMVIdN NIDAXO TVWIXVW 40 (SHLANIW NI) IWIL 40 HONVIYVA A0 SISATVNY

XX H7T4dVYL

‘pogdeoor seM STsaygodAy TTnuU ayjz ‘oJ0JaJg9Yyjz fqueoTJTUSTS SQ 07 pPUNOJ 30U SBM OT3BJI g 9YJ

#0°0T = TO" 3® 4 z 1
96°h = G0° 3® 4 0T = “JpP PUB T = "Jp J0J 4 OTQeJ wWoIyg
ooo0- 0T #000° sdnoap UTUJTM L310° SAT]OY SS97]
SN g€RCT"1
0000~ T 0000° sdnoap usamjag 6250° SAT]0VY
20UBD O0T3®Y saaenbg wopsadyg saaenbg SOUBTJBA UBSN dnouapn
-TJTU3TS wd ueo|y Jo saaada(g Jo wng JO 224anog

I dNOYD NI HINNIW ¥dd SHHLIT NI IHDIHM AJO€ HHHA-LVA
d0 WVHOOTIIN HHd dMVIdN NIDAXO TVWIXVW 40 HONVIHUVA A0 SISXTVYNV

XIX H1dVL



7

‘pojdeooe seM sTsayjzodAy TTnu ayjz ‘oJ0jaJgayi ¢quedTJTUBTS ©2q 03 pPUNOJ 30U SBM OT3®J 4 3YJ

#0°0T = T0° 3® 4 2 1
96°h = G0® 38 4 0T = “Jp PuB T = -Jp J0J 4 OTQeL WOJIg
£€g9-cl 0T £€eg-9el sdnoap UTYJTM 000G 06T 9AT3OY SS9
SN £2h96°
£€g0°0.L T £€€g80° 0. sdnoap ussmiag CEEE-GOT SAT]OVY
aouUBD 0T3®Y saaenbg WO Ppaadyg saaenbg aoueRTJIR) uesy dnouan
-TJTU3 IS wilu ueay JO sssaldag  JO ung Jo aoanog

I dN0¥D NI TIIWAVHYL dIHL NO
HLOANIN LSVT HHL 40 HLVH LYVHH HHL 40 HONVIHVA 40 SISATVNY

ITXX H7T14dVd

*po3daooe seBM sTIsoayzodAy TTnu ayjz “sdgo0Jadasysz ¢JueOIJTUITS 9q 03 punoJ 3ou SBM OTj3BJI g 9YJ
#0°0T = T0" 3® 4

96°% = G0° 98 d "OT = ©Jp PUB T = LJp J0J 4 OTQR] WOoId
£££8°68 0T €€€£°g6g  sdnoap uTY3TM  EE£G06T SATIOY SSOT
‘SN 9.260°
£ese-g T €EEE g sdnoap ussmiag  000G° 26T 2AT30Y
aouBD 0T3eY  Saaenbg wopsadg  saaenbg SOUBTJB) ueoy dnoap
-TJITUSTIS uda ueay Jo sasal8sg JO ung JO 90anog

I dNOY¥D NI INUWNIVLLV HYVIdO NIDAXO
TVWIXVW 3HL HLIM SNOUNVLTANIS HIVH LHVHH HHL 40 HONVIYVA 40 SISXTVNV

IXX HT9VdL



78

*pogdoaooe seM sTsayjzodAy Trnu ayjz ‘agojadasyg (3uedIJTUITS ©Qq 03 puUNoOJ 30U SBM OT3®J 4 9YJ
#0°0T = T0° 3® 4 2 1
96 = G0° 3® 4 ‘0T = “Jp pPUe = Jp 40 4 9Tqe] wody

999T1° 5681 0T 9999°TS68. sdnoap uly3TM E€EEQ°TGE SAT30Y S§897]
*S°N £€6L9¢€°T1
0000°0080T T 0000°0080T sdnoap usomlag ECEEQ TTIH 9AT]OY
20UBD O0T3®eY saJenbg wopaadayg saaenbg QOUBTJR A ueay dnoap
-TJTUldTS widu uBan Jo ssaualdaqg Jo ung Jo 8oanog

I dNOYD NI HLONIYLS TVIOL A0 HONVIHVA 40 SISATYNVY

ATXX HdT4dVL

*paj3dsoo® seBM STsayjzodAy TTnu ayj ‘saojadsaysz fquedTJTUIIS ©q 03 puUNOJ 30U SBM OT3RJd J 9YJ
#0°0T = T0° 3® 4 > 1

96 % = G0° 3® 4 ‘0T = "Jp pue T = Jp 40 4 9TqeJ WOoJy
80c8 "¢ 0T £g80c-8¢ sdnoap UTYJTM 0000°ST SATJOY sSa7]
*S°N 6£.00°
80c0~ T 8020~ sdnouap usamjyag £€80° 4T SAT30V
80UBD oT3®eY saaenbg wopaadyg soaenbg SOUBTJIBA uBoN dnouap
-TJTU3 1S ady UBap Jo seaJadaqg Jo ung JO 990anog

I dNO¥H NI (SHILNANIW NI) HWIL TIIWNAVIYL TITVIOL FHL 40 HONVIMVA A0 SISXTVNVY

ITIIXX H14dVL



79

*pardeoor seM sTsayjzodAy TInu ayjz ‘saojsasys $quedTJTU3TS ©Q 03 punojJ 30U SBM OT3BJI 4 9yl

#0°0T = TO0" 3® 4 2 1
96 = 60" 3e 4 ‘0T = “Jp pue = "Jp J0J 4 °oTdeB] wWoJy
h2E9° 68 0T 0hcE 968 sdnoap UuTY3TM £86E " ch SAT30Y SS9
‘SN LELLE"T
99GH"€CT T 996K "€£2T sdnoap usamilag €ET8 8N SAT30V
20UBD 0Ta®rY saaenbg wopaaayg saaenbg DOUBTJARA uesy dnoap
-TJIU3 IS il ues|y Jo sssada( Jo ung Jo 994anog

I dNO¥D NI HIDNHHLS NOISNHIXH dIH 40 HONVIHVA 40 SISATUNY

IAXX dT49VL

‘poadooor sem sTsayjzodAy TINU ayjz ‘saoJagayz $QueOTJTIUSTS ©Qq O3 pPuUNOJ 30U SBM OT3BJI J 9YJL

#0°0T = TO0* 3® 4 2 1
96" = G0 3® d ‘0T = “Jp pue = "Jp J0J 4 S1qe] wWodJdy
0864 "fet 0T T086 " fhet sdnoap UuTy3zTM 0S6T" €6 SAT30Y SS97]
"S°N 99088 °
lcll°Gge T Lell-Sge sdnoap ussmiag 0666°¢29 9AT]0VY
a0uBod 0T13®BY saaenbg WO paadg saaenbg SOUBTJIRA uesy dnoap
-TJTUS TS wd ues|y Jo seaalag JO wng JOo soanog

I dNO¥D NI HIONFIMIS NOIXHIT dIH J0 TONVIUVA 40 SISATVNV

AXX HTIdVL



80

ayg ‘oaoJaaayg fquedoTJIUSTS ©q 03 punog
#0°0T = T0° 3® ¥

*pagdedor seM STSsayjzodAy TTnu

j0u SeM OT3BJI g4 9YJ

96°tt = G0° 3®e 4 ‘0T = va pue T = Hh@ Jd0J o 9Tqe] woJay
T,20°49 0T €TL2 049 sdnoad UTU3TM £819°92 SAT3OY SS9]
“S°N 680.0° ,
L8ES K T 18EG° 1 sdnoad) usamjyag £E8TH"Ge 9AT3OY
aouBod 0T3®Y saaenbg wopeadg saaenbg 20UBTJRB A ueap dnoap
-TJTU8 IS udu ueapy Jo sosalag JO wng JO 98oanog
I dNOY¥YD NI HIONIHYLS NOISNILXHT HHATNOHS A0 HONVIYVA A0 SISATYNY

TIIAXX T4V

*pa3dadoo®e sBM STsayjzodAy TInu ayjz ‘saojsdayl $JuedoTJTUITS 9q 03 punog

J0U SBM OT3BJI 4 9YJ

#0°0T = TO0" 3® 4 z 1
96" = G0 3B d ‘0T = “Jp pue = “Jp J0J 4 OTQR] WOJIJ
0069°.LTE 0T 9006°9.1¢ sdnoad uTy3TM 990646 SAT)OV SS97]
‘S°N CLTITIT &
£€€62°90¢T T £€G2°90E£T sdnoap usamMmiag €E€LL Gl SAT3OY
aoueo 0T3ey saaenbg wopaadg saaenbg 90UBTJRA ueay dnoapn
-TJTU3TS wdu ues|y Jo ssaadag JO ung JO adanog

I dNOY¥D NI HLONJHYLS NOISNILXH HIANM 40 HONVIYVA d0 SISXTVNY

ITAXX HT4VL



81

‘poqdeoor seM sTsayjodAy TTnU ayjg “sgoJodoayl $JuedTJTUBTS ©Qq 03 punoJ 7J4ou SeM OT3eJd 4 9yl
H0°0T = T0° 3® 4

96°h = G0* 3B 4 0T = °Jp pue T = LJp J0J 4 9TQe] wold
06Tz €22 0T G06T 2fzz sdnoad UTUITM  £8G°Ef  SATIOY SSOT
SN 220%0°
18168 T 1gl6*g  sdnoap uoemiosg  £8Gg°TH SATIOY
soued O0T3BY  saaenbg wopoady  saaenbg SoUBTJIEA uea dnoap
-TJTU8 TS wd uesy Jo saaa8aq JO uing JO 20anog

I dNO¥D NI HIDNHYLS NOIXHTH MOHdTd A0 HONVIHVA 40 SISATVNY

XXX HT4dVdL

*po3daoor seBM sTsayjgodAy TInu ayjz ‘ada0Jodsysg $quedoTJTUI TS 8q 03 punoj 30u SBM OT3BJI 4 9Y]
#0°0T = TO" 3® 4 2 1

96°t = G0 3e 4 ‘0T = "Jp pue T = Jp J0J 4 9TqeJ WwoJy
69G60°ce 0T 8696°0¢2¢ sdnoap uTyY3TM 912¢6° 9T SAT30VY SS897]
*S°N GTLlSH "
€€g0°0T T £€80°0T sdnoaph usamiag  0GGE°QT SAT30VY
20uU®BD 0T3®Y saaenbg wopoadyg saaenbg aouBTJIRA ueap dnoap
-TJTUS TS adu ues)y Jo saaada( Jo ung Jo aoanog

I dNOYD NI HIONIMIS NOISNAIXH MOLTHd 40 HONVIHVA J0 SISATVNV

XIXX HdT9VYL



82

‘poqdedor seM sTsayjodAy TInu ayjz ‘ago0Jadaysz <JuedOTJTUSTS 99 O3 pPuUNoJ 30U SBM OTQBJI J 9YJ

H0°0T = TO0" 3® 4 z I
96°h = G0* 38 4 0T = “JP pue T = -JD J0J 4 OTQe], Wodd
§9ge¢-cc 0T 6598 °cce sdnoap uTty3lTM 06€£8°9T1 9AT3OY SS97
*S°N o0yt
09l¢°¢ T 09/l¢-°¢ sdnoap ussmjag 0088° LT SAT3OVY
20uUBod oT3ey saaenbg wopasaayg sagaenbg S0UBTJIRA uesp dnouap
-TJTU3 TS wd ueap Jo seaalda( JOo ung JOo 8oanog

I dNO¥YD NI HIONHYLIS NOIXHTA TVLNOZIYOH HHATNAOHS A0 HONVIHVA 40 SISATVNV

ITXXX HTdVd

*pajdsdooe seM sTsayjodAy TInu ayjz ‘adoJsdaayl $quedTJTU3TIS ©q 03 punoJ 30U SBM OTI3BJI 4 3ayJ
RO°0T TI0° 3B 4

96 = G0° 3® 4 0T = %Jp pue T = lJp J0J 4 oTqel wWoad
19T1€°8T1 0T 98H6°HG sdnoan utyaTM  £886°€h SATJOY sS97]
"S°N 06TO0L"T . _
£2LT°TE T tglE 6  sdnoap usemzag  0G2G°9¢€ S9AT3OY
20UBO OT3BY ww.n.mddw WOopasdq wmh.md_dm woc.m..m.n.m> UBS| QSO.HG
l.._u.u.ﬁcwﬁm :.m: UuBsi Jo wmw&wwa JO0 ung JO 90J4n0g

I dNOY¥D NI HLONHHLS NOISNHIXH HTINV A0 HONVIYVA 40 SISXTVYNV

IXXX d19dVd



83

*poa3doaoore sem sTsayjodAy TTnu ayjz ‘saojosdaayz f3ueoTJTUBTS 9q 03 punoJ 30U SBM OT3®d 4 9y
#0°0T = TO0" 3® 4 ‘

96" = G0° 3® 4 ‘0T = Nuv pue = Hmc 403 4 9TQqBJ woJy
89tk " 0G 0T 989 " 105G sdnoap uty3zTM 9909° 42 SAT]30Y SS97]
*S°N 6HENT "
ggeec-l T Ggeecl sdnoap usamjag £€G0He SAT]OVY
20uU®RO 0T3®BY saaenbg wopossad saaenbg ‘90uUBTJIRA uespy dnoapn
-TJTU3TS M ueBap Jo sasaldaq Jo ung Jo aoanog

I dN0Y¥D NI HIONHHMLS NOIXHTA MNAHL 40 HONVIMVA A0 SISATYNY

AIXXX HTIAVL

‘pogdaooe sem sTsayjodAy TTnu ayj ‘ag0jsa9yj (JuBOTITUITS ©q 03 pUNOJ 30U SBM OTIBI g 9Y]J
#0°0T = TI0° 3® (4 2 1

'96°t = G0° 3e 4 0T = "3p pue T = Jp 403 4 9TqQe] woay
T86E°G. 0T 2186°£61 sdnoap UTUITM 91£.-Ge SAT]OY SSa7]
*S°N GGE6E "
0£19°6¢ T 0£.9°62 sdnoap usamjag 99.8°8¢ "SAT30V
2ou®Bd 0T3eY saaenbg wopasdg saaenbg souBTaAB) ueap dnoap
-TJTUS IS wilu ues|y Jo ssaalsQg JO wng Jo aoanog

I dN0YD NI HIONHHYLS NOIXHTA HIJTINOHS 40 HONVIYVA 40 SISXTVNV
ITIXXX HT14dVdL



84

*pajdeoor seM ‘gqeJ Apoq Juad aad :ﬂ.mQSOLw 93 usomMjlaq Saousd

-I9JJTP JUBOTJTUSTS SBM 2Ja9yj 3Byl ¢sTsayjzodLy aj3ruUIalT® 9YL -pojoafaa sem sysayjzodAy

TInU 8ayg €oJ0JaJ9YU] ‘puB 90USPTJUOD JO TSAST T0° 9U3 3B S90UBOTJTUITS poMoys OT3ed 4 9YJ
0c°"T¢ = T0® 3® 4

T.°L = 6G0° 3®e 4 o= Nuu pue 1 = Hmv JO0J o 9Tqe, WwoJay
£802°T f €EEg sdnoap UuTY3TM £EEEQ"TC ©SATIOV 3seo]
10° BhhEOD"TE ‘
000G° L€ T .0006° LE sdnoap usamjag £€€g-9c SAT]OV 3SONW
20uURd 013®Y saaenbg wopaadyg saaenbg S0oUBTJIRBA ueay dnoan
-TJTU3I1S wdu ueBap Jo sosalaQg Jo ung Jo ajdanog

IT dNO¥D NI LVd AdOd LNID HHd 40 HONVIYVA 40 SISATVNV

IAXXX d71dVL

*pa3dsdoor seM ‘yjzl3usdlsS UOTSUa3Xa junajl ur sdnoald3 oyjg usam3laq Saoduad

-JI3JJTP QUBOTJTUBTS SBM 243Uj3 3BU3 fsTsayjzodLy sjeuaajzie 9y, °poj3oolfoa sem stsayjodLy

IINU ays3 €od0Jaa9yjl ‘pur 20USPTJUOD JO TOAST I0° 99Uz 3® 20UBOITJTUITS poMoys OTj3ed 4 9yl
_ : #0°0T = TO" 3® 4 1

96 = G0 ' 4 0T = Nuv pue T = Jp J40J 4 9Tqe] woJayq
99T6°6¢ 0T £991°66¢ sdnoap UuTY3TM £gan-°1¢ 9AT]3OV SS897
1o~ 81199° 1§
TG h64T T T.hG 64T sdnoap usamjzag €EgLL Eq SAT]0Y
|aoued 0T3eY saaenbg wopoadayg saaenbg D0oURTJRA ueapy dnoayp
-TJTU3IS wdu uesy Jo sosoualdaqg Jo wng Jo 9oanog

I dNO¥D NI HIONHYIS NOISNULXH HNAUL 40 HONVIHUVA A0 SISXIVNV
MAXXX HT4dVL



85

*pa3deoore seM ‘sSwea3OTTY UT 3y3toM Apoq 93aJ-3®J utr sdnoald ayj3 usoaMlaq SI0UD

-JI3JJTP QUBOTJTUITS SBM 8a9Uj 3BYU]3 ¢ sosoayjodAy ajeuasjie ayl, °poj3oafaa sem sisayjzodAy

1Inu ayja “sd0Jaddayl ‘pue S0USPTJUOD JO TOAST T0° 9U3 3® 20UBOTJTUB TS pPaMoOUs oOTjed g 9YJ
0c°1¢ = 10" 3® 4

1L, =G0" 28 4  “ff = Jp pue T = LJp d0J 4 oTqel woad
9999°¢ f 9999°0T sdnap uTy3TM 9999°6£ 9ATIOY 3SBI]
10° 00000° 64
9999°0¢€T T 9999°0£T sdnoap usamjiag 0000°64 SAT30V JSONW
aourod O0T3eY soaaenbg wopaady saaenbg QouBTJIB A Qmms dnoan
-JTU3Tsg uddu uea Jo saoaaldaq Jo.ung Jo 8odanog

IT dNOYD NI SWVYDOTIM NI LHDIHUM Ad0d HIHA-LVA 40 HONVIHVA 40 SISKXTVNV

TTITAXXX HI149dVL

‘po3daoore seM ‘sweJdIOTTH UT 3Uy3ToMm £poq ur sdnoald syjg usamjlaq Saouad

-J3JJTIP 3JUBOTJTUSTS SBM 9J9Uj 3eU3 ¢sTsayjodLy o3BUIL3T® 9y, °pPo303faa seMm sTsayjodLy

IInuU aya €ad0Jadayl ‘puB S0USPTJUOD JO TOAST T0° 9U3 2® SoUBOTJTUITS pPOMOys '0T3ed 4 3aYJ
02°T¢c = T0° 3® 4

T.°L = G0 3® 4 o= Nhﬁ pue 1 = Hmv Jd0J o4 9TqEL WodJay
9991°9 f 9991 4¢ sdnoan UuTY3TM 0000°0G ©AT3OY 3s®BO]
T0° 68168 #9
9991 ° 004 T 999T°00% sdnoap uaamjag 0000°19 SAT30V JSON
20ued o0T3ey saaenbg wopsadad saaenbg Q0UBTJRBA uesy dnoap
-TJTUdIs wddn ueap Jo seaala( Jo ung Jo 8danog

IT dNO¥D NI SWVYDOTIM NI IHDIHM Xd0d 40 HONVIYVA 40 SISATVNV

ITAXXX HI4dVdL



86

*pa3daooe seMm ‘xapul Tedaapuod uf sdnoald ayjg usamilaq SoOUD
-JI9JJTIP 3UBOTJTUSTS SBM adayl 3BY3l fstsayjzodAy ojeudajTe 9yl °poa3oafaa sem sysayjzodAy
I1InuU ayg ‘ado0Jadsyl ‘pue S0UdIPTJUOD JO TOAST GO° 99Ul 3® O0UBOTJTUBTS pPaMoys OT3eJd J ayJ
0c°"T¢ = 10" 3® 4

TL°L =60" 98 4  “f = °Jp pue T = 'Jp JoJ 4 oTqe] woad
XA : | 6604 - sdnoap UTY3TM 996G "ET ©SAT3OY 3sea]
G0° 98286 €T
026€°T T 026E°T sdnoap usamjag IR AEAn SAT30Y 3SON
9ouUBd oT3ey aaenbg wopaadyg saaenbg S0UBTJIBA ueap dnoayp
-TJTU3Tg udu ueap Jo soaalda( Jo ung Jo soanog

IT dNOYD NI XHANI TVHHANOd 40 HONVIHVA 40 SISATVNV

X d714dVdL

*poj3dooo® seM sSTsayjodAy TInu ayj ampommhmcp.mucQOﬂMchHw 9q 03 punoJ 30U SBM OTj3ed J 9YJ
0c*1¢c = T0° 3® 4

TLL = 60" 3® 4 ‘t = %Jp pue = UJp J03 4 oTqel woay
€864 °0T h EE66°TH sdnoa) UTY3ITM 9999°#9T OATIOY 3sBI]
‘SN BOELET
0STH /T T 0GTH /1 sdnoap usamMmiag 999/.°.9T SAT30V 3SONW
aoued oT3®ey aaenbg wopoaag saaenbg S0UBTJBA uesy dnoayp
-TJTUd1g M uesy Jo seaadaqg Jo ung Jo soanog

IT dNOY¥H NI (SYHLIWIINAD NI) IHDIZH DNIANVLS A0 HONVIHVA 40 SISXTVYNV

XIXXX HT9VL



b~
[e0)

*po3doooe sem ‘ajnutw a9d sSa834TT Ul oye3dn usldLxo TeuwTxew uf sdnoad oyl usom3aq Soa0uUd

-JI9JJTP JUBOTJTUSTS SBM aaayj 3eysz ¢sysayjodAy ajeudaajzle ayJ, -poajoafod seM sTsayjzodLy

TINU 8ay3 “aJdoJaday] ‘pur 20USPTJUOD JO TSAST T0° 9YUj 3® S90UBODTJTU3TS pamoys oOT3ed g 9yl
0c°1¢ = T0® 3® 4

T.°L = 60° 3e 4 o= Nuu pue T = Hmv J0J 4 9Iqe] Woag
690" h L1lgT" sdnoap UTY3TM 9h8L T SAT3OY 3SeI]
T0° EnlnGr6e
6GG8° T T 6568°T sdnoap uasmjag 0,L68°¢ SATJIOV 3SON
20URD o0T3®eYy aaenbg Jwopoaaayg saaenbg SOUBTJRA ueap dnoay
-TJTU3T1g wHu ueap Jo soaalda( Jo ung Jo 9ouanog

. IT dNOY¥D NI HLANIW Hdd
SHHLIT NI HdMV.LdN NHDAXO TVWIXVW 40 UONVIHVA d40 SISATVNY

ITIX UT149dVL

*pogdaooe sem ¢ (o3evaoar Aep su0) sanjTpuadxs OTJIOTBD Ul sdnoad ayj usaMj}aq S9dUd

-JI3JJTP JUBOTJTUITS SEBM adayj 3Byl {stsoayjzodAy o3BUIS]T® B °pPo3oalfaa sem sTsayjzodAy

IInu aya ‘aaoJadasyl ‘pue 90USPTJUOD JO TS9AS3T T0° ©Yj3 3e S0UBOTJTUITS pamoys ofjled 4 9yl
0c°T¢ = T0° 3® 4 2 1

T.°l = 60" 3® 4 h = 7JPp puBR’'T = “Jp JOJ 4 91Qqe] wWodyg

EEEE"6TOTC f ceee-Llong sdnoap utylzTM EEEE°GEG OSATIOY 3SBI]
T0° €508.L°69¢€
699T°0KSCLLL T 699T1°0hGcLL) sdnoap usamizsg 9999°T118c OSATIOY 3ISOKW

20UBO o0T3®eY aaenbg B () B saaenbg 20UBTJIRA uBap dnoap
~-TJFUlIg wda uea|y Jo sssaldag Jo ung Jo o2oanog

II dNO¥D NI (IDVUHIAVY AVQ INO) FUNLIANIIXH OIYOTIVO 40 moz<Hm¢> dO0 SISATVNV

I'TX d7149VL



88

po3deooe seM ajnutw Jaod SJaA83IT UT
1y381oM Apoq ssvaJ-3eJ JOo wWeJIIOTTH Jod oyegdn us3Lxo TewlXew ul sdnodad ayj USSM38Qq SOOUSD

-JI9JJTP JUBOTJTUSTS SBM aJ9yjl 3®Y] ¢ sTsoyjzodAy 93BUJIS3TR 9YL °pojoalfad seMm sSTsayjzodLy
IINU 8ayg ‘aaojoaasys ‘pue d8doULPTJUOD JO THAST G0° 9U3 3B S0UBOTJTUBTS pPsSMOYS OT3ed J 9yl

0c°T¢c = 10" 3® 4 2 1
T.L°L = G0° 3® 4 ‘h = "3p pue T = "Jp 403 4 STQeJ woJyg
0000° f T000° sdnoap UTY3TM 0Gh0° ©ATIOY 3SBIT]
G0 9ET0C 1T
€000° T £€000° sdnoap ussmjasg 1660° 9AT3OV 3SOR
2ouBd o0T3®eY aaenbg Cwopaadyg saaenbg SOUBTJIBA ueapy dnoayp
-TJTU3Ig e Uues| Jo seauala( Jo ung JOo 8danog

- . IT dNOYD NI HINNIW Hdd SHULIT NI LHOIHM
AJOd HIHA-ILVA 40 WVHDOTIM HHd HAVLA NEDAXO TVWIXVW A0 HONVIHVA A0 SISATYNY

ATTX HT1dVL

*pogdsooe seM STsayjzodAy TInNU 9yl ‘odJ0Joadaysz ¢quUeBOTJTUITS 8 03 punoJ 30U SBM OT3®Jd 4 9yfJ

0c*1¢c = 10" 38 4 z 1
T.°,L = 60° 3 4 ‘h = “3P pue = "Jp J0J 4 SIqeBJ wWoJay
0000° t 0000~ sdnoap UTY3TIM ¢GE0° ©OATIOY 3SBO]
‘SN 99200°S
0000° T 0000~ sdnoap usasmjeg Tcho- SATJIOV 3ISON
20UBDd ot3ey aaenbg ‘wopasadyg saaenbg SOUBTJIBA ueop dnoapn
-TJTUITS wd uea| Jo ssoauade(q Jo ung Jo 20anog

II dNO¥D NI SHINNIWN ¥Ydd SHHELIT NI IHDIHIM
AJOd 40 WVHDOTIN HYHd HMVILAN NHDAXO TVWIXVWN 40 HONVIYVA 40 SISATVNVY

ITITX HTdVdL



89

‘pagjdeooe seMm sTsoyjzodLy TTnu ayjz ‘saoJaasaysl fquUeBOIJTUITS 9Q 09 pPUNOJ 30U SBM OT4BJI g 9YJ

0c*T¢ = T0° 3® 4 z T
T.°L = 60" 3® 4 h = "Jp pue T = Jp J0J 4 9TQ®] Wwoayg
999T° 48T fr 9999°9¢/ sdnoap utyzTM EEEE°E6T SATIOV 3sSedaT]
‘SN hEqwo”
999T"§ T 9991°8 sdnoap usamM3ag 0000 T6T  9ATIOY 3SOW
a0uUBD oT3%®Yy saenbg WOPpoadg saaenbg S0UBTJIEBA uespy dnoap
-TJTUd g wdu ueapy Jo seaadag JO ung JO 292anog

IT dNOYD NI INHWNIVILV

HAVLdN NEDAXO TVWIXVIW HLIM SNOINVLINWIS HLVY LYVHH HHL 40 HONVIHVA 40 SISATVNY

IATX HTdVL

*pagdsooe seM sTsayjodAy TTnu syjz ‘asaoJasdsysz f3uedTJTU3TS ©Q 03 punoJ 30U SEM OT3BJI J 9YJ

0c"T¢c = 10" 3® 4

I.°L = 60" 3®e 4 ‘h o= mmv pue T = Huﬁ JI0J o STq®[ WwodJdy
EeEg-t t EEEE"GT sdnoan UTY3ITIM EEEE /T SATIOY 3seO]
‘SN 69669 .
9999°¢2 1 9999°¢2 sdnoan usamjsg 9999°GT SAT30Y 3SOR
20uUrBod o0Taey aaenbg ~wopaaday saaenbg 2ouUBTJRA uesy dnoap
-TJTU3 IS udy uBap Jo seauala(g Jo ung Jo 8adanog

IT dNO¥D NI LNHWNIVLLV
HYVIdN NIDAXO TYWIXVW 40 (SHIANIW NI) FWIL 40 HONVIYVA 40 SISXTVNV

ANTX HT9VL



90

*093ds00o® seM sTsayjzodAy TTnu ayjz ‘agoJadgaysz fJuedOTJTUSTS 99 03 punoJ 30U SBM OT3BJI 4 9YJ

0c'TI¢c = T0" 3' 4 2 T
TL°L = 60" 3® 4 ‘= 3P pue T = "JP Jd0J 4 9TQEJ WoJay
£€QO" € i geLe-ct sdnoap UTY3TM CEEE /T SATIOY 3seO]
‘S'N hTGE9"T
9HTI0" & T 9TH0" G sdnoap usamjag 999T 9T SAT]OY 3SON
aoued oT3ey aaenbg ‘wopoadyg saaenbg 90UBTJRA ueay dnoap
-TJTUITS wdu ues| Jo ssaada(q Jo ung Jo @adanog

IT dNO¥H NI (SHIANIW NI) IWIL

TIINAVHIYL TVLOL HHL 40 HONVIHVA 40 SISATVNVY

ITINIX H19VdL

*po3dooore seM sTsayjzodAy TInu ayjg ‘aJgo0Jsaayl €queOTJTUBTS 9Q 03 puNoJ 30U SBM OT3BJI m.w:&

0c'T¢c = TO® 3® 4 z 1
T.°L = 60" 3® 4 = 3P PUE T = JbP J0g 4 9T1qEL WoJay
9999°¢€TT h 9999 #Sh sdnoap UTY3TM 0000°L8T SATIOV 3sea]
"S°N LESLE "
9999°¢ch T 9999 ¢t sdnoap ussmizag EEEE°26T SAT3OY 3SONW
aoued OT3®Yy aaenbg wopasayg saaenbg SOUBTJRA ueSl dnoap
-IJTU3Ig wda uesp Jo saaaldsqg Jo ung Jo soanog

IT
HHL NO HINNIW ISVT HHI 40

dNOY¥H NI TIINAVIYL
dLVH LYVHH HHL 40 HONVIHVA 40 SISATVNY

ITATX dT19dVdL



91

*pagdsoor seM ‘yjzlusags uoTxarJ diy up sdnoald: ayjy usamjzoaq- So0UdD
-I9JJTP JUBOTJFUBTS SBM aaayjl 3eys ¢sisayjodAy sj3euUaa3T® 3YY *pa3o3faa seMm sTsayjzodiy
TINU ayj ‘saoJaaaysz ‘pue SO0USPTJUOD JO TOAST G0O° 9Yj 9® S0UBDTJTUBTS pamoys oOTqed J 9Y]

0c'Tc = T0° 3® 4 2 1 ‘
TL°L =60 3 4. = "JppPue 1 = Jp J0J 4 9Tqe] Wody
Enéec 1€ fr GLLTG26 sdnoap UuTY3TM EEH6°Ch OATIOV 3seI]
Go- SrThl-L .
LESS 06.T T LEEG 06LT sdnoapn ussmMmjlsg  £€6f1"LL  SATIOY 3SON
aoued O0T3®8Y aaenbg wopasadayg saaenbg S0oUBTJEBA ueay dnoap
-TJTU3TS  .du uesp Jo seaala(q Jo ung " JO 99%anog

ITI dNOYD NI HIDNIHYLS NOIXHTA dIH A0 HONVIHVA 40 SISXTVNV

T dT1dVL

*‘po3dooo® seM ‘yjl3usags Te303 ur sdnedd oayqg usamlaq Saoud
-I9JJTP JUBOTJTUBTS SBM aaayjz 3eyjl fstsaygodAy ajruaajTe 3YJ °poajoafaa sem sTsayjzodLy
TINU 9Yj3 ‘aa0Jsaaysz ‘pue 90USPTJUOD JO TSAST GO° SYJ 3€ 20UBDTJTUI TS paMoys Ofjed J ayjJ
0¢°T¢c = T0° 3® 4

IL°L = G0' 3® 4 ‘4 = °Jp pue T = Ljp J0J 4 STQe] WoIg
0000°209% i 0000°80H8T sdnoad uty3zTM 0000°TTIE OATIO¥ 3SBROT
Go* GelezE ot ,
0000°92G.h T 0000°92G.lt sdnoap usamzag 0000°68h SAT30Y 9SONW
aoued 0T3eYy aaenbg wopoaadg saaenbg S0UBTJIRA - ueap dnoap
-TJTU3TS udu uesp Jo saaala( Jo unsg Jo soanog

IT dNO¥D NI HLONHYLS TVLOL A0 HONVIYVA 40 SISATVNV

XITX H719VL



92

*paj3dasoore seBM ‘yq3usdqsS UOTSUa3Xd a9auy uf sdnoald ayj ussmjlaq SooUd

~-JI9JJTP JUBOTJTUSTS SBM 2J9Y3 3BU]
TTnu ayj

“sTsayjodAy sjruUaL]lIR® 9YJ
faJ0JadJd9Y] ‘pue 90USPTJUOD JO TOAST TIO0°

*pojoalaa seM sTsayjzodAy

9Uy3 3® 90UBOTJTUBTS pPoOMOYys OTj3ed J 9YJ

0c°T¢c = TO0® 3® 4 2 1
T.L°L = 60" 3® 4 “h = "Jp pue T = Jp J0J 4 9TqeL WoJyg
8688 °GST h h665°€29 sdnoap UTYITM 99.E iy SATIOY 3sed]
S0 ccceE 6T
8969°E£T0¢E T 8969°£T0E sdnoap usamjag 000268 9ATIOV 3SON
aoued O0T3®ey aaenbg wopaadad saaenbg souBTJIBA ueay dnoap
-TJTU3 TS wila ueap Jo seadaldag Jo ung Jo 92anog

IT dNOYD NI HIONHYLS NOISNHULXH HINM 40 HONVIHVA 40 SISATVNV

IIT H1dVL

*po3dsdoe seM ‘yj3usadjs uoTsuajgxe diy ul sdnoald syl usam3aq SI0UDID

-J9JJTP 3UBOTJTUSBTS SBM 9J9U3 93BY] S$STsayjzodAy ajzeuaalle ayg

*pajoslosa sem stsayjzodAy

TINU ayj €“a2J0J2a3Y3 ‘pue 20USPTJUOD JO TSAST GO° 9Y3 2® 90UBDTJTUSTS paMoys oT3ed g 9YJ

0c°1¢

10° 3® 4

T.°L = 60" 3® 4 ho= va pue 1T = Hmv Jd0J 4 9T1qe] woJayg
hhg80°GE i 6LEE OHT sdnap uty3lTM €EHO"LE ©AT3OY 1s®OT
TN L20ET"8
T9H2°G8¢ T T9H2°G8c sdnoapn ussmjag £€E€Q 06 SAT30V 3SONW
aouLB? 0T3®ey aaenbg WO paadyg saaenbg 20UBTJRA ueBap dnoap
-JTUl3IS wily ueBap Jo. sd8a33( Jo wng - Jo aoaneg

IT dNO¥D NI HLONHYLS NOISNUIXH dIH 40 HONVIUVA J0 SISXTVNV

IT HI49VL



93

*pog3deoor sBM ‘Uyjl3usadjlzs UOTSUS83XD MO(QTo Ul sdnoald oyl usamjaq Sa0ud

-J9JJTP JUBOTJTUITS SeM oa9yjl 3eyj3 ¢sTsayjodAy ajeuaslle ayj
JO T®AST GO0°

ITnU 8ayjg ‘oaao0Jadaysl ‘pur 80USPTJUOD

*pajoafaa sem sisayjzodAy

9yj 19® o90ouUBOTJTUSTS paMoys OTj3ed g 9YJ

0c°1¢ = T0° 3® 4 2 . 1
T.°L = 60*® 3 4 = Jp puB 1T = Jp J0J 4 STqQEJ WoJay
62966 i 0062° 22 sdnoad UTYITM - 00GL°HT SATIOY 3SEBI]
G0~ 92E6E°TT
0G6LE°€9 T 0G6LE"€9 sdnoap usamjagd 0062°1¢ SAT30Y 9SO
aoued 0T3®BY saenbg wopaady saaenbg 20URTJRA ueap dnoap
-TJTUS TS wdu ueay Jo seaaldaqg Jo ung JO 804anog

II dNO¥H NI HIONAMLS NOISNALXH MOETH 40 HONVIYVA 40 SISATYNY

ATT HT4VL

*po3daooe sem sTsayjzodAy TInu ayjg €sa0Jsadsyl ¢quUBOTJTUITS ©Qq 03 punoJ 30U SeBM OTj3ed 4 9Uyj

0c°Tc = 10" 3e 4 2 1
T.°, = 60" 3e 4 h = "Jp puB T = JPpP J0J 4 OTqeL WoJayg
9owE vl t 9c9€-L62 sdnoap uty3lTM 00£9°hC S9AT3OV 3sBO]
‘SN 9EH96 "
cT169°1. T c169° 1. sdnoap ussmjag EERG TE SAT39V 3SON
aoued O0T3ey aaenbg Rii{e) EEB & soaenbg aoURTJIBA ueay dnoap
-TJTU3 IS wdu ues| Jo s@sadaq Jo ung Jo 90anog

ITI dNOY¥D NI HLONJYLS NOISNHLXH HHATNOHS 40 HONVIHVA 40 SISXTVNV

IIIT 9149Vl



94

*poadeooe seM sTsayjzodAy TTnu ayjz “saojsadasayi ‘quedIJTud[s ©q 03 punoJ 30u SeM OT3ed 4 9YJ
0c°T¢ = T0" 3® 4 2 1

T.°L = 60" 3e 4 h = Jp pue T = Jp 40 4 9Tqe] woJay
8Gh9° 61 i £€QG°8L sdnoap uTy3IM €€Q0°T2 ©AT3OV 3seo]
*S°N 8GLG6°6G
9THO " LTT T 9THO " L1T sdnoap usamjsg 99T6°6¢ SAT]O0V 3SON
20uURd oT3®ey aaenbg wopaadayg saaenbg SOUBTJIRA ueaspy dnoap
-TJTU3 TS e ueay Jo seaaualda( Jo ung Jo 290anog

IT dNOYD NI HIDNHYLS NOISNHIXH HTANV 40 HONVIHVA 40 SISATVNV

IAT dT14dVdL

*pa3dadoore seM sTsayjzodAy TInu ayjg “sJaoJoadgaylg fqueOTJIUSTS ©Qq 03 puUnoJ 30U SBM OT3BJI 4 Y]
0c°1¢c = T0" 3® 4 z 1

T.°), = 6G0° 3e d h = "Jp puB T = Jp JI0F 4 STQeL WOJY
OhLlT 642 lif 2969°966 sdnoap UTY3ITIM 0094 "€ SAT3OY 3sed]
‘S'N 0£€9G"
009€° 04T T 009€-0RT sdnoap usamjiag EEET- €S SAT30Y 3SON
aouBD 0T3®'Y aaenbg wopsadag saaenbg 90URBRTJRA ueay dnoap
-TJTU8 IS widu ueay Jo se8aalsQ JO ung Jo ao%anog

“II dN0¥D NI HIONHHYLS NOIXHTH MOHId 40 HONVIHVA 40 SISXTVNV

AT HI9V L



95

-JI9JJTP JUBOTJTUBTS SBM 8a3yj 3®eyjz ¢sisayjzodAy sjeuasiTe 9ayjL
IInu 8aygx ‘sJoJsaaayil ‘pue aousptJuoo JO TaAST GO°

‘poadeoor sem ‘yjzl3usadls UOTXSTJ J9pTnNOYs ul sdnoald ayj usoamilaq Saodoud

*po3oafaa sem sysayjzodLAy

2Uy3 3® 90UBOTJTUSTIS pPaMOYsS OT3ed g 9YJL

0c°T¢c = 10" 3 4 z 1
T.°L = G0° 3® 4 *h = "Jp pue T = "Jp J40J o4 91QeL WoJIy
conn-Ee li{ GL6L EET sdnoap UTYITM 998G°2Z SAT3OY 3S®BI]
Go* 2608k "6
ELTIT " LTE T CLTIT" L1E sdnoap ussmjsg 99¢T " LE 9AT30YV 3SON
aoued oTa®eY aaenbg wopasady saaenbg 20UBTJBA ueapy dnoayp
-TJTU3 TS wdu ueBap Jo soaal8sqg Jo ung JO 2o0anog

IT dNO¥D NI HIONHHLS NOIXHTA HHATNOHS 40 HONVIHVA 40 SISATVNV

IITAT H7149VL

‘pogdooor sem sTsayjzodAy TTnNU ayjz “sdo0Jjsdgaysg “quedTJTU8TS 9q 03 pPUNOJ 30U SBM OT3BI 4 dYJ

0c°T¢ = T0° 3® 4

T.L°L = 60" 3® 4 o= mhv pue 1 = Hmv Jd0J o4 9Tq®'] WoJy
G9TT ST h 299 °09 sdnoap UTY3ITIM €EGL GT 9AT3OV 3seo]
‘SN £gegl-¢c
0280°ch T 0cgo°ch sdnoap usamjiag 0060° T2 9AT30Y 3SOW
20U®BO 0T3®Yy aaenbg WO poady saaenbg 30UBTJIRBA ues| dnoap
-TJTU3 TS wida ueap Jo sasada( Jo ung JO soanog

IT dNOYD NI HIODNHYLS NOIXHTA TVINOZIHOH HHIAINOHS 40 HONVIYVA 40 SISXTVNV

ITAT HT149VL



96

*pa3dsoor sBM ‘yj3l3usadlsS UOTSU33Xd JYunajz ul sdnoald ayjz usamilaq SadUd

-JI9JJTIP JQUBOTJTUSTS SBM adayj 3BU] ¢sTsayjgodAy oj3BUIS]T® Oyl °po3dofaa sem sysayjzodAy

IINU 8y3 oJ0JaJdayg ‘pue 20USPTJUOD JO TSAST T0° 9Uj 2®B 20UBOTJTUB TS poaMoUys OT3®JI J 9YyJL
0c°T¢ = 10" 3® 4 :

T.L°L = G0° 3® 4 ho= mmv pue T = va J40J 4 STqeL WoJayg
6696 ° 8¢ h 96L8°5GT sdnoah UTY3TM  00GL°6T SAT3IOV 3SBI]
T0° 02098°5¢
G69.°L00T T 669.°L00T sdnoap usamjag 00.9°GH SAT]0VY 3SON
20U®Bd 0T3®Yd .2aenbg wopossdyg saJdenbg 20UBTJIBA uesp dnoap
-JTU3 g il ueBap Jo ssaaldeq Jo ung JO 89oanog

IT dNO¥D NI HIONIYLS NOISNHLXH MNAHL 40 HONVIHVA 40 SISATVNV

XT {719V

‘pajdeoor seM STsayjzodAy TInu aya “aJgo0Jadayj] “queOTJTUBTS 90 03 punojJ 30U SBM OT3BJI 4 9YJL
02°T¢c = 10" 3® 4

T.°,L = G0° 3e 4 ho= mmv pue T = duv Jd0J 4 9TQeL woJy
962l 6¢ i G816 QST sdnoad) UTY3ITM €€61°G2 OSATIOV 3sea]
*S°N L1366°
8089 °6¢ T 8089 6E sdnoap usamjzag 99£6°0¢€ 9AT]3OV 3SON
aoueo 0T3®Y asaenbg . wopaadJdyg saaenbg S0UBTJIBA ueal - dnouan
-JJTU3 TS widu uesp Jo seaalde( Jo wng JO 8oanog

IT dNOY¥D NI HLONJHLS NOIXHTS INNHL 40 HONVIHVA 40 SISATVNV

XIT HT1dVdL



97

*‘po3dododoe seM ‘sueaIOTTH UT 3uy3Tam Apoq ul sdnoeal ayj usaM]1aq SO9USJIDIITP

JUBOTJTUBTS €BM od9Ujg 3eyz ¢sTsayzodAy ajeudajlTe ayl
8yl aJd0Jaday] ‘pue IouspjJuoo JO TaAST .60

*poj3oafaa seM sisayjzodLy [rnu
9y3 3® S80oUBOTJTUBTS "pamoys OTq4ed J 9Y]

¢l*L = 10" 3e 4 2 1
gc'hh = G0° 3® 4 ‘92 = “JPp pue = Jp 407 4 9Tq®L WoJay
6T96°G¢E 9¢c 9609° 426 sdnoap UTYFTM chot°GS SJ0 feu-uoN
‘S°N SHOWE *h
9HGE " 4ST T 9hGE " #GT sdnoap usamjzag 626£°09 sa0 (el
aouro 0T3®BY mpMme swopaadd saaenbg S0UBTJIRA: ues|y dnoap
-TJTUl3Isg wildu uea| Jo seaalda(g Jo wung Jo ooanog

IIT dNOYD NI SWVHDOTIHA

NI LIHDIEM AdOd 40 HONVIHVA 40 SISATVNV
IIXT H19VL

‘pagdodooe sem sTsayjodAy TInu ayj ‘aa0Jadaayjz fquedTJTUITS ©q 03 punoJ 30U Sem OoTjed g 9YJL

¢lL*L = 10" 3e d z 1
¢c¢'hh = G0° 3 4 ‘9¢ = Jp pue T = “Jp J0J 4 9IQB] WwoJy
919¢£°8 9c 620t L1c sdnoap UTY3TM lelt he sJo [eu-uoN
SN 906TT"
GG66° T 6G66° sdnoap usamjag 8868 h<e sJ0 (BN
2ouUBRD oT3®eYy aaenbg swopaady saaenbg 2oUBTJIRA ue sy dnoap
-TJTUI TS wilu ueay Jo seaalasq  JO ung Jo adanog

IIT dNO¥D NI IVd AA0d INHD HHd 40 FONVIHUVA 40 SISXTVNV

IXT ¥1dVL



98

*po3dsooe seM sTsayjzodAy TInNU 8yl ‘aaojsdaysz {JueBOTJTUITS ©q 03 punoJ 30U SeM OTj4ed g 9YyJ
¢lLl*Ll = T0" 3® 4

22°h = G0* 38 4 92 = CJp pue T = Jp J0J 4 OTQRL woad
8TSQ" TE 92 694T g2  sdnodn UTUITM  TQTQ'T9T  SJO[fBU-UON
*S°N TEEGH "€
Th66° 60T T Th66°60T sdnoap ussmisg  £9.8° 69T sao el
20uUBO  OT3®Y aaenbg _WopaaJdg  saaenbg souBTIEBA uBoy dnoap
-TJTUsIS wdu uBoy Jo seaa8aq JO umg JO 90anog

IIT dN0Y¥D NI (SHALIWIINIO NI) LHDIEH HNIANVLS A0 IONVIHYVA 40 SISXTYNV

AIXT HT19dVL

*po3dedor seM ‘sweadolTq Ul 3uyl3tem Lpoq 9saJ-3BJ ufl sdnoald oYz ussM3aq Sa0Ud

-JI3JJTIP QUBOTJTUBTS SBM 3JaUj3 3BYUY3 $sTsoyzodAy as3eUIS]T® dYJ °pajoafada seMm sisayjzodLiy

TIInu ayjg ‘aao0Jadayd ‘pue S0USPTJUOD JO TSAST G0° 9U3 3B S9OUBOTJTUBTS pPoOMOys OT3eI 4 9L
¢L*'L = T0" 3® 4 2 1

cc'tt = G0° 3® 4 ‘9¢ = “Jp pue T = "Jp J03 4 9TqeL WoJyg
666.L°2T 9¢ TG69°2EE sdnoad UTU3TM 1818 1t SJ0 [Bw-UON
ol LERB0°9
£€g6°LL T €€86°LL sdnoap uasmjysg cGEeg G sJo [ep
20UBD 0T3®Y aaenbg ‘Wopaadyg saaenbg 90UBTJIBA ueap dnoayp
-TJTUI IS wdu Uuea| Jo soaalda( JO ung Jo 9d%anog

ITI dNOYD NI SWVHDOTIM NI IHDIEM AdOd HIHL-LVL 40 HONVIHVA A0 SISATVNV

ITIXT dT9VdL



99

‘pa3daooe seM € (o3evasa® Aep su0) aanjTpusdxs OTJIOTBO UT sdnoald ayj U29M3SQq SODUD

-I3JJTIP 3JUBOTJTUBTS SBM 8J3Uj 3eY)
TIInu ayj3 €saoJsaaayl ‘pur soUSPTJUOD

¢stsayjzodLy sjeuasilte 9yl
JO TeaAS3T TO°

*pojoafaa sem sTsayjzodLy
93 3® S90UBOTJTUBTS poMoUs OTj3ed g ayJ

¢lL"L = T0" 3e 4 2 1T
¢¢'h = G0° 3e 4 ‘9¢ = “Jp puB T = "Jp 40 4 9TqeJ WOJIy
T660°G60EEE 9¢ 08.5°2lt0998 sdnoap uTy3zTM @QIQT"STTIT sao [ew-uoN
10° IETTARAN
962G €65T80H T 962G £6GTQ0 sdnoap ussmzad TIh6°968T sJa0 (el
aouUBd 0T43®Y aaenbg ‘wopaadg saaenbg QOUBTJRA ueay dnoap
-TJTU3 TS M ueapy Jo sesada(q Jo ung JO 904nog

IIT dNOo¥D NI (IDVHIAV AVA INO) HUALIANIIXH OIHOTIVO A0 HONVIYVA 40 SISXATVNY

IAXT H19VL

*pajdador seM sTsayjodAy TInu ayjz “agojaasysz ¢queBOTJTUITS 8Qq 03 punoJ 30U SBM OFjed 4 9Y]

¢l'L = T0" 3® 4 2 1
¢d'h = G0° 3e 4 ‘9¢ = “Jp pue 1T = Jp 40 4 STqEL WoJay
gLoE" 9¢ h966° L sdnap UTYJTM £€926°21 sJ0 [ew-uoN
‘S°N tthcco -
161" T HI6T® sdnoap ussmjzag 0.GL°21 sao (el
|aoued OT3%®ey aaenbg wopsadyg saaenbg 2ouUeBTJIRA ueop dnoan
-1JTU3 IS wd ueap Jo sesala(g Jo ung Jo adanog

ITI dNOYD NI XHANI TVHIANOd 40 HONVIHVA 40 SISATVNV

AXT HTdVL



100

*paadaooe seM sTsayjzodAy TTnu

ayq ‘sdgoJoasayj

$qQuUBOTJTUITS ©Qq 03 punojJ 3jou

SBM OT3®Jd g 9YJ

¢lL*L = T0° 3® 4 2 1
¢c'hh = G0° 3e 4 ‘9¢ = 3P pue = "Jp J0J 4 STQqeL woJay
0000° 9¢ €000° sdnoap UTYITM £€G6€0° SJ0 [ew-UuoN
*S°N to6Ec €
00o00° T 0000° sdnoaph ussmjyag glLEo" sao (e
aouro O0T3®eYy aaenbg Twopasdg saaenbg S0UBTJIRA ueop dnoap
-TJTU3 TS wil ueap Jo sasalda(g Jo wng Jo o0anog

III dNO¥D NI HIINNIW ¥H¥d SHHLIT NI ILHDIHEM
AQOd 40 WVHDOTIM H¥Hd IAVIAN NIDAXO TVWIXVW A0 HONVIHVA 40 SISATVNY

ITITAXT 979VYL

*po3deoo®e seM ‘aojnuiw Jod SJI93TT UT oYeadn usldfxo Teulxew ufl sdnoald oyjz uaamilaq Saouad

-JI9JJIP JUBOTJTUITS SBM 8Jd9Uyjl 3BYU3 ¢sTisayjzodAy sjruaIaj3I® 8YyJ
TIINU ay3 ‘aJ0JaJaayj ‘pur 8d0USPTJUOD

JO TeasT T10°

*pajoafaa seMm sTsayjzodAy

3Uj3 3® 90UBODIJTUBTS POMOYS OT3BJI 4 9YL

gL'l = T0" 3e 4 z 1
cc¢'h = G0° 3e 4 ‘9¢ = JPp pue T = Jp J0J 4 °Tqe] woJay
9260 9¢ 980t ¢ sdnap UTYITM h6E6°T sao (eu-uoN
10° TELG6ECT
LRt T T LihT°T  sdnoap usemjag REGE"2 sao en
20uUBD 0Ta3®'Y aaenbg WOPaady saaenbg soueTJIRA ueay dnoapn
-TJTU3 TS adu ueay Jo sesal3sag JO wng JOo 8oanog

ITI dNOYD NI HLNANINW
d4d SHHLIT NI HMVIdN NIDAXO TVWIXVW 40 HONVIHVA 40 SISATVNY

IIAXT d19VL



101

*poadeooe seM sTsayjzodLy TInu ayjz ‘adaoJadayl $3uedTJTU3TS ©q 03 punoJ 30ou Sem OJj3ed 4 ayL
¢L*L = T0" 3 4

g¢'h = G0° 3e 4 *9¢ = mmu pue = Hmv J0J 4 9TqeJ woay
gl 9¢c 904266 sdnoap UTY3ITM clel 4wt sao [eu-uoN
“S°N TTHOO "
£600° T £600° sdnoap ussmjyag IR VAR A sao[en
aoued 0T3®Yy aaenbg RI(e) B saaenbg SOUBTJIRA ue oy dnoan
-TJTU3 TS wda ueop Jo saaaldaq Jo ung Jo 9doanog

IIT dNOYD NI INIWNIVLLV IAAVILAN
NIDAXO TVWIXVW A0 (SHLANIN NI) HWIL 40 HONVIHVA 40 SISATVNV

XXT HT9dVL

*po3daooe seM ‘ajgnutu Jgod Sa93TT UT
qu3TeM Apoq 9d8aJ-3eJ JO wWeaIoTTH 49d axeldn ualdAxo TewiXxew ufl sdnoald ayj usaaMlaq Saoual
-J9JJTP JUBOTJTUITS SBM ad9Uj 23BYU] ¢sTsoyjzodLy sjueasjre 8YyJ -poaj3osafsaa sem stsayjzodAy

T1Inu ayj €aJd0Jadayl ‘pue B80USPTJUOD JO TSAST T0° 9Y3 3® 90UBITJTUBTS pPoOMOUs oTjed 4 9yl
¢lL*L = T0" 3e 4 2 1

¢c'h = 60" 3® 4 ‘9¢ = “Jp pue 1 = Jp 407 4 31qQEL woJdy
0000~ 9¢ 8000° sdnoap UTUJITM 9940~ SJ0 (ew-uoN
50° ThH666°6
T000° T T000° sdnoap usasmjiag 61540 sJo [ew
EPbligcb] 0T13®Y aaenbg Suopaadg saaenbg 90UBTJIRBA ueap dnouayp
-TJTU3 TS wd ueap Jo ss8asJada(g Jo ung Jo soamog

IIT dNOYD NI HLNNIW ¥dd SHILIT NI IHDIHM XAd0d
dHYd-LVd 40 WVHDOTIN HHd HAVLAAN NIDAXO TVWIXVW A0 HONVIYVA 40 SISXTVNV

XIXT H19VdL



102

*pegdeoor sem stsaygzodAy TTnNU ayjz “aJa0Jsdsysz fquUBOTJTUSTS 8Q 03 puUNOJ 30U SBM OT3BJI 4 9YJ
gL'l = 10" 3 4

¢¢'tt = G0 3® 4 ‘9c = mh@ pue T = Hm@ Jd0J o 9TQBJ woJy
91.. %9 9¢ Th90 89T sdnoadh UTYITM L2l2 16T saolBu-uoN
*S'N 8G9TL"T
RGQT"TTT T 8GQT"TTT sdnoap usamjzag 62GE " G6T sao fep
20UBD oT3ey aaenbg wopaadayg saaenbg S0UBT IR )\ urap dnoayp
-TJTU3TS uda uesS| Jo sa8aaldaq Jo ung Jo s2anog

ITI dNO¥d 40 TTINAVHYL HHL NO
HLONIW LSVT HHL 40 HIVH IHVHH HHL A0 HONVIHYVA 40 SISATVNY

ITXXT H149dVL

‘pogdeodoe seM sTsayjzodAy TInu ayjz “oa0Jsdsaysz <quUBOTJTUBTS ©Q 03 puUNOJ 30U SBM OT3BJI 4 9Y]J
¢l*L = T0° 3e 4

22'h = G0 38 4 ‘92 = SJp pue T = lyp Joy 4 oTqey WOa4
666796 9z gl6T°'T0G2z  sAnoJn UTUITM hGHG" QT $J0 ["BU-UON
SN 1608
L0€2° 9 T L0E2° 94 sdnoap usemiag H9LT §6T sao fey
90UBD  OT3®Y aaenbg wopsadg  saaenbg SOUBTJIE )\ uesy dnoan
-TJTUSTS wda uesy Jo seaaldag JO wng JO 904anog

ITTI 4NOYD NI INHWNIVIIV HYVILAN NEDAXO TVYWIXVIW
HJHL HLIM SNOINVITAWIS HIVY LYVEH HHI A0 HONVIYVA 40 SISATVNY

IXXT d719VdL



103

*pajdeoor sem ‘yjzlusdls Te303 uf sdnoald syjg usaMqlaq Sa0UD
-JI9JJTP 3JUBOTJTUBTS SseM aa9ayjl 3eysj ¢sisayjzodLy ajeuasjle 9y °pojosfaa sem sTsayjodLy
IINU ayjg €aJd0Jadayq ‘pu®B 8oUIPTJUOD JO TO9A9T GO° 9UY3 3B 20UBOTJTUBTS pamoys OT3BJI J 9YJL
¢l'l = 10" 3e 4

22°h = G0" 38 d "9z = °Jp PUR T = LJp J0J 4 oTqe] wold
. . L1102 192G 92 O0TO#°6989E€ET  sdnoaph UTU3TM QIBT"gHE SJo (eu-uoN
°0 P90 2£9G6° 161¢€¢ T 2£9G°L61Ee  sdnoap ussmizag 9LTIT°.L0K sao [ew
|oueo O0T3®Yy aaenbg wopasadyg saaenbg S0UBTJRBA ueay dnoap
-TJTU3 TS udu Ues| Jo seadada(g Jo ung Jo 8oanog

ITT dNO¥D NI HLONHYLS TVIOL 40 HONVIHVA 40 SISATVNV

ATIXXT HT9VL

*pa3desooe sem sTsayjodAy TInu ayj “adoJadaylz CquUBOTJTUZTS 8Qq 03 punoJ 30U SBM OT3BJd 4 9Y]
¢l*L = 10" 3e 4

22 = G0* 38 4 92 = CJp pue T = ljp J0J 4 oTqe] woaq
we6le e 9e Lh92° 66 sdnoan UTYJTM 0000°ST SJ0 [ ew-uoN
“S'N  $S040°
n260° T 7260 sdnoap usomiag  9LIT"GT §J0 [ep
20UBO®  OT3®BY aaenbg wopaady  saJgenbg 20oUBTJIEA ueap dnoap
-TJTUl TS e uea) Jo ssaa8ag JO ung JO 80anog

ITI dNOY¥D NI (SHLANIW NI) HWIL TIINAVIAYL TVIOL HHI J0 HAONVIYVA d0 SISXTVNY

ITIIXXT d1dVdL



104

*pajdsoor seM ‘yjzl3usaqs uoTsusajxes dTy ul sdnoald ayj usaoamMlaq Saous
-I9JJTP QUBOTJTUBTS SBM aJayjg 3BY] ‘sTsayjzodAy sjeuasjzT® oYyl °pojoalsa sem sisayjodLy
IINU aysg ‘sJ0Jadayl ‘pur 8OoUSPTJUGD JO TOAST GO° 9Y3 3B S0UBOTJTUIBTS pomoys OT3Bd 4 9Y]J

clL'f = T0® 3® 4 > 1
¢c'h = 60" 3 4 ‘9¢ = “Jp pue = Jp J403J 4 °IqEJ wWoJdyg
£€8.6°6G6 9¢ 6G€0° 68K sdnap UTY3TM 9EnE " 6E sao [ew-uoN
ol Enlle y
1628°80% T Lt2g8 80N sdnoap ussmjeg 9.9T1° L% SJ0 (BN
20UBD 0T3®eYy aaenbg woposadyg saaenbg S0UBTJABA uespy dnoap
-TJTU3TIg wdu ueap Jo seaadag Jo ung Jo asoanog

IIT dNOYD NI HLONHHYLS NOISNHLXH dIH 40 HONVIHVA 40 SISATVNV

IAXXT d14dVL

*pe3daoo®B sBM STSsayjzodAy TInu ayj ¢saoJsdasyl ${qUBOTJTUBTS ©Qq 03 punojJ 30U SBM OT3BJI J 9]

¢lL*L = T0° 3® 4

¢c¢'h = G0° 3e 4 ‘g¢e = va pue T = th Jd0J 4 3Tq®J woJdy
c69€ 26T 9c £66G°1006 sdnap uTy3TM 0098° 64 SJ0 [ew-UoON
‘S°N G6ETLE
Lént 1wl T Lottt hTl sdnoap usamiag 6202°09 Sa0 el
a0u®BOd oT3®ey aaenbg wopsadyg saaenbg SOUBTJIRA uBay dnoap
-TIJTIUS TS wdu ues| Jo seaalsg JO wng JOo 8d%anog

ITI dNO¥D NI HLONHYLS NOIXHTA dIH A0 HONVIYVA 40 SISATVNV

AXXT d14dVL



105

.Umpawoommd;mﬂmmspoazcﬂﬂscm:pawnomwnmSpmp:QOH@chﬂmeOpo::oguo:mmzoﬂumpmwze
. ¢l*L = T0° 3®e 4

cc'h = G0° 3® 4 ‘9¢ = mhﬁ pue T = Hhu Jd03 4 9TQeJ wodyg
66ET°6E 9¢ H6€9°LT0T sdnoan UTYITM LewE-€e SJ0 [BW~-UON
‘SN LL2c6l"1
T69T°0. T T69T° 0. sdnoap ussmjeg TH86°92 sao (e
20UBD 0T3eYy saenbg wopaadayg saaenbg soueRTaRA ueop dnoayn
-TJTU8 TS wdu ue oy Jo seaaaldag Jo ung JO 80anog

IIT dNOYD NI HIONHHLS NOISNHIXH HHATINOHS 40 HONVIHVA A0 SISATVNVY

ITTAXXT dTdVL

‘pagdsooe seM sTsayjzodAy ITnU ayjz “ado0Jagsyl $qQuedTJTUSTS 8Q 03 punoJ 30U SBM OT3BI 4 9YJ

¢lLl°L = T0" 3® 4 2 T
¢c'tt = G0° 3® 4 ‘9¢ = “Jp pue T = "Jp J40J 4 oTqQBJ wWoJay
1698 °6¢c¢ 9c ,006°9168 sdnap UTy3IM 606t°LS SJ0 [Bw-UON
‘SN 860T0° €
G6T2"E66 T G6TC"E66 sdnap usamisg 8689°69 sJdo e
20uUBD 0T3ey saenbg WO paady saaenbg S0UBTJIRA uesy dnoap
-TJTU3 TS widu uespy JOo soaJaldaq JOo ung JO 8o2anog

IITI dNOY¥D NI HIONIHLS NOISNILXH HINM 40 HONVIYVA A0 SISXTVNY

ITAXXT d749VYL



106

*pagdeoor sem sTsayjzodLy TInu ayjz “sgo0Jaasyj fquedoTJTU3TS ©q 03 punoJ 340U Sem oTj3ed 4 9YJ
¢lL*L = T0" 3e 4 z 1
ch*th = G0° 3e 4 ‘92 = Jp puB 1T = Jp 403 4 SIQqe] wWody

GeeG-egt 92 8985 Shly sdnad UTY3TM  9EHB cCh S0 [eu-uoN
‘S°N GOETT” )
Lhw€9g-o0e T Lh€g-o0e sdnoap ussmiag 8G80°THh sao ey
20U®d o0T3®ey aaenbg wopaadyg saaenbg S0UBTJIBA ueap dnoap
-JTUdIS wdy ueap Jo soauada( Jo ung Jo 98danog

IIT dNOYD NI HLONHHLS NOISNULXH HTMNV 40 HONVIYVA 40 SISATVNV

XXXT d7T14dVL

*pojdoooe seBM SsTsoyjodAy TInu oayjz “sao0Jadsysz f3uedoTJTUBTS ©q 03 punoJ 3ou SeMm OoTj3eJa J 9y

¢lL°L = T0" 3® 4 z 1
ch'h = G0® 38 4 92 = “Jp PUuB T = "Jp J0J 4 9TQRJ WoJJ
9500°8T 9¢ clh1°894 sdnoah UTYITM 2lG0°9T sJo0 [eu-uoN
“S°N Thhh0"T
2G08°81 T 2608°81 sdnoap ussmjagd 2GEL" LT sJ0 (el
20UBD oT3®eY aaenbg Wopaadg saaenbg S0UBTJRA ueay dnoap
-TJTUBTS wld ues) Jo sassaldag  JO uwng JO 29anog

III dNOYD NI HLONHYLS NOISNILXH MOdTHd 40 HONVIYVA 40 SISATVNV

XIXXT HT1dVdL



107

*pajdseoor seM sSTsayjzodAy TInu ayjz ‘agoJadayl (queOFJFUBTS ©q 03 punoj 3ou SeM OFjed 4 9YJ

¢L*l = T0" 3e 4 z 1
¢c¢'h = 60° 3e 4 ‘9 = Jp puB T = "Jp 403 4 9TQqe] woay
LOT8 41 9¢ c6L0°Gg8¢E sdnoad UIY3ITM L209°GT sJo [ew-uoN
‘S°N 68890°¢
L1479 0€ T LT49°0€  sdnoap usamjag  Lyhl LT sJao (el
20uBd O0T3%®eYy aaenbg wopoaaag saaenbg QoUBTJIRBA uesy dnoap
-TJTU319 M ueaj Jo soaada(g Jo ung Jo 20anog

ITT dNOY¥YD NI HIONUYLS NOIXHTA TVLNOZIHOH

IIXXXT

‘pajdeooe seM sTsayjzodAy TTnu ayjg €adoJadaysz

HHAINOHS 40 HONVIYVA 40 SISATVNV

qJ149VL

$quBOTJTUBTS 99 03 punoj j3ou sem Ofj3ed 4 dYyJ

2l°L = 10° 3e d > I
22'h = G0° 3 4 °92 = “Jp puR T = "Jp J40J 4 °91Qe] WoJdg
g€ely 12 92 808h°€99 sdnoap UTY3TM  L2wg° 4e sJdo feu-uoN
*S°N THE9R" T
hhge  0f T hh8E " 0of sdnoapn ussmiag  LT0E£°le sao (el
20Ued O0T3®eyd aaenbg wopaaayg saaenbg Q0UBTaARBA uesy dnoayp
-TJTU3 IS udy uesiy Jo seaualdaqg Jo ung Jo ©8danog

ITII dNOYD NI HLONHHLS NOIXHTH MOHTd 40 HONVIHVA 40 SISATVNV

IXXX1

qJ14VdL



108

*pajdaooe seM sTsayjzodAy TInu ayjg “saojsdasyj (quedTJTUITS ©Qq O3 puUnoJ 30U SBM OT3BJI 4 9YJ
gL'l = T0° 3e 4 z I

cc'h = G0° 3e 4 *9¢ = “Jp puB T = "Jp 403 4 9TQBL wogay
LhG2 61T 9¢ 9€29°00TE sdnoadh UTUITM mmmw.mm sao (ew-uoN
‘S°N T.TT0°
t96€°T T h96€ T sdnoap ussmyag 00TZ"0¢ sJao el
aoueod O0Ta®YH aaenbg woposadg saaenbg 20UBTJBA ueap dnoap
-TJTU3TS udu uesp Jo sosalda(g Jo ung JO 8oanog

IIT dNOYD NI HIDNHYIS NOIXHTA MNAML 40 HONVIHVA 40 SISXTVNV

AIXXXT dT9VL

‘pagdeooe seM sTsaygodAy TInU ayjz ‘sdoJosaayi $queoTJTu3TS ©Q 03 punoJ 40U SBM OT3eBd 4 9y

¢l*L = T0" 3e 4 2 T
22'h = G0 3® 4 *92 = “JpD puB T = -Jp J40J 4 OTQERJ WOIJ
0928 "G 9¢ GQLH"T6TT sdnoap UTUITIM 6096 e sJo [ew-uoN
‘SN T.0wg"2C -
98LT"0¢T T 9QLT°0£T sdnoap usamjiagd 8GLE 62 sao ey
20URD 0T3®Y aaenbg Wwopasady saaenbg 90UBTJRA ueap dnoap
-JTusTs wid uesp Jo soaalag JO ung JO 204anog

ITII dN0¥D NI HILIONHYLS NOIXHTL HHATINOHS 40 HONVIHVA 40 SISATVNY

ITIXXXT HT4dVL



109

*poaadadoor sem ‘yj3zl3usdls UOTSUa3lXad Junag ufl sdnoald oayjz uasmlaq sadua

-JI9JJIP QUBOTJTUBTS SBM 2J43yjl 3BU3 fsTsayjzodAy o23vUIS83T® 9Y] - pojdoafaa sem stsayjodAy

TINU ayj ‘aaoJadayl ‘pur 90USPTJUOD JO TSAST T0° 9U3 3® 90UBOTJTUITS pPoOMOUS OTjed g 9yl
¢lL*L = 10" 3® 4

¢¢'h = G0° 3e 4 ‘9¢e = Nuv pue T = Hun Jd0J 4 9Tqe], WoJdy
6ECT° 60T 9¢c hece-LleEge sdnoap uTY3ITM 9€0G6°He Sao few-uoN
T0° L266T° 0T .
6186 CTTT T 6186°2TITT sdnoap ussmjzag 62T LE Jo (e
soued oT3®Y aaenbg wopaadyg saaenbg SOUBTJIEBA uesy dnoayp
-TJTUITS wdu ueap Jo seaual3aq Jo ung Jo soanog

IIT dN0O¥D NI HLIONHYLS NOISNALXH INAHL A0 HONVIHVA 40 SISATVNV

AXXXT HIGVL



CHAPTER V

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Summary

This study was designed with the intent of determining

the relationship of physical activity, strength, and body

composition to the maximal work capacity of young women.

In order to realize this purpose four main objectives

were selected:

1.

to determine maximal oxygen capaclty of young
women,

to determine the effect of body composition on
maximal oxygen consumption,

to determine the relationship of strength and
maximal oxygen consumption, and

to determine the differences between active and
less active individuals in relation to maxkimal

oxygen consumption.

Data on twenty-eight college women was obtained in the

following areas:

a.

Body Composition: The body fat and fat-free

body weight was calculated from predicted

specific gravity.

Physical Activity: Habltual physical activity was

measured by an activity history recall questionnaire.
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Strength: Cable tension strength was assessed
In eleven sites throughout the body.

Maximal Work Capacity: Maximal oxygen consump-
tion was determined while performing strenuous
work which consisted of running at a constant
speed of 6 mph on a motor driven treadmill with
a grade 1increase of one per cent each minute
until the subject was unable to continue. The
run was preceded by a ten minute warm up walk

at 3.5 mph on zero grade.

Conclusions

From the statistical analysis of data the following

conclusions were drawn:

Pearson Product-Moment Correlation

l'

The two body composition measures indicating the
highest relationship with maximal oxygén consump-
tion were body weight (r = .64) and fat-free

body welght (r = .64).

Body weight and fat-free body welght indlcated a
higher relationship with daily caloric expenditure
than other body composition parameters. The cor-
relations were r = .69 and r = .62 respectively.
Maximal oxygen consumption and trunk extension
strength indicated a higher relationship with daily

calorlc expenditure than other metabolic and
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strength parameters. Maximal oxygen consumption
and trunk extenslon strength each correlated
with daily caloric expenditure r = .59.

The two strength measurements indicating the
highest relationship with maximal oxygen con-
sumption were hip flexion (r = .51) and knee
extension (r = .50).

The best 1ndicators of total strength were hip
flexion (r = .88), knee extension (r = .84), and

elbow flexion (r = .83).

Elementary linkage analysis. The results of the

Elementary Linkage Analysis indicated:

1.

inherent relationships in strength and metabolilc
responses,

that the subjJects who possessed more body fat and

a greater fat-free body weight were more active

and were stronger in trunk extension strenéth, and
that the subjects who possessed a greater fat-f;ee
body welght were able to consuﬁe more oxygen and
were able to run for a longer period of time before

becoming exhausted.

Analysls of Variance

One way analysis of varlance using unequal subclasses

was applied to determine i1f there were significant differ—

ences between the sub-groups. The groﬁps as classified into

sub-groups were:
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Group I: the upper 20 per cent or "active subjects as con-

pared to the lower 20 per cent or "less active"
subjJects determined by a one day average of

caloric expenditure,

Group II: the upper 10 per cent or "most active™ subjects

as compared to the lower 10 per cent or "least
active" subjects determined by a one day average

of caloric expenditure, and

Group III: physical education majors as compared to non-

physical education majors.

Results of analysis of variance for the upper 20 per

cent or "active" subjects as compared to the lower 20 per

cent or "less active" subjects. The significant differences

were:

Body composition. The "active" subjects were heavier

and possessed a greater fat-free body weight than the
"less active" subjects. (Significance = .01)

Physical Activity. The "active" subjects expended

more energy per day than the "less active" subjects.
(Significance = .01)

Maximal Work Capacity. The "active” subjects possessed

a greater maximal oxygen consumption in liters per
minute than the "less active" subjects. (Significance
= .05)

Strength. The "active" subjects were stronger in
trunk flexion strength than the "less active" subjects.

(Significance = .01)
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Results of analysis of variance for the upper 10 per

cent or "most active" subjects as compared to the lower 10

per cent or "least active" subjects. The significant differ-

ences were:.

Body composition. The "most active" subjects

possessed more body fat, were heavier, and possessed

a greater fat-free body weight than the "least active”
subjects. (Significance = .01)

The "most active" subjects had a lower ponderal index
than the "least active" subjects. (Significance = .05)

Physical activity. The "most active" subjects expended

more energy per day than the "least active" subjects.
(Significance = .01)

Maximal work capacity. The "most active" subjects

possessed a greater maximal oxygen consumption in
liters per minute than the "least active" subjects.
(Significance = .01)

The "most active" subjects possessed a greater maximal
oxygen consumption per kilogram of fat-free body
welght in liters per minute than the "least active"
subjJects. (Significance = .05)

Strength. The "most active" subjects possessed a
greater total strength and were stronger 1n hip
flexion strength, hip extenslion strength, knee exten-
sion strength, elbow extension strength, and shoulder
flexion strength than thé "least active" subjects.

(Significance = .05)
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The "most active" subjects were stronger in trunk
extension strength than the "least active" subjects.

(Significance = .01)

Results of analysis of variance for the physical

education majors as compared to the non-physical education

majors. The significant differences were:

Body composition. The physical education majors were

heavier and possessed a greater fat-free body weight than the

non-physical education majors. (Significance = -05)

Physical activity. The physical education majors
expended more energy per day than the non-physical
education majors. (Significance = .01)

Maximal work capaclty. The physical education majors

possessed a greater maximal oxygen consumption in
liters per minute than the non-physical education
majors. (Significance = .01)

The physical education majors possessed a greater
maximal oxygen consumption per kilogram of fat-free
body weight in liters per minute than the non-
physical education majors. (Significance = .05)
Strength. The physlcal education majors possessed a
greater total strength and were stronger in hip
extension strength than the non-physical education
majors. (Significance - .05)

The physical education majors were stronger in trunk
extenslon strength than the non-physicél education majors.

(Significance = .01)
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In general then it was found that:

1. The "active" subjects (upper 20 per cent), "most active"
subjects (upper 10 per cent), and the physical education
majors:

a. possessed more fat-free body weight,

b. were more active,

c. possessed a greater oxygen consumption, and

d. were stronger

than the "less active" subjects (lower 20 per cent),
"least active" subjects (lower 10 per cent), and the
non-physical education majors respectively.

2. The physical education majors were most like the
"most active" subjects (upper 10 per cent) except that
the "most active" subjects displayed greater strength in
more areas of the body as compared to the "least active"
subjects (lower 10 per cent) than the physical education

majors as compared to the non-physical education majors.

Recommendations

1. A valid method to assess habitual physical activity
which would classlify subjects into activity groups
1s vitally needed.

2. A larger number of randomly selected subjects are
necessary to establish norms and to determine inter-
relationships of body composition, metabolic, and

functional characteristics of women of various ages.
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APPENDIX A

RAW DATA ON PHYSICAL CHARACTERISTICS OF SUBJECTS,
BODY COMPOSITION, PHYSICAL ACTIVITY, MAXIMAL
WORK CAPACITY, AND STRENGTH
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TABLE LXXXVII

RAW DATA ON PUBIC SKINFOLD, PER CENT BODY FAT,
FAT-FREE BODY WEIGHT, AND RELATIVE WEIGHT

T 0
— >
o o o)
P - o) [
[l ) m o
— 5 cwn
e PP o+ E $ T
Subject “ g 5 e e 550
(SN ) (&) b 0o .C
— O > I 80 O c a0
Ko [ ¥ o] L o & @
3 c o O © o 0P O
0y o Am = A=
1 5.7 24.0 47.1 106.6
2 4.0 21.5 41.2 93.1
3 17.0 28.5 45.1 111.7
Y 6.3 27 .0 46.6 120.9
5 5.7 23.0 bs.y 99.8
6 6.0 22.5 42.1 95.7
7 14.3 25.0 4s.2 101.9
8 15.3 24.5 42.5 95.1
9 14.0 26.5 48.1 108.9
10 10.7 24.0 4s.7 98.5
11 18.7 28.0 4o, 4 112.7
12 9.3 26.0 4g.9 114.0
13 5.0 23.0 48.1 99.6
14 8.0 26.5 46.0 105.6
15 7.0 23.5 39.9 8u4.7
16 36.0 25.0 39.8 99.4
17 5.0 23.5 48.9 103.4
18 11.0 28.0 4o.7 121.9
19 9.0 27.0 yy., 7 119.1
20 5.0 21.5 39.3 91.7
21 9.7 22.5 38.0 93.0
22 5.0 20.5 39.2 85.3
23 5.0 22.5 41.8 98.8
24 16.7 26.5 39.0 107.0
25 12.0 23.5 36.9 93.8
26 11.0 25.0 50.0 105.6
27 3.0 21.5 u3.5 95.9
28 21.6 31.7 46,3 128.4




RAW DATA ON PREDICTED SPECIFIC GRAVITY,
PONDERAL INDEX, AND DAILY CALORIC

TABLE LXXXVIII
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EXPENDITURE
Predicted Specific Ponderal Daily Calorid
Subjects Gravity Index Expenditure
1 1.052 12.69 1649
2 1.055 13.12 2010
3 1.043 12.22 1429
4 1.044 11.80 2261
5 1.052 12.88 2095
6 1.053 12.94 1682
7 1.047 12.84 1960
8 1.049 13.15 1377
9 1.045 12.58 2975
10 1.050 13.29 2208
11 1.042 12.58 2772
12 1.046 12.32 2688
13 1.052 13.17 1591
14 1.049 12.69 992
15 1.057 13.62 1196
16 1.039 12.81 1252
17 1.051 12.72 1735
18 1.042 11.86 733
19 1.044 12.17 2150
20 1.055 13.07 1572
21 1.053 13.30 614
22 1.057 13.94 371
23 1.053 13.13 621
24 1.045 12.57 651
25 1.051 13.22 1381
26 1.048 13.22 2201
27 1.055 13.50 1273
28 1.035 11.66 1076
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APPENDIX B
DATA SHEETS USED TO RECORD AND CALCULATE MAXIMAL WORK
CAPACITY, BODY COMPOSITION, AND STRENGTH



b B!

By/utu/T | (3A) ‘utu/T| WL *3UdA | "qUaA 2 2 "PEAY | *JI0D Lot 3310 | sep | tAuoajey |[fAucagey | Beg| ¢ |-dwey
mo *33M mo X *dJ40) | "aa0) | by 0 | Butpesy 00 00 adis ‘30 rajey | ~dueg | TBT3TUI TeTUTd Jo Feq |-adey
Z Apog < P X - M mo 9 X TAuoagey = + - SWTL
0 8nag X
218DY3JaTg aJanssadd 9 K3TpTUNy feq Jo LuwilL
(3%) 3u3isM (wd) 3y31ay aanjegadus] aanjeaaduwa] ajeq
1o0uRs o oten WooH TTTUpeadL
Jo ey
“ON (aweu) 323fqng

LIIHS VYIVA NOILYINOTIVO OITOHVIIW

Apnig Jo awepN



e

132

BODY COMPOSITION--STRENGTH DATA SHEET

Name Age (years-months)
Address Weight Kg ‘ 1bs.
Phone Welight _ Build and Blood Pres-
Major Height sure Study
Ponderal Index
1 2 3 Average

Pubic Skinfold (mm)

Relative Weight = Actual weight =
Standard weight

Specific Gravity (Young) S.G. 1.0084 - .0004231 - .0003401

5.G. = 1.0084 - .0004231y; =-.0003401y 5
S.G. = 1.0084 - () ()
S.G. =

Per Cent Fat of Body Weight (Rathbun-Pace)

Per Cent Fat = 100 (2248 ~ 5.04k)

Specific Gravity

Per Cent Fat

Kilograms fat = X =
per cent fat body welght

Kilograms of fat-free body weight = -
body weight kilograms fat

Kg. fat free body welght =

Strength (cm) 1 2 3 Average

Shoulder Extension
. Elbow Extension
Ankle Extension
Elbow Flexion
Shoulder horizontal
Flexion

Hip Flexlon

Hip Extensilon
Shoulder Flexion
Trunk Flexion
Trunk Extension
Knee Extension

H O\ 00—~ O\ Ul =W

Total Strength




APPENDIX C

FORMULAS USED TO COMPUTE SPECIFIC GRAVITY, PER CENT

FAT, FAT-FREE BODY WEIGHT, AND PONDERAL INDEX
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FORMULAS USED FOR PER CENT OF FAT OF BODY WEIGHT,
KILOGRAMS OF FAT OF BODY WEIGHT, PER CENT OF FAT-

FREE BODY WEIGHT, AND PONDERAL INDEX

(1) PER CENT FAT OF BODY WEIGHT*

_ 5.548
Per cent fat = 100 (specific Zravity ~ 5.044 )

(2) KILOGRAMS OF FAT OF BODY WEIGHT

Kilograms fat = X

per cent fat body weilght

(3) KILOGRAMS OF FAT-FREE BODY WEIGHT

Kg fat-free body wt.

body weight =~ kg fat
(4) PONDERAL INDEX
Height
Ponderal Index 3 “Welgnt

¥E. W. Rathbun and N. Pace, "Studies on Body Composition I,"
Journal of Biological Chemistry, 158:674, 1945.




PREDICTIONS FORMULA FOR SPECIFIC GRAVITY#*

(1) Specific gravity = 1.0084 - .0004231Xl - .0003’40le3

when X1 = skinfold on mid-abdominal line halfway
between the umbilicus and the pubis (in mm)
X13 = percentage "standard" weight (average

weight per height and age)¥**

actual weight
standard weight

Per cent standard weight =

¥C. Young, et al., "Predicting Specific Gravity and Body
Fatness in Young Women," Journal of the American Dietetic
Association, 40:105, February, 1962.

¥%¥Percentage standard welght used in this formula was
calculated on the basis of the predicted welght determined

135

by the Society of Actuaries, Build and Blood Pressure Study,

Volume I, 1959.
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