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ABSTRACT

THE RELATION OF POWER AND ENDURANCE
TRAINING TO PHYSICAL EFFICIENCY

OBJECT

The object of this project was to compare, under controlled con-
ditions, the changes in physical condition resulting from training for
power, for endurance, and for both power and endurance. The inita
inquiry related to the need of a varied physical training pr.ogam for
various Military Occupation Specialties.

[ RESULTS

No difference was demonstrated in the training programs involving
power, endurance, and a combination of thase under th ceoditdim of
this study. All test subjects showed a marked improvement. but er*
were no appreciable differences in the groups oa subject* an each exer-
cise program.

There was a trend evidenced by the results of this study to indicate
that muscular endurance is more easily obtained after power has been
developed.

CONCLUSIONS AND RECOMMENDATIONS

1. Since it was impossible to demonstrate a significant difference
between the effects of the basic power and endurance factors in severe
physical training, there is no indication for the need of a varied physical
training program for different MOSs in the military service.

2. It is a definite impression that the militaryportionofbasictrain-
ing contributes far more to the over-all improvement in physical coa-
dition shown by basic trainees than does the time allotted to formal
calisthenics. It is suggested that a further study be undertakentocompare
groups of basic trainees who have the regularly allotted time for physical
training, which is usually calisthenics, with other groups of basic trainees
who have all the military training but not the formal calisthenics.
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THE RELATION OF POWER AND ENDURANCE
TRAINING TO PHYSICAL EFFICIENCY

I. INTRODUCTION

Department of the Army sources suggested a study of the need for
a varied physical training program for different Military Occupation
Specialties (MOSs). There was the question of a need for different
physical training for men who would do one type of work as opposed to
another; for example, infantrymen as compared to more sedentary in-
dividuals, such as clerk-typists. Some preliminary investigations in-
dicated that there were far too many MOSs to permit any accurate study
of each of them, or even of any significant number of them. For this
reason, the quo ition was approached from the basic physiology of physical
training involving two factors, power and endurance ( I and 2 ). It was
decided to set up a comparative study between these two factors, and, if
a difference could be demonstrated foliowing training, it would lead to
further studies of the application of these two factors to the various MOSs;
as the need arose. It was initially felt -hat if any differences coula be
achieved they would be demonstrated by training under two basically
different regimens--power and endurance.

Following this comparison between power and endurance, there is
a need for comparison between basic trainees who have had the formal
calisthenics during the basic training period and those who have had all
of the basic training except the formal calisthenics (3). This phase of

the study will be done at a later date.

There are specific exercises which are thought to develop predomi-
nantly endurance, and others which are predominantly for power. Power
and endurance are not separable but it was believed that there was suf-
ficient differentiation for the purposes of this study. Power can be de-
finedas the gross strength or energywhich can be produced bythe muscu-
lar system, without regard to the duration or the work accomplished.
Endurance can be defined as the time during which a certain energy output
can be maintained. For example, weight lifting is mostly power, while
distance running and swimming are mostly endurance.

Comparison was made between two groups of test subjects. One
group had exclusivelypower training and the other exclusivelyendurance
training. Comparisons were made by using standard tests of muscular
activity and tests of military performance. In cases of severe atrophy
of a muscle due to disuse, endurance %ill not develop until power has
been restored (4). Whether power must come before endurance in the
training of the normal man is not known. This question was approached
by using two additional groups of test subjects One group developed



power followed by endurance training; the other developed endurance
followed by power training. Similar comparative studies were carried

out with all four groups of test subjects.

II. EXPERIMENTAL

A. Test Subjects

The test subjects were enlisted men who had just entered mili-
tary service. They were placed in the Test Company by normal assign-

ment procedures so as to obtain a non-specialiaed sample. These men
were trainees assigned to the Third Armored Division at Fort Knox.,
Kentucky. They came from three different induction stations and were
put into the Test Company on a percentage basis from each induction
station. They also were selected as a normal per cent of each physical
profile and of the area aptitude scores. This provided a Test Company
which represented a normal sample of all trainees entering the Division.
The subjects were without prior military service or training. This type
of individual receives the most intensive physical training during mili-
tary basic training. The subjects reported directly from the induction
stations. Their prior activity ranged from hard work to the most seden-
tary of occupations.

The test subjects were given the Army Physical Fitness Test
(APFT). as outlined in FM 21-Z0 (5). This test was selected as the
criterion for initial divisionof the test subjects into groups because it is
the standard and accepted test of physical fitness in use in the Army at
the present time. The composite scores were arranged in order of
magnitude. These were then ranked into groups of four. One man from
each group was chosen by lot and assigned to one of the four test groups.
This resulted in four balanced test groups.

Initially, there was a total of 140 men available for the study.
During the time the project %as in operation, 24 men were dropped for
various reasons. A listing of the men that were dropped and the reasons
are given in Appendix A. At the end of the project, there were 30men
in Group I, 31 in Group II, 27 in Group III, and 28 in Group IV.

B. Exercise Program

Each of the four test groups was subjected to a different exer-
cise program. Group I did power exercises exclusively, which con-
sisted of weight lifting. Group II did power exercises for the first half
of the training period, followed by endurance exercises for the second
half. Endurance exercises consisted of a variety of calisthenics and
running. Group III did endurance exercises for the first half, and power



exercise groups. It served as one test of the change in coneition result-
ing from training. It also gave a rough comparison with the physical
training done at all basic training stations. Accurate control of physical
training given the subjects permitted an opportunity to check on the va-
lidity of this test.

d. The Elgin Muscle Test Table was used for measuring

muscle power. This is a standard test used by the Physical Medicine
Service, and is of accepted reliability and validity. The muscles tested
were those involved in gross body movements, for the most part. Since
physical training is chiefly applied to the larger muscles, any change
resulting from this training Ahould be found in these muscles. It was
impossible to measure all the muscles involved, but those which were
measured represented the major muscles or groups which should show a
change following exercise.

e. The anthropometric measurements were not acriterion
of the exercise program, but were of interest in recording changesin
body proportions as a result of heavy exercises (9, 10).

f. The Harvard Step Test was chosen as one check on general
condition (2) (11). This test can also be used in a possible comparison with
other exercise programs.

g. The 5-mile speed march was used for two reasons. It
is a severe test of condition, and is a type of activity currently being
stressed in basic training units. It was anticipated that effects of train-
ing would be apparent in repeat performances.

h. The 20-mile march was not a criterion, since it could
not be scored. It served, however, as a source of observation of the
ability to perform prolonged hiking after physical training.

i. The obstacle course was used as a test of actual per-
formance. The speed with which the course was run was considered an
indication of physical condition.

j. The treadmill test served as the source of the most
reliable measurement of cardiovascular, respiratory, and muscular
response to severe exertion (12, 13). The measurements taken were
pulse and respiration rates during the recovery period. The rate of
recovery following exertion to the point of exhaustion was one of the best
indications of physical condition (8).

k. Lactic acid blood levels were determined at the end of
exhaustive exercise and served as an index of response to severe exer-
tion. It was anticipated that training would alter the blood level of lactic
acid (2, 8, 14, 15, 16).



2. Testing Procedures

The first two weeks of the study were devoted to testing and
examination. The history and physical examination, hemoglobin and
hematocritdeterminations, and the anthropometric measurements occu-

pied the first four days. The fifth day was used for the APFT. The
sixth day was used for the Harvard Step Test and the obstacle course.
Muscle power testing occupied the first three days of the second week,
and the remainder of the week was devoted to the treadmill test and lactic
acid determinations. The same order in which each man took the tests
was followed at the mid- and end- test periods (see table 2).

The 20-mile hike was taken on the last full training day of the
training period in order to avoid altering the sequence of 'tests during
the final two-week test period.

During the mid- and end-test periods, the physical training
program was discontinued. The tests themselves were of a sufficiently
strenuous nature to prevent appreciable deconditioning.

Appendix C contains the details of each testing procedure, as
well as the equipment and personnel which were involved.

3. Statistical Methods

Comparison and analysis of the data were compos=u of the
following: obtaining averages and standard deviations; setting upgraphic
distributions for each test by group, and finally subjecting the data to a
series of single classification analyses of variance. The few significant
F values that were found are shown with the particular tables of results.

III. RESULTS

The group scores and figures in all tables are arithmetic means.
The various units for scoring and measurement are indicated on each of

the tables.

A. THE PERSONAL HISTORY AND PHYSICAL EXAMINATION re-
vealed what would be expected from ALch a group. Geographical distri-
bution was predominantly from the Great Lakes States--Ohio, Illinois,
Indiana, Michigan, Minnesota, and Wisconsin. There were a few men

from other areas of the country. Educational level ranged from the fifth
grade to college graduates. Type of work was predominantly semi-skilled
or laborer. There was a generally high interest in athletics, although
there were quite a few men in the Test Company who had apparently par-
ticipated to a minimum degree, or not at all. The activity for the few



months prior to induction into service was greatly varied. It ranged
from the most sedentary occupations such as desk work, clerical work,
etc. , to extreme hard labor in farming and stevedore work.

Several of the men had inguina: hernias, only one of which was suf-
ficiently severe so as to interfere with the performance of the man's
military duty at the beginning of the project. There were a few other
minor physical defects, most of whih were easily correctable or of such
a nature so as not to interfere with the man's performance. Several
defects, which were not evident on the initial examination, became evi-
dent during the heavy exercise. This was especially true of previous
injuries to the knees. All physical defects or injuries of any significance
are described and enumerated under the listing of the men who were
dropped from the project for various reasons. (See Appendix A. )

B. The HEMCGLOBIN DETERMINATIONS are presented in Table 3.
The pre-test figures were within the normal range, the group scores
showing a difference of 0.4 gram. There was a slight increase in hemo-
globin in all exercise test groups, ranging from 0.4 gram in Group IV
to 0. 8 gram in Group III.

C. Table 4 contains the results of the HEMATOCRIT DETERMINA-
TIONS where a similar normal level and moderate increase was noted.
The largest increase was 4. 5 per cent in Group IV, and the lowest was
3. 1 per cent in Group I.

D. Tables 5 through 10 show the results of the ARMY PHYSICAL
FITNESS TEST. Table 5 shows the total scores based on the five exer-
cises. In the pre-test, the range of individual scores was from 0 to 336,
the mid-test from 12 to 357, and the end-test from II to 375. There was
a marked increase shown by all test groups. The change from pre-test
to mid-test wap most marked in Group Ill; the change from mid-test to
end-test was most marked in Group IV. The final total change from the
beginning to the end was most marked in Group IV, with an increased
score of 92. 9. The lowest was Group II, with an increased score of 69.6.
Table 6 shows the results of the pull -ups, or chinning exercises. It is
interesting to note that Group IV showed the largest inc rease on the APFT
total score but actually decreased slightly in the pull-up average score.
Groups II and III showedthe largestincrease in pull-up scores. Table 7
records the results of the squat-jump exercises. Group IV showed the
highest increase in the test (40. 3 points)while Group II showed the lowest
(22. 5 points). Table 8 shows the results of the push-ups. Here, again,
Group IV showed the greatest ,ncrease with 27. 3 points. Table 9 shows
the results of the sit-up exercises. In this case, Group I showed a 15. 7
point increase, and the other groups slightly less 'able 10 shows the
r, .3i1ts of the 300-yard run. Inc rease' ranged tr 8 to r Group 1I to



13. 3 for Group I over the total exer se period It is interesting to note
that there was a decrease from pre-ttst to mid-test on the run in Groups
I, II and IV.

E. Tables 11 through 16 showthe results of the MUSCLE-POWER
TESTS, recorded in total pounds handled. The total change on the five-
test exercises from pre- to end-test was greatest in Groups I and II,
with Group IV showingthe leastincrease. However, there was no great
difference between any of them. Table 12 shows the results of the
biceps test, which had a slightly greater increase for Group II than for
the others. Table 13 shows the results of the triceps measurement,
where the total increase showed a difference of less than two pounds for
all four groups, indicating a uniform degree of improvement. Table 14
shows the results of the grip test with an increase of 5 to 6.9 pounds for
eachof the four groups over the total period. Table IS shows the results
of the hip flexors, with a range of increase from 8.6 pounds for Group
I to 12.8 pounds for Group II. Table 16 shows the results of the quadri-
ceps measurement, with an increase rangingfror a total of 22.1 pounds
for Group IV to 31.3 pounds for Group I,

Tables 17 through 22 are also based on the muscle-power tests;
however, the results are shown as the ratio of weight lifted to body
weight. Table 17 shows the results of the total of the five tests. It is
interesting to note that the greatest increase occurred from the pre.- to
mid-test, that is, during the early part of the training. The total in-
crease showed a relatively uniform rate, with a low of 26. 9 for Group
IV to a high of 35.3 for Group I1. Table 18 shows the results of the
biceps measurement, with an increase ranging from 2. 8 to 5. 2. The
triceps test showed similar results (Table 19). Table 20 shows the grip
ratioto bodyweight, with only a slight increase for each exercise group.
Table 21 shows the results of the hip flexors, with an increase of 4.1 to
7.1. Table 22 shows the results of the quadriceps measurement, with a
range of increase from 12.9 to 17.1. In all cases, the greatest increase
occurred during the first exercise period. It is interesting to note that
when the total weight handled was considered as a ratio related to the
bodyweight, the rate of increase was more uniform throughout all groups
than when it was considered as total pounds handled with no regard for
body size.

F. Tables 23 through 33 show the results of various ANTHROPO-
METRIC MEASUREMENTS. Table 23 shows the renults of the body
weight measurements. There was only a slight increase from pre- to
mid-test, with a considerably larger increase for mid -test to end-test.
The total increase for the exercise period ranged from 4. 0 pounds for
Group IV to 7. 2 pounds for Group 11. The other body measurements
showed relativelylittle change. The only consiste•n E, -rijs which were



found as increases In all groups, were in the circumferences of the arms

and legs.

G. Table 34 shows the results of the HARVARD STEP TEST. The
results of this test showed a steady increase for all exercise groups,
with the maximum improvement being shown by Group IV with a 33. 6
pointincrease, and the minimum by Group III with a 23.6 point increase.
The ranges of scores varied from a low score of 15 for the pre -test to
a high score of 0S on the end-test. Even though the extreme scores
showed very little change, the total inprovement for the groups as shown
by the means, was considerable.

H. Table 35 shows the results of the FIVE-MILE SPEED MARCH.
This test was run only at the mid-test and end-periods. For the mid-
to end-test, there was a marked decrease in time needed to run this
test. Group II showed the least improvement, with a decrease of 6 min.
24 sec. and Group IV showed the greatest improvement, with a decrease
of 7 min. S4 sec. The longest time needed to run the course was I hr.
32 min. 6 sec. on the mid-test, and the shortest was 45 min. I sec. on
the end-test.

I. The Z0.MILE HIKE was performed for observation purposes only,
and was not scored. The opinions were chose of the officers and military
cadre observing the trainees during the 20-mile hike. The uniform
opinion of the observing group was that there was no appreciable differ-
ence between the performance of the different exercise groups. It might
be noted that 110 men from the Test Company took the hike and that
none fell out. The entire group completed the hike at the planned rate
of march, or slightly faster.

J. Table 36 shows the resul]s of the OBSTACLE COURSE TEST.
The initial scores were rather similar in all exercise groups and re-
mained so throughout, with each group showing a considerable decrease
in time needed to run the course. Greater improvement was shown
from pre- to mid-test than from mid- to end-test. The total increase
was similar for all groups.

K. Tables 37 through 41 show the results of the TREADMILL
TEST. Table 37 shows the total time in minutes and seconds which were
run on the mill. All exercise groups showed an increase. The increase

ranged from 18 seconds for Group I1 to 23 seconds for Groups I and IV,

from pre- to end-test. The range of scores for the entire group was
from a lowscore of 5 min. 5 sec during the pre-test to a high of 8 min.
54 sec. on the end-test. Table 38 shows the results of the initial pulse
rate count. There was an amazing uniformity throughout the entire test

group Table 39 shows the results of the recovery time in minutes



There was a slightdecrease in recovery time in all groups. The extreme
scores ranged from 3 to 21 minutes. Table 40 shows the initial respi-
ration rate count. There was a slight increase from pre - to mid- test
and practically no change from mid- to end-test. Table 41 shows the
final respiration rate count. There was practically no change throughout
the entire test period.

L. Table 42 shows the results of the LACTIC ACID DETERMINA-
TIONS. Due to a technical error in method the results of the test are
not recorded for the pre-test period. The recorded results show a
considerable variation ranging from a decrease in blood lactic acid level
of 7. 1 mg. per cent for Group I. to a maximum decrease of Z6. I mg.
per cent for Group II.

IV. DISCUSSION

It is well recognized that there are several factors involved in
muscular performance, however, power and endurance can be readily
changed by physical training. Such things as coordination, reaction time,
and what might well be called general athletic ability, are predominant
characteris tics which the man has or does not have, and are not readily
changed by training. It was felt that sufficient differentiation could be
made between power and endurance for the purposes of this study, while
it is well understood that there is no co.mplete separation of the two.

It was decided that the type of exercise which most nearly approached
pure power was that of weight lifting or weight training. The strong
advocates of weight lifting as a training exercise have maintained that
it is also an excellent developer of condition or endurance. This was
found to be generally the case in this study. The weight training or
exercise program was that outlined by Hoffman (21). This was not used
in the belief that it was the only group of exercises which would be suit-
able, but because of its wide-spread usage in weight-training programs.

The endurance program was varied according to the detailed descrip-
tion given inAppendix B. Itwas selected for the types of exercises which
require both high-speed and multiple repetitions with relatively low re-
sistance.

During the military training, considerable time was devoted to
observations of the physical aspects of the military training program
with an attempt to evaluate the degree of influence this had on the testing
program. These observations lead to the impression that, even with the
large amount of time which was devoted to physical training with this
group, the physical improvement as a result of the regular military basic
training was at least equal to the formal physical exercise which was
given.



There were two factors which greatly influenced the total improve-
ment of the test subjects One was the fact that they composed an ex-
perimental unit and, as such, were set apart from the ordinary run-of-
the-mill basic trainees. This contributed to the high state of morale and
interest ii. the exercises. The other factor was the unusually superior
cadre who were in charge of these men

During the entire 16 weeks of training, there was not one case of
absence without leave in the Test Company. There was only one case of
punishment for a minor infraction of rules. The general spirit of the
men was excellent, and continued so throughout the entire project. Be-
cause of these factors it is difficult to compare this group with any other
group of basic trainees. The motivation factor is one of prime im-
portance in any physical performance, but is extremely difficult to
measure under most circumstances.

The medical history and physical examination revealed nothing of
particular importance, but resulted in the confidence that everything had
been done to eliminate any physically unqualified men. The personal
history forms gave some general information about the test subjects and
their background, but the group was not sufficiently large to make any
significant comparisons as to prior physical activity, geographical lo-
cation, etc. The hemoglobin and hematocrit determinations bothshowed
a moderate increase during the test period. This was probably due to
the increased foodintake as well as the severityof the physical exercise.
There was not enough difference between groups for any pertinent com-
parisons to be made.

In the analyses of variance performed on each of the tests signifi-
cant Fs were obtained only for blood lactic acid level, the hematocrit,
and the final respiration rate count following recovery from the treadmill
run (Tables 4, 41 and 42). Of greater interest than the isolated signifi-
cant Fs which were obtained is the fact that so few were found in the
series of 57 analyses of variance which were performed. The over-all
finding of this series of analyses is that there was no essential differen-
tiation between power and endurance or combinations of them under the
conditions of this study.

There were, however, some very interesting comparisons between
tests. It is believed that the Army Physical Fitness Test, the obstacle
course, and the Harvard Step Test are the most reliable and valid tests
for performance that were used in this study.

The Army Physical Fitness Test seems to cover the ordinary range
of power and endurance performance adequately. There are some po-
tential sources of error in the test which are primarily those of admin-
istration rather than within the test itself It is easy to become lax in



scoring. In almost all cases, there was a marked improvement shown
by the Army Physical Fitness Test scores. There were a few individual
cases where there was a decrease in scores. either on the mid- or the
end-test period; however, with one exception, these cases could be
explained by a marked reduction in motivation on the part of the particular
man, either because of personal or other problems which had a direct
influence on his performance.

The scores for the Harvard Step Test showed a generalised im-
provement in almost all test subjects. If the Harvard Step Test were a
test of endurance, Group IV would be expected to show the highest im-
provement, which itdid; however, Group Wi, which han half the endurance
training, showed the least improvement. The greatest source of error
in the Harvard Stop Test probably lies in the fact that there is a marked
difference in energy output required for a man who is, say, 6 feet tall,
to step up and down on a 20-inch step as compared with a man who in
5 feet 6 inches. There is no allowance made for the height of the man.
However, if this test is used to demonstrate a man's improvement over
his previous scores, this defect is eliminated.

The scores for the obstacle course also showed a marked increase
in physical performance. The greatest improvement was shown in Groups
I and 11, which were the power exercise groups. There is no obvious
explanation for this. It had been believed that the obstacle course was
predominately a test of endurance. However, it appears that muscular
power and strength are of at least equal if not of greater importance in
this test.

The 5-mile speed march proved an interesting test to administer,
and showed definite improvement in scores. In almost all cases, there
was a decrease in running time. The greatest decrease in running time
occurred in Groups Mi and IV, which was expected because of the type
of exercise training. This proved to be a very strenuous test of en-
durance. The course was actually 5. 6 miles over rather roughly-
graveled road, with two large hills. It is felt that one important reason
for the improvement on this particular test was the development of
confidence on the part of each man that he could run such a distance in
a fairly short time. The initial run came after part of the training had
been completed and each man had gained some confidence. However,
the course was completely new, and most men had never attempted such
a feat of endurance before that time. On the final test, the men were
familiar with the course and each had aa increased confidence in his
ability. Several of the men were so interested in running this test that
they pushed themselves almost to the exhaustion point in order to make

a good showing.

The muscle power tests were an attempt to measure the gross mus-
cular strength of five different muscles or muscle groups. An attempt



was made to eliminate factors of great variability in the method of per-
forming the tests so as to get the one -repetition maximum as nearly
accurate in each case as possible. The same group of men administered
and scored the tests in each case. There was a marked improvement in
all groups, mostly in Groups I and I1. but the difference between groups
was not great. The five-test total shows a range of improvement of
only 15 pounds in all groups. Whenthe improvement is based on the body
weight ratio of the man, the improvement is reduced to an 8 per cent

range within all four groups. This is not significant, and, for practical
purposes, the test subjects who were trained for endurance showed. al-
most as much improvement in power as those supposedly trained for
power.

The treadmill test was the most severe test for endurance. There
was a great interest on the part of the test subjects in this activity,
p&rtly because it was a test where the man performing it was being
closely observed by his fellow-soldiers and was, consequently, well
motivated to make a good showing. In several cases, men were so in-
terestedand sohighly motivated that theyperformed this test to the point
of absolute exhaustion. On the other hand, some men obviously did not
run to the point of even approaching exhaustion. This is a potential
source of the differences in the pulse counts, the recovery times, and
the lactic acid determinations which followed this test. The only thing
which made the test valid was that, in general, each subject was motiv-
ated to a similar extent each time he took the test. Those who ran the
hardest did so each time. The men who ran top scores remained in
relatively the same position to the entire group. A few low-score men
continued to remain low. primarily because of a low motivation factor,
as well as a limited physical ability. Therewas little change in the mean
pulse rate of the four groups. The recovery time, in each test group
and in each test period, showed a slight decrease, but was not signi-
ficant. The respiration counts, both the initial and the terminal counts.
were similar in all groups and indicated slight or no change following
training. The greatest change occurring in this test was in the running
time. This leads to the belief that most of the men did put out a sincere
effort, as evidenced by the fact that on the end-test their initial pulse
count, after completing the test, was similar to the pre- and mid-test,
while the running time showed a considerable increase. This indicates
that their general condition had improved, and while the moti ation
remained fairly constant, they were capable of producing considerably
longer energy outputs than they were prior to the training.

The lactic acid determinations showed one of the greatest between-
group differences of any test which was administered. Interpretation
of this difference is difficult. From a study of the literature, it seems
that there are two schools of thought on changes of lactic acid blood

lz



levels following exhaustive exerciae with and without prior physical
training. One hypothesis contends that the body, particularly the muscu-
I-.r system, becomes able to operate with a much higher blood lactic
acid level following training than before training. That is, the man
trained for long and severe exhaustive exercise could operate with a
higher lactic acid blood level than the man attempting to do such exercise
without prior physical training. The other hypothesis is that physical
training produces an increased efficiency in the metabolism of lactic
acid. Consequently, the person is able todo severe exercise for a longer
period of time without an accumulation of lactic acid to the point where
it would prevent further muscular activity.

All four groups show a decrease in lactic acid blood level. The
decrease from the mid-test to the end-test was definite, while there was
a corresponding increase in the length of time run on the treadmill. This
means that with a greater energy output there was a decrease of blood
lactic acid level. This seems to indicate an increased efficiency in
metabolism. This test showed that Group II demonstrated the greatest
improvement in physical condition.

While the other tests did not show marked differences between the
groups, there is one other factor to support the contention that Group IH
showedthe greatest improvement. When the entire battery of tests were
arranged to indicate which group showed the first, second, third, and
fourth places in amount of improvement. Group II was the one with the
greatest number of first-place increases. The total improvement from
pre- to end-test was used for this comparison. Group 1 showed first-
place improvement in 14 of the measurements. The next best was Group
I. which showed 10 first-place improvements. Group IUl showed 9, and
G-jup IV showed 7. The differences were not tested for statistical Sig-
nificance, however it is felt that Group II showed the greatest im-
provement in view of the observation of the entire exercise program and
of the extensive degree of testing. 'rhe only single test which gives
direct support to this conclusion is the lactic acid determination. Such
a conclusion as this is in agreement with the conclusion of De Lorme,
that power must be increased before endurance can be increased (4).
Group H had power exercises first, followed by endurance training.

The large number of physical measurements which were done re-
vealed no major differences between the groups. It is interesting to note,
however, that the changes in body proportions had a tendency to neutral-
ize each other--the fat men became leaner and the lean men filled out
with well-developed muscles. Throughout the entire Test Company,
there was a slight increase in weight.

13
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V CONCLUSIONS

There are two conclusions that may be drawn from this study:

I. There was no statistically significant difference , njnstrated
between the exercise programs of power and endurance as canducted in
this study.

2. There was some tendency evidenced by the results of this study
to indicate that muscular endurance is more easily obtained after powe.-
has been developed.

VI. RECOMMENDATIONS

1. Since it was impossible to demonstrate a significant difference
between the effects of the basic power and endurance factors in severe
physical training, there is no indication for the need of a varied physical
training program for different MOSs in the military service.

2. It is a definite impression that the military portion of basic
training contributes far more to the over-all improvement in physical
condition shown by basic trainees than does the time allotted to formal
calisthenics. It is suggested that a further study be undertaken to compare
groups of basic trainees who have the regularly allotted time for physical
training, which is usually calisthenics. with other groups of basic trainees
who have all the military training but not the formal calisthenics.
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TAR

TESTS AND UNITS <FA.,jr0'W1 N

Los t knit

I. History & Physical Eoxamnation Noiw Information only.

2. Hemoqlobin Grame is 0.1 qm units.
.4 041800 go range,

3. Hemstocrit Per cent in units of 1.0.
40-5S5 ranqe.

4. Army Physical Fitness Test Abstract Score free pro-
Pored table. R.ugsm o-soo.

S. Muscle Power go ht in pomed. *oved for
.eah muncle group.

:. At krepea trin 
to :up

1191.t-, .Cho$ to I/r e b.Warqt, Pounds to 1/4 Lb.

Va0 oes Crceumorences Inches to 1/4 sch.

7. Harvard Step Teat Abstract ,aaro fro Premed
table Pnoaible range f-130.

6. F0eo-10ie Speed March Tims in smaassi cod asreode.

9. Tracry-mole Hike Name Obeorvat ion only.

10. ebstacle CoTrse Time in minutes afd r eo m lad .

e i. Trtldopil Test
Poiseto Rata pr 30 seesads at end of

xercise and until rate falls"below 100/nia. darinq recovery
period. (Cou ted for 30 se,.

Rout of each lmante .

Recovery Time TXn memnue f ~ and of
irco ant l paso4 rate beows

lO0/nin

Respiration Rate ior 30 @*coade at *ad of
onerc a* isd utitl pal"N falls
beows 1O0/eia,,dor nq recovery?
period (Counte f or0 mec. au
of each Minote0.)

12. Lactic Acid Blood Toot Wo per cent in unsts of 0.1.

TABLF

SCHEDULE OF TESTS

I Tuesday godseda y Thursday Saturday

Pill -Tom t
HSP H P H&P H&P StopHb & i4ct Hb Mef~t I Jb & JNct Hh& ~c AprT Obstacle

.Anthre Anthro n htAhkro

I P mwer Trer il I Trrdind il1
Power Power J Treadl l ' Lactic I A Lacti j Treodnill

Oid -Too t

Ant? Ste I tacit
4 4•aHt I Net A p- , Pam- r

S-Nile Match Treadmill j Treadmill
AnLLtJ.ro Aanthr . Amthro Tread. - |a Treadmill, l TreadmiL.

(2 Niles onpirFi
AP ,, Ste ..tcl.P .Power P.* Poser

lib & Ho~t M

5-Miloe Mtrch Treadmill Treadmill

N A P - History and physical examination.
Hb & Het - HIoaqlobis and besatocrit.
APFr - Army Physictil Fitesm Test.
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TAHBL

NEW)GLOBIN (Uzit Gram
i-' O' iiI- I -

Score Pro-Tea t 14.9 15.0 14.7 1S.1

Score Mid -Teo t i 1 .0 15.1 15.1 14.9

Score End -Test 1S.5 15.6 15.5 15.S

Change Pre-Nid + 0l + 0.1 + 0A4 0.

Chamee Mid-End I 0. I + 0.5 + 0.4 0.6

Ch¢age Pre-End + 0.6 . ! 0,6 . + 0.4

Ron"e of Scores Pr*-Test Mid-Tost EndToot

for ire Gro12 11.1-18.1 13.2-17t4 1r 36-19A
Group I - Power exercises.

Group II- Power exercises folloeod by endurance exercises.

Group I1- Endurance exercises followed by power exercises.

Group IV- Endurance oexrcises

TABLF 4

.1MAT(XR IT (Unit Per Cest)

=owp L' 4L I A--I I
Score Pr. -Toet 4S-7 44.I 45,9 45.L

Sc ow Mid-Teet 45.9 -&?.a 4a-2 1J.l

Score End -Tee t 11. I 4,.. 49.i 49..

Chanca Pre-Kid 0.1 + 2J + 0.2 + 2A

C"asm Mid-Ead + 3A + 1.1 + 3.3 + 2.1

Chama+ pve-Ed+ +. 3.1 + .

Raose of Scores roe-T i y•l-T ot r, aTeo

for E-tire CMro. .S 42.2- j.
Group - Power exercises.

Group II - Power *xercises followed by endura•c exorcise.

Group III - Enduramce exercises folloeed by power exercises.

Croup IV - Endurance exercises.

SIGNIFICANCE 1TETS FOR HEIMTOCIT

Son of Squares 7 df r

PreTest - Mid-Test 10O.15 3
-- - 3.22"

Scores 1029.04 02

Mid-Toet - Fad-Test 101.9• 3
3.02"

Scores 1214.19 108

Pre-Tst - Eno d Toot 21.38 3

Scores 1619.24

"The S1 level of aiqoificaoce - ? 70
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TARII

ARMY PHI ICAL FrITii T"- -TET TOTALSý

GROUP Ix IV• Iv
Score Pro-Tom t 123.1 28_.4 123.4 1 126.4

Score MidL-Teat 5.j* _ . jjj3lL 157..9
Score Cad-Test Z03.5 196.0 t 110.7 719.3

Chance Pro-Mid + 31.4 .9. .+12 L_.1. ÷ 31,5

Chanqe Mid-End + 4s.0 + 17.2 27.5 + 61.4

Chiamm Pro-End , *_iL.J + $7.7 + 9'4
Range of Scores Pro-Toot Mid-Test End-Teot

fer Entire Grasp 0-336 12-357 11-375
Group I - Power Deorcinoe.

Group 11 - Power ozercinee foo A .od by omdurom-n exercises.

Group II! - ELdurance o*zeroLeao olloed by poser exorcisee

Group TV - Enduronce eoxrerse.

TABLF

ARMY PMYSICAL FrflNss T3T P11- I 'rP
(Unit, Points '-coredi

GR I III Tn V

t€ ore Pro-Toet r?717 l,$ 77.4 30l.
Score Mid-Test 29.1 I5.# 14.2 ?9. 5
Score Lnd-Test 3.4...i. 16.7 35.0 29.5
Cbeas Pro-Mid + 1.4 + .6 +60 - 0.6

Cbon~o Pro-Lad + .70 .•

Roase of Scores Pr-Teat Mid-Test End-Teot
for Entire Crev 0-17 0-67 0-67

TABLIr

ARMY P•n ICAL mIENS Twess - QUA- "tIW

(Unit Points lcore4)

Score Pro-To&t 1 .7 J j 3 __J43.S 1
Sore Nd-Tes 55. 45 S.9 61.2 $53.
Score End Test •. I --Q 5 7 - 72.!

Chasme Pro-Mid +16.1 -+?9 2 8 1-2l,4

Chouge ha*-End +27.7 j 3.

Raoge of Scores -_ Pro-Teas _L. ¥-TLL EnIi-Tt_-s -

fw LEtire Gron L 0-100



TARIJ R

ARMY PHYSICAL lITUSTLST P¶IH-rI'

.:R()tfp 1 - I1 11-m •

score Pro-Teat 7.e 1.J 1.1 19.3
Score M ido aet 24.0 25,7 3:3.2 34_.4

Score End-Teot 3s. a 34.3 38..4 46.
Canage Proe-Mid + 6.2 # 9.4 +17.1 +lS.1

iCbwono Mid-Emd . ÷l$ + .9_ + 5-2 ÷2.

Cheba. Pro-End +18.0 +1 4 2.3 +27.7
Ranqe of Scores Po-T I d End-Test

!or Entire Group 0-73 1 0+77 0 - 13

TABLE q

ARMY PHYSICAL FrrlSS TElST SIT-UPF

Score Pre-Test 22.7 212 25.7
Score NIf.-Test 30.4 | 31.7 34. , 3 0.4

Score End -Teat 31.4 40.O 35.61 3t.4

Cbýql *r -IId + 7-7 + 1.7 +L3.3 + 4.0

C.,MMp _I~En + 1. 1.2 + 1-1 + 9.0
Change Prd- 1 .0 14.4

Ran"q of Scores r-Temp id*Tmt ,fo, Est. ir O.~. o -7.o 2-t -B2

TABLC 10

ARMY PHYSICAL FrTMESS TEST- 300-YARD R•tN
ltlhlit- Po.t ILn S.o."d

GROUP 1 1 111 IV
Score Po-T 2 1_7 l r

Scor* Mid-Test 15.5 12.9 10.3
Score End-Test 2.S.- 27-s 2A4 3-.7

cboa51 Pro-Mid 0.7 - 5.1 + 0.8 -. 3
Chang Mild-End ¢t~] l. + i• •+

Ch Ug +1K +9-l " AClmln2. Pre-Enpd +13.3 + aI~ +10.1 1.

40que of Sctores Pr-Test Mid-Toot r.n.Toot
for E.ntire Group 0- -

go O-s 0ii



Q IV

TAB • I

- GiII P(WE "TES "T I AL I

Score Piro-Teat 4J5L. 2i0._4 _ .aLL2 IA9
Scote Mid -Test 322.6 392.9 373.0 378.5
Score Lad -T2st 41 4. 416.1 394.2 399.4
Cbaaqe Pro-lid + 39.0 42.4 1 + 36.4 i 30.3
Cs Mid-Ld + 22.0 23.3 + 21-2 + 20.9

Chamog Pro-Lad + 61.0 U.7 + $7.6 " 51.2_.
Rasge of Scores Pro-Tet ' d-Test fad-Tgst

for Entr e erom 215-492.5 ?1'-SIO 277.5-547.5

Group I - Power exerciss@.
Group 1! - Power oxercises followed by *oduraoco exercises

Group III Enduraoce exi-cises foll-mad by power *.atrieas

Group IV - Endurance exorclies

TABLU

M •>CLF: POE BI(CEPSx

(Usit Pounds)

(QCOIP ' _'"__ Ii • ']II "' /

Score Pro-Test 42.1 46 . 46.8 45 4

Score Nid-Test 21.4 S0.7 50.0 8.90

Score Eamd-Test 54.7 ,6.0 52.9 52.L

Cbhase Pro-Mi4 + 4.3 2.2 + 3.3 + 3.5

Choape Mid-End + 3.3 _ 5.3 + 1.9 3.7

clam" Pr-__d + 7.t t. +._ , _,;_I + 7.2

RNone of Scores Pro- iot Mid -Te*t od -Test

for Entire Group 30.-0 30-75 35-?-

TABLE

MUSLE POWER 7R ICI !ý

(Unit Pu,.amodej

GRIOUP T.T .T T li V
Scot* Pro-Tilt 25.8 "'6.3 23.8 i 5 I
Score Mid -Teast 28.0 10.6 ?8. 2.00

Score End -Tost 32.8 _7.' 31.. .. 3••_
Chang~e Pro-Mid + -2.2 + 4.3 * _ 4 * 3 * .•

("bag~e Mi~d-End + 4.0 1 3.1 . + 3,5 3_._.. ._
Change* Pr9-Emd + 7.0 _ + 7.4 + ,0 _+_6 .
Rang* of Scores Pro-toot ! ¥.d-Tw.t •. F'nd-Tost

_ for Entire Grove 1__ 2.5-40 ; 1s-47.ý ?05
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TABIE 14

MWSLL PfWL': GiIP
(U__ _ _ _l : PoadeO)GouW I it fit TV

rea .re'e-TYt 129.7 127.7 124.6 121.4
Score Md-toet 1IT4 134.? 130.0 131.8
Sco.re Ed-Test 136.1 134.0 131.5 133.4
Change Prt-mid _;.Y * + 7.0 + 5.4 + 3.4
Chas"e ML-d- 0.2 - 0.7 1 L.3 + I.$
chowie Proe-r-d " _86s, + 11.3 + 6,9 + 5 .0

Range of Skores are-Tt , Ni, I
for Entire Group I IS-190 i q0-180 100.-I. -

TABLE IS

0 P5CLE PO IP FLXXC5
(UnIt Pounds)

OUP - -I I IV
Saew* Pr-Tra.t ,11 So.2 ,5.0 .6.6
Score MUd -Tet t __63. 95.2 1 61.9 63.90
Score Ead -Tht I_._ 94.0 05.6 _ _.3S•o-NL4~ + $,'I + 1j.0 + 6.5 + 9,4
Cbmw~l lld-ewd +_ 1.. + 3.1- + 4.0 ... + 4._3

Che,,p Pre-Esd * 6.6 1 1.0 +10.6 +to.
loags of Scores Pro-Test Vidd-Tet Eadtest
f.r Entire Greep 30-110 37.S-111 $2, 5 17

TABLF I6
MWUCLE PcI Q •UD.Dl• !TY+•+

(Unit, Pounds)
GROUP 'I II I v

Score Pro-Test 92.9 93.9 26.5 2.
Score Mid-Teat 113.0 111.6. 103.3 10. A1
Score Lad -Tast 124.2 123.4 117?. 114.8
CMange Pro-Lid 125.2 #17.9 + .I +14.1
Change Pido-ed +11.2 +11.0 + 9.1 + 10,
Change Pr*-Lad +3i.3 +29.7 76. 1

Range of Scores Pro-Test Md' Test E<dT-ent
for Entire Group 40-1Ss 60-17'0 1 6-11 1
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TABUL

MWCLE POM RATIc 5 -TFNT TOTAiLS
(Usit Peeads/Dd, 1.1311t as Per C--t)

so*;; Pro-Test 227.0 .?.4.k_ 221.5 , 26.0__

faere Mid-Teet 247.7 217.2 .2 --- _.t--
Seer* Cad -To@t 256.6 {- .0 f 250.0 252.9

Chasge Pie-Mid +20.7 -20.7 4 1 ,7 I +11Cho Old-rad * +.9 li2.6 + 7.8 + 4.3

Rungs of Scores Pro-lJot - _ _id,-Tet I _ _d-Test

for Entire Grove 141-293 1 169-319 1 17?-331 .
---Croup ' I rover *o le n. =..4

Groap I1 - Poaer enercioes followed by eadurance exorcises.
Grasp III - Enduroance exercise followed by pawer exercises.
Group IV -ndoroace exercise.

TABLE

JCIX POV3hR RATI lwrp';
(Veit: Pounds/Dd |eL~gt of Per Cest)

_GRW I IT " _ _ IV

Seere Pro-Test 30.2 "1'.9 1 0.7 29.4
Seore Mid-Test 32.5 32.0 32.4 31.4
Score Ead-Test 34.0 35.1 33.5 33.3
Cbol~z Pro-old + '7 3 * ? + 1.7 + 2.0

Change Poi-Enad 2..8 • ÷.2 ____
_____. . .._____ 3-

Ro mge of Scores Pro-Test NMd-To st Lad-Ted t
,_for~ieiu 57-41. 0.3-4. 74.

TABLE I

MIJCLE CVTM RATIC M lCFPct
(Unlit Poumdo/Body We j st as Per Ceot

Scer Pro -Teat 16A 1-.8 AL,7 - 19.2,.
Score Mid-Test 17.4 14,7 18.2 17.9

Score Emd-Test 19.7 21.1 20.0 1ý..

Cbm+ Pre-Nid .0 + '.4 + '. + 1.7
Change Mid-End + +.3 , 1.S +
Change Pre-Ead _ 3.3 + 4.1 + 4.1 + 3.6
Range of Scores Pro-Te* t Wid-Test I End-Test
for Entire Group - .S7-247-F10.4-27.7 1.-30.9
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TARIlt '0

MUSCLE POlaR FATIO GR IP

(Unit Pmadn/,oBdy W eght as Per Cant)
GROUP I 1 I 111 1 IV

Score Pro-To@it " 3.4 _2.1 32.1 13.9
Score Mid -Te@ t 06.3 84.0 84.6 ,5.2
Score End-Test 1 34.7 83.7 83.6 84.6

Change Pro-Mid + 2.9 + 2 . 7  + 2.5 + 1.3
Cbange Mid-End - 1 .1 - L.0 . 0.6
Change Pro-_End + 1.3 + 1.6 + 1.5 + .

Raneg of Scores Pro-Test M Old-Test I E.d-Test
'or Entire Group 1 11. 0 . 61.-122.3

TABU 7I

MIUCL-E POWER RATIC HIP w LrXcmS

(Unit Poonda/oDy Wet ht as Per Cent)

GROUP _ _I 1m Tr y
Score Pro-Toot 37.S 36.2 36.1 36.7

Score Mid-Teot 40.4 41 .3 39.9 40.6
Score End-Test 41.6 43.1 41.5 42.5

Cbange Pro-Mid + 2.9 * + 3.8 + 3.*
Change Mid-End + 1.1 + ?.0 * 1.6 + 1__9
Chmage Pro-Ead + 4.1 * 7.1 1 54 - 5.3
Range of Scores Pro-Ts t Mid-Test End-Test

for Entre Grop 71"4-C'5.1 21.F-67

TABLE 2?

MUSCLE POWER RATTO 'IADR ICE
(Unit PodLI. / LBdWaeight a I Qt --

[ orI if ! PT i zt TV
Score Pro-Test 39.5 5S.9 5o.0
Score Mid-Test 71.1 69.1 67 1 68.5

Score End-Test 76.6 76.6 '1.4 72.7
Change Pro-Mid +11.6 +10.4 + *10.1) + 8.7

Change Mid-End + 5.5 + 6.7 + 4.3 + 4.2
Cbhane Pro-End +17.1 +i.l +14.A +12.9

Rana. ofScores _ Pre-Test •- d-Test End-Teat
for Entre Group ,1.4 8". 18 _ -94.s 41.4-99.7
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TABLE "3

PMTS ICAL UASUREWNTrS WEIGh1T

(Unit. PoundsGROW r I II_ II IV
Score Pro-Too t 159.0 156.9 152.5 154.,
Score Kid-Test 160.6 -'159.S 154.3 15S.4

Score End -Tes t 163.9 164.1 156.0 156.6

CMage Pro-Mid + 1.6 + 2.6 + 1.0 + 1.6

Change Mid-End + 3.1 + 4.6 + 3.7 + 2.4

Change Pro-End + 4.9 7 ?.2 + 5.5 + 4.0

Range of Scare# Pro-Test I Mid-Toot Cad-Tent
far Entire Group 111-234.75r11S.25-236.5 126-23#

-krolp I r Laeroies.
Group 11 - Power exorcises followed by endurance exorcises.

Group III - Endurance exercise. followed by power eorcisees.
Group TV Endurance exercise.

TABLE 4

PHIS ICAL WAStMEURITS WrK CIRCUW'MENCE
(Unit: Inche@ )

GROUPI ! 111 IV
Score Pro-Tost 14.S 14.I]6 14.4 14.4
Score Mid-Test 14. 14.

5  
14.4 14.4

Score Ead-Toet 14.6 14-f 14.5 14.5

tCauge Pro-Mid 0.0 01 I 0.0 0.0
_ __,_d_ _0 + I 0 .1 ÷ 0 .0

Cbange Pro-End + 0.1 I -* 0.0 4 0.1 + 0.1
Range of Scoren Pro-Test Mid-Test End-T*st

for Entire Group 12.75-16.s 12.5-16.2S 13-16.5

TABLE•

PHYSICAL WASURENDOTS UP"R ARIP (RCLAXE•)

Scott Pro-Tenv11m 1. 1 1_2lý
- _Z ,4~jj.4nbL _ ___1,6_

Score Mid-Test 11.8 , 11.6 11.4 11.1
Score End-Toet 12.0 L 11. 11.7 11.6
Change Pro-Mid + 0.1 t 00 + 0.2 - 0.3

Change Mid-End - 0.2 + 0. ] + 0.3 + 0.5
Change Pro-Fed + 0. - + 0.?* + 0.5 + 0..

Roan of Scores P-Toe s d-Tt nd-Tos,
for Entire Group ., e-15.S 9.75-1



TABU ?

P8W7 MAL MAEEIWIGS UPPER ANM (TEN=D)
(Vit. Incbo")

I 1 11--11 1 IV.
____.4____., .! Iv
"S"". Pro-Test HA T. 24 1T.1 t T .4t
soren Mid-Toot 12.-1 2.7 1-.5 12.5

r -ht 1.0t a =2. aes 12.7
Seho+ Pro-too + 0.3 + 0.3 + 0.1

Om,-. Pro 41 + 10. 0 O.. + 0.3

sc..•,-ooPr.' 1""-U oo * m. l"-'

PB of Snlwore CodYea -Te I~dTs a, t

for Entiro Group 9.5.-1%.75 [ _.5-16.25 16.1$-l.

TAKU 77

P8M7 EAL MEASmcWWts TWUARM
(Wtt Inches)

seer______ o Pro- et 11. 11.1 16.9 10.6

Score Mio-Teat 1.. 37.0" 1l' 1.1 11.5

Siero Emd*Toot _ __3 _i.0 11..

Cimew roNO -14 -+ 0 I + 0.1 + 0.2 + 0.1
Cbmans Ul-End + 0 0~ .1 + 0'1 - 0.1-
5!ou,e P.-49.d + 0.2. +. 0.2•. + 0.s + 0.2
Range of' sorot" P- P-Too t I wid-Tt I a*ot

for gotire, Group 15.2S19.5 ! 32-4.5 3f-43

TABU I2

P8875 MEAL WAMM'IS CH1ST (NATURAL I
________________ (Wmt Inches)

________ I If III TV__
Score Pro-Test 37.0 T36.8 56.1 36.3
Score mid-Test 37.1 I37.6 36.5 36.5
Mce Ead-Teet 57.2 IYT.' 56.6 5-6.4
Change Pro-mid + 0 1 +0.2 + 0.4 0Ti0
Chumpe IMi-End + 01 TT -i 0.1
Chow Pro-End + .2 ~+0.2 + 0.1 - 0.1
Ramp of &core;- pro Vii - t Em-Tast
for Entire Group 51.71 45 25 32-46 32-4S

27



TABSI 29

PH•SICAL iEASMEMfENTS CHEST (EXPIRATION)
(kit. I nche' .s)

Score Pro-Test 26.2 i3&.1. 25.J L 35.2
licere N-Teet 26.2 3$.j 35.? 33.
Seer Fad -Tea"t 35.1 3&.. S.@ JLL.. -.-ALL-
C heum Prt-MU ± 0.0 0.0 + 0.L 0.2-

flea. PO-Ewd -1.1 j4O. J ,
Rampg of Sce -e m4-t, frl".
. . o r E m t A Lr e L r U L 3 1 . .S -U . 7 5 [ S . S 4 . S ] S . S d

TABUJ 3 0
PHYSICAL N)SUtRENTS CIEST (INSPIRATIGN)

(Uolt lachos
Glow"• -- = I
Seemr Pro-Test 38.4 36.0 37.4 30.0
Sere Mid-Teot 31.6 36.5 31.2 -.- U
Seer End -Teat 38 30 .. 6 38. 38.1Cbmwe Pro-Jmw + 0.2 + 0.5 + 0.0 + 0.2
Cblmimp Jid-E..d + 0 3 + 0.1 + 0.1 * 0.1
Cbaage Pro -End + 0.5 m ;.", +0.9 1 + 0.1Ran" of Scores Pre-TeTtd- t I FAd-Tost

for Eatir Group 32.5-46.25 .7S33.2 3-

TABLE II
PHYSICAL AStqEWI4NT ARi(£EW (CISCUwEsE)

UWait Inches)

Score Pro-Test 31.9 31.. 30.. l..
Score Mid-Teat 31.S 31S.3 30. 30.8
Score Ead-Tes.t 31.9 31. . .1.1 31.0
Cbande Pr. -Kid 0.4 0.2 t 0.0 - 0.3
Change Mid-Ead + 0.A 1 0.1 + 0.L& + o
Cbclkw--Pre-Emd + 0.0 .. + 0.3 - 0,3
Range of Scores Pro Teot ! Mid-To.t t d-Tem;
for Entire Group ?6.75 43._L27-42,75
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TAP 12

PN1S CAL MI.5rr mEMTS. THIGH

GROUP__ 1I I 11 IV
Score Pro-To t 21.0 20.6 20.4 20.7
Score Mid-Too t 21.2 .212 O.7 20.6

$cor, Cod-Toot 21.6 21.4 21.1 21.3
Cbmaai Pre-Mid 0 , 2 0.4 + 0.3 + 0.1
Cbaige Mlid-End + 0.4 + 0.2 + 0.4 + 0.1
Chesmq Pro-lod 0. 0I I + 0.6
Ranoe of Scores Pro-Tee Mid-Teat lad-Tot
for Entire Group 1 A!1 -2.6.5 l'-s I

TA'U 13

PI WICAL MEASI•F vrXTS CALF
(Unit Inches)

GROUP I IV. Pra Tro*ot _ _. _ _44 142 1.
Score -T oot 14.6 14. 14.3 14.6
Scort Mid-Teot 14.1 r T4.3 14.' '

Cbhang Pro-Mld 2 0.0 + - 0.1

Cmange Pro-End + 0.2o. + 0. -Roum.e of Scr..e- Pre-e'" reoom .
for Ent ire G1o-7 12.- 7 -17.7$ 112.5-18

TABL. 14

HARVARD s-F 7EST
(Unit pointsl

GROW 1 1I1I 1IV
Score Pr*-Test 44.4 . 44.1 - . 40,.
Score Mid-Teot 58.0 _S6.6 6 $9.5
Score End -Tet 6...7 9. 72-PChaoge Pro-Mid +13. 6 _l.5 + 1.9 + 9
Chang" Mid-End +11., L+2 14. +12.7_ 4.
Chnooge Pre-End +25.3 +17.2 +23.6 +,3.6
Rangg of Scoree Pro-Teat e
for Esntl Gru Z 15-95 - 0"90 20-105

Group I Power exercises
Group 1I Power exercises frol,.d by endurance exercies.
Group III - Endurance exercises ollowed by pover exercises,
Group IV - Endurance exorcises
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TABU' 1

rivE-miLE spErz mARcH
(Un it! Houar Minute._God Scj

Scor Pro-Too t HM -Men& Memo_ 14Score Mid-Test 1:06:11 J.0:02 I .06:59 4 1:01104

Cbv Pr-1 no None Now e 0"j

_ _ _ _ _ _N ew_ _N___ m e n * N o t e

I ag fSeom0nm -midet I L-Tsot

Creep I -Pemreeoae

creep it Poer--:ec::,f ol lowed by ondureact exercines.
Group III E drane- *xrciaen fol lowed by power exercises
Groump IV -Emirnd me* ece

TAOLF IF

OBSTACLE COLPLSE

Wanit: Minutes and Seconds)

Score Pre-Tent 3-00 - -3-05 3:04j]3T__2:
Score Vie-Test 1T12:45 2: 47 2:41
Score End -Toot 2:39 -i-8:3

Chmnq Proe-End :24 ].1

-for Entire Grow 2:14-4TirV2r:02-4 37 .13siT

Group 11 Power oxercloee buoyled by endurance exercioee.
Group III -Endurance exorcises followed by power exercimes.

Group TV Enuac ouercases.

TABLE 17

TREADMILL: RtNVNING TIV'E
(Unmit: Mimutes and Seconds)

Score Pie-Ten t J 6:21 F :25 6:23 6:70 OA
Scare Mid-Teot 6:33 1- :3:; 6:35 6:33
Score End-Tent 6:44 6:43 6 :4

a"nq Pie-Mid 7 12 1 + :10 + 12 + :13
Chas"e Mid -End + :11 + 706 + :08 + :10

Chonge Pie-End j + :21 + :19e + :20 + :,)3
Ron"e of Scores 1 r _e1eT o i-et End-Tent

fo nieGop5:05-7:40 .38;4 :0-:
GrupI oer exercisee.

Griop 11 Power exercises followed by enduranc, exercises..
Group I1I Endurance exerc ises f o IIowed b v po wer exe roises.

Group TV En(durance exercists.



TABLE 38

INITIAL PULSE RATE
(Unit Beets per 30 Secomsi)

ST __r l_ _nl r

oers, Pre-Tes t. 67 $7 @7 j 7
Seemr Mid-Toot 0S5 j I5

See roa-Test Is___ so____Is

_____ _____d__ 2i 2 2 ±
q~ O m wmftd't + I + I t 0 +

Clmal! Pre-Ced -I I 1 I I
ange, of Soeere Pro-Test NLd-Teot nFd.-Test

fer Entire 71o-47 717-V 1 73-.

TABLF: 34

rEADUILL. RECOV•RY TIM
(Uulsit: Minutes)

Scer. Pro-TeTt 10.4 7.7 9,0 9.f
l~goJ~d-Tat 1.4 7.4 0.3 .Seem. ,.-To.t ,.0 ..8 .0 7 .4

Cbms"O Milr.d -o.4 .0os -. 4 0.9~

Cm Pre -Cmd -2A_ [ oIp -I -~
Rn"tl of Scoesr* ir-*€ J0#lt E md-T.*st

for Entire Grope.. 1-1 4-20 _3-10

TABL- 40

TREADMILL: RISPIRATIOM RATE. INMIAL COUNPT

(Unit. Respeat aon per 30 Se.cods)

Score Pe-Teost 19 19 1 'j9 16
Score Mid-Teot 21 71 21 21
Scoe .nd-Test 21 21 ?0 21
Cbens Pre-Mid + ? + - + 2 + 3
C•, Mid-End t 1o - 1 t 0
Cbspc Pro-End + 2 + 2 1 I + _

Range of Scores Pre-Test Mid,-Toot E d-Test,

3or Entire Gr-12-39



TA.BLE 41

TREADMILL RESPIRATION RATE, LAST COUNT
(Unit: Respirati per 30 eOOllde)

-Rr ' = -.1,- IT-- ~-- - m eIIwI
Sor. Pro-Te. . 2 13 11 "-13
Score amid -Tt 14 14 12 13
Score End-Test I1? - 13 13 13

_C-_._.M_ _ * ? 1 -1 ±*0

_.C•a.t id-End 2 1 + 1 *t0

Cha._nm_ Pro -End t ± 0 t 0 f 0
Range of Scores Pr.-Test E- t t

for Entire GroUp 7-27 6.21 S-1
tUrouP I - ererces
Group I1 Power exercises followed by assitane exeroiess.
Group III Eaduromwe exercises folloeed by power olera•iso.
Group TV - Endurasce xercises.

SIGNIFICANCE TES1S M RESPIRATIQS t-LAST COWne

I _-- - -= .--', .- --- 8 ... +••,,- _

Scores S03 112
Pr. -Tet -... -Tet

*Tho S level of significance 2.10

TABLE 4?

LA'TI" ACID
(Unit Williaros Per Cost)

GROUP 1 IS 111 IV

Score Pre-Test Nose Nose No.. Nose
Score Mid -Test 79.9 r 15.8 73.7 10.5

Score r' Tsx t 72.8 59.7 66.0 6.1
Cbunge Pr•-Mid Nose "one 1ose pow
Change •!id-Emd 7.1 1 2.1 -?T . -1.

Chicage Nam - ma e l *

for Entire Grou 1- 1 0eo 1 26.0J-12.0 1 23.1 -1.3 .A-ouge of• Scre f Po e Test. "id .. .

Group 1I - Power exercises foltowoed by endurance exercileo.
Group III - Endurance exercises followed by power exercises.
Group IV - Endurance exercises.

Sum of Squares df _F

Pre-Test - Mid-Test

Scores

Mid-Test - End-Test 6,3'2.84 3
. . . .2.99,

Scoroa .. . 2
Pre-Test - End-Test

Scores J"The 5% leel of significance - 2 .. 0
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APPENDIX A

SELECTION OF SUBJECTS

A. Selection of the Four Exercise Groups

For comparison purposes on an experimental basis, the total group,
or company, was subdivided into four similar groups through a method

of random selection. Initially, it was assumed that this group of men

represented the "average" basic training outfit. and that their geographic
origit or civilian employment, in no way hindered the efficiency of the
sample.

Four sub-sampll s of 35 each were to be chosen from a total of 140

men. It was decided that the standard Army Physical Fitness Test

(APFT) would serve as the basis for stratification. The APrT is a.
reliable series of five tests designed to measure the physical fitness of

an individual. Since all tests were used to measure the effect of various
exercises in relation to body efficiency, the equation of the four groups

with physical fitness an a base was the primary aim.

In order to insure maximum similarity in selection and to eliminate

bias in doing so. three major steps were involved. Initially, the APFT

was adw Mestered to the entire Test Company, and resulting total scores
were ranked accordingly (highest to lowest). The second step was, in a
sense, preventive so as to avoid a poor choice due to the chance factor
involved in random selection. The 140 men, ranked as explained above,
were subdivided into consecutive groups of four men each, so that out
of each unit of four, each man would be assigned to a different exercise
group. In this way, clumps of men with high or low scores would not be
predominant in any one group, as might arise through simple random
selection from the ranked column.

Finally, individual selection from each unit of four to be assigned

to the various exercise groups was done with a table of random numbers.

B. Test Subjects Dropped During Study

There was a total of 24 men dropped from the project for various

reasons, as given below.

Two men were dropped before the project was started because of
physical disability so severe as to prevent any except the mildest physical

activity. Two men were dropped becauseof injuries received inan auto-
mobile accident. Five men started the tiaining and had to be dropped
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because of old knee injurieswhich became so severe as to preventtheir
doing the exercises. Three men were dropped because of excessive
company duty which caused them to miss almost all the physical training.
Seven men were dropped because of hospitalization for various illnesses
which caused them to miss over 10 days of training. Two weredropped
because of administrative transfer. One was dropped because of exces-
sive tachycardia following the first run on the treadmill. One was dropped
because of a neuropsychiatric condition resultingin separationfrom the
service. One man was dropped because of an inguinal hernia which be-
came painful following heavy exercise.
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APPENDIX B

EXERCISE PROGRAM

A. Endurance Exercises

The endurance program was designed on the premise that endurance
can beat be produced by a program of high-ropetition exercises requiring
a minimum amount of strength. The exercises were simple to learn and
relatively easy to perform.

The endurance exercises which were chosen were taken primarily
from the Army Field Manual 21-20, November 19S0. The material it
presents is easily understood and is adaptable to large groups of men.

Seven types of endurance exercises were used as described by FM
Z 1-20. They were arranged in weekly schedules so that each type was
performed at least once per week and not over three times per week.
This was done to relieve monotony and to enable the men togot as much
out of the exercises as possible. Two of the eevenezercise groups, the
twelve conditioning exercises and running, were used more extensively
than the other five. It was felt that these two groups of exercises would
best develop endurance.

The firstof the groups of endurance exercises was the DailyDozen.
or conditioning exercises. These exercises were chosen primarily
because they could be conducted anywhere and without equipment. In
the Daily Dozen, there were fourteen exercises arranged in proper
sequence for best results. The exercises are described and illustrated
in FM 21-20, on pages 45 through 60.

The second group of exercises consisted of running, cross-country
running and wind sprints, and stationary running.

The third and fourth groups of exercises were made up of rifle and
wand exercises. The men were required to memorize all the exercises
so that they could go through them in a continuous fashion. The rifle
exercises are to be found on pages 76 through 107, in FM 21-20. The
only difference in the rifle and wand exercises is the substitution of the
rifle for a wand. The wands were used during the early weeks of train-

ing more extensively than rifles.

The fifth and sixth groups of exercises consisted of guerrilla
exercises and grass drills. An explanation and illustrations can be
found on pages 150 through 165, in FM 21-20. These exercises are
adaptable to any terrain with many formations and variations.
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The seventh group of exercises was made up of games which were
used for endurance training as well as for variation. Examples of these
were speedball, mass soccor, touch football, American ball, basketball,
and volley ball.

B. Endurance Exercise Schedule

I. Types of Exercises

a. Dd--Daily dozen
b. Ri--Rifle exercises
c. W--Wwdd
d. Or--Grass drills
e. Gu--Guerrilla exercises
I. R--Running (distance nr cross-country)
g. Ga--Games

2. Performance and Supervision of Exercises

a. Daily Dosen.--These exercises began with 5 repetitions of
12 exercises and worked up to 16 repetitions of 12 exercises.

b. Rifle Exercises and Wands. -- These supplemented daily
dozen initiallyduring the first 4 weeks. The last 6 weeks they provided
an hour of exercise in themselves.

c. Guerrilla Exercises and Grass Drill. -- These were given
one or two times per week, usually preceded by a warm-up period.

d. R (Cross-Country or Distance). -- The subjects ran
100 paces and walked 300 pace@ the first and second periods, then grad-
ually reversed the time spent on walking.

e. Games. -- Thesewere used to supplement the free exercises.

3. Weekly Schedule

Day Hour Exercise
Monday lot Dd--Introduction to exercise and explain

purpose.

3th Running--A short turn about I to 1 1/2
miles,

Tuesday lit Rifle and wand--Warm up with Dd.

8th Grass drills--Dd
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Day Hour Exercise
Wednesday l1t Guerrilla--Warm-up with Dd.

8th Running -- Cross -Country.

Thursday lot Grass drills and guerrilla exercises.

8th Wand or rifle exercises.

Friday lot Dd and games (relays).

8th Running- -Cross -country.

4. 10-Week Exercise Schedule

wags

L Near lot Ind 3I 4ch 1 S Itz 7th SIh Ik loth;
U t lot U O-N N A IV 9 Go aw- Or14 N fTA N

Ith n AL-Md a G. Dd 0, -Nu RJ-Y Ol A Di

Tmw lst NI-I U A r,-.Onn i k -D N Or -cc I- Go R14N-
Ith Gr G DdN RIA- ft RI-Nd Dd Ge R-I4 Ga

IW lit -N DN N GCr-Ge Gmo- Ge RI-N a N a
hft NI-04 Ge n Dd am RI-I N or-Ge

-lot Gr-Ge N Nd I4- C-e N N DN Gr-0 NA
Obt 314 GAl- U-dN Ri M -I Ge-NDd IN-II

rri lot N N GI-Nd GO-Nd t Gi,-N GI-N P N

-Ith 6 NN Ia Nd a N-I D NJ-N Ge-N Ge-N

C. Power Exercises

The strength program was built on the premise that power is best
developed with a high-resistance, low-repetition exercise program.
Therefore, it was decided to use the barbell exercises exclusively in the
strength program. To determine the initial weight to be used by each
man, DeLorme's method of determining the man's ten repetition maxi-
mum was used (4).

The first course consisted of 10 exercises divided into three groups
according to weight increases. Upon the completion of each group,
there was a weight increase of 50 per cent, which meant that there was
a 100 per cent increase in weightduring the last group of three exercises.
The second course of ten exercises was more vigorous and the weights
were increased. A schedule and detailed description of the two weight
courses can be found in "Simplifie, System- of Barbell Training, " by
Hoffman (21).

A program was used which was similar to the endurance exercise
schedule as far as time (length of exercise period and time during day)



was concerned. Lack'. man followed a set procedure but on an individu-
alimed weight program. This was necessary due to Individual differences
in strength, since a man must begin with a weight which he can comfort -

ably handle and yet accomplish a maximum amount of work. Each man
performed the three groups of exercise@ twice per day for a 5-week
period. An individual record was kept of what each man lifted every day.

Course No. I Repetitions

1. Two Hands High Pull-Up (10-15)
2. Side-to-Side Bend (10 to each side)
3. Two Hands Regular Curl (10-15)
4. Stiff-Leg Dead Lift (Increase weight

50%) (15)
5. Two-Hand Military Press (10-15)
6. Shoulder Shrug (15-20)

7. Rowing Motion (10-15)
S. Raise on Toes (Increase weight 50%) (30)
9. Straddle Lift (10-15)
10. Regular Deep-Knee Bend (10-15)

This program was followed for one week, twice each day, after
which there was a newweight increase. After the completion of the first

set of three exercises, there was a weight increase of 50 per cent for
the next aet of four exercises. When these four exercises had been
completed, there was a 50 per cent increase for the last set of three
exercises. The course continued for 5 weeks.

Course Fr). 2 Repetitions

1. Two-Hand Press Complete (10-15)
2. Two-Hand Reverse Curl (10-15)

3. Barbell Teetotum (10-15)
4. Press from Behind Neck (Increase

weight 50%} (10-15)

5. Two-Hand Repetition Snatch (10 15)
6. Barbell Bend-Over (10-15)

7. Upright Rowing Motion (10-15)
8. Regular Deep-Knee Bead (Increase

weight 50%) (10-15)
9. Barbell Straddle Hop (10-15)

10. Rapid High Dead Lift (10-15)

The second course was conducted in a manner similar to Course
No. 1. It continued for the second 5 weeks of the training period.
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Group A4o. I followed Course No. I for the first 5 weeks, and then
completed Course No. 2 during the second 5 weeks.

Group No. II followed Course No I for the first 5 weeks of the exer-
cise program only.

Group No. Ill followed Course No. I for the second 5 weeks of the
exercise program only.

Group No. IV did not follow the strength program.
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APPENDIX C

DETAILS OF TEST PROCEDURES

A. MEDICAL HISTORIES

The medical histories and physical examinations were dmoe by com-
pleting Standard Forms 88 and 89. which are forms prepared by the
Bureau of the Budget for use by all Federal Agencies for completk medical
histories and physical examinations. The personal hiscories we~e taken
on prepared forms, a copy of which is shown below.

PERSOWAL IISTORY
NANM _ASM _GROUP
DATE OF BIRTH S O LACr OF siRTH

SCHOOL

Age Beqan School Years Missed
Years Shipped ___qbheo Grade Reached_

Teohmial oa Other Schoollaq
Main Interest in School

CORrjabs Held (type & salary) Date Degree of Exertion

I1.

2.

3.

4.

ATHLETICS
Sport Degree of Interest Tens. oufes/day. ate.

2.

3.
ACTIVITY FO PAST THREE MNOT14

FAMILY
FSat herD's Ae CC I s t P. h s e.

Ndott-r's Age Occupa•tion
Brother's Aqe , cup.t Ian
Brother's Aqs ccuPaot Aon

Sister's Age CECIupot toln

Sister's Aqe tcup~tt on
Marrioed/Siaql
Wife's Aqe rcupl -on
Children. Aqe 9 Sex

R E M ARKS-
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B. DETERMINATION OF HEMATOCRI1

The hematocrit was determined by the rne'hod Winthrobe 12?

C. DETERMINATION OF HEMOGLOBIN

Hemoglobin was determined by the brownish color of acid hematin

produced upon treatment of the blood with hydrochloric acid. This method
is a spectrophotometric adaptation based on the method of Sahli (Z3, 1905).
A Coleman Junior Model Spectrophotometer was used.

D. ARMY PHYSICAL FITNESS TEST

The Army Physical Fitness Test was r.an as desciibed in Par. 156,
FM ZI-ZO, November 1950. Exercises used were pull-ups, squat jumps,
push-ups, sit-ups, and the 300-yard run. The exercises were given in
this order. One assistant directed and scored each exercise. All were
done inside a gymnasium except the 300-yard run, which was run outdoors

on anasphalt pavement. The indoor tests were done without boots. Scor-
ing was done on the prepared card, DA AGO Form 705, I June 1949. The
raw score was the number of repetitions of each test or the time for the

run. The point score was then found by comparing raw score and point
score on the back of the card. The point score was the one used for com- -
parison of groups.

E. MUSCLE POWER TEST

Before being tested, each man was thoroughly oriented on the testing
procedure and told what was expected of him when perforrmning the muscle

test. All the men completed the test of the tricep and quadricep muscles
on the first day, and the bicep and hip flexors the following day. The
hand grip was determined at various Limes during the test period.

The men were given time to %arm up the musc les being tested before
taking the test. This prevented muscle strain or injury

To determine the one repetition maxim, the subject had to move the
maximum weight through a prescribed range of motion for each muscle
tested. The range of motion is stated below in each muscle description.



The weight selected initially wis ermpirically set by the teste-r. If

the man succeeded in lifting it through the rcquired range of motir-n, ad-
ditional weights were added until a maximum was reached. The man was
notasked to lift theweights more than 3 or 4 times without a rest period.
It was felt that after four pulls through the range of motion he reached a
plateau as far as maximum pullwas concerned, after which his strength
maximum diminished.

1. Biceps

a. Position. -- The subject was supine on the table, feet- toward
the pulley weights; upper arm flat on table, lower arm at 45-degree angle
to the table (this was the arm that was being tested). The arm that was
not being tested was flat on the table, palm down. Legs were stabilized
just below the knees by an assistant. The upper part of the arm being
tested was also stabilized by the tester. The handle was grasped with
palm toward the head. Prior to test, the man demonstrated his full
flexion.

b. Test. -- From a 45-degr.-e angle of the forearm to the table.
flex elbow completely.

c. Resistance. -- The resista.ice is an adjustable group of lead
weights on a movable pulley.

Z. Triceps

a. Position. -- The subject was supine,. head toward pulley weights;
upper arm flat on the table, elbow fully flexed; opposite arm flat on the
table, palm down. Both legs were stabilized just below the knees by an
assistant. The upper part of the arm being tested was stabilized by the
tester.

b. Test.-4-land grasps handle palm faces feet. Extend elbow to
complete extension.

c. Resistance.--The resistance was anadjustable group of lead
weights on a movable pulley.

3. Quadriceps

a. Position. -- Seated with knees flexed over edge of table, upper
body and legs formed an angle of appr.ximately 130 degrees. Hands
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rested on table about 6 inches behir d and slightly outside of hips. Stabil-

izing belt attached across hips when subject was in the sitting position.

Iron boot attached tofoot, with foot ,ind boot resting onfootstool to relieve

initial weight.

b. Test. - .Foot and boot we re removed f rom footstool and allowed

to hang over edge of table; knee jcint extended to full extension without

thigh rotation.

c. Resistance. -- An iron )oot with adjustable barbell weights.

4. Hip Flexors

a. Position. - -Seated with knees flexed over the end of flti table,

hands rested on table at sides of hips. Back was straight, body and legs
formed a 90-degree angle at hips. Stabilizing belt attached across hips
when man was in the sitting position. A strap attached to the weights
was placed around the leg 4 inches above the knee.

b. Test. -- The thigh was flexed on the hip in a S0-degree arc.

c. Resistance. -- Adjustab e lead weights were attachedto strap

which was around leg.

5. Hand Dynamometer

a. Position. -- Subject tooa the hand dynamometer in right or
left hand. 14- used the sane hand each time he took the test. The dyna-

mometer was held away from the body.

b. Test.--The dynamometer was squeezedas hardas possible

for the best out of three scores.

c. Resistance. -- Springs in dynamometer.

F. ANTHROPOLOGICAL MEASUREMENTS

Heights and weights were determined on the standard clinical scale,
with the subject wearing only a pair of shorts. The remaining measure-
ments were all circumferential measures done with a standard clinical
tape to thenearest quarter of an inch. The neck wasmeasuredjust below
the thyroid cartilage. The chest was measured at the nipple line in the
natural position, full expiration and full inspiration. The abdomenwas
measured at the umbilicus in natural position. The upper arm was meas-
ured at the largest swelling of the biceps, once with the arm hanging
relaxed and once with the elbow flexed to 90' and the upper arm tensed.
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The forearm was measured relaxed at the largest point. The thigh was
measured relaxed at the mid-point from the knee to the anterior-superior
iliac spine. The calf was measured relaxed at the largest point. All
measurements were done by the same assistant.

G. THE HARVARD STEP TEST

This was carried out by havir~g each man step up and down on a 20-
inch step at a rate of 120 per minute, for 5 minutes, or until the subject
stopped. Heart rate was then counted for 30 seconds, beginning one min-
ute after stopping. The score wan then read from the prepared chart, a
copy of which is shown below (2).

ervard SteF Test Scoring Table

Wa tbeata oe ! Win to 1/2 Ti. Recvry

Durvtse 40 45 50 1 0 65 70 75 50 $5 90
E11Wt 44 49 54 59 64 FS 74 79 64 59 over

X' - A* " . L . . . L. .s % % sA
i'ss' -- IA -a-" e si n I• .• [• in In in in

V~2Lr _JL L nL in _10- I IL I~ IL It
1"8" 19L." 45 4L 40 3S 30 30 2P 25 1 L 2 41.. m
2'90" - 9"29" SO _"_•_Li.4 40 3S _L 30l _L_ 30 26V3$011 - 2'59"" 7C .s @0 si so 45 40 40 IS 95 35
3.'o' is n* ' TO 10 1o %Q % %s SO As -Q _ 4 -IL-

, '.,"-. U.... AN- .0 to 7S 70 IL -L .-A.
4-30" - 4sLZ" 90 85 7SL Us W

H. THE S-MILE SPEED MARCH

This was run individually by the test subjects. The men were started
on the course at one-minute intervals. Each manwas instructed to cover
the course as rapidly as possible. The course was well marked. The
exact length of the course was 5. t miles It included two hills, with a
climb of approximately 300 feet each. It wab run on a gravel road. Many
of the subjects overtook and passed men in front of them. How much this
altered the motivation of each suoject is hard to evaluate.

I. THE 20-MILE HIKE

This was taken as a unit. Rate of ma rch was 2-1/2 miles in 50 minutes,
followed bya 10-minute rest period. A 30-minute break was taken at meal
time. Observations of general condition and ahility to hike were recorded

on each test group by each cadre man present.
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J. THE OBSTACLE COURSE

This was run on an individual basis. Initially, the subjects were
given as much time as they wished to become familiar with the various
obstacles. They were then started over the course and timed. They were
not allowed to practice after the initial test. A description of the course
is given below.

There are 10 obstacles tocross in the order given below. Thewhole
course was 1207 feet long.

I. Tire Run. -- Twelve tires were arranged in a reguljr pattern.
Tires werelaidnext toeachotherintwo ro',s. The subjects were required
to place a foot in each tire.

2. Ditch No. l.--Thedltchwas 15 feet wide and 8 feetdeep. The sides
were rough and irregular. The subjects were required to cross thisditch.

3. Wall.--Thewall was 7-1/2 feethigh and I inch thick. The subjects
were required to go over the wall.

4. Swing. -- A ditch 3 feet deep and 10 feet across had a rope hanging
from overhead bar. The subjects were required to swing acrossditch.
An assistant kept the rope swinging so it could be reached.

5. Second Wal.l--The wall was 5-1/2 feet high and I foot thick across
top. Subjects were required to go over the wall.

6. Log Jump. -- A series of six logs were placed various distances
apart, each 4 feet from ground at top of log. From the beginning to the
end it was 57 feet long. Subjects were required to go over logs.

7. Ditch No. 2.--The ditch was 4 feet wide and 5 feetdeep. Subjects
were required to go over ditch.

8. Tunnel. -- The tunnel was 2-I/2 feet square and 20 feet long. Sub-
jects were required to crawl through tunnel.

9. Zig Zag Run. -- The running course was outlined by rails 3-1/Z
feet apart. Zig rag run was 123 feet long, with 6 changes of direction of
35-40 degrees each.

10. Ladder.--The ladder was horizontal 8 feet above ground, 20 feet
long, and 2 feet wide. Subjects were required to go the length of ladder
while hanging by hands.
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K. THE TREADMILL TEST

This was administered by having the subject walk on a motor-driven
treadmill at a rate of 3. 5 mph for 5 minutes at a 15 per cot grade, and
then run at 7 mph until exhausted. The subject@ wore combat boot and
fatigue clothing, but carried no pack. At the completim.af th test. ,So
subject stepped off the treadmill and sat down. Puals a respiration
were counted immediately for 30 seconds and repeated for 30 seconds out
of each minute, until the pulse was below 100 per minute.

L. DETERMINATION OF BLOOD LACTIC ACID

Blood lactic acid levels were determined by conversion of the lactic
acid to acetaldehyde and subsequent reaction with p-hydroxydiphenal to
induce color in the solution( 2 4 ).

I. Procedure

a. Five cc of whole, oxalated blood was removed from the subj4ct
and immediately placed in a 10 cc test tube with the crystals of 0.5 cc of
K-NH4 ozalate solution. Samples of blood which could not be analysed
immediately were kept under refrigeration (-Z0C) until tested.

b. Nine cc portions of 10 per cent trichloroacetic acid were pi-
petted into IS ml centrifuge tubes.

c. One cc portion of blood sample was pipetted into the trichloro-
acetic acid dropwise while agitating the tube slowly (for blank I mldistilled
HOH was used).

d. The solution was allowed to stand 5 minutes while being shaken
intermittently to insure reaction. Then it was centrifuged in an Interna-
tional No. 2 centrifuge at IS00 rpm's for approximately S minutes.

e. Transfer was made of 0. S ml aliquots of this centrifugate to
IS ml centrifuge tubes. By means of a pipette, I ml portionof 20 per cent
CuSO4 solution was added to each sample.

f. The solution was diluted to 10 cc with distilled HOSI (addition
of 8-1/2 ml). Then I gram of Ca(OH) 3 was added and the solution shaken

for 30 seconds.

g. The solution was allowed to stand for 30 minutes. being shaken

at 10-minute intervals, then centrifuged for approximately S minutes at
IS00 rpm's.
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h. Transfer was made of I ml aliquot portion of centrifugate to
6ipyrex test tubes and 0. 05 ml (4A) CuSO4 added (1 drop from a dropper

prepared to deliver 20 drops per ml); and 8 ml concentrated HZ30 4 was
slowly added while agitating until well reacted and mixed.

i. Tubes were placed in a boiling HOH bath for S minutes and
then cooled to below 20°C. When well cooled, 0. 1 ml p-hydroxydiphenyl
(2 drops from graduated eye dropper) was added.

j. Tubes were placed in HOH at Z5S-30 0 C for about 30 minutes
to enhance color development, meanwhile shaking to insure uniform die-

persion of indicator ions. (Note: Solution should be violet blue; a pink

or red violet color indicates temperature of iondevelopment was too high.)

k. Test tubes were placed in boiling HOH bath for about 90
seconds (solution became clear and red violet).

1. The solution was cooled to room temperature (cold running

water bath was used. but placing under tap HOH or in sink is satisfactory);
transfer was made of the sample to optical curvettes and absorbency
measured on Coleman Spectrophotometer. with setting at 565 mg. The
optical density was recorded and a plot was m '-on a previously prepared
standard curve.

2. Possible Sources of Error

The method used is a very precise but delicate one. A number
of prec.utionanot ordinarily employed should be exercised. Clean glass-
ware, free of any skin contact, must be used throughout. All diverse

metallic ions must be noted and excluded. Their effect on color enhance -
ment is notable. Order of reagent addition, reaction time. volume measure-

ment of solutions, heatingand cooling time must be carefully standardised.

To avoid error, the glassware should be washed in (a) tap water,
(b) conc. HZS04 bath for 6 hours, (c) tap water. (d) distilled HOH.

The p-hydroxydiphenyl ions must be thoroughly dispersed in the
acetaldehyde solution and permitted to develop at a temperature below Z 0 °C
if maximum color development is to be obtained.

The H 2S0 4 used must be of A. C. S. grade, added from an auto-
rmatic reservoir burette free of stopcock grease.

After color is developed, heating at boiling temperatures must not
be continued longer than 2 minutes since it destroys the ion.



Fresh gaume sponges are recommended for cleanwr•g glassware,
and glass-stoppered vessels shot Id be used to keep solutions free from
contamination.

Solutions should be vigorously mixed, especially after additionof
the p-hydroxydiphenyl to HZ$0 4 , as it is quite insolhble andmust be uni.
formly dispersed if accurate results are desired.
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