I AL SIS <ol

5

M #RMY MEDICAL RESEARCH LABORATORY
s. FORT KNOX, XENTUCKY
=

i QQ REPORT NO, 118
MR e 8

30 June 1953

THE RELATION OF POWZR AND ENDURANCE
TRAINING TO PHYSICAL EFFICIENCY®*

sSubtask under Human Engineering Studies. AMRL Project No. 6-95-20-
001, Subtask, Relation of Physical Training to OparationalPerformance




REPORT MO, 118

THE RELATION OF POWER AND ENDURANCE
TRAINING TO PHYSICAL EFFICIENCY*

by

Jack D. Reedy, Captain, MC

from

ARMY MEDICAL RESEARCH LABORATORY
FORT KNOX, KENTUCKY
30 June 1953

sSubtask under Human Engineering Studies, AMRL Project No. 6-95-20-
001, Subtask, Relation of Physical Training to Operational Performance.

BEST AVAILABLE COPY




Report No. 1= 30 June 1953
Project No. 6-95-20-00
Subtask AMRIL. 5-4

MEDEA
ABSTRACT
THE RELATION OF POWER AND ENDURANCE
TRAINING TO PHYSICAL EFFICIENCY
OBJECT

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

RESULTS

No difference was demonstrated in the training programs involving
power, endurance, and a combination of these, under the comditions of
this study. All test subjects showed a marked improvement, but there
were no appreciable differences in the groups of subjects on 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 bsen

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 indicationfor the need of a varied physical
training program for different MOSs in the military service.

2. Itis a definite impression that the military portion of basic train-
ing contributes far more to the over -all improvement in physical con-
dition shown by basic trainees than does the time allotted to formal
calisthenics. Itis suggested that a further study be undertaken to compare
groups of basic trainees who have the regularlyaliotted time for physical
training, whichis usually calisthenics, waithother 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

1. 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 que ition was approached from the basic physiology of physical
training involving two factors, power and endurance ( l and 2 ). Itwas
decided to seft up a comparative study between these two factors, and, if
a difference could be demonstrated foliowing training, it wouldlead 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.

Followang this comparison between power and cndurance, 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 wall 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 i1t was believed that there was suf-
ficient differentiation for the purposes of this study. Power can be de-
fined as the gross strength or energy which can be produced by the muscu-
lar system, without regard to the duration or the work accomplished.
Endurance canbe defined as the time during whicha certainenergy 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 exclusively power 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 will 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
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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.

1I. EXPERIMENTAL

A. Test Snb!ecu

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-specialized 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 & 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 gaven the Army Physical Fitness Test
(APFT), as outlined in FM 21-20 (5). This test was selected as the
criterion for initial division of 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 was 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 IlI, 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 Il 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
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exercise groups. It served as one test of the change in concition 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 should 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 chosenas one check on general
condition (2) (1). 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 composcu of the
following: obtaining averages and standard deviations; setting up graphic
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 s.ch a group. Geographical distri-
bution was predominantly from the Great Lakes States--Ohio, Illinois,
Indiana, Michigan, Minnesota, and Wisconsin. There were a few men
fromother 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
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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 haird 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
malitary duty at the beginning of the project. There were a few other
minor phyesical defects, most of which were easilycorrectable 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. Allphysicaldefects orinjuries of any significance
are described and enumetated under the listing of the men who were
dropped from the project for various reasons. (See Appendix A.)

B. The HEMCGLOBIN DETERMINATIONS arepresented:n Table 3.
The pre-test figures were within the normal range, the group scores
showing a difference of 0.4 gram. There was a siightincrease in hemo-
globin in all exercise test groups, ranging from 0.4 gram in Group IV
to 0.8 gram in Group lII.

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 1n Group 1.

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 11l to 375. There was
a marked increase shown by all test groups. The change from pre-test
to mid -test was most marked in Group [lII; 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 [V, with an 1increased
scoreof 92.9. The lowest was Group 1I, with anincreased 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 largestincrease onthe APFT
total score but actually decreased slightly in the pull-up average score
Groups II and III showed the largestincrease in pull-up scores. Table 7
records the results of the squat-jump exercises. Group [V showed the
highestincrease in the test (40. 3 points) while Group 1l 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 | showed a 15.7
point increase, and the other groups slightly less Table 10 shows the
results of the 300-yard run. Increases ranged from 4 B for Group II to
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13.3 for Group I over the total exer.:se period. It isinteresting to note
that there was adecrease from pre-tostto mid-test onthe run in Groups
I, Il and IV.

E. Tables 1l through 16 show the 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 15 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 1.

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 i
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 II. 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 body weight, with only a slightincrease 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 12.9to 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
body weight, 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 results 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 pcunds for
Group IV to 7.2 pounds for Group II. The other body measurements
showed relativelylittle change. The onlyconsistent: hanges which were
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found asincreasesin all groups, were inthe 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 improvemcnt 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 ‘05 on the end-test. Even though the extreme scores
showed very little change, the total in.provement 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 Il showed the leastimprovement, with a decrease of 6 min.
24 sec. and Group IV showed the greatest improvement, with a decrease
of 7 min. 54 sec. The longest time needed to run the course was | br.
32 min. 6 sec. on the mid-test, and the shortest was 45 min. | sec. on
the end -test.

1. The 20-MILE HIKE was performed for observation purposesonly,
and wasnotscored. 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 taime 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 1n minutes and seconds which were
run onthe mill, All exercise groups showed an increase. The increase
ranged from 18 seconds for Group II 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 recoverv time 1n minutes.




Therewas a slightdecrease inrecovery 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 26. | mg.
per cent for Group II.

1v. DISCUSSION

It is well recognised 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 tice 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.nplete separation of the two. !

It wasdecided that the type of exercise whichmost 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 1s 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 programes.

The enduranceprogram was varied according to the detailed descrip -
tion given in Appendix 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 resultof the regular military basic
training was at least equal to the formal physical exercise which was

given.
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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 11 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 thateverything had
been doune 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 both showed
a moderate increase during the test period. This was probably due to
the increased foodintake as well as the severity of 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 F's were obtained only for blood lactic acid level, the hematocrit,
and thefinal respiration rate count following recovery from the treadmill
run (Tables 4, 41 and 42). Of greater interest than the 1so0lated signifi-
cant Fs which were obtained 18 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 1s 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 in 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 18 easy to become lax in
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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 motivution on the partof the particular
man, either because of personal or other problemes 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 III, which haa half the endurance
training, showed the least improvement. The greatest source of error
in the Harvard Step 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 is
S feet 6 inches. There is no allowance made for the height of the man.
Howaver, 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
1 and II, 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 III 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 a. 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
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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 1I, but the difference between groups
was not great. The five-test total shows a range of improvement of
only 15 pounds in all groups. When the 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,
partly 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-
terested and sohighly motivated that they performed this test to the point
of absolute exhaustion. On the other hand, some men obviously did not
run to the point of even approaching exhsustion. 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 alimited physical ability. There was 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 trasining.

-

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
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levels following exhaustive exercise with and without prior physical
training. One hypothesis contends that the body, particularly the muscu-
l-.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 II
showed the greatest improvement. When the entire battery of tests were
arranged to indicate which group showed the firet, 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 II showed first-
place improvement in 14 of the measurements. The next best was Group
I, which showed 10 first-place improvements. Group IlI showed 9, and
G~ ,up 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. The 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 II 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.
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V. CONCLUSIONS
There are two conclusions that may be drawn from this study:

1. There was no statistically significant difference« ‘nm onstrated
between the exercise programs of power and endurance as conductec in
this study.

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

V. RECOMMENDATIONS

1. Since it was impossibie 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. Itis suggested that a further study be undertaken to compare
groups of basic trainees whohave the regularlyallotted 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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TAB
TESTS AND UNITS “FASUREMENT
Test Unat

1. History & Physical Examination None information only.

2. Hesoglobin Grame in 0.1 g» waite.
i4 0-18.0 gn raage.

3. Hematocrit Per cent ip saits of | 0.
40-55% raage.

4. Arwy Physical Fitness Test Abstract Score fros pre-
pared table. Rasge 0-500.

$. Muscle Power Te Aghl in pownds moved for
each suscle group.

8. nh:opo-nrle

Ho ight Inches to 1/4 isch.

Vo iqht Pounds to 1/4 lb.

Var iows Circusfereaces Inches to 1/4 imch.

7. Harvard Step Test Abstract Score from pre

P table Pesaible ru-: rlso
0. Five-Miie Speed Morch Time in minetes asd seconds.
9. Teeaty-sile Hike None. (Deervatios osly.
10. (bstacle Course T:me 10 simutes and secomds.
11. Treadsill Test

Pulse Rate per 3D secomds at emd of
exercise and wntil rate falls
below 100/win. durimg recovery
period. (Couated for 30 sec.
out of each mimte.)

Recovery Tise Tiwe in winutes froe end of
exercise uatil puise rate below
100/min .

Respiration Rate r 0 secoads at end of
oxercise 7ad watil pulse falls
below 100/min. d-nlg roconry
period (Counted for 30 & owt
of each misute.)

12. Lactic Acid Blood Test Mg per cemt in usits of 0.].
TABLFE

SCHEDULE OF TESTS

| Mosday ] [uesday I Yedpeedey 1 Thureday l Friday I Sqgturday

Mig -Test

. Pre-Teat o
H&P H&P HaP a P ! Step
Hb & Het B & Nt B & Kt Hb & Hct l APFT Cbstac le
| Anthre | Amthro
Power Treadwil) r Treadms li
Power Power Treaodewill 4 lactic ! & lactic Treadmill
Alactic . _

(20 Miles oa rrlw Fri)
APFT

| Anthro | Apthre ) __Aathro —  Treodesll

.
APFT Ste Chstacle !
LJn_n.m__’_u_i.ns;___AuH_m.L_ Pasa: posar
S-Mile March | Treodmill Treodmil)
’T .

H & P - History and phys ical exasmiration.
H 8§ Het - lhloqlebn cd hematocrit.
APFT - Arey Physicdl Fitaoss Test.

O e B P

Ste Obstacle Power Power Power
| b 5Bt | bE ot oA Het
S-Mile March | Treodaill Treodmill |
b Litadeadl . Treadpgll l Trsgdaddd |




TABLI

HEMOGLOBIN (Usit - Groms
1L 11 111 - '
Score Pre-Test 14.9 15.0 14.7 18.1
Score Mid-Test 15,0 15.1 15.1 .o
Score End-Test 15.5 15.6 18.8 15.8
Change Pre-Mid + 0.1 + 0,1 + 0.4 - 0.2
Change Mid-End to.s to.s 0.4 + 0.8
.- + 0.6 + 0.6 +to.e + 0.4
Range of Scores ! Pre-Test Mid-Test End -Tos t
J e 3224 1136190
Group I - Power exercises.

Group 11- Power exercises followed by endurance exercises.
Croup 11} Endurance exercises followed by power exercises.

| «

Group 1V- Endurance exercises

TABLF. ¢
MATOCRIT (Umit Per Ceat)
i 11 111 i\
45.7 44,2 4%.9 45.9
45.68 2.4 48,2 412.2
9.9 40,3 419.% 49.8
- 0.1 + 2.2 + 0.3 +22
+ 2.2 LA 7 * 33 + 23
* .l N | r 3.8 + 4.5

Range of Scores

Jor Ealire Grons.

Growp 1 - Powe

1 Pre-Test
T RN .

r exercises.

Yid-Test | Epd-Teet

WIRCTRESNTH T - W S

Growp Il - Power exercises follewed by emdurance exercises.

Growp Il1 - Eaduramce exercises folloved by power exercises.
Croup IV - Eaduramce exercises.

SIGNIF ICANCE TESTS FOR HEMATOCR IT

Sum of Squeres T df F

PresTest - Mid-Test 108.1% 3
—_ 3.22°

Scores 1029.04 9

Mid-Test - Fnd-Test 101.99 3
31.02°

Scores 1214.19 108

Pre -Teat - End Test 21 .38 3
-~ 0.4l

Scores 1619.24 92

*“The 5X level of significance = 2.70

o TR O———————r S SR




ARNY PHYBICAL FITWERS TES

TARIF

5-TEST TOTALS

(Usit: Pelats cored)
o e s e 7 s
| Score Pre-Test 123.1 128.4 123.4 128 .4
| Score Mid-Test 1608 18,2 137,93
Score End-Test 0.3 190.0 | 710.7 219.3
-
e -Mid * A4 .Y L T WA 1 2 ) r3.
Change Mid-Ewd t4%.0 t 1.2 t 278 t e
| Change Pre-End + 00,4 + 59.8 + 973 +t 920
Range of Scores Pre-Tee: Mid -Test End-Test
9-23¢ }3-387 11-373

Growp 1 - Power Exercises.
Group Il - Power exercises foli:ved by endurance exercises.

Growp 1!l - Endurance exercises

Growp IV - Enduraace exercises

ARMY PHYSICAL FITMESS T3T Pl %<

TABLF ¢

ollowed by power exercises

for Eatire Grg

(Unit: Peints “cored)

"o 1 ) U 4} nin
Score Pre-Test 2.7 "8, 0 27.4 30.1
Score Mid -Test 29.1 15.8 34.2 23‘5*
Score Ead-Test 3.4 G€6.7 | 3s.0 29.8
Change Pre-Nid v 1.4 te _.rse ] -0.6]
Change Wid-Ead | 243 | 11 [ co0s8 | to
Change Pre -Ead 8.2 rr1.e_L_rE -_‘0_.6.4
Range of Scores Pro-Test _ Mid-Tes: End -Test

0-87 0-87
-~ s

—— .

TABLY

ARMY PHYSICAL FITNESS T 7 SQUA™  TUMP<

(Usmat Points ‘corec)

[Group- T T T _{__J?’,“'
| _Score Pre-Teat .2 7.9 .,,,_._11.-5]
Score Mid-Test 58,8 _49.9 | _sl.2. $3.7
~Score Eod Teet _ | 684 | s 723 2.1
|_Chapge Pre -Mid t1s.8 Jtls Lo rae 21.5
| Change Mid-Ead +10,9 + 3.8 3l *18.9
| Chopge Pre-End +21,7 *22.8 ) %29 | *e0.3]
Raage of Scores | Pre-Taat Mid -Test End-Test
(s Eaice Goup 0:090 . 000, 0300 ]

B




TABLE

B8

ARNY PHYS ICAL VITMESS TEST

PUSH-i112

. GBROUP L 11 BN : .
. scere Pre-Test 12,8 19,9 i6.4 13,3
, _Score Mid-Test 24.0 25.7 33.2 4.4
| _Score Epd-Test | 5.9 14,3 8.4 46.6
' _Change Pre-Mid + 6.2 + 9.8 *17.1 15.1
|—Shange Mid-Eod tll.9 * 8.8 ATV 2.

hange Pre-End +18.0 *18.4 22,3 $27.3

Range of Scores Pre-Test | _J; -Tes

or Entire Croup I 0-73 | 0-77 0-93

TABLF 9
ARNY PHYSICAL FITNESS TEST: SIT-UR
lads.

ROUP 1 11 111 v
| _Scope Pre-Test 22.7 2.0 21.2 25,6

Score Wid-Test 0.4 36,7 4.5 304

- | _JR.4 40,0 _235.6 _2%.4

Change Pre-Mid + 7.9 + 8. *13.3 * 4.0
—Chance Mid-Ead A N b | LD W9 t 2.0
| _Cbamge Pre-End *15.7 hd b U 1.8
! %ange of Scores ﬁ | _Md-Teat | End-Test |

for Eatire Grewp - 0-7¢ Q-g

TABLL 10
ARMY PHYSICAL FITMESS TEST: J300-YARD RUW

cnoup 1 11 110 T
|__Score Pre-Teat 16.2, AALY 19.1 198 )
[ score Mid-Test 155 12,9 20 193 |
| __Score End-Test 28.5 21.58 29.4 a?
&_Chagg Pre-Mid - 0,7 -5 + 0.8 - 9.1
=) +14.0 hs TN + 9.4 1214
Change Pre-End +13.3 r 8.8 4101 121
| Namge of Scores ___m_xmj:_u.nu__m.xm___
o for FEntire Group 0-39 9.85 0-65
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TABLF . !
MUSCLE POWER:  >-TEST TOTAIS
bt 2ougds)
,_QEF 1 by AL I 1y
_Score Pre-Teat L3518 330.4. 1166 1482
| _Scoremid-Tesr | 3m.6 | me | 3730 2708
{—Score Ead-Tess_ T TSR BTV
|__Change Pre-jid + 3%.0 424 Y364 * 30,3
_Chanoe Mig-End | ta20 | 23 [ vz | 209
Change Pre-Ead +61.0 *_683.7 t 57.6 t 31.2
Range of Scores - i - AN -I»
for Eatire Grom 205-482.8 [ 250540 1277.5-547.8
Crowp I - Power exetcises.
Group Il - Power exercises follosed by endurance exercises
Grouwp I1] - Eodurance exercizses f{oll.wed by pose:r exercises
Group IV - Fasdurance exercises
TABLE "

MSCLE POWER BICEPS
(Unit: Pouads}

1 ¢ & 111
Score Pre-Test 47.1 46 S 46 .7 45.4
Scoge Nid-Test 1.4 0.7 $0.0 40.9
Score End-Test $4.7 $8.0 $2.9 $2.8
Cha =N ‘4.3 c4.2 + 3.2 t 1.3
Chasge Nid-End + 3.3 ' 5.3 +2.9 + 3.7
Change Pre-Ead + 7.8 c 9.5 * o2 + 1.2
Range of Scores Pre -Test ¥id-Test End -Test
for Eatire Growp 20-70 30-75 23-73
TABRLE i1
WUSCLE POWER TRICIPS
{Unit Pounde
o T T Y R
Score Pre-Test 25.8 76.3 23.8 | 71 |
Score Mid-Test 28.0 0.6 78.1 28.0
Score End -Test 32.8 3.7 | _31.6 4 U3
Chasge Pre-Nid + 2.2 T ST 2.s_j
Change Mid-End t 4.8 * 3.1 t 3% + 3.3
Change Pre-Ead + 7.0 * 7.4 4t 1.8 t 6.2
Range of Scores Pro-fut ] Mid -Test I Fnd-Tes t 71
L_for Estire Group 12,540, 1547.¢ . 20-50 ]

—




TABLE 14
MUSCLE WCWER: GRIP
(Unit: Pounds}

e T T Ti1 v

" %core Pre-Teat 179.7 129.7 1748 138.4
Score Nid-Test 136.4 134.7 130.0 131.8
Score Ead-Test | 136.2 134.0 131.5 133.4
Change Pre -Nid V6.7 +7.0 T5.4 + 3.4
Change Wid-Ead - 0.2 - 0.7 " 1.s v 1.6
Change Pre-tad 8.8 ¥ 8.2 ¥ 6.9 +5.0
Range of Scores Pre-Test Mid-Test End- |
for Eatire Grow 85-190 |  90-180 100-1 8%

TABLE 15
MUSCLE POFEN: HIP FLEXQRS
(Unit: Pounds)

[0 1 1 111 v
Scere Pre-Test 8.1 56,2 55.0 56.8
Score Nid-Test $3.9 £8.2 §1.8 £3.9_ .
Score End-Test €8.7 69,0 85.8 £7.3 .
Change Pre-Kid + 8.7 +9.0 + 8.6 t 64
Change Nid-Ead + 2.9 AN | t 4.0 . 4.
Change Pre-End + 8.6 t12.8 *10.8 *10.7
Raage of Scores . Pro -Test Nid-Test Ead-Test
for Extire Growp 30-110 37.5-115 | 82.5-117.% i

TABLF 16
WUSCLE POWER: QUADRICFPS
{Usit: Peunds)

R T 11 T11 v
Score Pre Teat 92.9 937 86.5 92.7
Score Nid-Test 113.0 '\ 111.6 103.3 106.6
Score End-Test 124.2 123.4 112.6 4.8
Change Pre-Nid +20.1 R A *18.8 el !
Chonge Nid-Esd 1.2 | 1L v 9.1 t 9.0 |
Change Pre-End +31.3 +29.7 +76.1 22,1 !
Range of Scores Pre-Teat Mid -Test End-Test
for Entire Group 40-135 §0-170 §7-705 )

23
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TABLS

NUSCLE POWER RATIC  S-TFST TOTALS
(Unit -~ Powads/Body Ve ight as Per Cest)

[ aar 1 1 ar v ]
Score Pre-Test 227,01 2748 . 2218 . 236.0 |
MNid-Test 247.7 27,2 242.2 243.8 |
Score Ead-Test 256.6 759.8 250.0 252.9
Chasge Pre-Nid +20.7 A2 A O +20.7 2.8
Change Mid-Ead + 8.9 *i2.6 1 7.0 t 9.3

{__Change Pre-Ead 129.6 *18.3 28,8 t26.9 |
Range of Scores Pre-Teat .  Mid-Teat ' End-Test _‘

| for Eatire Grow 148-293 |, 189-31% ) 172-33]

- Erup g EGW

Group I - Poser exercises followed by endurasce exercises.
Group 111 - Endurance exercises followed by power exercises.
Group IV - Fndwrance exercises
TABLE .+
MUSCLE POFER RATI(  PICFPS
(Unit: Pounde/Bedy Yeight as Per Cent)

[ T )84 T W
Score Pre -Test 30.2 78.9 30.7 29.4
Score Nid-Test 32.% 2.0 32.4 31.4
Score Ead -Test 4.0 38.1 33.% 3.3
Change Pre-Nid * 73 * 7] + 1 *7.0 |
Change Mid -Ead $ 1.8 31 t1.1 . 1.9
Change Pre-End +v3.8 1 vs2 [ orare 1 +ae |
Range of Scores Pre-Test |  Mid-Test | End-Test

| for Entire Growp 19.7-41.1 , 20.3-43.7 | 71.7-48.5

TABLE 139

MUSCLE POWER RATIO TRICEPS
(Unit Pounds /Body Weight as Per Cent)

—— Re—— v

[ CROOP T ] b S D 0 § D S \ A
Scere Pre-Test 16.4 16.8 15.7 _.-16.2.
Score Nid-Test 17.4 L 18.2 17.9
Score End-Test 19.7 21.1 200 4 19.8

| _Change Pre-Nid t1.0 M) | t 2.8 t1.7

| _Change Wid-End | _* 2.3 t1.e 1.8 t 1.9

| Change Pre-Ead +3.3 t4a3 o red ot
Range of Scores e Pre-Test _Lniv-m_!_’_l‘f;ni-'rut
for Entire Group 79247 | 10.4-27.7 , 17-30.6

= S T oL ISt oo T T




TABLF 0
MUSCLE POWER RATIO: GRIP
{(Unit - P 9/ Ve ae

GROUP — 1 T T T A )
Score Pre-Test 9.4 “ e 2.1 9.9
Score Wid -Test 18.3 e 8.6 85.2
Score End-Test 84.7 83.7 83.6 04.8
Change Pre-Mid + 2.9 2.7 + 2.8 +1.3
Change Nid-End - 1.6 1.1 - 1.0 - 0.8
Change Pre-End + 1.3 ‘1.6 +t 1.8 + 7
Range of Scores Pre-Test : Mid-Test | Ead-Test

‘or Entire Group $1.1-123.9 60.5-121.4 [61.8-122.3

TABLY 7}

WMUBCLE POWER RATIC

HIP FLEX(R

S

(Unit: Pounds/Body Seight as Per Cent)
Y 17 m W‘j
Score Pre-Test 3.5 38.2 36.1 36
Score Nid-Test 40.4 4] .3 39.9 40.8
Score End-Test 41.6 43.3 41.9 42.5
Chaage Pre-Mid + 2.9 8. *t 3.8 +J.9
Chaage Wid-Ead + 1.2 t2?2.0 * 1.6 +1.9
Change Pre-Ead * ¢l v1.0 1 s v 5.9
Range of Scores Pre-Thet | Mid-Test | Ead-Test
for Emtire Group | 17-64.7 71 .8-85.1 , 21.£-87
TABLF. 27
MUSCLE POWER RATIO  QUADRICEPS
(Unit - Pou VWeight as Per Cent)

fomoy B A 1 v
Score Pre-Test $9.5% $9.5 SE.9 5%.8
Score Mid-Test 71.1 69.9 871 68.95

[ Score Ead-Test | 76.6 6.6 | 7.4 2.7
Change Pre-Nid +11.6 +10.4 +10.2 + 8.7
Change Mid-End + 5.8 87 4 *taa +t 4.2
Chasge Pre-Fnd +17.1 ‘1‘7;1.‘ . +14.% +12.9
Range of Scores Pre-Test ! Mid-Test End-Test
for Entire Group 1.4 ‘Blj__i-'[s_f;g“\ 41.4-99.7

>
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TABLE 73

PHYS ICAL MEASUREMENTS: WEIGHT
(Unit: Pounds)

oy 1 LT BT v
Score Pre-Test | 158.0 | 158.9 . 1525 154.8
ore Mid-Test 160.0 IS8 154.3 156.4
Score Ead-Test 163.9 164.1 158.0 158.8
Change Pre-Nid 1.8 2.8 1.0 + 1.6
o e———
Change Mid-Ead + 3.1 v 4.8 + 3.7 + 2.4
R Chasge Pre-End + 4.9 t 7.2 +t 5.5 + 4.0
] Range of Scores Pre-Test ! MNid-Test |Ead-Test
for Eatire Growp 110-234.75 115.29-236.5 [ 126-238
or Oup - r exercises.
Group I1 - Power exercises folloved by endurance exercises.
Group 111 - Esdurance exercises followed by power exercises.
Group IV . Eadurasce exercises
TABLE 4
PHYS ICAL MEASUREMENTS NICK CIRCUMFFRENCE
(Unit: ln_crbl)
GROUP 1 11 111 Iv
Score Pre-Test 14.5 " 146 14.4 14.4
Score Mid -Test 14.8 14.8 14.4 14.4
Score End-Test 14.6__4 . la.s 14.5 14.5
Chasge Pre-Mid t 0.0 - 01 t 0.0 t 0.0
Change Wid-End * 0.1 * 81 + 0.1 + 0.1
Change Pre-Ead + 0.1 * 9.0 *+ 0.1 + 0.1
Range of Scores Pre-Test Mid -Test « End -Test
{or Entire Grouwp 12.75-16.5 12.5-16.25 _ 13-16.5
TABLE "«
PHYS ICAL WEASUREMENTS UPPER ARV (RELAXED)
- Alnat. Jlocbes) .
| AP 1 1l Ccr o4y
- L __11.71. il.8 11.2 1.4
Score Mid-Test 11.8 11.6 11.4 11.1
Score End-Test 12.0 11.8 11.7 11.6
Change Pre-Mid + 0.1 t 0.0 + 0.2 - 0.3
Change Mid-End + 0.2 t 0.2 + 0.3 + 0.5
Chasge Pre-Ead + 0.9 . *ro0.2 t 0.5 t 0.2
Range of Scores L Pre-Test Mid -Test IE-d-Tnt
_for Entire Group | o-1s ] _8-15.28 19.75-18

P 5 T ST TR IR AR VY- U UL A o I % BURRRSIIREER S R
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TABL! 26

PHYS ICAL MEASUREMENTS  UPPER ARM (TENSED)
(Unit. Inches)

1 11 111 v
are Pre-Test 176 124 12.2 17.4
Scere Mid-Test 11.9 | 139 12.3 12.
Scere End-Test 13.0 , 11.0 12.7 12.7
Pre-Nid +70.3 ¥ 0.9 +0.3 + 0.1
oo W1d End ¥63 Vo0l | Fo.2 | Fo0.i]
ProEmd + 0.4 [+ 0.4 + 0.5 + 0.3
nge of Sceres Pre-Tes t Wid-Teat | Ead-Teat
for Eatire Greuwp 9.5-18.7% 9.5-16.28 10.28-1¢
TARLE 77
PHYS ICAL MEASUREMFNTS  FOREARM
(Unit: Inches)
- 1 Y Y —
Scere Pre-Test 1.1 11.1 10.9 10.9
Scere Nid-Test 1.2 1.2 1.1 11.0
Soere Ead-Toot 19 1.9 1.3 11 98 BN
Pro-Nid + 0.1 + 0.1 + 0.2 +70.1
+o +0.1 +9.1 +e.1
Pre €ad 9.2 + 0.2 + 0.3 + 0.2
K= UL W LK N R I
for Entire Growp 9.25-17.5 9,25-17.5 | *.7%-12.§
TABLE 76
* PHYSICAL MEASUREMENTS  CHEST (NATURAL)
(Unit I1aches)
GROUP 1 11 111 v
FEcers Pre Yost 37.0 36.0 3.1 38.5
Scere Mid-Test 371 T 37.0 3.5 3.3
ore -Tost 37.2 17.0 38.¢ 38.4
[ Chenge Pre-Nid + 01 +70.2 + 0.4 to.0
‘ age - . 0.0 0.1 < 0.1
Change Pre-tad 0.2 + 02 + 0.8 - 0.1
Range of Scores PreTeat | Mid-Test Ead-Test
for Eatire Growp 31.78 45 .25 32-48 32-48

27




TABLE. 29
PHYSICAL MEASUREMENTS CHEST (EXPIRATION)
r!!!ﬂl:g ;
Seore Pro-Test 8.2 5.9 18,3 5.1
Scere -Tost 8.2 35.9 8.7 j_..l_‘
. . | Scere Ead-Test 5.1 ase | 359 ETI
|_Chenge Pre-Mid _ t 00 10,0 * 0.4 - 0.2
[ Chnme id-ae [ 10 T -0u T vpq | -9
] | Chapge Pro-fad =l 2.1 t 0. 9.1
Menge of Sceres | ___ Pro-Teat .| iud- | Ead-Toat |
for Eptire Sieup -44 .7 - -
1
|
i
]
TABU. 30 l
PHYSICAL MEASUREMENTS  CHEST (INSPIRAT ION) | i
(Unit  Iaches) ;
1 )i S I __Iv
Score Pre-Test 38.4 38.0 37.4 30.0
Scovre Nid -Test 30.6 38.% .2 38,2 ;
Scere End-Test 38.9 3.8 38.3 38.1 * !
Change Pre-Nid + 0.2 +0.§ + 0.8 + 0.2 ’ .
# Wid-End | *03 + 0.1 + 0.1 - 0.1 i
Change Pre -Ead +0s + 0.8 + 0.9 +0.) '
Range of Scores Pre-Test ¥id-Test | Ead-Test ;
for Eatire GCrouwp 32.23-46.25] 33.25-46.75:33.25-46 l
:
TABLE |
PHYSICAL MEASIMEMENT  ARDOWEN (C TRCUMFERENCE)
(Unit Inches)
i Y N m W)
Score Pre-Test 3.9 3.8 30.8 Al
Score Mid-Test 31.5 3.3 0.8 20,8
' Score End-Test 3.9 U2 Al J.L.D_‘
Change Pre-Mid 0.4 0.2 100 - 0.8
{_Change Nid-Esd t 0.4 | - 04 r 0.3 + 0.2
Chatige~Pre -Ead 100 ! .03 + - 0.2
Range of Scores Pre Test ! Mid-Text | End-Tess |
__(or Entire Croup 76.75 43 [-2"12‘75 26.25-42




TAR, 12
PHYSICAL MEAS!R- MENTS. THIGH
{Unit _aghee)
GROUP ! ' 11 111 1 v
Score Pre-Test 21.0 0.0 20.4 20.7
Score Mid-Test 21.2 | .2 10.7 20.8
Score Ead-Test 21.8 ' 21.4 2.1 1.3
Chenge Pre-Nid + 0.2 * 0.4 + 0.3 + 0.1
Change Nid-Ead + 0.4 ©0.2 + 0.4 +0.$
Change Pre-Ead + 0.8 © 0.6 + 07 +0.8
Range of Sceres Pro-Tes: | Mid-Test | End-Test
[ _for Entire Group 12.3.26 75 H 18:2¢ 18.3-28 ‘

TABL 3
PHYSICAL MEASURI ¥FNTS  CALF
(Unit  Inches)
Egjﬁ T 1 111 v
ore Pre-Test .3 YW | 1¢.% 1.3
ore ~Test 14.8 14.8 14.3 14.8
[ Scere Ead-Test 1T 13T T3 ITd
9o Pre- 1 0.0 RN L1 (LB
[~ Change N -¥ad FU.Y T ¥ T OT
Change Pre-End + 0.2 ny + 0.3 + 0.3
Range of Sceres - Pre-Test |~ Wid-Test End-Toat
for Eatire Greup 12.8-17.5 . 12.75-17.75 {12.5.18

TABLE. 4
HARVARD S™FF TEST
it Pou“g
GAGE 1 _ 11 111 v
Score Pre-Test 4.4 e 4.7 10.7
Score Nid-Test 560, 6.6 56.8 | $9.5
Scere End-Test 6.7 H W) £%.) R
Chaage Pre-Nid +13.6 2.8 10,8 . *1%3
| Chenge Wid-Ead *11.7 1142 +12.7 bt U I
Change Pre-End +28.3 L 2.2 +23.8 +33.6
Rasge of Scores Pro-Test , Mid-Test i End-Test
for Entire Growp 15-95 ' 20-90 20-108
Group I - Power exercises
Group II - Power exercises followed by endurance exercises.
Group 111 - Endurance exercises :ollowed by power exercises.
Group IV - Endurance exercises
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TABLY 1%

FIVE-MILE SPEFD MARCH
(Unit: Hour Minute, aad Secomd)
GR 1 11 4§ S v
| Sgoye Pro-Jeet | MNoge | Neme | Neag | Noge |

Score Mid -Test j:06:1 }:0R:02 1:06:59 1:08:04
[ Seors Lad-Tess  _|. st | seas | se26 | sedo
[ Chonge Pro-Mid . Mege [ Nowe , _ Nowe .  None |
t Chanoe Mid-End . -7: 824 12,33 N ALY
| Chonge Pre-End .. L Mope | MNoge
Range of Sceres : - =~ |
Gl Crom e Siepe ., LS LRS00 2055
Group I - Pewer exercises.

Group 11 - Pewer exzercises followed by endurence ezercises.
Growp 111 - Endurance exercises followed by power exerc:ises
Group IV - Enderance exercises

fomr

~3

i

TABLF. 1F

(BSTACLE COURSE
(Unit: Nisutes and Secomda)

o T 11 3 L A A T2
Scere Pre-Test 3:080 3:08 304 |  2:56|
Score Wie-Teat 7:50 7:45 | 2:47 2:41
Toore Ead -Toat LEL NEE L O L G ) O
" Change Pre-Nid - 18 Y 1 - 17 T
teige WIT TR T B a1 J 1)
Change Pre-Ead Y1) T3 - 76 4 - :27
g of Scores “Pre-Yest | Wid-test | Ead-Test
|Lfor Eatire Gro-s [~ 3:T4-4:20 [ 7:02-4.37 | 1:55-4:13
rowp - Power exercises.

Group 11 - Power exercises followed by endurance ezercises.
Growp IIl - Esduramce exercises followed by power exercises.
Group IV - Esduwrasce exercises.

TABLE 1?7

TREADMILL: RUNNING TIVE
(Unit: Miswtes aad Secomnds)

T n m ]
Score Pre-Test 8:2] £:25 6:23 6:20 |
Score Nid-Test 6:3) §:35 6:35 6:33
Score End-Test ) 6:44 6:43 6:43 6:43
Change Pre-Mid | *+ :12 + 10 + 112 + 13
Choage Nid -End + 11 + :08 + 08 + 010
Change Pre-End + D + .18 | + :20 + 9
ange of Scores Pre-Test Mid-Test Eld-Tut-:
foar Entire Grouw 5:05-7:40 3:45-8:34 | 5:50-8:54
) roup - Power exercises.
Group Il - Power exercises followed by endurance exercises.
Group IIl1 - Endurance exercises fo.lowed by power exercises.
Group IV - Fndurance exercises.
in
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TABLE 38
INITIAL PULSE RATE

(Unit: Beats per 30 Seconds)
v ) SN IT _TI11 W
Scere Pre-Test 87 . 87 9 87
. Score Mid-Test 9 [ F] 8s | 1] [} N
( Score Ead-Test 0 1] 0 D
| Change Pre-Mid -2 - 2 -2y -2
Change Nid -End +1 + 1 t 0 + ]
e Procted -1 -1 ) -1
Range of Sceres Pre-Test Nid-Test | End-Test
Lfer Eatire Growp 74-97 71-97 73- 948
TABLE 19
TREADMILL: RECOVERY TINE
Geige. Moyisel,
1 1L 111 JY
| _Scere Pre-Test 10.4 1.7 9.0 9.2
| _Score Mid-Test 24 2.4 2.2 8.1
Scere End-Test 6.0 .9 1.8 7.4
| Change Pro-Wid 1| -2.0 - .07 0.9
Change Mid -End _ 00 [ 0 -0.4 -0.9
e 2.4 -0 BWY -1.0
Range of Sceres Preo-Test Mid-Test | Ead-Test
for l:atxn i‘ug §-.7] 4-20 3-18 g
TABLF 40
TREADMILL: RESPIRATION RATE. INITIAL COUNT
(Unit: Respitation per 30 Secoads)
R, SO ) ol M 7Y
Score Pre-Test 19 19 19 18
Score Mid-Test 21 21 21 21
Score End-Test 21 21 20 21
Change Pre-Nid + 7 + 9 KR! t 3
Change Mid-Esd to £ 0 -1 10 ]
Change Pre-Ead + 2 t 2 1t + 3
Range of Scores Pre -Test Mid -Test ITld-Tnt 1
for Entire Growp 12-31 13-3¢  ©  15-39 |

3]




TREADMILL"

TABLE 41
RESPIRATION RATE, LAST COUNT

(Unit: Respiration per 30 Secomds)

Group I

[ GRoue_ ) v m v
Score Pre-Test 12 1 13 1% 13
Score Mid -Test Y Y 12 13

_Score End-Test [ 12 | 13 13 13
Change Pre-Mid IR R -1 to

~Change WadTad ] T2 1 1o
Change PreEnd | _t O to 10 to |
Range of Scores ___Pre-Teat | Mid-Test Ead-Test
for Entire Grou 7-27 8-21 S-18

B e P P X T o

- Pover exercises followed by enduraace exercises.

Group I11 - Esdurance exercises folloved by power exercises.
Group IV - Endurance exercises.

S IGNIFICANCE TCSTFS‘.F‘G\ RESPIRATION RATE -LAST COUNT
Sue of Squares F
T PreTest - WldTest | a7 ~ 3 2,35
oSN =44 A1
Mid -Test - End -Test 41 k] 1
3.04°
Scores 503 112
o-Test - End-Test 4« 3
- 0.23
Scores ! 648 {1 12
*The S5X level of significance = 2.7C
TABLE 42
LACTIC ACID
_{Unit ¥illigrams Per Cest
GROUP 1 11 111 W
Score Pre-Test Nose Nose Nome Nome
Score Mid-Test 79.9 85.8 73.7 76.5
Score Foc-Test 72.8 59.7 66.0 8.1
Change Pre-¥.d Nose Nome T Nowe Nose |
Change Mid-Eund - T -2F.1 - 1.7 -12.4
Change Pre-Eud “Noss Nome | Nome -e
Range of Scores Pre-Test Mid-Test End-Test
for Entire Grou Woue 26.0-187. 23,1-115.0
T our 1 - Eour erclises.

Group Il

- Power exercises foliowed by endurasce exercises.

Group IIl - Endurance exercises followed by power exercises.
Group IV . Endurance exercises.

Sus of Squares df F
Pre-Test - Mid-Test
Scores
Mid-Tesat - End-Test 6,372.84
2.99°
_ 71 _A%1. 2% ‘lﬂ_
Pre-Teat - End-Test
Scores

— "The 5% Tevel of significance - ».70
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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-samples 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 APFT 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 {itness as 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
i was adm nistered 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 becauseof
physicaldisability so severe as to preventany except the mildest physical

activity. Two men were dropped because of injuries received inan auto-
mobile accident. Five men started the training and had to be dropped
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because of old knee injuries which became so severe as to prevent their
doing the exercises. Three men were dropped because of excessive
company duty which caused them to miss almostall the physical training.
Seven men were dropped because of hospitalisation 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 tachycardiafollowing the first run on the treadmill. One was dropped
because of a neuropsychiatric condition resultingin separation{rom the
service. One man was dropped because of an inguinal hernia which be-
came painful following heavy exercise.

35
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APPENDIX B

EXERCISE PROGRAM

A. Endurance Exercises

The endurance program wasdesigned on the premise thatendurance
can best beproduced by a program of highrepetition 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 1950. The materialit
presents is easily understood and is adaptable to large groups of men.

Seven types of endurance exercises were used as described by FM
21-20. 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 ensble the men to get as much
out of the exercises as possible. Two of the seven exercise groups, the
twelve conditioning exercises and running, were used more extensively
than the other five. Itwas felt that these two groups of exercises would
best develop endurance.

The firstof the groups of endurance exercises was the Daily Dosen,
or conditioning execrcises. 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 1s 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 ;xplanation and illustrations can be
found on pages 150 through 165, in FM 21-20. Thess 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

1. Types of Exercises

Dd --Daily dosen

Ri--Rifle exercises

W.-Wund

Gr --Grass drills

Gu--Guerrilla exercises

R --Running (distance nr cross-country)
Ga --Games

.

@mroacos

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. Runnin‘ {Cross-Country or Distance). --The subjects ran
100 paces and walked 300 paces the first and second periods, then grad-
ually reversed the time spent on walking.

e. Games.--These were used tosupplement the free exercises.

3. Weekly Schedule

Day Hour Exercise
Monday lot Dd - -Introduction to exercise and explain
purpose.
3th Running--A short turn about 1 to 1 1/2
miles.
Tuesday lat Rifle and wand - -Warm up with Dd.
8th Grass drills--Dd
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Day Hour Exercise

Wednesday lst Guerrilla--Warm -up with Dd.
8th Running--Cross - country.

Thureday lst Grass drills and guerrilla exercises.
8th Wand or rifle exercises.

Friday 1st Dd and games (relays).
8th Running--Cross-country.

4. 10-Week Exercise Schedule

YEEKS
Day | Meur | 1ot | ad | 3rd | 4k | sh ]| e | 7en | ok | sn | 10eh
Wew | Ist {Dd  JGrDd | Wi ¥ | R [ "] ] GrOu [NIDd | R
sd (A mioe|n G | D Jorow|mie fod | >
Twe | lat | mi-Dd |A GrOs] D4 | MO [N GrCe | N G |mDd
o Jor fou | mipa|n nod [pd o |me foe
REENETICERD GrGa|Cadd| Go |MiDe [N "ERC
s [n Jue e [ n o | Jmw |n GrGu
Thur | 1ot | GrGs |8 N MY oo r ™ |oros |Dd
oh [Mw |orce fmipefn niy et ([d |0 N |muae
1 | lat [D@ % GeDd | GeDd | A n GeDd [GrDd |0 n
or | J |a N b | mw | Ri-Od |GCu-Di |Gu-Dd

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 centincrease 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)
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was concerned. Eact man followed a set procedure but on an individu -
alized weight program. This was necessary due toindividual 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 exercises twice per day for a 5-week
period. An individual record was kept of what each man lifted every day.

Course No. | 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)
8. 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 new weight increase. After the completion of the first
set of three exercises, there was a weight increase of 50 per cent for
the next set 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 Mo, 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 Bend (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.

3a
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Group No. | followed Course No. 1 for the first 5 weeks, and then
completed Course No. 2 during the second 5 weeks.

Group No. 1l followed Course No | for the first 5 weeks of the exer-

cise program only.

Group No. III followed Course No. | for the second 5 weeks of the
exercise program only.

Group No. IV did not follow the strength program.




APPENDIX C

DETAILS OF TEST PROCEDURES

A. MEDICAL HISTORIES

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

PEASONAL HISTORY

NANE, _.ASN GROUP.
DATE OF BIRTH __ . LACE OF BIRTH

SCHOOL
Age Begaa School Years Missed
Years Skipped Highest Grode Reached___ __ =
Techaloal or Other Schooling —_—
Maia Interest ia Schoel

TORY
Jobs Reld (type & salary) Date Degree of Exertios
1.
2. e
3. —
4. - —

ATRLETICS

Sport Degree of Interest Teas. hours/day, etc.
1. _——
2. —
3.
ACTIVITY FOR PAST THREE MONTHS —

FAMILY
Father’'s AQe _ Qccupation —_
Mother's Aqge _ Occupation
Brother's Age ______ Occupation —_—
Brothwr's Age ___ Occupation —_—
Sister’s Age _______ Occupation . _
Sister’'s Age (rcupation .
Married/Single
Vife's Age fccupation .

Childrem, Age & Sex -

AEMARKS -




B. DETERMINATION OF HEMATOCRKI!

The hematocrit was determined by the method = Winthrobe (22}

C. DETERMINATION OF HEMOGLOBIN

Hemnoglobin 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 (23, 1905).
A Coleman Junior Model Spectrophotometer was used.

D. ARMY PHYSICAL FITNESS TEST

The Army Physical Fitness Tenst was run as desciibed 1n Par. 156,
FM 21-20, 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 runoutdoors
on anasphalt pavement. The indoor tests were done without boots. Scor-
ing was done on the prepared card, DA AGO Form 705, | June 1949. The
raw score was the number of repetitions of ~ach 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 pointscore was the oneused 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 performing 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 times during the test period.

The men were given time towarm up the musclies being tested before
taking the test. This prevented muscle strain or 1njury

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 was empirically aet by the tester. If
the man succeeded in lifting it through the required range of motion, ad-
ditional weights were added until a maximum was reacned. The man was
not asked to lift the weights 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 pull was 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, lowerarm 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 srm 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
f

flexion.

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

c. Resistance. --The resistaace 1s an adjustable group of lead
- weights on a movable pulley.

|
|

J | 2. Triceps
I

: a. Position.--The subject was supine, head toward pulley weights
| upper arm flat on the table, elbow fully flexed; opposite arm flat on the
X 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.-Hand grasps handle, palm faces feet. Extend elbowto
complete extension.

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

3. Quadriceps

a. Position.--Seated withknees flexed over edge of table, upper
body and legs formed an angle of approximately 130 degrees. Hande
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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 .nd boot resting onfootstool to relieve
initial weight.

b. Test.--Footand boot were removed from footstool and allowed
to hang over edge of table; knee jcint extended to full extension without
thigh rotation.

c. Resistance. --An 1ron 100t with adjustable barbell weights.

4. Hip Flexors

a. Position. --Seated with knees flexed over the end of the 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 {lexed on the hip in a 50 -degree arc.

c. Resistance. --Adjustab e lead weights were attached to strap
which was around leg.

5. Hand Dynamometer
a. Position. --Subject toox the hand dynamometer in right or
left hand. H-~ used the sa.ne hand each time he tock the test. The dyna-

mometer was held away from the body.

b. Test.--Thedynamometsr was squeezed as hard as 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 the nearest quarter of an inch. The neck was measured just below
the thyroid cartilage. The chest was measured at the nipple line in the
natural position, full expiration and full inspiration. The abdomen was
measured at the umbilicusin 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 asesistant.

G. THE HARVARD STEP TEST

This was carried out by havirg 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 was *hen read from the prepared chart, a
copy of which is shown below (2).

Harverd Stefp Test Scoriag Table

arthbeats Froe | Min to 1 1/2 Kin. in Recovery

Duretiea 40 ‘_5 S0 LS 1 £0 6% 70 7$ 0 [ 1] 0
Effort o ool selso ] oo Lol 7| 79 eal ds |over J

9 - 29" sl s1 st s{ s} ¢ st sl sl s

[ 0°30" - -89 20 ) as 1 as b ae l s |90 TRETEEBTEEY

1'08 - 139 38 28 1 25 ] 20 1 2p | 2 20 1 38 118 ] s

BT IEUT R a5l 49 as 13 20 {2s ] as | 2¢ ! a9 1 290

rn" - z'z:" 30 '_a 43 45 40 A8 13 1 a8 o 1 ag 25

2°30" - 2°39°" 70 [] 5% 50 49 40 40 3 s

FUTTEFUTIE S ETH ETH TR Y T s | s [ a0 [ g0
ane - a5 1 den | ge | 20 ] &s | &0 s 1 48 |
400 - 422 118 20 ¥ | s 10 RS 1 A0 S84 58S, .80

[ 430 - g-s9 | aas Dajo [aoo | e0 [ e | 75 [ 20 | gs e

5 230 Taas Ta0s Voo "o "o " 29 " 90 Vs [ g5 [en

H. THE 5-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. ¢ miles. It included two hills, with a
climb of approximately 300 feet each. It waw run on a gravelroad. Many
of the subjects overtook and passed men in front of them. How much this
altered the motivation of each subject is hard to evaluate.

I. THE 20-MILE HIKE

This was taken as aunit. Rate of marchwas 2-1/2 miles in 50 minutes,
followed by a 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 thenstarted 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. The whole
course was 1207 feet long.

l. Tire Run. -- Twelve tires were arranged in a regulir pattern.
Tires were laid next to eachotherintwo ro ’s. The subjects were required
to place a foot in each tire.

2. Ditch No. 1.--Theditch was 15 feet wide and 8 feetdeep. The sides

were rough and irregular. The subjects were required to cross thisditch.

3. Wall,--The wall was 7-1/2 feethigh and | 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 Wall.--The wall was 5-1/2 feet highand 1 foot thick acrosse
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.--Theditch was 4 feet wide and 5 feetdeep. Subjects
were required to go over ditch.

8. Tunnel.--The tunnel was 2-1/2 feetsquare and 20 feet long. Sub-
jects were required to crawl through tunnel.

9. Zig Zag Run. --The running course was outlined by rails 3-1/2
feet apart. Zig zag 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 Z 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 ceat grade, and
then run at 7 mph until exhausted. The subjects wore combat boots and
fatigue clothing, but carried no pack. At the completion,of the test, . the
subject stepped off the treadmill and sat down. Pulse and respiration
were counted immediately for 30 seconds and repeated for 30 seconds out

' of each minute, until the pulse was below 100 per minute.

e il 1 i dh Al O .1:80; it

L. DETERMINATION OF BLOOD LACTIC ACID

Blood lactic acid levels were determinsd by conversion of the lactic
acid to acetaldehyde and subsequent reaction with p-hydroxydiphenal to
induce color in the solution(24), ;

1. Procedure

a. Five cc of whole, oxalated blood was removed from the subjéct
and immediately placed in a 10 cc test tube with the crystals of 0.5 cc of
K-NH4 oxalate solution, Samples of blood which could not be analysed
immediately were kept under refrigeration (-20°C) until tested.

b. Nine cc portions of 10 per cent trichloroacetic acid were pi-
petted into 15 m! centrifuge- tubes. | ’

c. One cc portion of blood sample was pipetted into the trichloro-
acetic acid dropwise while agitating the tube slowly {for blank 1 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 1500 rpm's for approximately 5 minutes. i

e. Transfer was made of 0.5 ml aliquots of this centrifugate to
15 ml centrifuge tubes. By means of a pipette, 1 ml portion of 20 per cent
. CuSO4 solution was added to each sample.

f. The solution was diluted to 10 cc with distilled HOH (addition
of 8-1/2 ml). Then ! 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 5 minutesat

1500 rpm's.
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h. Tranefer was made of 1 mlaliqunt portion of centrifugate to
6’ pyrex test tubes and 0. 05 ml (4%) CuSO4 added (I drop from a dropper
prepared to deliver 20 drops per ml); and 8 ml concentrated H;804 was
slowly added while agitating until well reacted and mixed.

i. Tubes were placed in a boiling HOH bath for 5 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. Tubeswere placed in HOH at 25°-30°C for about 30 minutes
to enhance color development, meanwhile shaking to insure uniform dis-
persion of indicator ions. (Note: Solution should be violet blue; a pink
or red violet color indicates temperature of jondevelopment 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 HOHor insinkis satisfactory);
transfer was made of the sample to optical curvettes and absorbency
measured on Coleman Spectrophotometer, with setting at 565 mu. The
optical density was recorded and a plotwasm ’-on a previously prepared
standard curve.

2. Possible Sources uf Error

The method used is a very precise but delicate one. A number
of precautions not 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 oncolor enhance-
ment is notable. Order of reagent addition, reaction time, volume measure-
ment of solutions, heating and cooling time must be carefully standardized.

To 2void error, the glassware should be washed in (a) tap water,
{b) conc. H2S04 bath for 6 hours, (c) tap water, (d) distilled HOH.

The p-hydroxydiphenyl ions must be thoroughly dispersed in the
acetaldehyde solution and permitted todevelop at a temperature below 20°C
if maximum color development is to be obtained.

The HpSO4 used must be of A.C.S. grade, added from an auto-
matic reservoir burette free of stopcock grease.

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




Fresh gause sponges are recommended for cleaning glassware,
and glass-stoppered vessels shoi ld be used to keep solutions free from
contamination.

Solutions should be vigorously mixed, especially after additionof

, the p-hydroxydiphenyl to Hy804, as it is quite irisolible and mustbe uni-
formly dispersed if accurate resuits are desired.
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