
Conclusion

In Ihe longrun, these economic incentives to comply with
JCAHO standards and the QA process may bring the U.S.
medical establishment far closerto full compliance than in the
past. The expected oversupply of physicians In the 1990s Is
also likely to contribute to a favorable environment for 9A
processes due to Increased competition and "survival of the
fittestthat is, thosewhodeliver the highestqualitycare.
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The Army Physical Fitness Test (APFT): A Review of the
Literature

CPTJoseph ffnapi/c, MSG USA*

This paper examines the literature on the Anny Physical Fitness
Test (APFT) as a measure of aerobic capacity and mtiscular
strength/endurance. The APFT consists of a two-mile run. push
ups. and sit-ups. The two-mile run is a measure of aerobic fitness
b^use thistestishighly correlated with maximal oxygen uptake
(VOjmax). Muscular strength and absolute muscular endurance
are highly correlated, justifying the use of a single meastirement
for both. Studies using factor analysis showed that push-ups and
sit-ups have moderate to high factor loadings on various muscular
strength/endurance factors. However, there are methodological
problems in relating these studies to the APFT.

Introduction

The Army Physical Fitness Test (APFT) promotes combat
readiness by motivatingsoldiers to develop and sustain a

high level ofphysical fitness.' The testconsists ofthree items:
a timed two-mile run. push-ups. and sit-ups. It is relatively
simple to administer to many Individuals in a short time. It
requires no equipment other than paper, pencil, and stop
watches. Army Field Manual 21-20 (FM 21-20) describes the
test in detail.^

FM21-20 states that the APFTmeasures specific aspects of
physical fitness.'ItIsdifficult toclearly define physical fitness;
however, aerobic capacity, muscular strength, and muscular
endurance areamong themore Important components.^^ This
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paper will review the literature to determine whether the three
APFTtest items actually measure these components of fitness.
Asecondary purpose is to present a justification for combining
the concepts of muscular strength and muscular endurance.

This paper will also review pull-ups and various modifica
tions of this test. Pull-ups are not now an APFT test item, but
the Soldier Support Center (Fort Benjamin Harrison. IN) pro
posed their use on several occasions. The reason for including
modifications to pull-ups Is that many people cannot perform
a singlepull-up, thus requiringuse of a substitute test.

The Two-mile Run: A Measure of Aerobic Fitness

Oxygen used by the body Is directly proportional to energy
used when performing long-term physical exercise. Aerobic
capacity (or aerobic fitness) is the body's ability to consume
and use oxygen. An individual with higher aerobic capacity is
able to perform submaxlmal physical tasks at a higher rate or
for a longer time than an individual with a lower aerobic
capacity.

Maximum oxygen uptake (V02max) is the laboratory meas
ure of aerobic fitness. There are many variations on this test.
Atypical test begins with an individual running on a treadmill.
The speed and/or grade of the treadmill is progressively In
creased until the Individual is too fatigued to continue. While
exercising, the individual's expired air is collected and ana
lyzed for its oxygen content. The individual's VOjmax Is the
point at which oxygen intake does not increase despite an
increase in the exercise intensity.

There is a close relationship between VOimaxand the ability
torun rapidly if the run distanceis longenough. Table1shows

this relationship by displaying ti .cies that have correlated
VOzmax and running timesat a variety ofdistances.Generally,
the correlations In Table 1 increase as the runningdistances
increase,

Table 2 shows 12 studies that have Investigated the rela
tionship between running times and VOamax. These studies
examined distances of at leastonemile or runningtimes of at
least six minutes. The majority show very high correlations,

ranging from -0.29 to -0.94. All butfourstudies^ ®" '® show
correlations ranging from -0.74 to -0.94. Of note, there are
five studies that have specifically related two-mile run times
toV02max. Four of these reported values ranging from -0,76
to -0.91. These data show a close relationship between the
ability to run rapidly for a distance of two miles and aerobic
capacity. Thus, the two-mile run serves as a valid Index of
aerobic fitness.

Running Distance

10 Yards

SO Yards

60 Yards

100 Yards

220 Yards

300 Yards

440 Yards

600 Yards

880 Yards

IMIle

2Miles

SMIIes

TABLE 1

CORRELATIONS BETWEEN VOiMAX AND RUNNING TIMES AT VARIOUS DISTANCES

Rlblsletal.* Shaver' Wiley &Shaver*

STUDIES EXAMINING THE RELATIONSHIP BETWEEN RUNNING PERFORMANCE AND VOjMAX

Correlation

Between
Study Run Distance Run Time VOa^ Run Hme

(Ref. No.) Subjects Agelyrsi or Time VOj«. Test &VOta„ (ml/kg X min) (min)

10 70 Army Officers 42.8+ 1.9* 2 miles TM^walk -0.78 43.3 ± 4.8 15.5 ±1.7
{40-48)*

11 115 US Air Force Men 22 12 min TMrun -0.90

(17-52) 4
12 25 Lab workers 29.8 12 min TM run -0.94 44.1 12(1.58 miles)

(17-54)
7 30 untrained college 22.5 ± 3.2 1 mile TM run f -0.43 53,5 ± 5.6 7.3± 1.1

males

2 mffes -0.76 15.1 ± 1.8

Smiles -0.82 25.0 ± 2.5
13 100 males 12 min Cycle ergomcter* -0.90 45.7 ±8.6 12 (1.7 miles)

50 females -0,91 43,4 ± 8.5 12(1.7 miles)
14 9 military workers 31±2 2 km Cycleergometer* -0.92 62.5 ± 2.5
15 14 Marines Smiles TM run' -0.65 29.6 ±1.S

8 35 untrained college 20.8 ± 2.2 1 mile TMrun -0.29 52.6 ± 6.3 7.1 ±0.9
males (18-25)

2 miles -0.47 16.0±1,7

3 miles -0.43 25.9 ±2.6
16 40 collegewomen 18.3 6 min Cycle eigometer' -0.45

(18-21) 9 min -0.37

12 min -0.49

9 44 collegemen 22.2 ±3.3 1 mile TM -0.74 6.7 ±0.7

12 min -0.90 12(1.7 miles)
17 44 males 31.3 ±6.9 2 miles TMrun -0.91 50.4 ± 7.7 14.7 ±2.1

17 females 28.3 ± 4.0 2 miles -0,89 42.0 ± 6.0 17.5 ±3.0
6 24 men 39.9 ±6.2 2 miles TM run -0.85 48.6 ± 5.8 13.7 ± 1.5

•Values aremeans ± SD when available. Values Inparentheses areranges.
*TM = treadmill.
' Predicted VOjmax; otherwise oxygen uptake wascollected directly.
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Muscular Strength and Muscular Endurance:
Combining the Concepts

Muscular strength Istheability ofa muscle group toexerta
maximal force Ina single voluntary effort.Anexample Islifting
as much weight as possible one time. Absolute muscular en
durance is theabilityofa musclegroupto repeat highIntensity,
submaxlmal contractions with a fixed load. An example Is
repeatedly lifting and lowering 10 kg with the arms. Relative
muscularenduranceIs the ability of a muscle group to repeat
high intensity, submaxlmal contractions at a specific percent
age of the maximal strength. Anexample Is repeatedly lifting
and lowering 50% ofthe Individual's maximal strength.

Studies examining the relationship between absolute mus
cularendurance and muscle strength'®" '̂ showed correlations
ranging from 0.76 to 0.95. This means that Individuals with
high muscle strength tend to have high absolute muscular
endurance. On the other hand, studies examining the relation
ship between relative muscular endurance and muscle
strength'®^""*" showed correlations ranging from -0.03 to
—0.60. Thus, strong Individualsare able to maintain a smaller
proportion of their relativestrength.

In a military environment it Is the absolute muscular endur
ance that is important. Typical loads handled by soldiers in
clude artillery shells, sand bags, crates, and weapons. The
weights of these loadsstay the same regardlessof the individ
ual soldier's strength. Stronger soldiers will have a greater
capacity for the high Intensity, short-term efforts required to
lift and carry these loads. Thus, for military purposes it is
possible to combine the concepts of muscular strength and
endurance since they are highly related on an absolute basis.
The term"muscularstrength/endurance" Is appropriate.

Push-ups, Sit-ups, and Pull-ups: Measures of
Muscular Strength/Endurance

Factor analysis Is the statistical technique most used to
study the relationship between APFT test Itemsand physical
fitness, This technique attempts to identify the "components"
of 'physlcai fitness" and find test Items that best measure

these components. In a typicalstudy many subjects perform a
battery of tests assumed to be related to the various compo
nents of physical fitness. Correlation coefficients are calcu
lated among the tests. Tests that group together with high
intercorrelallons are assumed to have some common fitness
requirements that are called a "factor." The Intercorrelated
tests are then averaged and the scores on the IndividuaJ test
items are correlated with this average score. The resulting
number Iscalleda "factorloading." The factor loading quanti
fies the magnitude of the relationship between the test Item
and thegeneral factor.^®

In seven studies, factor analytic solutions were performed
comparing the push-up, sit-up, pull-up. and various modifica
tionsof thesetests.Shown in Table 3 are the factor loadings
and the names given to the various factors. There were a
number of difficulties In relating these studies to the APFT.
First, few investigations provided details on test administra
tion. Useful information that was often lacking included 1)
time allowed to perform the test. 2) body position during the
test, and 3) criteria for a correct repetition. In studies that did
provide this Information the tests were not performed in the
same manner as on the APFT. Another problem was that the
studies differed in the number and types of tests administered.
This affected the size of the factor loadings. A final difficulty
was that there were no studies in which females had been

tested on push-ups or pull-ups. For these reasons each study
is reviewed individually below.

Fleishman"administered 30 tests to 201 Navy recruits In
their sixth week of basic training. The recruits performed as
many push-ups as possible with a maximum of two seconds
allowed between repetitions. Recruits also performed straight
legsit-upswith hands behindthe neckand legs helddown(30
seconds). Fleishman^® identified four major strength factors:
dynamic strength, static strength, explosive strength, and
trunk strength.

Baumgartner and Zuidema^ '̂̂ ® used testprocedures similar
to those of Fleishman.'® Theyhypothesized that the domain of
physical fitness consisted of four factors: upper body strength
and endurance, leg strength and endurance, trunk strength

TABLE 3

FACTOR LOADINGS IN VARIOUS STUDIES

RaiimgartnifA ZuUttna"-"

Upper Bod/ Trunk Sigh
s4h&Endr &Endr

Dynamic Trunk

St«h Sigh
M M M F M

0.74 0.63 0.49

0.31 0.23 0.42

0.61 0.52 0.75
0.56 0.75

0.73

Push-upa 0.74 0.63
Situps 0.31 0.23 0.42
PuU-ups 0.61 0.52
Oiln-ups 0.56
Boil AimHang 0.73
StraightArmHang
Modified Push-ups
Modified Pull-ups
Modi/led Chln-ups

Stgh • Strength: Endr ~ Endurance; M~ Male:P •• PemaJe.
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Dynamic General Abdominal
Stgh Sign Stgb

M F F

0.57

0.10 0.66

0.79

0.03 0.32

and endurance, and cardloresplratory endurance. Intheirfirst
study^^ they tested 283 college men and 336 women on 13
tests. In their second study" they tested 97college men and
109women. In theirfirststudy^ theysupported three of the
hypothesized factors andin thesecond slutiy"they supported
all four. Thetestsgiven to men and women differed.

The remainder of the studies in Table 3 did not provide
detailson testingmethods. McCloy^® administered a I2-ltem
test to 400 soldiers Involved In "rather strenuous physical
training for about 6 months." He identified four factors: car
dloresplratory endurance, speed of contraction, muscularen
durance, and mesomorphy. Larson '̂ gave a 23-ltem test bat
tery to 160 male college freshmen. He found two distinct
factors which he termed dynamic strength and static strength.
Llba^ tested 52 college women on 29 tests. She proposed a
number offactors thatIncluded projecting thebody, projecting
objects, and holding, pushing, or pulling the body weight
against gravity. Phillips" administered 26tests to200 college
women. She identified four factors: general strength, abdomi
nal strength, speed and an unknown factor.

Conclusions

Thetwo-mile run Isa valid measure ofaerobic capacity for
both males and females because it is highly correlated with
V02max. Military tasks requireabsolute rather than relative
muscular endurance. Because there is a close relationship
between muscle strength and absolute muscular endurance, it
Is not necessary to evaluate these twocomponents of fitness
In separate tests. Most factor-analytic studies involving push
ups and sit-ups do not provide details on test administration.
This makes Itdifficult torelate thesestudies to thestandard
ized APFT push-ups and sit-ups. Data thatareavailable sug
gest that push-ups and sit-ups are acceptable measures of
muscular strength/endurance for males: they demonstrate
moderate to high loadings on factors related to muscular
strength/endurance. Forfemales, sit-upshavemoderate factor
loadings, but no study has evaluated push-ups. Pull-ups (or
variations ofthistest) demonstrated moderate tohigh loadings
on muscle strength/endurance factors. Adoption of pull-ups
as an APFT test Item would require many units to obtain
special equipment. Further research should be performed on
fitness teststhatInclude push-ups andsit-ups as administered
on the APFT.
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