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During the late 1970's the Military Entrance Physical Strength
Capacity Test (MEPSCAT) was developed at the U.S. Army Research
Institute for Environmental Medicine (ARIEM). This test battery

assessed the physical strength and stamina of Army applfcants. During

these same years, there was a dramatic increase in the percentage of
women snldiers. This increase caused concern among field commanders
about readiness and about injury and attrition rates for women. 1In
1981, the Army instituted a temporary freeze on the numbers of female
enlistees and establ.ihed the Women in the Army Policy Review Group
(WITAPRG) to review relevant programs and policies.

One Policy Review Group initiative was the Physical Demands
Analysis of Army MOS based upon strength requirements. One conclusion
was that a test battery such as the MEPSCAT could be a valid predictor
of physical performance in Army MOS. Based on a preliminary
recommendation from WITAPRG, on 8 July 1982, the Chief of Staff, Army,
approved initiation of the MEPSCAT validation project. This report
describes that validation research. .
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VALIDATION OF THE MILITARY ENTRANCE PHYSICAL STRENGTH CAPACTTY TEST

EXECUTIVE SUMMARY

Requirement:

The Women in the Army Policy Review Group (WITAPRG) performed a
Physical Demands Analysis of Army MOS which indicated that MOS varied in
their physical strength requirements. The Military Erlistment Physical
Strength Capacity Test (MEPSCAT) is a battery of six physical ability
tests. Fo. - evaluate physical strength: Lift to 60 inches, Lift to 72
inches, Upright Pu]l, and Hand Grip. The fifth, Predicted Maximal
Oxygen Consumption, is a measure of aerobic capacity or stamina. The
sixth, the anthropometric measure of Lean Body Mass, can be used as a
surroaate measure of stamina. The battery was deve10ped by the U.S.
Army Research Institute for Environmental Medicine (ARIEM) to be
administered to applicants for Army service. The research assignment
was to validate the MEPSCAT, using the WITAPRG job analysis as the basis
for the criterion measures, in a longitudinal criterion-related validity

research effort.

Procedure:

" The battery (MEPSCAT) was given to 1,003 female so1d1ers and 980
male szidiers before they had begun Basic Tra1n1ng. Criterion heasures
which represented physical competency in Basic Training (i.e., physical
proficiency tests, sick calls, profiles, separation data) as well as on
the job (i.e., lifting, carrying, pushing, pulling activities) were
taken and correlated with the soldiers' scores on the physical ability
tests. The criverion performance tasks were administered to the 951
soldiers who had completed Advanced Individual Training (AIT) within 8-
16 weeks of starting Basic Training and were available for testing. The
job performance measures (i.e., criterion performance tasks) were
designed to evaluate proficiency in the performance of tasks determ1ned
to be impertant in physically demandxng Army jobs (ie., Lift, Carry,
Push, and Torque). :
Findings: ' f

The results indicated that test validity was high (R = 84) for the
total sample. The Lift 60 accounted for 67X of the variance in
criterion performance, while Lean Body Mass and the Upright Pull tests
accounted for an additional 3% and 1%, respectively. These findings are
in accord with research on physically demanding jobs in the other
military services and in private industry. The fairness analyses showed
a minimal overprediction for women. The medical data of Basic Training
were not predictable by MEPSCAT. However, the deficiencies of these
medical data as research criteria are the mnst likely reason for the
failure to document their validity in this research.
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Utilization of Findings:

This research shows the MEPSCAT to be a valid predictor of
performance on physically demanding tasks which were developad to be
representative of the generic strength requirements of Army MOS. One
component of the MEPSCAT, the Lif'. 60, accounted for most of the
criterion variance. Other criteria of importance to the Army, such as
attrition ¢7d injury rates, were not predictable from MEPSCAT in this
research, Such operational criteria require extra care and attention
during data collection in order that they meet the psychometric
requirements of criterion-related validity research, This research has
been presented to the 0ffice of the Deputy Chief of Staff for Personnel,

for consideration in establishment of physical performance standards for .

Army enlistment.
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ABSTRACT

A battery uf physical ability tests was validated using a predic-
tive, criterion-related strategy. The battery was given to 1,003 female
soldiers and 980 male soldiers before they had bequn Basic Training.
Criterion measures which represented physical competency in Basic Train-
ing (i.e., physical proficiency tests, sick call, profiles, and separa-
tion data) as well as on the job (i.e., Vifting, carrying, pushing,
pulling activities) were correlated with the soldiers' scores on the
physical ability tests. The job performance measures (i.e., criterion
performance tasks) were designed to evaluate proficiency in the perfor-
mance of tasks determined to be important in physically demanding Army
jobs (i.e., Lift, Carry, Push and Torque). The criterion performance
tasks were administered to the 951 soldiers who had completed Advarnced
Individual Training (AIT). The results indicated that test validity was
high (R = ,84). The Lift 60 accounted for 67% of the variance in
criterion performance, while Lean Body Mass (LBM) and the Upright Pull
test accounted for an additional 3% and X, respectively. The fairness
2nalysis showed that there were nonsignificant slope differences and
only slight intercept differences which suggested minimal overprediction
for wowen,
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PKEFACE

The validation research required the assistance and cooperation of
numerous technical representatives and officials. We would like to
recognize the efforts of these people. Dr. Hilda Wing and Nr,. M, A,
Fischl served as Army Research Institute Contracting Officer's Technical
Representative (COTR) during differehtvphases of the project. They ‘
provided valuable technical guidance and direction durihg the re-
search. Maj. Dennis M, Kowal, Office of Assistant Secretary of the
Defense for Health Affairs, developed the overall validation plan and
participated in several of the research activities. 0Dr. James A. Vogel,
Director of the Exercise Physiology Division, Army Research Institute
for Environmental Medicine, was responsible for the development and
administration of the U.S. Army's physical ability test battery.’
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INTPONUCTION

It has been estimated that costs associated with rapid atfrition of
Army recruits may be over $190 million a year (Kowal, Vogel, Sharp, &
Knapik, 1982). Some of these new accessions may have left the military
because of failure to cope with the physical and stressful nature of
military training and work. For example, it has been determined that
about 50% of the women assigned to jobs which require liftina 100 pound
objects or more leave the Army prior to completion of their first term
of service (Women in the Army, November 1982), Although some women may
have difficulty in performing physica11y demanding task. in some Army
specialties, it is also true that a portion of the male population may
have difficulty in performing these tasks as well. The present research
effort was undertaken to validate tests that would allow the Army to
assign soldiers to jobs which match their level of physical capacity,
regardless of the individual's gender.

In 1976, the General Accounting Office issued recommendations to
the.military services to develop physical and operatioha1 fitness stand-
ards for job specialties which are the same for men and women. The
military services have decided to follow several avenues to achieve
these goals. First, efforts have been made to determine the physical
requirements of jobs. Second, training programs and standards have been
developed that are designed to ensure fitness. Third, screening systems
are being developed to'ensure that new accessions meet the physical
demands of job specialties. The anticipated benefits from using such a
system in an operational environment include greater productivity and
efficiency, and decreased injury rate. -

The services have also begun to design screening procedures which
can be used to select and assign personnel to jobs depending on the
match between the person's physical capabilities and the job demands.

In the Air Force, approximately 16,000 supervisors made estimates of the
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physical demands of 67,000 job tasks (First Annual Report, December
1982). Tasks for 188 job specialties were rated on a scale from O to 9
in terms of their physical demand level. This was followed by the
development of a method for integrating physical demands of tasks with

percent of first term enlisted personnel who perform the tasks. The Air‘

Force is presently developing mathematical models to ensure that raters

from less demanding jobs will give similar ratings to the same tasks as .

will raters in more demanding jnbs. The Air Force Aerospace Medical

Research Laboratory is developing a Strength and stamina test battery

based on the task and physical demand data.

The Navy's efforts to develop ana validate physical fitness stand-
ards and tests have followed a simi.ar approach as other services |
(Robertson, 1982). They have developed a Strength Test Battery (STB)
concurrently with the measuring of the critical job tasks. The STR
assesses eight physical abilities (e.g., dynamic strength, static
strength, and power) and six anthropometric characteristics (e.g., skin

-fold). The test battery was given to 400 men and 250 women, The re-

sults provided insight into differences in test performance between
gender groups.‘ There was little overlap between men and women. For men
the best predictor of simulated job tasks (e.q., cranking and pumping
activities) was lean body weight (r = .45) and for women it was arm-pull
(r = .36). The test-retest correlations were in the .90's,

A job analytic methodology was developed for the Army and applied
to seven Military Occupational Specialties (MOS) {e.3., Infantryman,
Military Police and Medical Specialist). T'e Physical Abilities Anal-
ysis. developed by Advanted Research Resources Organization (ARRQ), was
refined and updated to reflect more recent findings in the measurement
of physical performance (Laubach, 1976; Myers, Gebhardt, & Fleishman,
1979). Profiles depicting physical demands and task bank manuals were
developed for each of the seven MOS. These rating procedures were found
to be highly reliable in that incumbent raters agreed upon the physical
ability requirements in jobs. In addition, the Physical Abilities
Analysis developed for the Army was validated. The findings indicated
that performance in job tasks, which had been judged by incumbent sol-
diers to require a relatively high level of a particular physical abil-
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ity (e.g., stamina), were correlated with basic ability tests which
measured the same ability (e.g., step test). Because the research
demonstrated a statistical link between the perceived and the actual
physical ability requirements of tasks in different Army jobs, the
authors concluded that the Physical Abilities Analysis methodology is a
reliable and valid stfategy'to identify the physical ability require-
ments of jobs (Myers, Gebhardt, Price, & Fleishman, 1981). The multiple
correlations between the ability tests and the work sample tasks were in
the range of .60 to .92.

The Army haS'begun to investigéte the impact of physical capacity
on the accomplishment of mission objectives as well as to develop 2
battery of tests which measure a broad range of physical abilities. In

- the late 1970's the Exercise Physiology Division of the U. S. Army

Research Institute of Environmental Medicine (USARIEM) was tasked by
Office of Deputy Chief of Staff for Personnel (ODCSPER) to develop, for
pilot testing, a battery of physical fitness tests suitable for screen-
ing new accessions for MOS classification during the Armed Forces
Entrance Evaluation Station medical exam. USARIEM carried out several

.studies that resulted in a battery of tests referred to as Military

Entrance Physical Strength Capacity Test (MEPSCAT). The test battery
has been given to over a thousand recruits at Ft. Jackson, South
Carolina and Ft. Stewart, Georgia (Sharp, Wright, Vogel, Patton,

"Daniels, Knapik, & Kowal, 1980).

The measures which make up the MEPSCAT include strength and cardio-
vascular measures. An individual's aerobic capacity is measured by the
step test which yields a prediction of maximal oxygen consumption (VO,
Max). It also includes several anthropometric measures for determining
lean body mass (e.g., skinfold). The incremental 1ift test, which was
developed by the Air Force involves the use of maximum 1ift capacity
(MLC) as the primary index. The test involves repetitive lifting of

- increasing weights to specific heights (e.g., 60 and 72 inches). Two

regression models have been developed whirh indicate that these measures
predict strength and aerobic capacity (Sharp et ai., 1980).
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Some preliminary steps have been taken to validate the MEPSCAT

using criterion measures which represent physical proficiency. Kowal
(1980) found that fer women the major causes of injury in Basic Training e
were lack of prior conditioning, excess body weight, high percentage of
body fat, and limited leg strength. He also reported thac the average
training time loss was 13 days and that early training or "overuse
syndrome" accounted for 42% of the reported injuries (e.g., tibial

N XA

-«
-

stress fracture, sprains and Achilles tendinitis). He concluded that it
is important tc identify these limitations before Basic Training so as

2}
A B ]
I RSN

to minimize their impact through proper remedial activities. Kowal et i;
al. (1982) found that endurance capacity was related to success in ;3
completing Basic Training. Prediction of attrition was best accom- ‘ij
plished by lean body mass in men (r = .20) and by leg and trunk strength ﬁ;
in females (r = .50). He also reported that MEPSCAT tests were predic- ;E
tive of performance in common soldering tasks. The multiple correla-. é:
tions ranged from .45 to .67. ;3
Another research project which parallels the Army's research on job -
analysis and test development has been carried out by the Women in the ;i
Army Policy Review Group (WITAPRG). A recent report by WITAPRG dealt X
with the physical standards in Army jobs and how they were related to ;f

mission, combat readiness, quality of life, and the use of female en- t%‘
listed soldiers in the Army (Women in the Army,.November.1982). This ;f
report described two major areas of research. First, Physical Demands 35?
Analysis was used as a basis for identifying the physical requirements gi
of all Army jobs (e.g., lifting). The method was derived from the job 5?
)

analysis method developed by the Department of Labor {Handbook, 1972).
There were several categories which represented different levels of

A
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I
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physical demand, i.e., light to very heavy (Fiqgure 1). -Twenty-two -
factors, which were slightly different from the DOL method, were used to
determine the physical demands of Army jobs (e.g., 1ift, push, pull,
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carry, dig, throw, and run). Based on the analysis, each job was

¢

Treted

assigned to one of the five categories. Using available attrition data
WITAPRG determined that about 50 percent of the women in the Heavy and
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Very Heavy MOS job families leave the Army prior to completion of their
first term of service. The second research area dealt with the develop-
meng of a procedure, called Nirect {ombat Probability Assessment, which
was used to cetermine tre prcbabiiity that scldiers assigned to a par-
ticular MOS would be involved in combat, Women are excluded from serv-
ing in positions forward of the brigade rear boundary where the highest

- probability exists of routinely éngaging in direct combat (i.e., P1).
Although thirty-eight MOS had been excluded under the orininal combat
exclusion policy, the Direct Combat Probability cztegorization vielded ' ”i
an additional 23 M0OS for closure.

The WITAPRG made several conclusions. First, the Physical Nemands
Analysis and Combat Probability Assessment were judged as effective
analytical tools and should be adopted. Second, the Army shauld vali-
date the MEPSCAT as soon as possible. Third, an algorithm should be
implemented which would allgw the Army to assign solgiers who have the
physical capacity al the levels required by the MNS,

The purpose of the research was to conduct a predictive, criterion-
related validation of the MEPSCAT. A large number of soldiers entering
Basic Training were given the MEPSCAT and then followed through Basic
Training and AIT Qhere data were coll=cted on the soldiers' ability to
meet the physical demands of Army training and work. A major activity

in the research was the development of Criterion Performance Tasks -
(CPTs) that measured the soldiers' physical capacity at the completicn N
of AIT. Generic.crite%ion measures were used, based on the results from ;;

the WITAPRG studv. These types of measures were expected to provide an
efficient yet effective method to evaluate competency in terms of the

important dimensions of physical proficiency found common across a larae o
number of Army jobs. : . ' o
It was not part of the research to set critical assignment scores o

s

for the MEPSCAT. Instead, the goals of the research were to establish .
the range of human performance in each of the Criterion Performa2nce

b
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Tasks and to determine the empirical relationships between these
measures and }he predictor tests in the MEPSCAT. The development of
critfcal assignment scores on the MEPSCAT was beyond the scope of the
present effort. The determination of single MEPSCAT scores for the
purpose of assigning soldiers to pérticu1ar job families was considered
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a policy decision to be made by the Army based on the present research f:i

findings.
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METHOD

Instruments

Several measurement instruments and scoring procedures were
developed. The following section describes the development of the CPTs,
Basic Training criteria, as well as the MEPSCAT predictors.

Development of criterion performance tasks. To ensure that the
criteria used in the validation were representative of the physical
activities performed across Army jobs, the results from WITAPRG's job
analyses were used as the basis for developing the Criterion Performance
Tasks (CPTs). These job analyses described MOS in terms of the level of
the physical demands and the most demanding tasks. -Using the job
analysis results provided'by WITAPRG we determined the most frequently
occurring physically demanding tasks when collapsing across all Army
Jobs analyzed. For each MOS the number of tasks in each of the 22
categories (e.g., 1ift, carry, run, march, throw and stoop) was
tabulated. The results of our tabulatior indicated that the most
frequent physically demanding activities fncluded 1ifting, carrying,
pushing, and pulling (Table 1). Results of the WITAPRG's job analysis
for one MOS are shown in Appendix A.

Iy % T

R R R R

L 1 B Py

Appendix B shows that the weight lifted in the lifting tasks ranqged
from 30 1bs to about 200 1bs. Lifts of weight over 200 1bs usually
involved more than one individual. Increasingly heavier equipment was

LA

lifted by soldiers assigned to MOS in the Very Heavy category when
_cdmpared to the Moderately Heavy Category. In the same table, the data
jndicated that the height 1ifted was most often in the range of 3 to 4
feet above ground level.

LTINS A

The carry activity was also categorized into different classes of
weights and distances. Appendix B shows the frequencies of different
weights and distances of carries for MOS of three levels of physical - C.
demands. For example, soldiers in the Very Heavy MOS category lifted
and carried cbjects weighting from 30 to 20C 1bs over a distance of 200
yards. There were a few instances where objects were carried over 880
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TABLE 1
Rank Order of Most Frequent Physical Tasks in Army Jobs!

\i Very _Moderately

¢ Heavy  Heavy Heavy
N Physical Tasks Total MOS MOS MOS -
> Lift/Lower 4% 0% 40% 43¢ X
2 Carry/Load Bear 30% ¢ 30% 28% -
j, Pull/Torque 6% 8% 6% % <
N Push 5% 5% 5% 7% N
K Climb/Descend 47 4% . 5% 3% R
-1 Reach 2% 2% 2% 1% N
- Stoop 2% 22 2% 2% 5
X Dig 4 1% 1% 1% 2% -
l Craw | % 1% 1% 1% &
4 Kneel 1% 1% 1 1% .
» Crouch 1% . 1% 1% 1% -
Hammer/Pound 12 12 12 1% :
» Stand <1% 0% 0% <1% -
1 Recline A% <% <1% <1% -
| Handle/Finger <% <% 14 <1% E
. Throw <1% Q% 0% 0% g
. Wa1k/March <1% 0% <1% <1% .
- Run/Rush <1% <1% 0% 0% 1y
: Swim/Dive : : <1% <1% 0% <1% o
i Sit 0% 0% 0 0% =
~. z
¥ '-'
] X
y e
3 :
i o
t ‘e
,
¢ Analysis of 1,999 critical tasks across all job categories (Very Heavy = ,’_
; 1,255; Heavy = 263; Moderately Heavy = 481). -
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yards but thesg were usually lighter pieces of ecuipment (i.e., less
than 85 1bs). Although similar results were found for the Heavy and
Moderately Heavy categories, the weights and distances carried were
smaller for the less demanding MOS categorfes.

Similar analyses of the push and pull activities are shown in
Appendix B. The push and pull tasks involved objects of greater weight
than the other activities (e.g., carry) but the distances were usually
no more than eight yardsl The iorque task was reported separately in
the WITAPRG job analysis. The range sf pounds of torque required is
presented in Appendix B. -

The review of the job analysis data yielded the most important

physical performance dimensions common across all Army jobs in the three

most demanding MOS categories (i.e., MH, H and VH). It provided a
synthesis of all of the most physically demanding tasks that were per-
formed in these MOS. The analysis indicated not only the four most
important types of physical activities common across all of the MOS
(i.e., lift, carry, push, and pull), but it also suggested the different
parameters and design strategies that should be used in the development
of the CPTs. For example, it indicated the range in weights of objects

. that were 1ifted and the distances obje;ts were carried and pushed.

Each Criterion Performance Task (CPT) was developed to represent
one of the four dimensions identified in the Army's previous jocb anal-
ysis efforts. Together these generic tasks measured the important
physically demanding components of Army jobs. The CPTs were developed
to be generalizable and job-related. ‘The CPTs were administered to the
soldiers upon completion of AIT.

The four CPTs (Figure 2) fnvolved 1ifting, carrying, pushing, and.
pulling (i.e., torque). Prior to designing the CPTs the conditions
under which they would be administered were reviewed to determine the
feasibility of administration at the four military installations select-
ed by the Army. Our previo''s experience in developing work sample tasks

12
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for Army jobs indicated that it was important to establish a scoring
system which provided for an unrestricted range of scores (Myers et al.,
1981). Also, since the administration of the CPTs would not take place
in a laboratory setting, the safety of the participants and the stan- |
dardization of the testiry were critical to successful conduct of the
study.

- The Lift Task was desigﬂéd-based on the job analysis results, which
indicated that lifting activities were common across physically
demanding Army jobs. The job analysis specified that three to four feet
was the height to which equipment was most frequently lifted.
Additionally, many MOS required soldiers to 1ift ftems to the bed of a
two and a half ton vehicle (132 cm). Further, research has shown that
the amount of weight an individual is able to 1ift decreases as the
height increases and this weight decreases dramatically if the height
lifted exceeds the person's chest or shoulder height (Snook & Irvine,
1967; Snook & Ciriello, 1974; Chaffin, Herrin, Keyserling, & Garg,
1977). Due to the marked difference in one's ability to 1ift heavy
items to chest height or higher, the chest (or axilla) height was
selected as the standard point to which the boxes were lifted. This

- required both short and tall individuals to 1ift to the same point

anthropometrically,

In order to account for the differences in ability to 1ift to chest
height and to standardize the testing, the literature related to anthro-
pometry of men and women was reviewed to astablish vertical lifting
heights that would be within the percentiles defined in this literature
(Churchill, Churchill, McConville, & White, 1977; Churchill, McConvill,
Laubach, & White, 1971; White & Churchill, 1977). Using chest height as
a standardized level assured that the relative height of the 1ift would
be comparable for men and women., This approach separated the height
factor from the ability to 1ift specified weights,

In the Lift Task the soldier was requested to 1ift the heaviest box
possible to chest height. A complate description of the test procedures
§s located in Appendix C. This description includes detai]s‘re1ated to
the determination of chest height and initial weight selection.
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Initially the object to be lifted was a piece ot Army equipment normally

“handled by one soldier. However, the variability in sizes of such equipment

presented measurement problems in that as the size varied with increases or
decreases in weight, the torques (moment of force) placed upon the musculature
of the lumbosacral area of the back also varied. Therefore, variation in size
objects could increase the difficulty of the 1ift as well as increase thz risk
of injury. Further, there were difficulties in procuring identical eauipment
at each military installation. Therefore boxes of uniform size (i.e., 20" «x
12" x 15") were constructed at each military installation. Each box was filled
with materials so that it weighed the desired amount (i.e.,'do_lbs. to 200
1bs.).

J

The Carry Task was designed based on the job analysis results, which
indicated that carrying activities were common across physically demanding
Army jobs. Past research related to manual materials handiing has demonstrated
significant gender differences in the ability to carry a maximum amount of
weight (Snook & Ciriellu, 1374) The rationale for using the heaviest weight
lifted to chest height centered around the safety aspects related to
performance of the task and the need to maximize the range of scores, thus
reducing the potential for range restriction. For examile, if an individual
carried the heaviest possible weight to chest height, the distance carried
might have been very short and the risk of injury might have been greater. In
this research, individuals carried the assigned weight at waist height. A : —
complete description of the Carry Task is located in Appendix C. .

The job analysis results indicated that pushing activities were cormon ;
across Army jobs, and therefore, the Push Task was developed. Although :
isometric pushing forces have been measured in past research studies, little
research has invoiv.d dynamic pushing. The research related to isometric .
pushing has shown that hand and foot placement, bodv position, and tractinn had 'i ;
an effect upon the amount of force that couid be generated (Ayoub & McNaniel,

1974; Caldwell, 1964; Kroemer, 1969). The lack of reseach related tc Jynamic
pushing is partially due to the difficulty in maintaining a constant .
coefficient of kinetic friction (u.) and in determining the coefficient of .

static friction (u.).
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To minimize the problems associated with dynamic pushing, three
factors were taken into consideration. First, a sled was designed which
could withstand both the vertical and horizontal pushing forces exerted
by the soldiers. In an attempt to standardize the coefficient of fric-
‘tion between the sled and the plywood runway at the four fnstallations
and to minimize the Army's constructon costs and time, a sheet of Type
304/18 gauge (0.048 inch thick) stainless steel was mounted on the
bottom of the sled. Further the type of plywood (A Ferr) was also

specified.

Seéond, to standardize the body position, the soldier pushed at the
point which corrésponded to 70 percent of the soldier's height. The
selection of 70 percent was based upon past research by Kroemer (196°),
who determined that the greatest force could be applied in this posi-
tion. Finally, the footwearvspecified for the testing session was Army
issue combat boot:. Use of non-issue boots (i.e., jump boots) or per-
sonal footwear would have allowed for excessive variance in the amount
of traction the soldier could attain,

Since sandbags had to be used for weight due to the lack of avail-
ability of marked lead weights, the administrators were instructed to
weigh the sandbags prior to each test session to determine if the weight
was correctly marked. If the weights were incorrect, bags were filled
to maintain the correct weight. A complete description of the Push Task

is found in Appendix C.

The Yorque Task was designed because the job analysis indicated
that many physically demanding Army tasks involved pulling movements for
such activities as engine repair or changing tires. These tasks
consisted of torquing movements with wrenches (e.g., luge, torgue, open
end). A hydraulic system was considered in the design of the torquing
task; however, the cost and lack of technical services at the four
military installations prohibited the use of such a system, Therefore
an isometric pulling movement that simulated the use of a torque wrench
was designed. - '

The Torque Task required a soldier to pull on a torque wrench until
maximum force was attained on the dial. A boit was welded to a plate

16
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and fastened to the shelving standard. The torque wrench was placed on
the bolt at a 45 degree angle to reduce the magnitude of force the
soldier could generate. This ensured that the forces would not exceed
the maximum of the torque wrench (600 ft-1b). As described for the Lift
‘Task, the anthropometry literature was used as the basis to standardize
the vertical height at which the soldier pulled on the torque wrench
(Churchill et al., 1971; Churchill et al., 1977; White & Churchill,
1977). To eliminate the factor of body weight in the task, the instruc-
tions specified that the soldier must lean against the shelving stand-
ard. A complete description of this task is located in Appendix C.

The length of the moment arm in the Torque task was one foot.
Therefore the force in pounds was recorded directly from the dial.
- Since the moment arm was not perpendicular to the force generated by the
soldier, the known values were substituted into an equation to obtain
the force value (i.e., Torque = rFsin 6, where r is the radius, F is
‘the force, and 6 is the angle (45°) between r and F).

} To provide consistency in the units of measurement with the USARIEM
data, the English units associated with the CPTs were transformed into
metric units, '

Basic training criteria, Several other criterion measures of
physical capacity were selected. Physical Proficiency Test scores
(i.e., Sit-ups, Push-ups, and Run), sick call, profiles, and separation
data were collected because they were expected to indicate a soldier's
ability to cope successfully with the physical demands of Army work
(Figure 3). The Physical Proficiency Tests were selected for two
reasons. First, this training has been shown to be an important
component of a soldier’'s physical readiness and is required to complete
Basic Training. Second, the professional guidelines established by the
American Psychological Association (Principles, Division 14, 1980)
stipulate that measures of training effectiveness should be a part of a
validation study because of the need to consider improvement in
abilities that may take place during this time period. In contrast to
Physical Proficiency Test scores, the medical and separation criteria
were found to be often confounded by other variables such as attitude
and motivation. For example, the accuracy of the reasons stated for
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; separation were varied and uncertain., Therefore, analyses related to
: these criteria were secondary to those involving the CPTs and Physical
b Proficiency Tests.

" Description of MEPSCAT. The MEPSCAT was developed by the Exercise
' ~ Physiology Division of the USARIFM (Sharp et al,, 1980). In the present
-reseafch, the battery included six tests (Figure 4). The tests assessed
several areas of physical capacity including body composition, isometric
N and isotoniq strengths, and aerobic capacity (Appendix D). USARIEM

i, : selected these tests because they were'hypothesized to be predictive of

» physical performance in physically demanding job tasks (Robertson, 1902,
Kowal, 1980; Sharp et al., 1980).

Procedure

The specifications for the CPTs were sent to officials at each
installation so that the necessary equipment could be obiained (Appendix
C). Initially, the installations were requested to obtain actual Army

. equipment for the Lift and the Carry Tasks (Appendix C, p. 22).
However, the Army was unable to procure the same equipment at each post
or even similar equipmeht with the same weight and dimensions.
Therefore, in order not to undermine the standardizaﬁion and reliability
in the CPT administration, the request was revised. ;Hooden (20" x 12" X
15") boxes were constructed at each installation and weighted to the
pdunds specified. ‘ %"
| We conducted two-day_training sessions in CPT a miniétration at
each -installation (Forts Lee, Gordon, Jackson, and Sam Houston). These
sessions consisted of presentations're1ated to instrdctions and scoring
‘procedures or th: first day, followed by practice adéinistration of the
ZPTs to a small group of soldiers on the second day.b Research staff
d were present dn the first day of the actual CPT administration to ad-
dress problems with scoring or administration. A copy of the score

sheet used for administering the CPTs is in Appendix E.

« 8.0 SENNNES ) LS 4. GBIV STV 'Il-a'n'A"z’..:.A‘-'f,{;i.'.'.'

Research Participants

Research participants were 980 male and 1,003 female soldiers.
Figure 5 shows the schedule which was followed in the validation. The
MEPSCAT was administered by USARIEM before and after Basic Training, and
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again after AIT. The number of soldiers who took the MEPSFAT varied
with time of administration. The sample of soldiers who took the test
battery at the end of Basic Training was small because it was to be usad
in an anaiysis which addressed an issue considered less important than
the validation. This secondary analysis examined the change in physica)
proficiency as a function of training. ' o

The CPTs were given at the end of AIT to soldiers who had taken the .
MEPSCAT before Basic. About 53 percent (or 1,042) of the original group e
of 1,983 soldiers who took the MEPSCAT before Basic were not given the -
CPTs at the end of AIT (i.e., 513 women and 529 men). There were ' &f
several reasons for this loss of participants. First, officials at _lﬁ‘
several of the installations assumed that testing did not have to be . ;E
ready to begin until January 1983; therefore, students in the sei?;paced
AIT schodls graduated without taking the CPTs. Second, the administra-

tors responsibla for giving the CPT at the end of AIT did not have a fﬁ
complete 1ist of all MEPSCAT participants. Third, some soldiers whe had o
taken the MEPSCAT before Basic at Ft. Jackson may have been subsequently ;-

given a different M0S and sent to an AIT school not located at one of
the four military installations (Forts Lee, Gordon, Jackson, and Sam e
Houston). v
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RESULTS

Descriptive Statistics Based on Total Sample

- Characteristics of examinees. The sample was composed of 1,983
soldiers (980 men and 1,003 women) with a mean age of 20.0 years (Table
2). The men's height and weight were 175.1 cm and 72.9 kg, respec-
tively, while the women's were 162.6 cm and 58.5 kg (Table 2).

MEFSCAT total sample. The means and standard deviations for the
MEPSCAT are presented in Table 3. The label pre-Basic indicates the
soldiers who took the MEPSCAT before Basic Training., Post-Basic is the
label used to identify a subsample {n = 202) of soldiers out of the
oricinal 1,982 who also took the MEPSCAT at the end of Basic Trainina.
This post-Basic group was used to establish the level of improvement in

‘the MEPSCAT following eight weeks of training. Finally, post-AIT was

another subsample defined as the soldiers who completed Advanced Indivi-
dual Training (AIT) in a specific MOS. Paired T tests were used to
probe for significant differences between these three administrations of
the MEPSCAT (Appendix F). '

As mentioned previously, the MEPSCAT Battery consisted of six
tests: Lean Body Mass (Percent Body Fat), Handgrip, Lift 60 Inches,
Lift 72 Inches, Upright Pull (38 cm), and Predicted Max V05, Percent
Body Fat (% Fat) was used to compute Lean Body Mass (LBM) from the
following equation:

Equation 1: LBM = Body Weight (kg) - ¥ Fat X Body Weight (ka)

Since LBM is a derivation of % Fat, these concepts will be discussed

- - simultaneously. Although the total sample exhibited little change in ¥

- s e e e -

Fat, there was a significant (p <.001) increase of 3.1% in LBM from pre-
Basic to post-AlT. The total sample had a pre-Basic X Fat of 20.7% and
an LBM of 52.1 kg. The post-AIT % Fat and LBM were 20.5% and 53.7 kq,
respectively.

23




ORI T A At o | ALV SR .. RS PR ..-..-.... w .\. -\.\....- N
¥ AR Wv - vl w-.r.-.f.r...\.-‘-..— . ............. .fm..., RO, .. -. .m. s v_.*

» Ll

s .-

*6uy3say LyISdIW LRIV &

(98p=u) (S9%=u) (156=u)
{6°9) L°19 (6°8) 6°¢¢ (o°ot) v°£9 6 11V 3sod
(2L1=u) (06=u) (202=u)
(£°9) €719 (9°¢) s°¢€¢ (2°6) £°99 6 J1seg 3504
(£00° L=u) (086=u) (€86° L=u)
(£°9) §°85 (8:0l) 6°2¢ (s 1t) 9°s9 ] dyseg auad 3ybLay <«
~N
(£00° {=u) (086=u) (€86° L=u)
(€°9) 9291 (8°9) 1°su1 (1'6) 8891 un 463K
(€£00° L=u) (086=u) (£36° {=t) .
(€°¢) v-02 (s-2) s°61 (0°g) 0°02  sdea, «1W] 30 aby
(‘a°s) x (*a's) x (*a's) X s}pun
UDWOM uay lejoj

S93UjwWex3 JO $I}3S|JI}IRARY)

¢ 1avi

P R s e IR

e W ™



1003 d 4o
1073 d o8
50°> d o
(9ey=u) (S9v=u) (1:6su)
" seel9°0Y (5°0) c°sY (€*9) 9°29 (2:o1) ¢'¢s 6y 1llv-3s04
(2t1sv) {06=u) (202-u)
€6 *#355°€2 (Le) 2°9» (¢°s) oe9 (L6) L°¢es 5y ojseg-isod
(£00° t=u} (086s=u) (€86° L=u)
02 ves00° {9 (20 Lty (8-9) 09 (z'0t) t-2s 5y d)seg-dud
ssey Apog uedy
(9gy=u) (59¥=u) (156eu) “
oLl essl6 2P (8°¢) £°s2 (8:¢) 1°s1 ($°9) 5§02 3 llv-asod
. . {2t1au) (06=u) (202=v)
$°cLl seeh9° 12- (v'e; €02 (re) ot (L1°9) ¢°61 3 Jjseg-150d
{£00" L=t} (0864v) (£86° 1au)
6°¥51 e d8°20 (67€) 1’S2 (2°s) 29\ (r9) 2 $  JIseg-d4d 304 WINN
409§ udeon pue ome eme Y $
. 30 uan vaoniog ("as) x ("a's) x (ra's) x 30
26032434 anjep uawon uM #1304 ,
$ , UIwon (93vandag) ) , |

USWOM PUR U3} 3O SAUA0IS YISdIH UeaN
| £ NVl

25

S g T T T ym e

TR TR YT AT, TAaTaNqT g

I R v R T

L S

LA T S il WS




3 d e
10° > d 48
S0 >d,
(18¥=u) {09pau) (1¥6su)
0°'6y 008295 (0°s) ot (o tl) 129 (0°81) 6°S¥ .9_ 11v-31s04
- (601=u) (06=4) (c6l=u)
§°2 se96°€2 {ecs) eue (0ot) 9°65  (2°91) t°v 81 d)se8-3504
(986=u) {696su) {556 tsv)
sy sss80° 98 {¢'y) 9°s2 (s-ot) ¢£'95 (s ¢t) o'ty by dseg-duq U1 2L UN
. (tgysu) (09¥s=u) (E¥6=u) :
§°2§ »e089°55 (9°S) v'»t (6701) 559 (L°et) 9ev b 11v-31%04
. {60t=u) (06su) (661=u) :
L9 sesl6°cZ (0°9) ¢°s¢ (6°6) 0°¢9 (s:st) o'ey by  dyseg-3s04
(986=u) {696=u) (556°tsu) -
6y sse0L°08 (y's) 8°62 (¢'o1) 9°09 (5°L1) sy 6x  9yseg-aug ul 09 4 "
(¥8yau) (29¥sv) (9%6u) o
' el OV (9°5) e {°t) 92 {9°11) 6°2» o 11y-1304
. (211=4) {06su) {202=u)
9°29 sef8°0¢ {e'y) 1cg (8°L) t°2s fLo1t) 8ty )] Jyseg-31s04
: {666=u) {9L6=v) ~ (S16° Lsu)
{19 sosfi) 65 (s°s) 2 ot (€2} viy {s01) ¢°8¢ 6x Jyseg-dad djabpury
. ...nuumo © udeon Bu. (‘0°s) 2 (‘as) 1 ("e's) x s3jun 3594
. ) u Uy
bnuariag u:!._; uason uan #1304
$, Uawon {nvasvdag) 1 ,
(panuy3uc) ¢ 31gvL
SR R AR A ..... AV . REAAA RS ......... R » NI
-.Bl.-.hh ”o - Ht.n ‘PJ.-L - m ..-l\lﬁi.- silllit\ KON Ab-.’r.i'“..” HH”MW o‘f n- f\f\f\f .a f .l..-\ Py 4




|
|

aao

vivivi
L ] : ;

58

(899=u) (25¥u) (026su)
9°08 ses¥0 12 (0°¢) 820 () tes (0°6) 6°Ly  q_Uiwey by |w 1Iv-3s0d
(s01=u) (68=v) (¥61=u)
§°8L 000266 (e 9oy (8°) L1 (5°6) £°Sy 1 uiweq by-(w  J)seg-3sod
‘ {655=u) {StL=v) {vee* tsu) 2
0°8¢L wesll’ 2 (8°9) 5°9¢ (€2) 89 (£°8) 8°1y g _vim-y Byeju  Jyseg- 344 “OA xeW PINIPIYd
(£8y=u) (19y=u) (rv6=u)
(] »405°8€ (1re1) 2°s6  (Lvej el (2°9€) v L2t ) | 11y-3¥s04
{601=u) (06=u) (66t=u)
1 ) 29961 (9:2t) s°16  (v-12) Z'2vL  (9°0€) v ¥lL 2] J3508-3504
(000* t= 4} (vL6=4) (9£6° t=u)
819 weoff 65 (s°e1) trer (Z2) 82t (£°62) 9°00L 6% Jyseg-a4g {ind 4Epadn
s 35035 ..uu.o...ah_,.uu (‘a's) x (-as) x (as) x s14u) 383}
R o
&S.ﬂuuua angep Uuwon UM a0y
S, Udmon (91eavdag) |

(panuijuo)l) ¢ 319¢lL

27




L
v
‘e

“

P
A
L)

=
R

Wy
G0
[ O W]

. ¢ (]
QRN ~

DAY~
LN -'Q.u e &

<

LN

XX AN
L}

o~y

. AR
'l«!t."

- "' .“l ."
LA '/"ff.a

‘.’I’. Iy

)

. -
e

[3

B AR 4
bl As;')

.

8

e
A

\
X

AL
‘.J

LS

WORR | HCA G

]
v

The strength tests consisted of the Handgrip, Lift 60 and 72, and
Upright Pull. The mean for the Handgrip was 38.7 kg at pre-Basic and
42.9 kg post-AIT. The scores for the Lift 60 and 72 of 45.1 kg and 41.0
kg, respectively, were similar to the pre-Basic scores. Likewise the
scores at post-AIT, 49.6 kg and 45.9 kg, only differed by 3.7 kg. The
pre-Basic and post-AIT means for the Upright Pull showed the largest
{mprovement rising from 100.6 kg to 121.4 kg. These improvements on the
strength tests ranged from 10.9% to 20.8% and were all significantly
different (p <.001). ‘ '

The predicted Maximal Oxygen Consumption (Max VO,) at pre-Basic,
41.2 m]-kg’l‘min'l. was above average for a normal population with a
mean age of 20. Following Post-AIT it increased significantly (p< .001)
to 47.9 ml-kg-l-min-1.

The subsample of 202 soldiers who were given the MEPSCAT at post-
Basic improved significantly (p <.001) on all the MEPSCAT tests. The
percentage of improvement ranged from a 3.1% for LBM (52.1 to 53.7 kg)
and 7.6% for Lift 72 (41.0 to 44.1 kg) to 13.7X for the Upright Pull
(100.6 to 114.4 kg). Similar improvements were seen from post-Basic to

‘post-AIT on Upright Pull (p <.001), Max VO, (p <.001), Lift 72 (p <.01),

and LBM (p <.05). However, this subsample showed no improvement on the
Handgrip or Lift 60. Conversely, there was a significant {p <.001)
increase in ¥ Fat from post-Basic to post-AIT. Results of tne MEPSCAT
for this subsample indicated that improvement did take place from pre-
Basic to post-Basic and that these levels of fitness either remained
stable or improved following AIT.

The level of performance on all measures was ahout the same when
,comparihg scores based on the suybsample of 202 soldiers with those based
on the total sample. When this post-Basit subsample was compared to the
total sample on the MEPSCAT at pre-Basic, post-Bas?c, and post-AIT no
significant differences were found. When the subsample and total sample
were compared on the CPT's a significant (p <.05) difference was only
found for the Lift Task (Appendix G). Similarly, o the Physical
Proficiency, significant differences (p <.05) were fiound for only the
running task.
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Criterion performance tasks. On the average, the total sample was
able to 1ift 40.7 kg to chest height (Table 4). EacH eaaminee carried
the heaviest weight lifted as far as possible (maximum 60.96 m), which
resulted in a mean value of 4,349.3 kgm. Following the Push pretest,
the sled was pushed as far as possible (maximum 18.29 m) in 30 seconds,
which resulted in a mean score of 2,116.1 kgm for this task. The mean
for the Torque Taék, generated from threz trials, was 1644.53 N for the

total sample.
Physical Proficiency Tests. The Physical Proficiency Tests con-

sisted of Push-ups, Sit-ups, and a One Mile (pre-Basic) and Two Mile
(post-Basic) Run. Table § shows that significant (p <.001) improvement

was made from pre-Basic to post-Basic in the Push-ups and Sit-ups. The

means for the pre-Basic and post-Basic Push-ups were 16.3 and 33.3,
respectively.' This represented a 120.2% increase. The Sit-ups in-

creased from 40.4 to 57.8 or a 45.8% increase. The One Mile Run mean at
pre-Basic was 8 minutes and 15 seconds (495 seconcs) and the post-Basic

Two Mile Run was 15 minutes and 52.8 seconds (952.7 seconds). The

percent improvement could not be calculated based on time to complete

the Run. Therefore, the times for each soldier were converted to
m1-kg'1-min'1. The score for the pre-Basic One Mile Run was 44.7
m1-kg'1-min'1, while the score for the post-Basic Two Mile Run was 45.0
m1-kg‘1-min‘l. Thus the soldiers improved their oxygen uptake from pre-
Basic to post-Basic. In order to standardize the Run times, all further f‘
analyses (e.g., regression, correlation) used the oxygen uptake value
instead of the Run time.

Gender Differences

The following sections give an overview of the differences between
men and women on the MEPSCAT, CPTs, and Physical Proficiency Tests.
Hotellings 12 analysis was used to test for overall gender differences- |
in the MEPSCAT, CPTs, and Physical Proficiency Tests due to the high |
interrelationship of physical performance parameters. Following the
Hotelling's T2 analysis, sepurate univariate t-tests were computed to
probe for differences. The t-value used was either T (separate) or T
(pooled) depending upon the test for homogeneity of variance.
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MEPSCAT. The results of the Hotelling's T2 indicated that there
were significant (p <.001) differences between men and women at each of
the testing periods. The data presented in Table 3 indicate that the
men had a significantly (p <.001) higher LBM of 52.1 kg pre-Basic
compared to 43.7 kg for the women. This pattern remained the same
throughout post-Basic and post-AIT with the women's LBM being 72,.0% to
72.8% of the men's. These results were similar to those found in past
research which indicated that women's LBM was 43.5 kg to 45.9 kg and
men's was 62.4 kg to 66 kg (Daniels, Wright, Sharp, Kowal, Mello, & '
Stauffer, 1980; Sharp, et. al., i980). Both the men and women showed
significant (p <.001) increases in LBM from pre-Basic to post-AIT.

The women were found to possess a significantly (p <.001) areater
amount of body fat. When the women's ¥ Fat was expressed as a percent-
age of the men's, the women at pre-Basic were found to possess ‘54.9%
greater fat than men and 70.2% greater at post-AlT. Although the men's
% Fat decreased significantly from pre-Basic to post-AIT and the women's
increased significantly, these increases and decreases were within mea-
surement error (i.e., 3%). Further, women usually have approximately 5%
to 9% more essential body fat stored in bone marrow, organ tissues, and
tissues in the spinal cord and brain than do men (McArdle, Katch, &
Katch, 1981). The % Fat for men (14% to 16.2%) and women (24.3% to
25.7%) was within the ranges found in past research on U.S. Army per-
sonnel (Daniels et al., 1980; Sharp et al., 1980).

The men denonstrated significantly (p <.001) higher scores on the
four strength tests at pre-Basic, post-Basic, and post-AlIT (Table 3).
The women's percentage of the men's score ranged from 45.1% to 64.3%,
with the women more closely approximaging the men in the Handgrip and
Upright Pull, The men's Upright Pull ;és”iéi;ﬁwiﬁiaf bbéi;itf'aﬁa'thé'
‘women's was 95.2 kg (78% of men's score), as opposed to the post-AIT
Lift 72 scores for men and women of 45.9 kg and 30.4 kg (66.2% of men's
score), respectively. These results were similar to past research which
indicated that the absolute strength of women in the upper and lower
body was 50% to 70% of those for men (Berger, 1982; Wiimore, 1982;
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Laubach, 1976; Cooper, Schemmer, Gebhardt, Marshal]-Mies; & Fleishman,

1982; Knapik, Kowal, Riley, Wright, & Sacco, 1979; Knapik, Vogel, &
Wright, 1981). Further, both the men and women demonstrated significant
(p <.001) increases in all strength tests from pre-Basic to post-AIT.

Although the Max VO, was significantly (p <.001) different, between
men and women, the women's score of 42.8 ml-kg “L.min-1 was 80.6% of the
men's mean of 53.1 ml-kg ~Lpin-1 at post-AIT. Both groups showed
significant (p <.001) improvement from pre-Basic to post-AIT with the
men increasing 13.5% and the women 17.3%.

CPTs. The men's scores in the four CPTs were greater (p <.001)
than the women's (Table 4). The men were able to 1ift 50.8 kg and the
women lifted 30.2 kg or 59.4% of the men's lift, Likewise the women's
scores in the Carry Task was 3,195.0 kgm or 58.3% of the men's 5,477.2
kgm. However the women were able to score proportionally higher ir the
Push and Torque Tasks with scores of 1,638.5 kgm and 1,351.1 N, respec-
tively. These scores were 63.5% of the men's Push Task score (X =
2,581.8 kgm) and 69.6% of the men's Torque Task score (X = 1,940.5 N).

-Phyéica1 Proficiency Tests. The women's scores on the Push-ups,
Sit-ups, and Run ranged from 34.4% to 92.2% of the men's across pre- and
post-Basic (Table 5). The men's scores were significantly (p <.001)
better than the women's on all three tests. Initially the women were
able to perform 7.6 Push-ups to the men's 16.3. However the women im-
proved to 21.8 or 186.8% improvement. This improvement brought the
women to 49.3X of the men's post-Basic score of 44.2. In the sit-ups
the women's percentage of the men's performance at post-Basic was 92.2%
with the women's mean being 55.5 Sit-ups in 60 seconds and the men's
60.2. This percentage (92.2%) is slightly higher than the ones reported
by other researchers for the trunk musculature (Berger, 1982; Myers et
al., 1681; Myers, Gebhardt, Crump, & Fleishman, 1983). Finally the
women's times for the One and Two Mile Runs were @ minutes 38 seconds
and 17 minutes 47 seconds, respectively, and the men's were 7 minutes 25
seconds and 14 minutes 6 seconds.
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Test-Retest Reliability

The test batteries ‘and criterion measures (i.e., MEPSCAT, CPTs, arnd
Physical Proficiency Tests) were evaluated for test-retest reli-
ability. The reliability of the CFTs was evaluated at the four military
instaliations, while the other two measures had been evaluated in pre-
vious research efforts. ‘

MEPSCAT. The MEPSCAT tests have been shown in past research to be
reliable measures of strength and cardiovascular endurance. The Upright
38 cm Pull was reported to have a reliability ranging from .39 to .97
(Cooper et al., 1982; Knapik et al., 1981), while the Handgrip had a

_re]iability of .91 (Fleishman, 1964; VYogel, Note 1). The lifts to 60
and 72 inches have a reliability of .90 (Vogel, Note 1). The methods

and pirotocols (step test and bicycle ergometer) used to determine the
predicted Max VO, have been shown to be reliable and interchangeable
measures of Max VO, {(Astrand & Ryhming, 1954; Vogel, Note 1). The

"reliability of the Step Test protocol developed by USAPIFM was .88

(Vogel, Note 1). Furthermore, the test.retest reliability of skinfold
for the determination of percent fat has been shown to be .95 (AAHPERN,

1980).

CPTs. The reliability of the CPTs was determined by retesting 123
(men = 60, women = 63) MEPSCAT soldiers at the four military installa- .
tions (Lee, Gordon, Jackson, and Sam Houston) with a one to three day
interval between administrations. The correlations between the scores
obtained in the two test sessions were calculated. The resulting esti-
mates of test-retest reliability are presented in Table 6. A1l of the
CPT test scores showed considerable stability over time. Reliabilities
for the Carry and Push Tasks were expected to be Tower because of the
single trial nature of the two tasks, and the uncontrollable variation
in such factors as motivation of the soidiers and friction between the
sled and the runway.

Physical Proficiency Tests. The reliability of th2 Physical Pro-
ficiency Tests has been establishad by past research over several dec-
cades. Fleishmén (1964) demonstrated a fe]iability of .88 for Push-ups
and .72 for sit-ups. Other researchers have found these reliabilities
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TABLE 6

Test-Retest Reliahility for the
Criterion Performarce Tasks

,,,,,,,

Lift Task

. ."P‘ e s A

Carry Task

T

M

Push Task

Torque Task

Total
.90
(n=123)

64
(n=123

v
(n=122)

.92
(n=104)

Men

.67
(n=60)

.57
(n=60)
(n=60)

83

(n=52)

Women
.69
(n=63)

.45
(n=63)

.69
(n=62)

.82
(n=52)
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for Sit-ups to range from .68 to .94 (AAHPERD, 1980). Correlations =
between runs of various distance and Max V0, have been found to range o

from .54 to .90 for males and females (Cooper, 1968; Katch, 1970). ::;
Correlational Analysis of Pre-Basic and Post-AIT MEPSCAT Measures EE
Appendix H contains a complete correlation matrix of the following fQ
measures: Sex, Age, Height, Heighf, MEPSCAT measures at pre-Basic, Tf
post-Basic and post-AlT, CPT measures, and Physical Proficiency measures ?:
at pre- and post-Basic. This matrix contains the correlations for the : S
total MEPSCAT sample (T). and the men (M) and the women (W) separately. {:3
The correlations between the pre-Basic and post-AlT scores on the . 2¥
MEPSCAT for the total sample were quite high overall (Table 7). They -Ef
ranged from .86 to .98, with the exception of .66 for the Max vo,. ;é
Athough the separate correlations for men and women (r = .48 to .94) =3
were lower, they basically paralleled those for the total sample except ;;
for men's and women's Max V0. é?
Analysis of Medical Data ;:
. N

Medical data were collected on the total sample in order to deter- i%

mine if there were relationships between sick calls and days on profile 3&
(i.e., restricted duty), and scores on the MEPSCAT. Figure 6 wr
i1lustrates how the medical data-were organized for analysis. Table 8 %g;
presents the numter of sick calls for men and women during Basic 32
Training. The results of this analysis were similar for both groups in 23
that 62% of the men had no sick calls and 59% of the women had no sick ;;
calls. Likewise the remaining percentages for one through six or more ;§~
sick calls were similar for men and women. i
The sick calls were categorized by body system (e.g., musculo- =
skeletal, cardiovascular, etc.) to determine which system accounted for .;;
the majority of the sick calls in the total sample, and the men's and ;§
women's sample (Table 9). Due to the infrequency of sick calls in the ;S
neurological, visual, auditory, skin, and hemopoietic systems a cateqgory —EL
of "other™ was created to form a composite of these systems. The re- ;}
sults indicated that the musculoskeletal system accounted for the great- Ei
est percentage of injuries (i.e., 56%) followed by the respiratory ;2
3
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TABLE 7

Correlation Between Pre-Basic and
Pest-AlIT Scores for the Total Sample on the MEPSCAT

c MEENRA A . e PN SR T v

- s

-

g

- s

b S

o

— o ds

Handgrip

Lift 60

Lift 72

Upright Pull

Lean Body Mass

Percent Fat

Mo« VOZ

~Tetal

.92
{n=346)

.95
{n=933)

W95
{n=931)

.86
(n=9434)

.98
(n=951)

.88
{n=951)

Men

9
(n=462)

.80
(n=459)

.80
(n=459)

.63
(n=461)

.94
(n=465)

07
(n=465)

Women
75

(n=484)
.69
(n=474)

.68
{n=472)

.58
(n=483)

.92
(n=486)

.73
(n=486)
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TABLE 8 | o

Number of MEPSCAT Soldiers Who Had One or More
Sick Calls During Basic Training

3
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" Number of Sick Calls Number of Men Number of Women
During Basic Training (n = 980) (n = 1,003)

'y

0 - 607 62% 589 59z
1 | 20 2% 188 - 195 :
9 02 14 Ny - N
a1 a% 57 6% 2
7 27 3
9 % 21 2% P

or more 6 1% 7 1%
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oLy

Percentage‘of Sick Calls 1or Men and Women
Classified by Body System!

Total Men Women
System? (n = 787) (n = 372) (n = 414)
Mdsculoskeletal 56% 50% 67%
Cardiovascular 5% 6% 42
Respiratory 12% 15% 1%
Gastrointestinal 5% 7% 5%
Genitourinary 5% <1% 10%
Other 14% 17% 11%
Missing Information 3% 4% H
Total Number of Sick Calls 1,51 668 768
Number of Sick Calls Adjusted 668 692
for Different Sample Size

49% 51%

Percentage of Sick Calls for
Men and Women Adjusted for
Sample Size Difference

1 Columns méy not sum to 100 due to rounding error.

2 See Figure 6 for the specific symptoms in each bodily system.
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system (i.e., 12%). Similar recults were found fcr both the men's and
women's samples, with the musculoskeletal system accounting for 67% of
the women's sick calls and 50% of the men's. However, the women did
have a greater percentage of sick calls related to the genitourinary
system. When the total numter of sick calls was adjusted for sample
size, the women were found to account for 51% of the total sick calls
and the men for 49%, |

The musculoskeletal injuries were further divided by body part and
gender (Table 10). The qreatest percentage of the musculoskeletal sick
calls for the total sample were associated with the feet, knee.vback,
ankle, and leg. Although simiiar percentages were found in the men's
and women‘s sample, the women did have a higher percentage of leg in-
juries than the men,

Table 11 illustrates the number of sick calls for men and women
that resulted in days on profile (i.e., restricted duty). For example,
16 of the men's sick calls and 12 of the women's resulted in one day on
profile; while 39 of the men's sick calls and 69 of the women's resulted
in five days on prnfile. When the total was adjusted for differences in
sample sizes, the percentage of profile days for men was 40%¥ and the

'percentage of profile days for women was 60%.

In summary, the medical data indicated that sick calls and profiles
were primarily related to the musculoskeletal system, Further, women
were not receiving a greater percentage of sick cails than mén, but did
account for Z0% more days on profile.

Correlations Among MEPSCAT Measures

for the strength measures (Table 12). However, the correlations between
these strength measures and Max VO, were lower, ranging from .40 to

.47. These results demonstrated that there was some independence be-
tween the strenqth and cardiovascular measures,

Validity Analysis

Validation using separation and medical data. The separation deta

(i.e., medical discharge, recycle, and an AR-635 discharge) were
correlated with scores on the MEPSTAT to determine if significant
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TABLE 10

Percentage of Sick Calls for Musculoskeletal System
Divided by Body Part and Gender!

Musculoskeletal System

Body Part Total Men Women
Feet 26 26 26 .
Knee 18 16 20
Back 17 16 17
" Ankle 13 12 13
Leg n 7 13
Shoulder 4 5 3
Arm 2 3 1
Hip 2 2 2
Toes 2 3 1
Groin 1 3 0
Fingers 1 1 <]
Hands 1 2 <1
Neck 1 2 1
Side | <l 1
Head <] 0 <1
Abdomen <] 0 1
Wrist <] 1 1
Elbow <1 <1 <1
Number of Sick Calls Related to the 849 332 517

! Columns may not sum to 100 due to rounding error.




TABLE 1

Total Number of Days on Profile* bty Gender

Total Total
Cumulative Cunulative
Number Kumber
Number of Number of of Sick Number of of Sick
Days on Sick Calls . Days for Sick Calls Days for
Profile. for Men Men for Women Women
1 16 16 12 12
2 24 64 43 98
3 19 N LY 521
4 10 461 16 585
5 39 656 69 930
6 ] 662 8 978
7 2] 809 77 1,517
8 9 881 6 1,565
9 0 881 2 1,583
10 5 X)) 12 1,703
n 0 9 0 1,703
12 1 943 3 1,739
13 0 943 0 1,739
14 ] 957 S 1,809
15 2 987 2 1,839
16 0 987 0 1,839
17 0 987 0 1,839
18 0 987 0 1,839
19 0 987 0 1,839
20 2 1,027 0 1,839
F4] ] 1,048 2 1,881
> 4 1,136 2 1,925
Adjusted Totals 1,136 1,734
for Different (n=373) (ne414)
- Sample Size
_’.:," Percentage Adjusted 40% 60%
f_.: for Sample Stze
< Difference
: v
nd . )
Fr Restricted duty (e.g., light work only).
i |
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relationships existed between these variables, The percentage of the
total! men's and women's samples that completed Basic or were separated
from the Amy is presented in Table 13. The percentage of the total
sample that completed Basic Training was 78X. When the sample was
separated by sex, 82X of the men and 74X of the women completed Basic

Training. 9f those soldiers separated or recycled 4% re;eived a medical

discharge, 9% received a discharge under AR-635, and 2% were recycled.
Similar percentages were associated with the men's and women's
samples. It should be noted that there was a higher percentage of

missing information for the women.

To investigate further the relationships of the separation and
medical data with the MEPSCAT, correlations were computed (Table 14).
Several significant correlations betwean the total number of days on
profile and the MEPSCAT were found. The correlations betweer days on
profile and the predictor tests and the criterion measures may have been
present due to the inability of those s£1d1ers on profile to participate
in physical training. In contrast to pre-basic MEPSCAT the sick calls
for the musculoskeletal system were found to be significantly related to
post-AIT MEPSCAT with correlations rangﬁng from -.14 to -.21 (p<.01).
Although the correlations for both the muscu1oske1eta1 system and the
total of all systems were statlst1~a11y significant, they did not reach
a level of practical significance. Th1s indicated that the MEPSCAT
would probably not be useful in pred1ct3ng days on profile.

Furthermore, the separation data (i.e..!med1ca1 discharge, AR-635 dis-
charge, and recycle) yielded no firm indication that the MEPSCAT wculd
predict separations from the Army. Thérefore the medical and separation
data were not used in further eva1uatiﬁg the MEPSCAT's validity.

Validation using basic training criteria and CPTs. The validity
coefficients, correlations between criterion measures and predictor

variables for the total sample, and for the male and female samples, are

shown in Table 15. The predictors that had the highest validity
coefficient for two or more of the criterion measures were the Lift 60
and Lean Body Mass. The correlations between Lift 60 and the CPTs
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Separation Data on MEPSCAT Soldiers
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TABLE 14

" Correlations Between MEPSCAT, CPTs, PT Scores and
Days on Profile and Separation
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- Days on Profile Days on Separation Data
- Related to the Profile (Completed Basic,
w Musculoskeleta)l Across All Recycled, Medically’
‘ System Body Systems Discharged) -
¢ Age .06 .08 *ew -.03
. Sex .09* SR Sk -.08 ***
“n Lesn Body Mass Pre Basic -.02 -, 05w .03
2t Post Basic -.09 .19 .07
) Post AIT -2 R L e -.02
A Percent Fat Pre Basic .07* .08 - -.06**
Post Basic .08 220 -4
h Post AlT A6 J3ewe -.03
- Lift 60 'Inches Pre Basic -.06 -, 07 % .05
i Post Basic -.05 -.20%* 12
o Post AIT -,20%* -4 ree -.0
- Lift 72 Inches Pre Basic -.06 -.07 % .05
_ Post Basic -.07 -.20* J2*
i Post AIT -.20"* - Jqee -.00
. Handgrip Pre Sasic -.07 -.07* .03
g Post Basic -.00 «.16* .10
N Post AIT L4 Rl = 14w -.02
Y Upright Pull Pre Basic -.08* -.07* .02
3 Post Basic -.02 -.15* .02
o Post AIT -4 L8} Rl 02
Ny Predicted Max VO  Pre Basic -.03 -.06* .06*
. Post Basic -2 -2 .09
_ Post AIT - 19 L ) i .04
o Sit-Ups Pre Basic .03 -.06* .08**
Post Basic -.02 -.04" .04
- Push-Ups Pre Basic -.03 . J20 Y e
) Post Basic . 22%* - 130 05*
et One Mile Run Pre Basic -.04 - 20 .06*
-~ Two Mile Run Post Basic -, 29" ~ Jgee .02
' Weight Lifted Post AIT -.20** -.10%** -.04
P Push Work Post AIT -.10 -.09** .03
wy Carry Work Post AIT -12* =10 .03
=) Torque Post AIT -.20%* -.10%** -.06*
’
o
-‘_‘
.\ - p i .05
*p< .0l
;‘ e p < .00}
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ranged from .77 for the Lift Task to .43 for the Push Task. The
correlations between Lean Body Mass and the fPTs ranged from .74 for the
Lift Task to .44 for the Push Task. The correlations between Lift 60
and the Physical Proficiency Tests ranged from .69 for Push-ups to .18
for Sit-ups. The correiations between Lean Body Mass and the Physical
Proficiency Tests ranged from .60 for the Two Mile Run to .21 for the
Sit-ups. '

As expected, the less reliable criterion measures such as Carry
Task, Push Task, Sit-ups and the Two Mile Run had lower corre!ations
with each predictor than the other criterion measures, f.e., Lift Task,
Torque Task, and Push-ups (Table 6).. Similarly, the validity coeffi-
cients between the criterion and predictor variables, for the men and
womeri separately, were lower when the criterion measures were less reli-
able. '

The correlations among the predictors and the criterion measures
were smaller for the subsamples of men and women when compared to the
total group. The decrease in validity coefficients when derived sepa-
rately for men and women has been reported by others (Robertson, '
1982). The distributions for men and women were less linear than when
these two samples were combined. A reason for this was that test and
criterion scores were located at nearly opposite ends of the scatter
plots for men (high) and for women (low). There was only some overlap
in the two distributions. Also, the decrease in validities may have
been, in part, a result of statistical artifacts such as a decrease in '
reliabilities of the tests (Table 6) and the restriction in the range of
performance on the tests for each subsample (Schmidt, Hunter, & Urry,
1976; Schmidt & Hunter, 1978; Schmidt, Hunter & PearIman, 1981). For

-.example, the smaller validity coefficients for women may have been the

. result of the lower standard deviations found in the women's test \
scores., ‘ &
Three different combinations of criterion measures were derived for

the multiple regression analyses. All but one of the correlations amona
the CPTs and the Physical Proficiency measures were significant (p <
.001) (Table 16). The correlations among the FPTs and the Physical
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_predictors (LBM, Lift 60, Lift 70, Upright Pull, and Handgrip). The Max

Pr ¢’ ‘ency Tests ranged from .03 to .75 (Table 16). These moderate
correlations indicated that the criterion measures were not excessively
redundant. Therefore additive models were used in the analysis. The
three combinations of criteria were:

¢ Criterion 1: L1ft Task, Carry Task, Push Task, and Torque
Task (CPTs).

e Criterion 2: Push-ups, Sit-ups and Two Mile Run (Physical
Profwcwency Tests).

e Criterion 3: Lift Task, Carry Task, Push Task, Torque
Task, Push-ups, Sit-ups, and Two Mile Run (rst and Phy-
sical Proficiency Tests).

. Using the different criterion combinations three sets of regression
analyses were performed. Standardized variables were used. Appendix T
presents correlations among the three criterion combinations, The first
analysis, Criterion 1, related the four CPTs (Lift Task, farry Task,
Push Task, and Torque Task) measures to five of the six MEPSCAT

VOZ was eliminated from the analysis because there were no criterion
measures of aerobic capacity. The second analysis, Criterion 2, related
the three Physical Proficiency Tests (Push-ups, Sit-ups, and Two Mile
Run) to all the MEPSCAT predictors (strength measures and Max VN,). The
third analysis, Criterion 3, used a composite of the CPTs and Physical
Proficiency Tests as the criteria and all of the MEPSCAT predictors. A
forward stepwise multiple regression was used in all of these analyses.

The results of the multiple regression analysis are summarized in
Table 17. The MEPSCAT predictors that entered the equation for Crite-
rion 1 were Lift 60, LBM, and Upright Pull. Lift 60 accounted for 67%
of the variance. Although the LBM and Upright Pull added significantly
(p <.01) to the prediction, their contribution was only 3% and 1% re-
spectively. The multiple correlation for Criterion 1 was .84 {F(1,953)
= 30.67, p <.01}. The following prediction equation was obtained (using
unstandardized beta weights).

Equation 2: Predicted Criterion = .05956 (Lift 60) + ,09145
(Lean Body Mass) + .02236 (Upright Pull) - 9,72906
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The second analysis, predicting Criterion 2, yielded a group of
different predicZors with a lower multiple correlation (Table 17). The
tests that enterec the solution for Criterion 2 were Lift 72, Max VOZ,
LBM, Handgrip, and Lift 60. As with Criterion 1, the first predictor,
Lift 72, accounted for the majority of the variance (45%) with the
remaining predictors adding from 4% to 0.3%. The multiple correlation
for Criterion 2 was .71 {F(1,096) = 6.86, p<.01}. The following pre-
diction equation was obtained:

Equation 3: Critevion = ,04640 (Lift 72) + .05836 (Max VN,)
- .04848 (LBM) + .03265 (Yandgrip) + .04135 :
(Lift 6C) - 4,.9589 '

The third analysis combined the measures in Criterion 1 and 2 and
resulted in a multiple correlation of .87 {F(1,637) = 6.33. (p <.01)}
(Table 17). The order of the predictors was Lift 72, Handgrip, Max VN,,
Lift 60, and Upright Pull., The first predictor Lift 72, accounted for
the greater percentage of the variance (i.e., 72%), and the remaining
predictors added 2% to 0.3%.

Equation 4: Criterion = ,07652 (Lift 72) + .06918 (Handgrip)
+ .o§123 (Max VO,) + .08057 Lift 60) + .01966 (Upright Pull) -
13.81313

An important question in multiple regression was how well the
“sample-based regression weights perform when applied to a second sampie
or to the population., Typically the regression equation will not be as
accurate for the population because the weights are optimally calculated
for the sample data. The difference between the sample muitiple P and'
the expected multiple R, when the weights are applied to the pdpulation.

“is termed shrinkage. A shrinkage formula (Kerlinger & Ped!:iur, 1973)

was appiied to the regression results of the three criteria. The
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: following corrected validity coefficients were computed: Criterion 1, R o
= 84, Criterion 2, R = .71, and Criterion 3, R = _87. These were };
: essentially the same as the uncorrected Rs. o
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Fairness Analysis

~ To determine whether the predictor tests were fair to both sexes a
moder: .ed multiple regression or differential predictor strategy was
employed. It examined statistically whether the regression equations
for the gender subgroup differed significantly from the overall single
regression equation (Bartlett, Bobko, Mosier, & Hannan, 1978; Kerlinger
& Pedhazur, 1973). The procedure involved a sequentiai examination of '
correlation coefficients, means, and standard deviations. The first
step involved testing for significant differences in subgroup y-
intercepts. If the y-intercepts of the regression lines differed, it
was concluded that the subgroup differed_on the test and/or the crite-
rion means. The second step was a test for differential slopes in the
subgroup prediction hyperplanes. If significant differences in the
slopes of the subgroup were found, they were attributed to several
possible varijations in subgroup test and/or criterion variances, inter-
test correlations within subgroups, or test-criterion relationships.

The results of the analyses are presented in Table 18. Criterion 1
was found to have a significant intercept difference {F(1,947) = 9,80,
p <.01}, the men's y-intercept being -8.38 and the women's -9.09. The
slopes were not significantly different.

Since women as a group performed at a iower level on the physical
ability tests than men, we examined more closely the differential effect
on women from using 2 general equation versus an equation based on
females only.

Separate regression equations were calculated for women in order to
determine the difference between the brediction score for the total and
the female sample. The mean test sco}e for the women's sample was used
in each equation. The separate women#s prediction equation is presented
below.

Equation 5: Criterion = ,06227 (Lift 60) + .06019 (LBM)
+ .01906 (Upright Pull)|- £.27286
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When the women's test means were used in the general equation (Equation
2), the mean predicted score for females was -2.23. When the same test
means were inserted into the women's equation (Equation 5), the pre-

dicted mean criterion score was ~2.32. In other words, the genera)
regression equation computed for the total sample yielded almost the
same predicted scores for the subgroup as did the regression equation
calculated specifically for the women. Therefore, the general equation
would overpfedict only slightly criterion performance levels of women
who score within the range of 2.5 standard deviations below the mean.

Similar results for gender subgroups were found for Criterion 2 .
The men's y-intercept of 1.00 and the women's -1.48 were significantly
different {F(1,089) = 106.56, p <.01}. The slope was also significantly
different {F(6,1089) = 4.05, p «<.01}. Owing to these differences,
separate regression equations were calculated for the women. Test means
for the women were used in the general regression equation (Equation 3)
for Criterion 2 and in the separate women's equation (Equation 6). .

Equation 6: Criterion = .08632 (Lift 72) - .08953 (LBM)
+ .041830 (Handgrip) - 1.22406. :

These calculations resulted in a predicted mean criterion score of -1.48
for the general regression equation and -2.94 for the women's regression
equation, indicating that the general regression equation overpredicted

the performance of female soldiers.

When the differential prediction was tested in Criterion 3, sig-
nificant intercept differences {F(1,630) = 61.47, p <.01} were found.
" The men's y-intercept was -6.62 and the women's was -10.00. HoQéQé},wriv
there was no slope difference. To compare the women on the general
regression equation (Equation 4) for Criterion 3 and on the women's
equation (Equation 7), the women's test means were once agaiﬁ used in
each equation.

Equation 7: Criterion = ,14578 (Lift 60) + .07860 (Handgrip)
- .07331 (LBM) - 7.36679
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The results of these calculations yielded a predicted criterion score of
8.82 for the general regression equatiun and -3.85 for the women's
equation, ‘

To summarize, there was some evidence of differentfial prediction
for men and women, especially in Criterion 2. The general equation for
Criterion 3 would be most advantageous to the women, while the equation
based on Criterion 1 showed the least amount of differential prediction.

Appendix J includes the regression equation for the male sample
when using the three criteria.

Diffefen;es in Validity When Comparing Men and Wcmen

As mentioned earlier there were differences in the bivariate corre-
lations when comparing the total sample with the male and female sub-
samples (Table 15). For example, the Lift 60 and the Lift Task yielded
correlations of .77, .43, and .35 for total sample and men and women
subsamples, respectively. Similarly, LBM and Carry Task yielded corre-
Tations of .50, .24, and .09 for the total sample and men and women
subsamples, respectively. In comparing mén and women, differences in
validity coefficients have been reported by others (Arnold, Rauschen-
berger, Soubel, & Guion, 1982; Robertson, 1982; McDaniel, Skandis, &
Madole, 1983). Separate multipie regression analyses were computed for
men and women in orcer to further explore differences in validities
found in the present research. As expected, the results demonstrated
that there was evidence of differences in the size of the validity
coefficients which were derived for men and women subsamples. Criterion
combinations 1 and 3 yielded the largest differences in multiple corre-
lations based on male and female subsamples. The first criterion had
multiple correlations for men of .59 (p<.001) and for women .48 (p<
.001), while the third criterion combination produced correlations for
men of .52 (p<.001) and for women .38 (p<.001). In contrast, Crite-
rion 2 yielded almost no difference, but the correlations were much
smaller than the correlations from criterion combinations 1 and 2 (i.e.,

. 3‘ /!

oz ‘men’'s R = .28; women's R = ,27, p<,001).

\:{’a:

:’;5 In conclusion, these results provided additional support for the
iji use of Criterion 1 because it had the largest validities when derived

e 4
(N Y )
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separately for men and women., [t should, however, be emphasized that
the actual difference in the correlations was probably a result of
statistical artifacts associated with sample differences (Abrahams &
Alf, 1672; Trattner & O'Leary, 1980; Schmidt et al., 1976; Schmidt &
Hunter, 1978; Schmidt.et'al.; 1981). Therelwere, for example, signi-
ficant differences in predictor and criterion variance and the reli-
abilities varied between the men and women subsamples. Consequently,
the results which involved ana]yéis of differences in validity between
men and women should beé interpreted with some skepticism. In fact,
since the purpose of the research was to validate a gender-free, pre-
diction aloorithm, the earlier analysis which examined differential
prediction was considered a more appropriate strategy for determining
the impact of gender on tect validity. '

Comparison Among Job Categories

An attempt was made to determine if there were any differences in
performance on the MEPSCAT as a function of the job categories soldiers
were assigned (i.e., Very Heavy, Heavy, Moderately Heavy, Medium,
Light). The results for the MEPSCAT presented in Tatle 19 suggested
that there were significant differences in performance across job
categories. Soldiers assigned to increasingly more demanding MOS tended
to have higher scores on the MEPSCAT than those assigned to the less
demanding‘ones. This difference was not apparent when the analysis
compared persons assigned'tb the three most demanding categories with
soldiers assigned to the Moderate and Light/Sedentary categories. These
differences seemed to hold true for men and women subsamples (Tables 20
and 21). However, comparisons for some job categories were based on

small samples, especially for women, - There were relatively more women
assigned to the lighter MOS categories (Table 22). Consequently, the
confounding of the MOS categorization with gender made it difficult to
determine the actual causes of the observed differences in physical
performance when comparing MOS categories.

MEPSCAT Predictors and Scatter Plots

The results indicated that Lift 60 should be considered by the Arumy
because it accounted for 67% of the variance in criterion performance.
Although second and third predictors were found to be significant (i.e.,
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Lean Body Mass and Upright Pull), they accounted for only 3% and 1% of
the variance in criterion performance, respectively. The costs in

administration of these tests will most likely be greater than the

- benefits derived from accounting for the small amount of additional

variance.

Scacterplots were constructed to examine the relationships between
the predictor Lift 60 and Criterion 1 (Appendix K). These scatter plots
were transformed into Tables that showed the distribution of test scores
for the total sample as a functiqn of different levels of criterion
performance (Table 23), The scores on the predictor were separated into
10 1b. increments. This data is presented separately for men and women
in Tables 24 and 25. The numbers in the cells represent the percentage
of soldiers who obtained a particular score on the criterion measure as
a function of a specific score on the predictor. The Lift 60 predictor
accounted for 26% of the variance in the criterion for men, and 17% for
women,
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DISCUSSION

The criterion-related validation, which employed a predictive
design, involved the administration of a battery of predictof tests
(MEPSCAT}) to a sample of 1,003 women and 980 men prior to entering Basic
Training. Criteri.n measures which represented physica1'proficiency in
Basic Training (i.e., physical proficiency test, sick call, profiles,
and separation data) as well as on the job were correlated with scores
on the MEPSCAT. Out of the total sample of 1,983 persons, 951 soldiers
took the Criterion Performance Task (CPTs) which measured the indi-
vidual's ability to perform the most i.portant physical activities in
physically demanding Army jobs--Lift, Carry, Push, and Torgque. The [PTs
were administered after the soldiers completed AT, just'priar to being
2ssigned to a field unit,

This research found that most of the tests in the MEPSCAT were
predictive of criteria which were found to be reliable measures of
soldiers' ability to perform effectively the physically demanding tasks
comnon to Army jobs. Although the size of the validity coefficients
varied with the composite criterion used, the variance in criterion
performance accounted for by the test batter, was more thar 70 percent.

The regression equation which was based upon the four CPTs
(Criterion 1) and three predictors (Lift 60, LBM, and Upright Pull) was

considered most effective because it yielded high validity (i.e., R =

.84) and was considered to be fair for the male and female subsamples.
In contrast to the other ¢riterion combinations, it had the least
differential prediction when comparing men and women., There were no
slope differences and only slight intercept differences which suggested
some overprediction for women. When comparing the total sample with the
male and female subgroups, the sizes of the bivariate and the multiple
correlations were different. These types of differences in validities
between men and women have been report2d by others (Robertson, 1982:
McDaniel, et al., 1Y83), but research evidence has sugiested that these
differences might be partly attributed to sample differences in
variance, reliability, means, and dis. ibutions of the predictors and
eriteria. For example, restriction in range and decreased reliability
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for the female subsample may have contributed to the lower validity
coefficients (Abrahms & Aif, 1972; Trattner & O'Leary, 1980; Schmidt et
2l., 1976; Schmidt & Hunter, 1978; Schmidt et al., 1981). Several
studies have attributed differences in the size of the validity
coefficients as a function of gender, to subgroup differences in sample
size, variance, and reliability. They also demonstrated that the use of
a common regression line would result in only slight bias against men
(Arnold et al., 1982; Cooper et al., 1982). Like the present research,
the authors concluded that the regression equation, which was derived
using the total sample, could be used without much bias.

There were three MEPSCAT tests which came out as significant pre-
dictors of which the firs' tue accounted for most of the variance. The
Lift 60 accounted for b7 o1 the variance in criterion performance. The
second and third significant tests, Lean Body Mass and the Upright Pull,
accounted for only a small amount of additional variance.

The present findings appeared to support previous research which
has been conducted by the Air Force and the Navy (McDaniel et al., 1983;
Robertson, 1982;). The results were consistent across the studies in
that the validity coefficients and the scatterplots were similar. They
also found that the validity correlations based on the men and women
subsamples were smaller than the validity correlations which were based
on the total sample.

The present research finding that a single predictor accounted for
most of the criterion variance seems to support the belief in a general
strength factor. For example, Arnold et al. (1982) found that one test -

(i.e., arm dynamometer) could serve as a valid selector in steelworker

Jobs. This finding is apparently inconsistent with the factorial
complexity of strength as identified by Fleishman (1964) and the
physiological independence of muscle groups in different parts of the
body. Arnold et al. (1982) concluded that various kinds of physical
strength are sufficiently interrelated to allow the identification of a
general strength construct. However, the issue of factorial complexity
is still unresolved. For example, Cooper at al. (1982) retained all
four significant predictors even though they added only small amounts of
variance. They believed that becaute the job analysis had indicated
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that a broad range of physical abilities was required by jobs in the
electric power industry, predictors such as Equilibrium and Flexibility
should also be in the final test battery. Also, the factor analytic
research has demonstrated that human physical performance is a
multifaceted ability domain (Fleishman, 1964; Myers, Gebhardt, Crump, &
Fleishman, 1983),

Exanination of the medical data indicated that the sick calls and
profiles were primarily related to the musculoskeletal system. Women
did not receive a greater percentage of sick calls than men, but did
account for 20% more days on profile. The correlations between the
level of physical capacity as determined by the MEPSCAT and frequency of
sick calls, number of days on profile and attrition were usually sig-
nificant, but very low. For example, in contrast to pre-Baéic and post-
Basic, th ,ost-AlIT administrations of the MEPSCAT yielded small but
significe t correlations with number of days on profile which were
related to the musculoskeletal system. It seems likely that being on
profile during Basic Training may have produced a decrease in physical
capacity, which increased the correlations between MEPSCAT sCorés and
number of days on profile. No significant relationships between the
MEPSCAT and separation data (i.e., medica] discharge, AR-635, récyc1e)
were found, but there was some uncertainty about the accuracy of the
attrition data. It was, for example, not always clear why the soldiers
left the Army. The data provided to us were often incomplete and the
specific reason given for a medical discharge was not always avail- -
able. Consequently, the medical and separation data were not used in
evaluating the validity of the MEPSCAT.

As mentioned previously, the present research effort found that
tests in the MEPSCAT were highly predictive of performance of tasks in
physically demanding Army jobs. Although much work has been
accomplished which appears to confirm the Air Force's and the Navy's
research findings, there is a need to carry out additional research. A
limitation of the research accomplished to date is the difficulty in
setting assignment scores for the predictor test. This stems from
problems in translating actual task requirements of particular MOS into
specific levels of performance on the criterion measures.
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Within the constrainis of the present research, we attempted to

develop generic criterion measures that represented the physical demands

.of all Army jobs. Obviously, there were several shortcomings associated

with these criteria and, if resolved, it might be easier to set
assignment scores. First, except for the CPT which involved lifting, it
would be difficult to link specific MOS demands with the Carry, Push,
and Torque Tasks. Second, the method used did not totally take into
account differences in bulk, handles, size of equipment lifted or
carried. Third, since the job analysis carried out by WITAPRG
emphasized the strength requirements of Army jobs, the CPTs, which were
based bn this analysis, mey not have included all of the important
aspects of physical performance (e.qg., cardiovascular endurance,

" muscular endurance, and flexibility).

Therefcre, future research should expand and refine the criterion
measures to more effectively represent the important acpects of
physically demanding jobs. The objective of the research woulc be to
determine the physiological demands of Army MOS and of the generic
criterion perfornance tasks. Determination of the physiological demands
of MOS would provide a refinement to link the criterisn measures, such
as the CPTs, with the specific requirements of Army jobs. It should be
possible to design a more elaborate standardized classification system
that categorizes MOS by not only weight lifted, but also by other
variables such as distance, height of 1ift, frequency, dimensions of
object, and force reguired to push objects. It would alsd be desirab)e

to expand the tasks to include cardiovascular and muscular endurance.
These additional criteria might, for-examplie, increase the validity of

" the predictor tests and thus involve other predictors (e.g., stamina).

Finally, future research should investigate the cost-benefits of
using the MEPSCAT and the cost-benefits of uéing different critical
scores to make differential assignments of personnel based on the match
between soldiers' physical capacity and the job demands. The costs
associated with factors likely to be affected by the level of physical
proficiency in soldiers (e.g., costs associated with'training,
attrition, disability discharges, medical care, absenteeism from sick
calls, and days on profile) must be determined. The data analysis might
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follow the model used by Arnold et al. (1982) who found that the savings
of using a valid strength test in the steel industry to be $9 million
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' | | PROPOSED FORMAT .

CMF 55 ' |

AMMURITION SPECIALIST
M0S 558
Sumary

- - -

' Supervises, performs, or assists in ammunition storage, receipt issue, stock
: control, accounting and maintenance operations

Duties

MOSC55810 Assists in receipt, issue and maintenance of armunition components -
and explosives "

MOSC55B20  Receives, stores, issues and transports, conventional and special
armunition components and explosives

MOSC55830  Supervises 55B10 and 55820 duties, with additional shpervisory o

-7 . e— e A AP e Wrtase . At W - -
- o — o -

functions for receipt, storage, issue and transportation of con- N
tainers, rockets, chemical and non-nuclear special ammunition. -
Supervises the esteblishment and maintenance of ammunition stock ~
control records. N
NHOSC55840  Supervises amunition storage platoon receipt, storzge and issue w2
operations, Supervises stock control and accounting cperztions. ¥
Supervises non-nuclear ammunition maintenance operaticns. =
R TASKS 55810 | 55620 | 55830 | 5584C -
| ' 1. Loads, unloads, stacks and stores amuni- X X Eﬁ
: tion supplies. =
; 2. Stores explosives and all types of armuni- X X a
_ ; tion, including guided missiles, using i’
materials handling equipment in magazines, v
' ~ warehouses and open storage areas. -
i 3. Prepares ammunition for shipment on all X X tﬁ
: types of transportation and performs nec- e
: cessary bracing and staying of loads. B
: 4. Inventories ammunition in storage and X X o
‘} jssues armunition supplies. 34
: 5. -Assists in upkeep of operations area and X X
. - facilities.
f - 6. Performs organizational maintenance opera- X X
H tions involving removing rust and .
i corrosion, package repair and painting .
2 and marking, using equipnent such as o
§ buffers, brushers and strapping machines. o
| 4 '_:_'E
i =
b
y A-1 o
{ 2
' r.
; o~
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o
Vo
4F
o TASKS - 55810 | 55B20 | 55830 | 55B40
= 7. Performs direct support maintenance func- X X
!I tions to include replacement of fuzes,
o~ performance of electrical checks and
~ prevision of assistance to missile
o maintenance personnel.
! . R -
K 8. Assists in ammunition serviceability X X
inspections. :
:: 9. Employs and performs preventive main- X X
ﬁ% ~ tenanace on mechanics' common handtools '
o and power tools and specialized
‘Y ammunition maintenance tools.
“

10. Identifies ammunition by types and X X
physical characteristics.

7R

~

$3 11. Utilizes quantity distance tables.

oy 12. Determines correct item description,

. national stock number markings and

: . other storage data.

o 13. Posts records and documents.

e 14. Operates materials handling equipment.

lﬁ 15. Packs, packages, crates, stencils, X X

. -
0

weighs and bands armwunition for ship-
ment or storage. .

16. Prepares loads using webbing slings, con- X X
tainers, platforms, skid boards and
ancillary hardware.
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PHYSICAL DEMANDS ANALYSIS WORKSHEET
CHF 58
MOS 55810 LEVEL 1 DATE Féb 82 PAGE 3 OF 21

I. DUTIES

Assists in receipt, storage, issue, and maintenance of ammunition

components and explosives.

11. TASK SUMMARY

Inventory amnunition to determine location and quantity.

I11. CRITICAL TASK ELEMENT

IV. CRITICAL PERFORMANCE MEASURE

Climbs stacks of ammunition

Climb/descend, stand, reach,

to gain access to stocks. push/pull.
V. ANALYSIS
A 8 c 0 3 F 6
FACTOR WEIGHT/ HORZ, VERTICAL | WORK RATE/PERFORMANCE PHYS D. CATEGLRY 10S FREQ.
LOAD DISTANCE | DISTANCE STANDARD YT TR -
VH N TOTF
1. LIFT/LOWER
2. CARRY
) Push itans to gain
3. PUSH 120 1» 2 ft access. X
Pull ftems to gain
4, PULL 120 1b 2 ft access. X
5. LOAD BEAR
6. WALK/MARCH
7. CLiMg/ 8 ft Climb/descend stacks
DESCEND to observe markincs, X
8. RUN/RUSH
9. SWIM/DIVE
10. DIG
11, CRAUL 1
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FrCTOR uEIanYy WORZ. VERTICAL | WORK RATC/PERFORMANCE PHYS D, CATEQURY 105 FRER.
L0/D DISTANCE | DISTANCE STAIUARD T AT R YWl T IOy T T
- 112, THROM
< 13. NANOLE
' 14. FINGER
<
- 15, KAMER
. POUND
% 186, siv
)
’ 17. RECLINE
-~ i8. M Reach to retrieve
< *8. REAC 1 3fe ampunition items. T
- Stays or feet and
~ 19. STAND comnts amunition 1
i 20. STOOP
b 21. RNEEL
- 22. CROUCH

R 2 ST PO

VI. EXPLANATION/COMMENT - PHYSICAL DEMAND FACTO!S
Climbs stacks of ammunition at storage leccations to see markings on
ammunition and containers. Reaches into storage bins to remove items.
Stands for prolonged periods of time up to 2 hours without sitting.
Push/pull items to enable identification for inventory purposes. This
task is done as a group task. Calculations are based on 105mm HE 2 per
box, total weight of 120 lbs. '
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VII. PHYSICAL DEMANDS RATINGS
(FOR USE BY TRAINING AND DOCTRINE COMMAND)

SEDENTARY LIGHT MEI'.TIUM HEAVY VERY HEAVY

AR T B L LA O] a7 Wil e,

’ - oy -
PR L S e UV IR

12’455178_910};1 121 13714115116 117 :18119120121

]

VII. PHYSICAL CAPACITY MEASURES FOR MOS QUALTFICATION )
(FOR USE BY US ARMY RESEARCH |INSTITUTE FOR ENVIRONMENTAL MCDICINE)
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CEPARTMENT OF THE ARMY =
Qffice of the Ceputy Chief of Staff for Personnel
Washington, CC 2GC310

Reply to
Attention of

'DAPE-ZAW | , 25 Mare 1922

SUBJECT: MOS Physical Demands Anelysis (MOS 55810, Arunition
Specialist)
T0: " Commander

_US Army Ordinance Center and School
TTH: ATSL-CD-CR (Mr. Schultz)
Aterdeen Proving Ground, Maryland 21005

1. Reference updated TRADUC Pamphlet, "Assessing the Physical Demands
and Direct Combat Probability of US Army Organizations, M3S, and
Duty Positions.”

2. Your physical demands analysis for MOS 55810 has been reviewed,
Based on this review, the physical requirements you identified
place this M0S in the category shown below for the reasons

indicated.

PHYSICAL PHYSICAL DEMANDS RATICNALE FOR .
DEMANDS : CLASSIFICATION PHYSICAL DEMANDS e
CATEGORY CRITERION CLASSIFICATION -

- Very Heavy Lift over 100 pounds Soldier required tc 1ift .
Lifting with freguent litting up to 100 pounds with -t
Lowering ' of 50 pounds , ' - frequent lifting or constant L
Pushina ' 1ifting of weights up to e
Pulling 72 pounds. The curwlative o
Carrying and sustained nature of e
Handling - : this work requires that -
10S be classified Very e
Heavy. B
A5 —oa
%
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Results of Review of WITAPRG Physical Demands Analysis
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Results of Analysis of Pull/Torque Tasks
In Very Heavy, Heavy, Mcderately Heavy Category

' Fmount
110S Job Torque
Category MOS ' (Ft/1bs)

H | 64C 980
VH 67W 780
VH 67T 780
VH 635 750
VH - 54E 500
VH , 63W 450
VH 19K 450
VH 19¢ 450

H - 24M 435
VH 67U 375
VH 67X 375
VH 637 350
VH 63J 350
VH 63H 350

H 636 . 350
VH - 458 350
VH 457 350
MH 16 356
V. | 630 N0

VH 12F 280
VH 62J 250
VH ' 16P -+ 200

VH : 55G - 200
VH 62F ~ 175
VH 46N 160 .
VH 54C 156
VH 628 150
VH 160 150
VH 67Y 135
MH 35H 120
MH 280 100
H 68H ‘ 100
VH 19D 123
VH 05C
VH 16E 50\
WH 63E zs\
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APPENDIX C
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i OVERVIEW OF SPACE AND EQUIPMENT REQUIREMENTS | =
: 1. Wooden runway for Push Test. _:
3 2. A wooden sled for the Push Test. -
N 3. 20 sandbags, each weighing 30 pounds. -
2 4. The Carry Course should 25 yards X 25 yards. .
' 5. Shelving standard for Lift Test. -
6. Stationary bolts, fixed to the shelving standard, for the Torque Test. .
7. Two sets of 18 specific pieces of Army Equipment (Appendix A) used -for -
. the Lift and Carry Tests. -
K 8. A flat indoor area that is at least 30 X 35 yards. -
‘ l. : eseccscrccrencecrcccncacncenas 30 yards ~e-ceece-. sesmmecccan —eencrrccen k
; \ ‘ 3
N ! [Extra Sandbags] j:
: : =
v 1 , RS
E PUSH TEST b
’ -
) 26 Yards ———--—msoommons PO b
'
s ‘ ' [Extra Sandbags] K
' —
' P T .
i Q Q {0 F
' T e —— 25 Yards e--eeccecccacccanaa.. deeae
H : : -
E Fquxpnsm AREA ; “
: : -
' '
[ w :
8 T £
| S .:-
s O CARRY TEST " O X
a O = Cones ; "
: H -
: H -
: :
] [ ]
: :
! i
s g
il o Ol
. e
[}
: TORQUE TEST
o :
: SHELVING -
: STANDARD -
' ADMINISTRATION AREA -
H '.'J
: ' =
- ; LIFT TEST .
] e
H EQUIPHMENT AREA -
el [ ] K
‘e [} ":
2
I: c-1 :
a -
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Purpose

soldier can 1ift and place on a shelf at chest height (i.e., armpit level).’

Materials and Personnel Requirements

LIFT TEST

The purpose of this test is to determine the heaviest weight that the

1'

2.

4.
5.

Instructions to Administrators

“Various pieces of eduipment ranging in weight from 28 to 202 pounds were
selected to represent the full range of weights lifted. These pieces of
equipment represent the weights lifted and carried in the different demand
categories. The equipmeht list is located in Appendix A. |

Each piece of Army Equiment must be clearly marked with its exact weight.

A graduated shelving standard, constructed according to the specifications
shown in Figure C-1 provides shelf heights ranging from 40 to 70 inches, in
6 inch increments. Use 3/4 inch plywood to construct the shelving
standard.

Mark the height of each shelf clearly on the side used for the Lift Test.

Number of administrators required: 1 supervisor and 3 assistants.

1.

et e - O 0 P R
e P N . Ly LA S M IR N LI R I e T T P S X
X .:-!':.f 'f:'.':-'..i_':f:-',.-’. 4'..{..":!-:...‘:' : -'J?(C'-l\_&--." ‘-1:'.1_ \”‘_"4_'.\."-;"\' -:'.0_' T T L T T Y e .

Determine the height of the shelf the soldier will place the piece of .
equipment on by:

a. Have the soldier stand at attention with his/her back against the
chest height scale (see Figure C-2).

b. Determine the height of the soldier's armpit from the ground by
placing a ruler under the left arm and up against the armpit. Then °
have the soldier raise the left arm above his/her head. The .4
administrator then reads off the height at the top edge of the ruler
and records this number to the nearest inch on the score sheet in the
block marked "Armpit Height®. .

c. Read from the scale the-shelf height that is closest to the person's
measured armpit level. Record the shelf height that will be used in
the Lift Test on the score sheet in the box marked “Shelf Height".

c-2
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SHOULDER HEIGHT SCALE

70°

o

¥ Block 1
60" ——

+ Block II
55" —~p—

b o
50"_:_-_ Block III

=¥
45"—35- Block 1V
40" —f— l— Block V

For determination
of shoulder
height and Block
number in Push Test

CHEST HEIGHT SCALE

o e
65" -:E— 64"
¥

60" ——
F
55 —F=
F s
50" —=
L E
45" ——
40" —::— 40"
=+
35" —— .
30—

For determination
of chest height
(armpit level)

for Lift Test.

Figure C-2. Scales drawn on back of shelving standard.
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2. The equipment should be placed in a common area. The soldier assesses
his/her ability to 1ift a certain weight and selects a piece of equipment
that he/she thinks can be lifted to chest height.

‘1
-

$PA 0
(NN
P .

3. An administrator places the piece of equipment next to shelf height that
measured chest height (i.e., armpit level) for the soldier.

- v
. b .
AR 4 LM,
LN [
. PRIRLN

4. The soldier is instructed to lift the piece cf equipment onto the shelf,

If the equipment has handles, they may not be used.
For safety, an assistant must be on each side of the soldier during the

"~ Yift attempt.

’..‘..’
P R

3»? 5. Following either a successful or an unsuccessful 1ift by the soldier, the

administrator:

a. Records the weight of the attempted 1ift, and whether it was

;& successful or unsuccessful,

s

;Jj b. Remcves the piece of equipment and places it in the common area.

L4 6. If the original 1ift was successful the administrator places the next

:ﬁ; heaviest piece of equipment in front of the proper sheif.

N .

;jQ a. After a two minute rest the soldier attempts to 1i¥t the next heaviest
..

o piece. The administrator repeats steps 5a and 5b (i.e., record the

%

weight of the attempted 1ift, whether th2 1ift was successful or

b

;3; unsuccessful, remove the piece of equipment, and place it in the
:32 common area) after the attempted lift.

[SAN

If the soldier was unsuccessful on the second attempted lift, the lift
test is over. However, if the soldier successfully lifted the next

8
o
L]

.' a.' +
-
.

.

f;- heaviest weight then repeat steps 6a (i.e, place next heaviest piece

335 next to shelf) and 5a and 5b (i.e., record information on score sheet

:&} and return the piece of equibment to the common area). Continue

ffi repeating steps 5a and 5b until the soldier is unable to 1ift the next

Stg heaviest piece of equipment onto the shelf. |

;Sg 7. If the original 1ift attempt was unsuccessful the administrator places the
‘ ;Sg next 1ijhter piece of eguipment in front of the proper shelf.

E;i a. After a two minute rest the soldier attempts to 1ift the next lighter

;:E ‘piece of equipment. The adninistrator repeats steps 5a and 5b (i.e.,

5 record the weight of the attempt, whether it was successful or

u‘,:-.

'.:‘,:f: c-5
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‘unsuccessful. remove the piece of equipment, and place it in the
common area), after the attempted lift.

b. If the soldier was successful on the second attempt 1ift, the 1ift -
test is over, If the soldier was unsuccessful in the 1ift attempt,
then repeat steps 7a (i.e., place next lighter biece next to shelf},
and Sa and 5b (i.e., record information on score sheet and return the
piece of equipment to the common area) until the soldier is able to

1ift the next lightest piece of equipment onto the.she1f.

Cautions

1.

2.

Make sure the soldier 1ifts each piece of equipment in a proper and safe
manner (i.e., bending at the knees and placing the arms around and/or
under the piece of equipment before starting the 1ifting motion).

Instruct the soldier not to throw, but to place the piece of equipment
onto the shelf. : '

As a safety precaution. have the assistants stand on both sides of the
soldier during the 1ift attempt.

Give a two minute rest between 1ift attempts.

The soldier who greatly over or underestimates his/her lifting ability
will have more 1ift attempts to find the maximum weight that can be lifted
than the soldier who estimated his/her ability accurately.

Scoring

1.

2.

3.

LG
Y &
¢
‘e g

Record the following information on the score sheet from the chest height

scale,
a. The haight of the soldier's armpit.
b. The height of the shelf,

Record the following information on the score sheet for each attempted
lift. _

b.

The weight of the attempted lift. _
Whether the attempt was successful or unsuccessful.

When the soldier has completed the test as outlined in item numbers 6b and

7b in the Instructions to the Administrator, the heaviest weight lifted
should be recorded in the box labelled "Heaviest Weight Lifted.”
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CARRY TEST

‘.‘\_[,'.

o

Purpose
The purpose of this vest is to determine the distance (up to 200 yards) a
soldier can carry the heaviest piece of equipment lifted to chest height

during the Lift Test. _ .

Materials and Persaanel Requirements

tem 1

1. The same pieces of equipment used for the lift task (described in Appendix

-
%

.'}:F}‘,'f_‘-'_‘a?ff I

u- ":‘.‘.’;’ n‘ "n ’.l ¢ - ' . "s',ﬁ ’-. ': ’4.{0 '.Q'\,\'-
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hid

:g A) are required fdr the carry task. Therefore in order to conduct the
Eﬁ Lift and Carry Tests at the same time, two complete sets of the equipment f
' are needed. ' N
¢
N .
':é 2. A clearly marked course, 25 yards on each of four sides, is used to N
:3 measure the distance the subject is able to carry a specific piece of .
equipment. Cones should be placed at each corner and in the middle of ;
each side of the course. The course must be marked by placing the i
starting line at one corner and a yard line every yard throughout the 100 K
yard course (see Figure C-3). The yard lines must be numbered from 1 to N
100. . :
3. Number of Administrators required: 1 supervisor and 3 assistants. é
Instructions to Administrators N
1. Determine the piece of equipment the soldier will carry for this test by 2
e Tooking at the score sheet for "Heaviest Weight Lifted" score in the Lift .
b Test. R
l‘: .l
~ a. Move the piece (i.e., the heaviest piece of equipment lifted to chest K
_;} height) the soldier is to carry to the starting line. -
;: 2. The goal for this test fs to walk around the 100-yard square twice (this
:} equals 200 yards). The soldier should walk close to the outside of the
o marked course.
;3 3. The subject must carry the piece of equipment in a safe carrying position
N in front of the body. Both arms should be around and/or under the o
S equipment to provide a firm grasp. If the equipment has handles, they may - ;
'és not be used. N
~ | .
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4. The soldier is instructed to carry the pfece of equipment as far as
possible.

5. The soldier begins the test by first picking up the piece of equipment and
then carrying it twice around the outside of the marked course (f.e., 200

yards).

6. The outlined square course is marked every yard from the starting line.
When the soldier stops and places the piece of equipment on the ground,
. the administrator determines and records the distance ccvered to the
_ nearest yard. For example, {if the soldier went one full lap plus 23 yards
down the next side the score would be 100 yards for the first lap, plus 23
yards for the second lap. Therefore the total distance is 123 yards.

7. There is only one trial for this test.

Cautions

1. Make sure the soldier 1ifts and carries the piece of equipment in a safe
and proper fashion.

2. Make sure the equipment is the same as used in the Lift Test.

3. An assistant must walk with the soldier during the Carry'Test to help the
soldier safely place the piece of equipment on the floor, when the Carry
Test is completed.

Scoring
1. Record the following informat1on on the score sheet for the Carry Test:

a. The weight carried.

b. The distance carried.
-1. The distance is measured from the front of the piece'of equipment

. y
LR R

A R L S

after the soldier has placed it on the ground.
2. If the front of the equipment is half way or closer to the next
yard marker the score is the next highest yard marker.
3. If the front of the equipment is not half way to the next yard
marker, the score is the lower yard marker,
c-9
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PUSH TEST

. Purpose

The purpose of this test is to determine how far a soldier can push a
specified weight in 30 seconds.

‘Materials and Personnel Pequirerents

1. A wooden sled, constructed according to the specifications in Figure C-4, is
used for the Push Test. Use 3/4 inch plyood to construct the wooden sled. .

P T R T

2. The bottom of the sled must be covered with Type 304/18 gauge (.048"
thick) stairless steel. The metal covering should be fabricated (i.e.,
fold up uniformly) three inches up each side of the sled. The piece of
stainless steel should be 3.5' x 4.5'.

Twenty sandbags weighing 30 pounds are needed. Also have available -
the following:

Two 2 1b. bags; one 3 1b. bag, two 5 1b. bags; two 10 1b. bags;
ten 20 1b. bags. ‘ :

4. A wooden runway 80 feet long and 8 feet wide is needed for the Push
Test (Figure C-5). The wcoden runway must be constructed with 3/4 inch,
AC Ferr plywood with the smooth side placed up. Th2 runway must be 3
mounted on a frame made from 2" x 4"s. This frame consists of 2" x 4"s
that run the ful: length of both sides of the runway and cross supports
placed every four feet. When the cross support is &t the junction of
two pieces of the runway, the cross support should joint these two
pieces. In order to keep the runway smooth use finishing nails and

VARV

B L O R LRI

countersink them.

5. Weigh the sled with the metal covering and record this weight clearly on
both the front and back of the sied.

|1 ST I A

N .
LS T A S )

PLEE AN

6. A 20 yard push lane marked every foot (i.e., one foot to 60 feeot), :
7. One stopwatch to time the Push Test.
- 8. Number of administrators required: 1 superviso- and 3 - 4 assistants to ;
move sandbags and push sled. .
c-10 .
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(The sled rust be constructed to hold up to 400 pounds while it
being pushed).

Push sled.

Figure C-4.
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Instructions to Administrator

1. This test has two parts: Part I is a Pretest to determine the weight that
will be pushed during the actual Push Vast. Part II is the actual Push
Test. Both parts of the Push Test require the soldier to push the wooden
sled with a specific 2mount of weight on fit.

2. The administrator first determines where the soldier should place his/her i}
hands on the back of the slad. if
, a. The soldier's shoulder height must be measured in the following =
manner: . ' o
: : o
1. Have the soldier stand with his/her back against the shoulder e
height scale marked off on the back side of the shelf standard 2L
which was used in the Lift Test (Figure C-2). "
2. Determine the number corresponding to the top of the outside of ;:j
the right shoulder by placing a ruler on the top of the shoulder. :
3. Record the number closest to the point at which the ruler touches Eﬁ
the scale in the space provided on the score sheet. : i
4. The numbers on this scale correspond to the numbers on the back of ;t;
the sled. =
g
b. The placement of the hands is as follows: Z:l
1. The soldier places the palms of his/her hands on the same number ~
as was determined in the measurement of the shoulder height. :f
2. Both the hands must be placed in the block marked with the ;;? '
, o
shoulder height number. The hands must be placed on the line so o
that the heels of both hands are just above the bottom line of the E:;

block (Figure C-6).

c. The soldier must keep his/her hands on the proper numbers throughout :if
the Pretest and actual Push Test. Additionally, the shoulders must T:E
remain parallel to the sled thrcughout the test. However, the ;;ﬁ
distance the feet are placed from the sled at anytime during the test :%:
fs determined by each individual soldier. —

NS
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e, Figure C-6. Hand placement on back of sled.
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3. Part 1 - Pretest

a. The Pretest will determine the weight the soldier will push for the 25
actual Push Test. ' w2

b. Complete the following steps to determine the weight used for the ?%
Pretest. 3

1. Record the heaviest weight the soldier was able to 1ift to chest 55
height (Lift Test) in the space provided on the Push Test portion e

. of the score sheet. _ ' 7
2. Multiply this heaviest weight lifted by four and record this i;l
number on the score sheet. MR}

. .t

3. Place sandbags equal to this weight on the wooden sled. For =

example, if the soldier lifted 70 pounds during the Lift Test then
280 pounds is placed on the sled (i.e., 70 X 4 = 280). For
example, if the sled weighs 250 pounds, 1 sandbag weighing 30 pounds i
must be placed by the administrator onto the slad. : é%;vd,j
This brings the total weight to 280 pounds. '}?

£

¢. Instructions for Pretest administrator. ‘ _ :{:

1. Have the soldier place his/her hands at the designated pi:sh mark wi
and push this weight two feet (Figures C-5 and C-6). e

2. The push must be one continual motion. When the sled stops
moving, the Pretest trial is over.

3. If the soldier pushed the weight two feet, see item “d“; if the e
soldier was not able to push the weight two feet see item “d* E:

below. 22.

d. If the soldier was able to push the original weight two fzet then add ET

30 pounds to the sled (i.e., one 30 pound sandbag). Follow the

AR A

steps below unti the soldier cannot push the sled two feet. ei:
1. The soldier is given a two minute rest and then he/she will E}?
attempt to push the heavier weight two feet. S
=
2. 1f the soldier could not push this weight two feet, then the j:;
previous weight (the soldier pushed two feet) is used for the ::3
’ T
actual Push Test. b
?—:.-
c-15 -
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3. If the soldier was able to push the next heavier weight two feet,
then 30 pounds are again added to the sled.

4. The soldier rests two minutes and attempts to push this next
heavier weight two feet.

5. Once the heaviest weight is determined it must be recorded in the
space provided on the score sheet. The weight used in the actual
Push Test is the heaviest weight the soldier pushed two feet.

If the soldier was not able to push the original weight two feet, then
decrease the weight by removing 30 pounds from the sled (i.e., one 30
pound sandbag is taken off the sled). Follow the steps below until
the soldier can push the weight two feet.

1. After a two minute rest, the soldier will attempt to push the
lighter weight two feet. .

2. If the soldier still cannot push the lighter weight two feet,
remove another 30 pounds from the sled.

3. The soldier rests two minutes and attempts to push this next
weight two feet. ' '
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4. When the soldier can push a new weight two feet, this weight is Ek;
used in the actual Push Test (i.e., the maximum weight the soldier 3

can push two feet). ' i;ﬁ

The administrator records the weight used in each trial of the pre- t%:
test. The maximum weight that the soldier could push two feet is X
recorded on the score sheet in the box marked “"Actual Push Test: ;Ei
Weight Pushed." o
)

Part II - Actual Push Test. RS
After finishing the Pretest the soldier is given a ten minute rest. %%?
The weight for this test was determined and recorded on the score ti}
NN

sheet during the Pretest. g
The administrator checks to see that the appropriate weight is p1a¢ed ;Jé
on the sled. The front of the sled is placed on the starting line and o
the directions for the test are outlined for the soldier. N
e
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b c. The soldier 1s given one trial to push the sled along the push lane as

- far as possible in 30 seconds. :
Eﬁ d. The soldier is instructed to place his/her hands at the proper
;ﬁ Tocation as outlined previously. o
ff e. The administrator records the distance covered in 30 seconds. When
ZE the 30 second trial is over, measure from the front of the sled the
fj distance (to the nearest foot) that the sled was pushed along the push
{5 lane. ' :
- !
- Cautions .
:f 1. Be sure that the soldier keeps his/her hands in the proper place .
- throughout the push and that the soldier's shoulders are parallel to the :
D sled during the test(s). '
Y .
31 2. Guide the sled, as the soldier pushes it along the lane, so that it moves .
\' ‘e
i straight down the plywood. .
bl Scori :
v 2coring '
j%l 1. Record the following information on the score sheet. :
:ﬁ a. Shoulder Height (Block Number). ;
x : ’
[] b. Heaviest weight lifted successfully. :
ﬂi c. (Heaviest Weight Lifted) x 4 = . f
jﬁ d. The weight pushed in each Pretest trial. *
E] e. Whether the Pretest trial was successful or unsuccessful. - "
5 f. The maximum weight pushed two feet. | .
{f g. The distance (to nearest foot) the sled is pushed in 30 seconds. iy
S o h
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TORQUE TEST

Purpose

 The purpose of this test is to determine the maximum amount of torque.
the soldier can generate, by pulling on a stationary bolt.

MateriaIs and Personne1 Requirements

1. A one inch drive dial torque wrench that reads up to 800 ft/1bs of force
is required for this test. The torque wrench has a dial clearly marked
every 20 ft/1bs, with at least a 800 ft/1bs capacity. The wrench should g
have a lazy arm (i.e., follow-up arm), for ease of reading and recording '
the torque applied by the soldier. At least two torque wrenches must be
available at the testing site. |

2. Torque is applied to a one inch stationary bolt located on five shelves
ranging in height from 40 to 64 inches. This requires:

" a. The same shelf standard used for the Lift Task. The shelf standard : {
provides for the five graduated levels needed for the torque task. _

b. One inch bolts should be welded to metal strips which are secured to
the five shelf levels. The bolt must be located 10 inches from both
outside edges (Figures C-7 and C-8). The weld must be able to withstand
up to 800 ft/1bs of furce. The metal strip and fixed bolt is placed
across from the side of the shelf used for the 1ift task. See Figure
C-7 for more detailed specifications.

rves oo

P A Il N

3. Number of administrators required: 1 supervisor and 1 assistant.

s LMre:p o

Instructions to Administrators

1. Determine the height of the bolt the soldier will use for the torgque test. N
‘a. From the score sheet, note the shelf height used for the lift task.

b. Ask the soidier to move, from the shelf used for the 1ift task to the
next lowest shelf, in preparation for the torque test. Record the
shelf height used for the Torque Test on the score sheet.

2. Explain how to use the torque wrench and state that this is a test of the
maximum force that he/she can generate with his/her arms, by pulling

: .
“
<
\: :
N
..

-
'
.I

steadily with the wrench on the fixed bolt, with both arms.
Cc-18
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Figure C-7. Diagram of 1" bolt attached
to one side of shelving standard.
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Place the torque wrench on the bolt with the handle placed at a 45 degree
angle to the edge of the shelf (see Fiqure C-8).

Tell the soldier that there will be three trials with a one minute rest
between each trial.

Tell the soldier to pull steadily on the bolt, until the dial reading does

not increase further. The soldier must press .is/her hip against the standard,
stand up straight, and pull only with his/her arms.

The soldier rests for one minute. The administrator records the force
generated in Trial One.

The soldier takes two more trials with a one minute rest between each of
the trials. The administrator records the force on the score sheet for
~each of the trials. '
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Cautions

Scoring
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1. Be sure to watch that the soldier pulls with only his/her arms.

Do not allow the soldier to increase his/her score by leaning away from
the shelf and thus?using his/her body weight to increase the score.

88 8 0 28 seemac o o o

Record the followihg information on the score sheet.
|

L2 )

a. The shelf level used for the Torque Test.
{

L NN

b. The maximum to}que_generated for each of the three trials.
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EXAMPLES OF EQUIPMENT FOR LIFT TEST

Weight
Jeep tire , 28
Antenna set : 41
Five gallon water can . 49
Oscillation sweep ‘ ‘ 60
Anplifier Am-3347 n
Oscilloscope ‘ 81
Cement bag ' 90
Anvil . 122
Cable assembly 110
Battery : 121
132
141
150
168
179
189
200

Listed above are the specific weights needed to administer the
Lift Test and examples of Army equipment that could be used. Any piece
of Army equipment may be used as long as it is smaller than 20" X 15" X 12"
and weighs within one pound of the specified weight. ' '

For the heavier weights listed build a container 20" long X 12" wide
X 15" deep and fill it with lead to meet the specific weight requirement.
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APPENDIX D
Test Item Procedures for MEPSCAT

AP IEM o v 9% * ' S 82 P rrsrsonl c s BB P e e ST P S GBS R VO S Y G NS Pty w @ ommm——" . * @0 cnbum w9 oo

, N 2,0, 8,4

..-. e

:

-. LA g

WSl Y,
....-Is‘-

»
1

40

v L,
«* o
.

XS

.1
"

)
o~
-

et st et aae
N N
RUER TR LY EN LN

I
AL RS

YA SR
\':\.:'-..

\.
-
a%n

o
L




MILITARY ENLISTMENT PHYSICAL STRENGTH

CAPACITY TEST :
TEST ITEM PROCEDURES ‘ ‘ -
Marilyn A, Teves, M.S. '

James A, Vogel, Ph.D . ' ' ‘ o

CPT Patricia I. Fitzgerald, Ph). . o

O R0t IR Y Y VYRR L

The five prediclive tests described in this manual were developed hy the
Exercise Physiology Division of the U.S. Armny  Research Institute  of -
Environmental Medicine, Kansas St., Natick, MA, under the direction ot

Dr. Jamnes A. Vogel. For inforiation reguarding the procedures described

herein, contact Dr. Vogel, or Ms., Teves at the above address, or call AV 25%6-

4300/4888.
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MEPSCAT o
. --.\;
SKINFOLD TESTING PROCEDURE* .‘.'.{'.;'-
. . ‘ — |
Equipment - Lafayette Instrument Co. Skinfold Caliper Model 01127. e
Skin Fold Sites and Landmarks for Both Males and Females %*
‘ ::::j:
o . L. Biceps This skin fold should be picked up parallel to T
the length of the arm at the mid-point of the A
biceps muscle belly. The arm should hang e
vertically at rest (see fig D-1). T
2. Triceps This skin fold should be picked up parallel to H‘_
the length of the arm at the mid-point of the |
muscle belly, mid-way between the olecranon '
and the tip of the acromion. The olecranon ;
(elbow prominence) is more easily identified : .
| when the arm is bent at the elbow, but the -
| - arm should hang vertically at rest when i
i : actually measuring the skin fold (sce fig D-2). ket
i : ‘:
3. Subscapular This skin fold should b picked up at an angle ‘
- of 45 degrees to the vertical just below the tip ROCuERE
: ‘ of the inferior angle of the scapula (see fig D-3). '.j.::;) :
4. Suprailiac , This skin fold is slightly oblique and should be

i picked up just above the iliac crest at the mid-
; axillary line along the natural diagonal line of
5 . the skin fold (see fig D-4).
{ .
1
!
i

Technique:

1.  Individuals should be measured during a stale cf stable hydration.
Prolonged and intense exercise immediately preceding the measurement could
lead to significant water loss which could result in an inaccurate skin fold
detrrmiration,

2. Individuals should loosen all overgarments above the waist.

3.  The right side of the body should be used when measuring skin folds.

4.  Consistency in locating a skin fold at its proper anatomic site can be
improved by using a tape measure. A small mark should be made with a felt tip
pen so that the skin fold will be measured at the same location during each trial.
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. At each site the skin fold is picked up firmly with the thumb and
forefinger of the left hand. A full fold should be pinched, lifted slightly away
from the underlying tissue, and shaken gently to assure that the muscle slips out
of the fold. To insure that muscle has not becn entrapped in the skin fold (for
biceps and triceps skin folds) the individual should be instructed to briefly tense
his/her muscle. This will cause any entrapped muscle to slip out of the skin fold.
Then with the body relaxed, the skin fold is heid firmly between the fingers while
the caliper is applied at a right angle to the fold approximately | centimeter
below the thumb. Once the caliper is applied, the pressure of the fingers should
be released momentariiy so that the pressure at the time of measurement is
exerted by the caliper face-points and not by the fingers. The caliper should be
held on the fold until the reading reaches a relatively stable value (about 2 secs).
There may be an initial rapid movement of the caliper reading when first applied
due to compression of the tissue (particularly at the subscapular and suprailiac
sites). The reading should be recorded afler 2 seconds or when the inliial -onid
change ceases.

Procedure:

A single reading should be taken and recorded at each of the four skin fold
sites. This should be repeated two more times in succession. If one of the
readings shows a large discrepancy from the other two readings at a particular
site, discard the aberrant reading and take a fourth measurement. Readings
should be taken to the nearest 0.5 millimeter. The gauge mark on the caliper
should be read looking at it straight on, not from an angle. The three readings at
each site would then be averaged and each average should be totaled to obtain
the sum of four skin fulds (see worksheet). This sum should be rounded down to
the nearest whole millimeter. The Durnin-Wormersley tables (pg. 8-9) are then
used lo obtain the percent body fat of the individual based on the sum of four
skin folds, sex, and age. If the measured sum of four skin folds falls between two
table values (displayed in 5 mm intervals) select the percent body fat shown for
the closest of the two values, For example, if the sum of four skin folds for a
23 year old female is 53 millimeters, to determine the percent body fat:

1. Use Table D=2 for foemaloes

2. In column 1, locate the tabled value closest to the obtained sum of
four skinfolds ‘ '

ohtained = 53

closest tabled value = 55 1nm

3. Move . across the row to the appropriate age column to delermine the
percent body fat

23 years old = Column 1
percent body fat = 27.8%

*The skinfold procedure used to deterinine percent body fat was previously
described in HQDA letter 40-83-7 dated 1 April 1983. The subject of the letter
was Army Medical Departirent (AMEDD) Support of the Army Weight control
Program. The only difference in the procedures described herein is the use of
the tabled value closest to the obtained sum of four skinfolds, rather than the
lower of twe values when the sum falls between the 5 mm incrernents.




N .
v L. -
a PERCENT BODY FAT DETERMINATION WORKSHEET -
; I.  Record Subject's Sex _ :: ’
I‘ .-
2 2
" Age ______. -
2 ¥
' 2.  Measure Skinfolds -
' Measure Biceps Triceps Subscapular Suprailliac ',
- ! -
4 z |
3 T e e :
o’ 3
' 3. Sum m
2
: :3 4.  Divide each Sum by 3 to Obtain Average ' .\
IJ' ) ) :-.
_— S - B
‘s o /o
o 5.  Add 4 Skinfold Averages together to obtain Sum of Skinfolds s/
L S S
L _:' _ :‘
] . ] ) l‘:
'_ 6. Based on the Sum of Skinfolds and the Age and Sex of the Subject, &
'Cj determine the percent oody fat from Table D=1 or D-2. -
: o
' The average percent body fat for male army reccuits is 16%, the average oo
: 3
:- for a female recruit is 25%. These figures are based on data collected during the ):: .
. CHEE
: 1982-33 Military Enlistment Physical Strength Capacity Test - Phase I, on 980 ::;‘ '
LY -~
3 ) !
' B male and 1004 female basic recruits at Fort Jackson, SC.  The study was ) »
s ‘ .
N conducted by the Exercise Physiology Division of the US Arimy Research \
~ -~
N Institute of Environmental Medicine, under the direction of Dr. James A. Vogel. ~
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MEPSCAT

INCREMENTAL DYNAMIC LIFT TESTING PROCEDURES

Equipment: - Dynamic Lift Machine.

This modified version of the Air Force X-Factor Machine (I"if. [~Y) hnc
teflon rollers to reduce carriage friction. These rollers require periodic
cleansing with a non-abrasive cleanser, followed by lubrication with an all
purpose aerosal silicone lubricant. See assembly instructions for details. To
facilitate testing procedures: Two marks should be nade on the side rail - - one

.
. e e e
. )
DI LTI
L SRR AN e

. mark 72 inches and one mark 60 inches above the platform. These marks allow ~
the tester to stand adjacent to the apparatus and easily monitor the form and \j
success of the subject's lifting attempt. T

LN

The 16 - 10 Ib weights on the machine should be stencilled to indicate the .
amount of weight being lifted by the subject. The carriage alone weighs 40 lbs,
therefore, the weight plates should be marked 50 through 200 lbs, or 22.7 through -
99.7 kg beginning with the top weight plate. - NG
~7

Procedure: :
1. Explanation to Subject. "This is a test of your lifting capacity. You will be ' 5’1
asked to lift the handles to the upper line on the support bar and lower it. The -
weight will be increased and you will repeat the lift. When you reach a weight at -
which you can no longer raise the carriage to the upper line, you will be asked to }-_:.j
try to lift a heavier weight to the lower line. Your score will be the amount of ' ™
weight you lift to 72" and 60". Keep your head up and your back straight and L.
bend your knees to grasp the handles in an overgrip. Lift the carriage up to ¥
match the upper line in a smooth continuous motion." ‘ o
2.  Subject Position. Subject should be facing the machine with the feet o
slightly apart. Instruct the subject to berd the knees and grasp the handle in an el
overhand grip, while keeping the head up, the back straight and the feet flat on
the ground. Tell the subject to lift the handles to the upper mark. Check for a iy
straight back, and one smooth motion. The carriage should not stop at chest s
height, and need not be held at the 72" or 6C" mark. B
3. All subjects begin with an unweighted carriage (40 lbs with pin out). For \_-’,
males, 20 lbs (two weight plates) are added each lift, until they begin to have =T
difficulty lifting, the weight is then increinented by ten pounds each trial (1 =N
weight plate). A ten pound (I weight plate) increment is used throughout the o
testing of feinales. Ensure firm placement of the pin into the opening in the A
center of the desired weight plate. No rest is allowed between trials, other than <

the time needed to increase the load. If a subject is unable to lift a weight to o
72", but lifts to 60", the weight should be incremented by 10 lbs, until the subject e
can no longer lift to 60", The tester should be ready to assist the subject in an |
unsuccessful trial, by holding the handle to help lower the weight. : :.‘
j{:::.'
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Final Score Determination:

Each subject will receive two scores:
l.  The weight successfully lifted to 72".
2.  The weight successfully lifted to 60"

When the subject is no longer abie to lift to the designated height, record
the previous successfully completed lift as the final score.

If a subject stops the weight carriage at chest height, and makes more than
one attempt to press the weight to 72" or 60", this is considered a failed effort,
and the last successful lift should be recorded as a final score. '

' Testing Tips:

1.  Emphasize a smooth, one motion lifting movemert.

2. To test a large number of subjects most efficiently, explain and
demonstrate the tes: to 6 - 10 subjects at one time.

3. The subject should not be told how much weight they are attempting
to lift,

The average dynamic lift to 72" and 60" of a inale army recruit is 57 + 10.5
and 60 + 10.7 kg (mean + standard deviation), respectively. For female recruits,
the average is 25.6 + 4.7 and 30 + 5.4 kg for the dynamic lift to 72" and 60",
respectively. These figures are based on data collected during the 1982-83
Military Enlistment Physical Strength Capacity Test - Phase [, on 980 male and
1004 female basic recruits at Fort Jackson, SC. This portion of the study was
conducted by the Exercise Physiology Division of the US Army Research
Institute of Environmental Medicine, under the direction of Dr. James A. Vogel.
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E W~
L MEPSCAT -
| o
|- STEP TEST PROCEDURE* N
A RO
| Equipment and supplies needed: ::
1 - Multi-level stepping bench ;‘"“
2 - Cardio-tach and lead wires i_.\i.,
3 - Disposable electrodes e
4 - Alcohol swabs and 4X4 sponges o
5 - Lab timer Ny
6 - Metronome -
Procedure: ‘ L
1. Explanation to Subject. "This is a test of your stamina or heart-lung -
: ~ fitness. The test will consist of you exercising by stepping up and down on a step o
/ ' while we count your heart rate. Thus, we are not measuring how much you can BN
step, but only how fast your heart beats while you are exercising. Your heart e S
" beat wxll be counted on this meter using these suck—on pick-up leads." ’
: e
2. Sub)ect Preparation. Clean skin and attach ‘an electrode on each ,-:.‘,-:
shoulder below the clavicle and one at approximately V5 osition (left side of e
chest 3' below nipple). r -
{ ! e -
Attach lead wires (usjng GW 4600 series Cardio-Tach): L
Left shoulder - black e :::'jl-
Right shoulder - white ‘[ e
v 5 - green | ) o
o

o
.
)

M

1

Check adequate funclxomng of Cardlo—tach. Replace if necessary.

’
.

AL AL A A A,

r 0
Explain to the subject that he/she will step for twoiminutes at the first N
step and three minutes at a hlgher step. o
~L
- P '.l
" 3. Testing. Turn on metronome to 100 BPM and deminstrale. Let subject “""
practice briefly at a low step. : Rich
: ! R
Set steps at 30 cm for males and 20 for fernales. ’ NN
. . i \.:‘:
: Start subject stepping and set clock for 5 minutes. Cadence is up-up down- :f;:-::
o ‘down at a frequency of 25 complete cycles/min. pag-

Be sure that the subject is stepping exactly in time with the metronome. Z~,.Z-j
Be sure that the Cardio-tach is recording adequately Keep a back-up Cardio- e
tach handy to swilch to, if necessary. If recording is not usable, subject must be 0
, stopped and the electrodes re-applied. o
ey
If subject's heart rate is below 130 BPM after two minutes of stepping, '—!
drop the next step and have subject continue at the higher step height for three )
more minutes. If the heart rate is above 130 BPM, continue al the same step ot
height for the final 3 minutes. At the end of three minutes, observe and record e
the heart rate und stop the test. Remove lead wires and electrodes. N
bt

S

- >
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: N . '\‘
4. Maintenance of Cardio-tachs. The Cardio-tachs should be re-charged A | \ ;
overnight by plugging in charging cords. Calibration should be checked at the -
start of the test day using calibration standurds of 80 and 160 BPM provided by '.-f:l-
manufacturer. Electrode contac's on the lead wires should be kept clean. O
Final Score Deterrnination: ' | : ' v AN
RE
a. Record the following information: : e
Firal Heart Rate (FHR) : . ::Qj:;-
Final Step Height (FSH) ' o
Sex ' _ ‘ AL,
Age : _ I N
b. Enter Table D-3 with sex, FHR and SSH for the subject to obtain the j'.:,::-
predicted maximal oxygen uptake (pVO max). Rouna the final HR rate to the AR
nearest 5 BPM (126 BPM should enter Table at i25 RPM). e
Example Data: FHR = 152 "“«11 .
' FSH - 30 cm -‘: ’
Sex = female oA
Age =21 ::2.‘;.{
e

P
.
¥

i

1
4
Y

' :
From Table D-1you find:  pVO max = 42.0 ml/kg ! min

1
c. The pVO max musl he corrected for age. Using the age and sex of

.'.
‘.l
O
x
.

the subject, enter Table D-4 to obtain the correction factor (CF) for age. Inour -::'.:.‘.'
example, the CF for a 21 year old fernale CF = 1.023. -
| T
d. Multiply pVO max x CF = final score O
rad
42.00 X 1.023 - 42,97 ml/kg ! mnin. N
‘ NN
Always round up or down to nearest hundreth. RO
L
. . L. L /-
* This abbreviated five minute, two step procedure was originally developed for "":. ;

the Fort Stewart MOS study in October 1979 as a modification of the original

four step, 12 minute procedure used at the Fort Jackson AFEES.study in Ja..uary
1978.

o o

A A

. .-"-‘.,l R
8,
-

A,

e,
e
v %

J .

o

' i

Se M
The average predicted maximal oxygen uptake of a male army recruit is ",f:i!
48.4 + 6.4 ml/kg! min (mean + standard deviation), respectively. For female RN

recruits, the average is 35.0 + 5.6 ml/kg ! min. These figures are based on data
collected during the 1982-83 Military Enlistment Physical Strength Capacity
Test - Phase I, on 980 male and 1004 female basic recruits at Fort Jackson, SC.
This portion of the study was conducted by the Exercise Physiology Division of

the US Army Research Institute of Environmental Medicine, under the direction
of Dr. James A. Vogel.
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5 TABLE D-3 | :
. 1 '
> PREDICTED VO, BASED ON FINAL HEART RATE, SEX, AND STEP HEIGHT -
= Mt ;
i MALE FEMALE ;
iz HR 30cm - 40 cm 20 cm 30 cm .
. 120 59.05 72.68 57.75 68.25 L
" 125 54.43 67.00 52.30 61.81
. . 130 50.49 62.14 47.79  56.48 : -
e 135 47.08 57.95 44,00 52.00 :
e : ‘ .
3 140 44.10 54.28 | 40.76 48.18 <
._:\.' : :
, “'a 145 41.48 51.05 37.97 44.88 N
.- : g
Y, 150 39.15 48.18 35.54 42,00 3
L ’
5 155 37.06 45.62 33.40 39.47
g :
é 160 35.19 43.31 31.50 37.23 <
. e
o 165 33.50 41.23 . - 29.81° 35.23° ¥
\'J: ' -~
3 170 31.96 39.34 28.29 . 33.43 N
~y : -
'i 175 30.56 37.61 26.91 31.81 :
- ®
% 180 29.28 36.03 25.67 30.33 B
2 | | 2
N N
~ .
e
o X
e "
l... ':‘
- Al
N .:
| -
-~ -
5 :
- >
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~ :
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1 Male
: 1.285
: | 1.263
} 1.242
1.221
' 1.201
“ 1.181
- 1.162
- 1. 144
L‘ 1.127

Ll
1.109
- 1.093

ﬂ 1.077
1.061
1.046
= 1.031

1.017
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TABLE
STEP

Age
17
18
19
20
21
22
23

24
25
26
27
28
29
30
31
32
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D-4
TEST

CORRECTION FACTOR FOR AGE

Female
1.073
1.060
1.048

- 1.035
1.023
1.012
1.000
0.989
0.978
0.967
0.956
0.946
0.936
0.926
0.916
0.907
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MEPSCAT
HANDGRIP TESTING PROCEDURES

Equipment:  Handgrip Dynamometer
Owl Model 3001/Lafayette Model 4205

M te e e

r

K - AAGIIOIMVES. § AN

Procedure: X
.. 1.  Explanation to Subject. "This is a test of your isometric handgrip -
~ _ strength. Although <he grip handle will not move, the pressure you produce will o
be registered on this rmeter. Your final score will be the average of 3 trials, it is- bl
l therefore important to give your best effort each time. Do not jerk the handle, -
o or move excessively, I will say 'Ready - 3 - 2 - | - Squeeze', and you build up to o
. -;f your maximum grip strength over a period of 3-5 seconds." . -
< % : .
- 2. Handgrip Dynamometer. Tue second joint of the subject's middle K
B finger should form an angle of 90~ - 110™ when the grip is properly adjusted. The 3
’1 subject should feel comfortable with the testing position. The Owl dynamometer z
B is adjusted by turning the grip adjustment screw located in the center of the o
S handle. The Lafayette model is adjusted by releasing the chrome lock on the ..
o o side of the handle, turning the inner stirrup, and locking it back in proper -
,,’ position. Figures D-6 and D-7 illustrate the handgrip dynamometers. %
i 3. Position Subject. Subject stands erect with feet shoulder width apart 5":;
- -8 and the arms hanging straight down. The handgrip dynamometer is held in the -
- right hand, with the meter facing outward (Figure D-8). o
o 4. Testing. The tester sets the pointer to zero, and gives the command :j ’
o "Ready - 3 - 2 - 1 - Squeeze". The tester should verbally encourage the subject v
' l to achieve his maximum score. When the pointer stops rising (5 sec), instruct the K
T 2 subject to relax, record the meter reading to the nearest kilogram, and reset the -
N pointer to zero. Repeat the test a total of 3 times for each subject, allowing 30- <
;Q 45 seconds rest between trials. "
A
i Final Score Determination: ':
,E The final score is the average of three trials. The three scores used in this -
- o, average must be within 10% of one another. If one score is out of range of the J
- ciher two, perform additional trials until the subject has three scores within v
S 10%, or has performed a maximum of six trials. If the subject does not have >
, i’ ~ three scores within 10% after six trials, the closest three should be used. !’
N Testing tips: N
(84 o
:: lI.  In order to test the maximum number of people in a minimum amount of N
& time, choose 2-3 subjects with approximately equal hand size to be tested iy
‘i' together. Subjects can take turns without having to readjust the handgrip ~
n dynamometer size each time. If this is not possible, test only one subject at a 2
5 time to avoid trial to trial variations due to handgrip dynamometer sizing. <
;@ Testing in groups of 2-3 allows one subject a rest period while another is being o
/ :: tested, and utilizes equipment maximally. . -
/-« .
N
! ba
% ~
.9 D-21 <
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Figure D-6. Lafayette handgrip dynamometer.
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| 2.  When resetting the pointer to zero, be sure the subject is nct exerting
pressure on the handle. Never lay the instrument face down.

The average isometric handgrip strength of a male army recruit is 47 + 7.4
kg (mean + standard deviation). For female recruits, the average is 30 + 5.5 kg.
These figures are based on data collected during the 1982-83 Military Enlistment
Physical Strength Capacity Test - Phase I, on 980 male and 1004 female basic
recruits at Fort Jackson, SC. This portion of the svudy was conducted by the
Exercise Physiology Division of the US Army Research Institute of
Environmental Medicine, under the direction of Dr. James A. Vogel.
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MEPSCAT
38 CM UPRIGHT PULL TESTING PROCEDURE

**Warning - Improper positioning of the subject in this test may result in lower
back injury. This test is contraindicated for persons with previous back
injuries.»* :

Owl Back and Leg Dynamometer #3002
Pulling handle and chain
Steel Platform

Equipment:

The dynamometer must be unscrewed from the original platform, and

attached in the same manner 1o the specially constructed platform provided (Fig.

9). The chain should be attached to the dynamometer hook so that the handle is
38cm above the platform surface when the dynamometer is in a vertical position

(2nd link of chain). To avoid any damage to the equipment, cut the extra links

from the chain with a bolt cutter.
placed on a non-slip surface.

To avoid platform movement, it should be

Procedure:

1.  Explanation to Subject "This is a test of your back and leg strength
and will be used to predict your lifting capacity. In order to avoid any chance of
injury, it is very .important that you remain in the proper position when you exert
force. People with prior neck and back injury should not participate in this test.
The handle will not move when you pull, but the force will register on the meter.
Your final score will be the average of 3 trials, so it is important that you give
your best effort each trial. The cadence will be "Ready - 3 - 2 - 1 - PULL".
Build up to your maximum pull within 3 seconds, but do not jerk upward."

2.  Subject Position: The correct position for the 38 cm Upright Pull is
illustrated in Fig. D-10. The subject stands with feet wide apart and the balls of
the feet parallel to the back and leg dynamometer. While maintaining a straight
back with the head up, the subject bends at the hip and knees to grasp the handle
in a mixed grip (palms facing each other).

3.  Testing. With subject properly positioned, the command "ready - 3-2-1-
PULL" is given. The tester should verbally encourage the subject to produce a
maximum pull over a 3 - 5 second period. - The subject should build io maximum
effort without jerking on the handle. When the needle stops rising, the tester
instructs the subject to relax, and helps the subject lay the handle on the
platform behind the dynamometer. The chain and handle should not rest against
the face of the dynamometer. Record the subject's score, and reset the needle
to zero. Each subject will repeat this test three times, with a minimum of 30-45
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o seconds rest between trials.
::: Final Score Determination. .
.'.3.: The final score is the average of three trials. The three scores used in this
<. average must be within 10% of one another. If one score is out of range, have
- the subject perform additional trials, until three scores within range are
o obtained, or the subject has performed six trials. If the subject does not have
2 three scores within 10% after six trials, the closest three should be used.
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Figure D-9. Owl back and leg dynamometer and modified platform.
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Testing Tips.

1. If the subject's feet are improperly positioned they may be unable to
maintain a straight back while pulling.

2. In order to help the subject attain a straight back position, some ofv
the following instructions may be helpfui:

a. Look at the ceiling

b.  Push the chest out, while pulling shoulders back

-

c.  Pretend you are sitting on the edge of a straight back chair
d. Keep the elbows straight, not resting on the knees

3.  Many subjects tend to lean back, instead of pulling stranght up. The
tester should be positioned beside the subject to detect this. This error generally
occurs because the balls of the subject's feet are not in line with the
dynamometer, or are too close together. If the subject leans back while pulling,
reposition the feet, and repeat that trial.

4.  To prevent equipment damage and help the subject attain the initial
position more easily, the tester should hand the subject the pulling handle, and
take it from the subject at the end of each trial.

5. As no equipment adjustment is necessary between subjects, it is most
efficient to test 2.- 3 subjects at once. Subject 1 performs trial 1, then rests
while subjects 2 and 3 perform trial 1. Subject 1 then performs trial 2, etc. In
this manner, all subjects receive adequate rest, and the equipment is utilized to
its fullest capacity.

The average 38 cm upright pull of a male army recruit is 125 + 2is2 kg
(mean + standard deviation). For female recruits, the average is 77 + 13.5 kg.
These figures are based on data collected during the 1982-83 Military Enlistment
Physical Strength Capacity Test - Phase I, on 980 male and 1004 female basic
recruits'at Fort Jackson, SC. This portion of the study was conducted by the
Exercise Physiology Division of the US Army Research Institute of
Environmental Medicine, under the direction of Dr. James A. Vogel.
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APPENDIX F
Differences i'n MEPSCAT Scores Between
pre-Basic and post-AIT, pre-Basic and post-Basic,
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APPENDIX G

Differences in Scores on the MEPSCAT, CPTs, and Physical
Proficiaency Tests Between the Subsample Tested
Durirg post-Basic and the Total Sample
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APPENDIX H

Correlation Matrix including Anthropometric Data,

MEPSCAT, and CPT Variables
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Correlations Between Different Combinations of

Criterion Measures R ,
-
e :
Criterion 1 Criterion 2 Criterion 3 e

Criterion 1 ,
Total 1.00 .58 .92 e
Men © .00 .08 .85 : f*"
Wonen , » 1.00 -.01 ‘ .66 :‘_’. ':

PR

Criterion 2 v
Total 1.00 .86

Men 1.00 .60 )
Women ' 1.00 75 ‘ S
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Criterion 3
Total 1.00
Men 1.00
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Note: _ E N Iy
Criterion '« Criterion Performance Tasks ({.e., Lift Task, Push Task, T
Carry Task and Torque Task). . ) ' -

Criterion 2 = Physical Proficiency Tests (1.e., Push-ups, Sit-ups, Two \( i
Mile Run). , O
Criterfon 3 = Criterion Performance Tasks and Physical Proficiency Tests. :" s
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IR 1% ML

.09510 (LBM) + .02205 (Upright Puil) +

Critekion 1

: .04128 (Lift 60) - 8.71898 =
: Criterfon 2 = .04227 (Max VO,) + .04286 (Lift 60) - "
| .05237 (LBM) + .38735 8
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Scétter Plot Criterion 1 by Lift 60 for Total, Men, and Women
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