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EVAlUATION OP PROPOSE) MKt)~~~ C*’ ESTD~ATING WORK OTJIP!J1’
OP A~~1Y P~~SONI~~ FOR USE IN OPTIMAL R~~IONS AllOCATION

STATE2~(F~ r OP THE PROBI~~4

The optimal regions method of personnel classification is currently
vnder study to determine if the method can be developed for operational
use in solving Army personnel allocation problems. The optimal regions
rnethod is based on the concept of maximizing the estimated output of
perso nnel entering the Aru~y. At the t ime of classification , fut ure out-
put can be pred icted by comb inationa of test s called apt itude areas. ~~ch
aptitude area score is an estimate of future output associated with a
particular occupation (1403 group). The s~~ of aptitud e area scores for
the inctm~beut a of each occupation represents the estimat ed group output
for each occupat ion. St~~ ing over all occupations and subjects produces
the estimated total output for all occupations combined.

The above concept of optimal allocat ion assuaed that ~~~. personnel
r~~~in in a single occupation during the terms of their milita ry service , thus
spending the same amount of time in a given 1406. Transfer s of personnel from
~)ne occupation to another, however, might result in a biased est imate of out-
put within any given occupation . The present study evaluated a proposed
i~ethod for equating estimate s of work output in terms of differences in t ime
spent by individuals in a given 1408 group.

DEV~~OPMENT OF THE PROP 0S~~) STATISTICAL ME~1~0D

The output as estimated by test s (x) ass~~es that all men in a given
occupation spend the same a~~unt of time in it. If the amount of time in an
occupation differs from man to man, then the output in a given occupation must
be weighted by the proportion of time (p) each man serves in that occupation .
Thus, the estimated output for the time one man serves in one occupation is
PX. The sun of the est1~~ted outputs of all men who work in the occupation is
~ x.

The above estimate of output in an occupation , however, would require
an excessive amount of cos~putation. A possible short-cut involves the ccm-
p xtat lon of the average percent of time (p) served by inc~zi~bents in an
o~cupation. This average percent of time for tbe occupation could then be
used in a short -cut formula to estimate the absolute output for the
occupation : fl’X .

The extent or error incurred by using the average percent of time in an
occupation in place of the Individual percents is estimat ed by cce~ uting the
differenc e (D) between the two estimates , using the formula :

(1.) D r ~~P X -~~~X



I
Obviously, ~ could be .ub~tituted for each P if the above difference

is not significantly different from zero. However , since there is no known

•tauda’d error for~sila for this differen ce, the statietii cannot be evaluated

4irect ly in probability terms. The differen ce (D) may, however, be expressed

a linear function of a corr elation coefficient . The correlation itatistic

can then be evaluated as usual in probab ility terms.

The derivat ion of the correlation coefficient as a linear function of
the difference Is developed below. Equation (1) can be written as follows,

‘~hen N is the number of cases in the designated occupation under study.

(2)

Equat ion (2) can be rearran ged

(3)

Multiply both sidaB of equation (3) by N to get

(14)

The above equation Is algebraically equal to N times the s~.in of the cross

products of variables P and I in deviation form.

(5) H D = N E p X

(6) D~~~Epx

The sun in (6) can be written: Epx N r a a , consequently (6) can
be rewritten ~Z p X

(7) D N r~~B~s~

It is apparent from equatio n (7) that if r~~ Is not significantly

di fferent from zero for any given occupation , then D ±s not significantly
greater than zero. Thus, the effect of substituting P for the P of each

~ndivtdual in an occupation can be tested by deten u~l~tng the signfficance
of r~~ for each occupation. If the r~~ for all occupations are proved to

be esgentt*~lly zero , then the avera ge or expected value of the percent of
time in the occupation (D) could be used in lieu of the calculation of
each individual percent ~P) for each man in each occupation.
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The techn ique describe d was appli ed to data availabl e on a sample of
enlisted men. Soldier s who bad served in the Army from 21 to 2~4 months during
the Korean War period and after (1952 to 1955) comprised the population. A
san~ple of 710 usable eases was selected for stndy after rejecting cases with
incomplete records , early discharges, confinements and extend ed hospitaliza-
tions .

The percent of time each man had served In any occupation , and the apti-
tud e area score s, were obtaine d from perso nnel qualif ication record s. Coeff i-
cienta of corr elation were then obtained between the percent of time served
in each occupation and scores on the aptit ude area used to select personnel
for tha t occupation . Correlation coefficients were computed for the total
sample and by separate occupational groups into which the men were initial ly
classified for training. Ea ch coefficient was then evaluated to determine
whether it was significantl y different from zero . Any correlation coeff I-
d ents significantly different from zero were to be taken as indicating the
possibilit y of intro ducing erro r by using 12’ in lieu of 12’ in the proposed
application of the optimal regions allocation method to Army classificat ion
problem s.

Three teats of the current Army Classification Battery bed not been made
operational at the time this sample was tested : the Classification Inventory,
the General Info rmation Test , and. the Electronics Infor mation Test . Results
for thr ee aptitud e area s wer e therefore estimated by multipl e regression as

describ ed in Appendix A. The estimated scores are indicated by primes (IN ’ ,

~E ’ , 11’) in Tabl e 1.

RESULTS

Significant differences between the obtained correlation coefficient and
a correl ation of zero were obta ined for three occupations studied (Artillery,
Engineer, Armor ; Electronics; and Clerica l) . In the case of the Clerical
occupation , the result was confirmed when a homogeneous group of clerk s
was studied.

The occurrence of significant correlation (both before and after classi-
fication bad. taken place) indicated that errors of allocation might occur
it 12’ were to be eub~tituted for LI’ in an appli cation of optimal regions
method to Army classification problems . Althou gh the obtaine d coefficient s
v”re not large by some standards, further ref inement of the occupational
structure of the Army classificatio n system might tend to increase them
in th. futur e.

The problem of developing a measure of work output suitable for use
in app lying a mathematical classification system to Army personnel problems
remains to be solved . Multi ple regression techniques or other means of
equating for t ime in occupation have been treated on a theoretical level ,
but not yet tested empirically . (Graham, 1960).
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Table 1

SIGNWICArICE OF 0BTAIN~~ C0~~YZCI?3i1’S (P CC~RELATION 3~1’WE~ I
TIME IN A GIV~~ 0C~ PATIONAL AREA AND THE APPROPRIATE APTITiI)E AREA SOCFt

Correlat ions Coefficients
Total MOS

Aptitude Sample Group
Area Score OccupatIOfl~1 Area r~~ N ~~~ N

Infantry -.03 710 .03 250

Artillery, Armor, Engineer .19 710 * 04 146

Electronics and Electrical 
*Maintenance .09 710 .12 61

GM Precision Maintenance and.
Military Crafts .o4 710 .08

Motor Maintenance .04 710 .1.3 47

* *Clerical .23 710 - .32 55

GT Genera ]. Techni cal .07 710 -.10 98
8Evalua tion of D £PX - as a Function of ~~~
b( s )  indicate s estimate d scores.

‘$igniflcantly different from zero at the .01 level .

p.

I
¼



S~~~~RY

This report covers the development and evaluation of a proposed
technique for equating work output measures for differences in t ime spent
in each Army occupation. The proposal involved the theory that percent
of time spent in each occupation could be used to weight each estii~~ted
output value (aptitude area score) in order to obtain an index of the
absolute output of each subject. A short-cut method was sought to avoid the
great amount of calculation required in practical appli cation. The proposed
short-cut was to substitute the expected percent of time in an occupation
(niean percent of time for the occupational group studied) for the percent of
t ime spent by each individual.

The proposed substitution was evaluated in probability ter ms to
4etermine if error introduced by the short-cut would significantly Influence
the effectiveness of a mathematical classification procedure in any prac-
tical application. A statistical techn ique was developed to make this
test , and the evaluation was performed on data from a sample of 710 enlisted
i~en who bad served during the Korean War peri od. The results indicated that
the proposed. substitution of the expected perce nt of time for the actual
percent of time in occupation would produce a significant difference in the
estimate. It was concluded that use of the proposed subst itution would be
hazzardous in view of the likelihood of significant errors being introduced
iflto an operational mat h~~~tica]. allocation system.

R~F~~~~CE
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APP~~DD( A

Three new Army Classification Battery tests have been made operational
since tbe present sample was tested; consequently, the score s for these
tests aid the aptitude area scores computed from them were not availabl e.
!he missing Aptitude Areas were (IN) Infantry, (AE ) Artillery, Armor,
~~gineer, and (Er.,) Electronic. In order to provide re. ults that would
reflect current testing procedures, the missing test scores were estimat ed
by multiple regression from the available tests , and the new aptitude area
score s were computed using the estimated A(~ test scores .

To assure that the predicted scores were based on stable regression
weights, the obtained regression weights from one sample of 540 were appli ed
to data from a second sample of 1500 as a cross-validatio n:

ACE Tests Correlate d Vauid.1ty Cross-Validity
(i~3I~ôJ (N 1,500)

r CT ,CI I .64 .60

rGflI,Gfl~
, .83 •80

.82 .79

The primed scores indicate estimated scores based on multi ple regression.

Estimates of the missing aptitude area scores were calculated by
using the above predicted scores of the ACB tests. Correlation coefficients
between the actual aptitude area scores and the estimated apt it ude area
score s were as follows:

= .80

~~~~~ .89

= .84

The est imated aptitude area scores are primed. Al]. calculations were
made on coefficients that were corrected for restriction in range.

The corre lation coefficients between obtained and estimated apti-
tude area scores approached their respective reliabil ity coefficients.
Tb. scores were ther efore consider ed to be equivalent .
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