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A\ PREFACE T

This repoft was prepared as part of Rand's DoD Training‘and Man-
power Management Program, sponsored by the Cybernetics Technology
Office of the Defense Advanced Research‘Projects Agency (ARPA). With
manpower issues assuming an ever greater 1mportaﬁce in defense plan-
ning and budgeting, the purpose of this research program is to develop
broad strategies and specific sblutioqs for dealing with present and
future milf&ary manpower problems. This 1nclgde§ﬁthe déVelopment of
new research methodologies for examining broad classes of manpower
problems, as well as specific problem-oriented feaearch. In addition d - -
to prdviding analysis of current and future manpower 1ssues, it is o
hoped that this research program will contribute to a better general
understandinévof the manpower problems confronting the Departmént of
Def ense. . ' . o

Military training Haé received substantial attention in recent
.years as ‘one ;rea in which improved efficiency can iead to substan~
tial cost reductions, This feporc treats an aspect of training effi-
ciency that has to date feceived very little attention--the quest ion
of the efficient amount of formal training. Specifically, it deals
with the eff {cient mix between formal and on-ttre-job training in pro-
'vidinb first=- term enlisted ersonnLl with the skills needed to perform
effectively in their militaxy SpLLidltleS. Since formal initial spe-
clalty training for first-term enlisted personnel currently costs
about §2 billion per year, 1nCreased effitiency in this area could
. lead to subsﬁanbial; recurring‘savings. This report describes problems
involvad in anaLyzihg tradeoffs between formal and on-the-job‘tralning,
alternative solutions to these problems, and some early results of Rand
research in this area. . '

The substance of this work was originally presented at the Rand
Conference on Defense Manpower, February 4-6, 1976, and 13 included
in the conference proceedings: Defbnse'ﬂkuﬁmmkﬁ'Ik)[iuy: Presentations
from the 1976 Rand Confgrence on Defense Manpower, edited by Richard
V. L. Cj:;é{f R-2396-ARPA’ Decembeé 1978. The present report is being

’ . -
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SUMMARY

The U.S. military is, among other things, a very large srainsng
institution. It is estimated that the cost of formal military train-
ing during FY 1976 was about $7 billion and involved, about 250,000

. " man-years in student time. * A substantial portion of. this cost it
associated with the nitial specialty training given to entrants to
the enlisted force. Estimates are that in FY, 1676 over $2 billion
and 90,000 man-years of student time vere devoted to initial voca-
tional training. _ - .

Because of its large cost a greAt.deal of attention has been
given to improving the efficiency of initial specialty-“training. Re-
search in this area has focused almost exclusively on one aspect of
training efficiency--technical efficiency. That is, researchers have
tried to determine the mix of training inputs (curriculum choice,

t teaching aids, staff, etc.) that most efficiently will achieve a cer-
tain level of proficiency in graduates.

The problem of selecting courses (and corresponding .levels of
graduate proficienoy) involves another aspect of training efficiency——.
economic efficiency To evaluate specialty training in terms of *
economic efficiency, one must compare the benefits of additional for-
mal training with the costs of obtaining those benefits.. Thislreport
"describes early results of research that is designed to address the
quest ion of economic efficiency in initial.specialty training.

To evaluate the economic efficiency of training, one must‘assess
the on-the-job performance of graduates of alternative tnaining pro—
grams. Because additional formal training is always more costly, it
is only worthwhile if it results in aufficient improvements in on-the-
Ajob performance to offset the additional cost.: The key to evaluating
economic efficiency in training is therefore the development of re-
liable measures of on-the-job performance. These measures meed to
reflect net rather than gross productivity, to r:flect productivity

Voo ' .
A, S _._.- s -
Eetimatea of training costs derived from M?‘ttary Manpower Train-
ing Report for FY 1976, Office of the Agsistant Qecretary of Defense
(MR&A) , March 1975 . .
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over time rather than at’a single point,’ .'m(l-(u be based on the per-
formance of specitic individuals rather than on the performance of
a representat fve individual.

Measures that h;l'\/g these properties can be coltected by a varlety

ot methods, inctuding direct measurement, job-knowledge testSyNand

L ]

supervisory ratings!  Each of these methods has advantages and dis-

advantages, and no one approach i{s pretferable, prima tacle, to the

others. . : \

-

This report prevides a preltiminary analysis of a daga set that

hus\%'vn assembled to explore (thrngivnt'f among training courses of
ditterent lengths. The data cdnsist of enlisted superyvisors' estimates
ot the net productivity of trainees at different poin in their first
u\'rm'ul' military service. ’ These estime@es are used to construct pro-
files of the time path of -prn(lu:tilwll,!x. A,nmumber of productivity
paths are presented to show the gvnorél (:l\ara.t‘_ter of  the data we have

collected. .. ’
Wh_ilg our analysis s udmitiL*dly Sill’lpliS('il‘\ the shébveii“uof and
relat fonships .among the prodpctivity profilés are ‘quite consistq'hht
with our prior expectat lnné. Al.ﬁhnugh further r‘eae‘arch‘ is required-
before conclusions can be drawn regarding efficient mixes between
formal and on-the-job training, the results of this study suggest that

it is poséihle to draw meaningful conclusions from data based on the

carefully constructed ratings of &upervisors.
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I. INTRODUCT ION1 '

’ |

Almost all new entr;ALs into the military attend a formal course

*

of instruction in the skills required in their military occupational
specialties. It is estimated that about 320,000 of the 350,000 en-
listed personnel joining the military in FY 1976 will receive such
training. Since this initial specialty training will involve about

80,000 man-years, of the trainees time and cost about $2 billioh, 2

the importance’ of conducting it efficiently is obvious. “Even small

improvements in .efficiency can result in, substantial, recurring savings.
A great deal of research has been devoted  to improving ‘"technical

efficiency.” "To design technically efficient training courses, it is

necesSary to select the least-cost ‘mix of curriculum, instructional

' staff teaching aids, etc., that will produce graduates having a given

.level of proficiency There areJ however, an infinite number oftech-
nically-efficient courses,in a given specialty, each one of which will
provide its graduates with a different level of proficiency The prob-
lem. of selecting atmong these courses (ahd corresponding levels of pro-

ficiency) #nvolves another aspect of training efficiency——economic

‘ efficiency Since almost any set of job skills couLd be taught en-
- tirely con the job, formal specialty training could be totally dis-~
- continued without losing the ability to maintain an effective military

foroe The reasons’ for. havifg formal specialty training are economic
rat her t han technological To evaluate the optimal amount of formal
training, one must compare the benefits of additional training with 4
its costs. The ‘costs of formal training (faculty and studéht salaries,
supplies, etc.) are obvious. The returns are less obvious because they

take the form of improvements in trainees' on-the-job performance

_ Economic efficiency in formal training is attaiped when the last dollar

. . A
. P - )

1This report was presented at the Rand Conference on Defense Man-
power, February 4 6, l976 . SN ) v

These estimates are derived from Military Mhnpower Training Ke-

port for Fy 1976, Office of the Assistant Secretary’ of Defense (Man—

r

power and Reserve Affairs), March 1975.
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spent on increasing the amount of - formal, training increases the bene—

<

fits Teceived after training by oné ‘dollars o ‘o

Rand “is currently conductingoresearch to evaluate the cost -

l

etﬁectibeness of different amopnts of focmal initial specialty train-

ing Since more initial trafhing is always more costly than less,
longer courses are only (ost—effective if they produce better -qualified

‘v w

graduafes lhe key question—~vherefore, is how can. the quality of

"gradu s be judged7 One way is Qo eompave the first sterm productivity

p3

of graduates'of different courses ¢ At a minimum, longer courses must
\

male graduatestsuffit{ently mpre produative during their first term to
compensate for the time spent in School CIf, for example, graduates

of. a course that lasted an additional 2 months -were no more productive
‘ \. s .

‘than graduates of a shbrter course, " the shorter course would glearly

w 2

Be preferable he(ause its graduates‘rould be in the'military labor

force 2 months longer during their enlistment. - .
The, value of such productivity comparisons is, however, limited.

Suppose, to,continue the previous example, that graudates of the longer

scourse proVed,CO'bé 5 percent more productive after completing the

course than grﬁduatEs of: the shorter one, even, after allowing for the

fact that they had 2'months less on the job. How is one to judge /;

whether the increase in productivity is worth the extra cost of the

RN

loﬁger cburse? e ' .
’

p’ To*analyze'such tradeoff s, one must. be able to measure both the

'tosts and-the benefits of | longer courses in the same terms, and the

-’ »

jcommon‘denominator with the most general applicability is dollars.
If;the'analysis is conducted in these terms, one can not only compare
the efficiency of courses of different lengths, but can also consider
other margins of substitution. For example, total first-term train-
ring,costs can be reduced by reducing the number of neh entrants each
-year—;perhaps by substituting career personnel or capital goods for
‘firstwtermers—~as well as by choosing more efficient course 1engths

i We have adopted an approach to this problem that is an applica-
tion of contemporary human capital theory.v Basic to :his apprach is
che notion that the costs of and returns to training can be measured
by comparing an ,individdal's pay and allowances with his net produc-

tivity. 1In the representative case, the first term of service can

A}

. !
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be thought of as.having-three diafinct pnases: first, a period of
sic military training and initial techniéal training; second, a
~period of on-the-job training when the value of the individual's
productivity is less than the pay and allowances he receives,3 and
third, a period during which the military earns returns on its in-.
v}stmengs in training because the person's proanctivity is greater
tnan his pa&‘and allowances..‘These three periods are:illuatrated in

Fig. 1, where the time t represents the end of formal training, the

1
time t, the end of the period of investment in on-the-job training,
and t.'the end of the first term of service. .

3
Durfing fofﬁal training, the individual's direct contribution to

military .capability is‘by definition zero. (Since he is not assigned
to an erating unit, he could nnt possibly be 'contributing to current
military effectiveness.) His net contribution, howaer. is negative,
becausge training requires résources (instructional staff, classroom '
spacé etc.) that could otherwise be contributing to current military
cap#bility. Therefore, the full cost of a person's formal training,
sa fat time t, includes both the.pay and allowances he rgceives (given
o

davoted to his training (BC). After he completes formal training, his,

the di'stance AB) and, the opportunity cost of'the other resources

net contribution to milirary capability can be measured as the differ-

Nence between his direct contribution and the Oppértunity cost of re-

[

_sburces (such as the supervisors' time) devoted to his on—the Jjob

rraining Fhe cost of on-the-job training at a point such as T can

be nfeasured by thgldifference between the individual's pay and allow-
. ances and his net proQuctivity at that time (in this case the distance
DE).4 ‘The total cost of ,on-the-job training (0JT) 1is approximately

e e

4 3More preciqely, this period is one of military investment .in on-
the-job training, since on-the-job training in the sense of improve—
ment in job-relevant skills continues as lofg as one's productivity is

- increasing. .

AIn Fig. 1, the trainee’ s'net\productivity e shown as being nega-

. tive immediately after he completes his formal training. Negative
productivity would occur if the forgone productivity of the tainee's
supervisors exceeds the trainee's direct productivity. Although this
is not necessarily the case, it does appear to be common.

.
~
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the.ahaded_area in Fig. 1'5 Finally, there are returns to training
~ whenever thé individual's net productivity exteeds his pay and allow-
$ ances. These can bé measured in the same fashion as the costs of on-
the~job training dnd are represented by the cross-hatched a;ea in
. Fig. 1. _
‘ Tha difference betweén the present value(of the total cost and ",
the returns to training constitutes the military s net investment in
an individual 8 first-term training Naturally, the value of the net
investment will change with changes in the 1ength of formal training.6
\\\\ " For example, longer courses will increase the cost of formdl training.
The returns frdm these investments are in the form of decreases in
the cost of on~the-job training and increases in the returna to train-
ing resulting from enhanced on-the-job performance. The telatiye
‘magnitudes of the two effects determine whether the change in the
amount of training is coat—effective.

" In general, we expect the relationship between length of formal
training and net investment in training to be like that shown in Fig. 2.
This relationship is consistent with the view that, initially, ad-
ditional amounts of fovﬁaiftraining will reduce total training coata,
but that at some point the gains, in termq of enhanced on-the-job
performance, will not outweigh the costs of theiadditional formal train-
ing and, hence, net costs will not be reduced. 1In fact, at some point
it is reasonable to assume that additional amounts of formal training
will cause net costs to rise. The potential number of such tradeoffs
is, of course, quite‘large, and the current research program could not
attempt to explore all" the possible alternatives. Our apprpach to the

\

problem,is to use exist}ng natural experiments {n training lengths. in

i

e _ ,
'5The shaded area in Fig. 1 represents the undiscounted sum of on-

the-job training costs. Because these costs are:incurred at different
points, they should be measured as a discounted . Similarly, for-
mal training costs and the returns to training. ;ﬁ:@:d be measured as

. present values, although, as a practical matter, formal training
periods are typically so short that discounted and undiscounted values
are virtually identical.

6Aaquming that we are choosing from among the set of technically
efficient courses. .

Y
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Net investment im training

v

N\

Length of formal training

<

Fig. 2 — Relationshlp between length of formal trainjng and net
, investment in training

a‘véri'ety of specialties to gauge the na‘ture of (a) the potential
economies to be derived from more efficient course \length and (b) _che
factors that 1nf1uence them. >

o The major 1im1tation to putting this sort of model intp operation
is the difficulty of estimating the time path of productivity. , We have
developed a method in which survey data are used to estimate produc-
tivity, and we have recently finished collecting, data on members of
about 50 specialties in the three wajor setvdce branches. This data
get consists of supervisory ratings Wet contribution to unit
production of selected first-term personnel serving at their first-duty
station. These ratingsa apply to each individual in the sample at a
number of points during his first term of service. They thus permit
1nd1v1dua1 productivity profiles to be constructed for*\ entire first

15
O



term{ The technique uacd toeltcit Lhese rat ings was that of a sgo-
quen {al ‘mall survey. An fnitial qurvoy quest fonnalre was mdll(ﬂ to
selected tirqtjgvrm personnel {dentif fed by personnel records as.en—

~
.lthGOH qvlving at lhvix tqul—duty thllnn. This survey was de-

‘e

\ 6 signed to verity Q.lmple (rlterlu and to ldentlfy enlisted "supervisors
. \ m'OHLfnmlHur with the sampled H.rat-lermer 8 work., A a-lxbsfequent sur- (
vey queqtlunnairo waq mailed to ldentltied enlisted supervisors to
elicit the prodU(ttvlty rat ings previoualy ¢GQ(rLbed In its f Inal ..
torm, the productivlty data set consls}siot hd(kground material on
individual first-term personnel drawn from service pefsonngi-re¢ords
and survey material, a set of productivity ratings from an enlisted
supervisor or supervisors, and additional background material-on the
supervisory raters theﬁselveé. This dagﬁ set , tliﬂ\, forms the 6:;19
férxtho product fvity analysis of the general model.
The purpbse of this report s fu describe this data set and gome
of the re&nlts of our early analysis of 1it. jn Sectlon.II. the kinds
' ! of productivity measupements we have used are described in terms of
) Lhe‘feasons for choosing them rather than as alternatives. In Section
\ 1il, we prvsent estimated productivity curves {or six military occupa-
lional specialties and compare them to indicate the: typeq af vuthq,
and the relationships uwong them, that resulled{trom our data. Soc— o
tion IV sumparlzes khc find ings of Rhe study and gndicates the need

for and directions of further research in this area.
1
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, N 11.  PRODUCTIVITY MEASUREMENT
¢ , o > - |
' a2 N -~/

The two most difficult problems qasocrated with’ adequately address-

ing the iasue of economic efficlency in military specialty training

+ are (1) to establish an appropriate analytic framework for comparing

the benef its and costs of additiofal amounts of training and, since

the benef its of additional training take the form of increaaed produc-
tivity, (2) to estimate productivity. We believe that the human capital
model Just out1ined providea an appropriate framework for analyzing the
effects of different amounts @f formal trainling. In this section, we
deal with the problem of productivity estimation. The objective is
tolassess tns adVantagea and disadvantages of several alternative -
appyoa chea to the problem, focusing on ;both their conceptual appropr 1-
ateneas and the cost of gaqhering the type of productivity data needed
to address the issue of economic efficiency in specialty training The
first “step in this process 1is to determine the propertiea that are im-

portant in such measuress -

PROPERTIES OF PRODUCTIVITY MEASURES

Three properties are crucial in any productivity measures used

L)

to evaluate alternative specialty training_policifa. The measures _
should (1) permit productivity to be estimated over time, not just at
a single point, (2) measure net rather than gross productivity, and
(3) be linked with the characteristics of the individual to whom they
apply. First. it is_important that’ the time path-.of productivity be
measured, because different types of formal training may affect pro-
ductivity differently during the course of a military career. For

example, 1if one were comparing two equally costly training courses-in

" which one course emphaaized the .skills needed by a mature technician

and the other emphaaized the gskills that an enlistee would use in the
early months of his first-duty assignment, a H.psure that captured

only productivity in the early mont hs after completion of training

“would favor the latter course} whereas a measure that focused on pro-.

ductivity later in the career would favor the former, Adequate évalu-
atiqn requires'comparisonanoﬁ productivity at ‘a number of points 'so

l.zjy.
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that comparisons can be made among.courses with différep;iél effects

on prodgctivity ove‘;time.._ L | ¢

./ Second, it 1s ihportant that net yather than gross proddctiVity

be measured. An ind{vidual's gross'productivitx 1g the amount  he

v "\ e ' - .
personally pifoduces; his net productivify 1s the difference between \

the unit's prodJctidﬁ in hislpresenéé.and in nisyabﬁence.’ The two -
neeh not bg_at-ﬁll the same, and the relationship befqeen them cqﬁ'be
expected to change gystematically with experience. Coﬁsidg;r for .
example, a new, specialty school gfadgate who joins'a.larggﬁradio
repair shop. Although he will probably be able to complete some sim-
ple types f‘repairs, he will almost certainly need fairly close
supervisio}.l His gross productivity in these circumstances 1is poéi-
tive, but if the reddction in his supervisors' production exceeds the
trainee's direct producﬁion, his-net productivity is negative. As he
acquires more exper lence, his gross prpductivity will normally in-
crease, and the amount of‘supervision he requires will decréase, 80
that net productivity will rise more rapidly than gross productivity.
At some point, supervisiq? will beéome minimal, and gross and net pgg—
ductivity will, for all intents and purposes, be'ident'ical.7 To the

extent that the two-measures differ: net productivity is clearly “the

~appropriate éoncept for evaiuating training because it ﬁeasures!fhe

éifference in military ezfectiveness attributable to an individual.
The uée of gross productfivity tends to bias analyées of substitutions
betwéen‘formal and on*the—jobltraining in favor of on-the¢job training
by overstating the'trainee's productivity duri his early experience
when suPerjisory inputse are gfeatest.‘ | h

The ability to relate productivity measures nd trainee cHaracter-
istics, such as appitude, education, attitudes, etc.,»is essential to
a dgtailed.ahalysis of training alterna;ives. Otherwise, it is ex-
tremely difficult to control for pérsonal cﬁaract fistics in assessing
the effects of alternative amount s of formal tfa ning. Lacking thése

relationships, one is essentially restricted' to making comparisons

. 7Of course, for those with substantial supervisory rgbponsibilities,
the relationship is reversed and net product ivity exceeds gross produc--
tivity. This‘circumstance i8 not likely te be relevant during the

period of interest here,

)
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among rnéresentntlw"‘ndlvlduula or to perfurmlng cxperiments involv-
1ng mat ¢ hed samples The former approach {s undesirable because one
can never be certain how‘répresentathe the "representative indi-
vlﬁuul",ls. The latter approach is upndesirable because ft preclud?s »

the use of natural experlments and because the experiment in this

uase (ln(lu¢lng formal aﬂd on—\he ~-job training) is quite lengthy.

,r‘ _Both approaches are limited in the.sense that the relationships tha{

are estimated are conditional on a given mix of trainee attributes--
they provide no information on the effectarqf changes {n trainee

attributes.

: .
@hTERNATlVFMFASURE&ZNTI;ROCEDURES K
Meaqureq having the propertieq just discussed can be gathered in
a number of ways. Here ue describe the strengtha and weaknesses of
two of the major alternat1v04, whigh provides a basis for evaluating
the mausurement procedure we hdve used. i .
_Subst{tut fon Measurement
The general character of the prodgctivity measures one would col-
~ lect with unlimited resources 1is fairly straightforward. Such measures
wpuld involve estimating an individual's net productivity by measuring
a unit's output in hisvpresence and in his absence. In our example of
the radio repair shop, the shop's output could ;w. meastired with {its
" full complement of personnel RWA theg with varfous combinations of
n-1 persbnnel. The dffference.between the out put of repairs with
» and without a given person 18 a ﬁeasure of his net productivity. A
time path of net productivity could>be estlmated either cross-section-
ally or longitudinally. ' ‘ _ .
One substantial difficulty in 1&pi@menting this apprﬁach‘is the
measuremént.of unit output.v The problem arises primatily because there
are maqy'different'typ%s of oufbut in a given specialty. To return to
the radio shop example: Within a given ‘shop, several types of radios
will be maintained and many types of failures will occur, If there are
‘substantial variations in the difficulty of repairing different types
. of failures and in the mix of falluresﬁpver‘time, the numbe Aof "re-

paired radios" that can be turned out in.a given number of man-hours

<
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vill differ considerably. To take these variations into account,
weights must be developed for different types of repairs, and output
;uat he measured as a éeighted sum of repaira; When the context is
broadened to include mult%ple shops, the development of gppropriate ~
weighta is gven more impox\ant because dtfferences in equipment mixes
among, shopa can Introduce substantial differentes in measured produc- -
tivity 1f inappropriate weights are selected. - N
At first glance it may seem that once an unambiguoua definition '

of output is deve10ped a small number of observations will be suf-
ficiént to evaluate two alternative training strategies because the
productivity measurements can presumably be made quite precisely.

This 1s not true, however, because of the large number of factors
besides military training that influence a person's.contribution to
unit performance. These include (a) his motivation, ability, previous
education, etc.:; (b) the number, experience level, motivation, ability,
and previous education of other. personnel in the unit' (c) the group's

experience in working together; (d) the stock of capital equipment;

-and (e) the demand for service that the shop faces. To control for

these factors, a large number of observations are necessary,
1t should be apparent from the preceding diBCussion that the
"{deal" sort of productivity measures d be quite costly to assemble

and would, in spite df the cost, be less than perfect. This suggests
_ N X .
that it is worthwhile to consider other alternatives. If suitable

less costly alternatives can be found, they would be prefetable if v,

only because of the limited amount of previous research in this area.
Since the information availabl; 18 so limited, it is probably better

to obtain a first approximation of productivity and economic e ficiency
of training for  a number of speﬁialties than to devote the same\gmount

of resources to a detailed analysis of one or two specialities,

Job-?erformnnce Tests

Ohe approach that retains the characteriaticAof direct measure-

ment but involves measures tiat are simpler to develop and administer

" is the use of job-performance. tests. This approach involves testing

individuals on a apecific set of skilla used in their specialty. By

’
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testing poople with different amounts of onlthe—job exLerience,/or one

person at several timés, the relationship between p?oduttivity and

experience can be established andqiy linking these measurements to

those of formal technical training, background, ability, etc., one

can estimate the effecte of different initial training (controlling

for peraonal characteristics) ’ b . ‘ : f S
There are several major limitations to this approach however. |

Most importantly, it involves measurement of gross, rather than net,

productivity. %he on-the-job training process in the military gen-

erally involves substantial inputs of supervisory resources, and there—

fore dtfferences between net and gross productivity are likely to be

large, especially early in the on-the- -job training process Use of |

gross prqductivity will result in downward-bilased estimates of on-the-

job training costs and,; therefore (because’the returns to formal train-

_ing are understated), will lead to‘noiicies that entall.- less-than-

efficient amounts of formal training. A more subtle bias occurs be-
cause of differentials in supenx};ion across individuals. ‘One would ex=~
pect the level of, supervisory innuts to the on-the-job training process
to vary with the trainee's amount of.formal training and his peraonal
attributes. - If, for example, better trained, more able personnel re-
quire less supervision, gross productivity measures understate the
differential in performance between the better- trained, more able _
indiyiduals and)those with less ability and training. This implies
that gross productivity measures will fail to capture part of the re-
turns to additional formal traianing and also that the relationships
between péraonal characteristics and productivity gstimated from gross °
prodnctivity data will be biased."Finaily, there are real questions

of how well job-performance tests measure actual grosa productivity.
Even if the chosen job tasks accurately reflect the duties in a par-
ticular‘speciqlty,-they may notsaccurately represent a particular in-
dividual's attual duties. Further, job tests measure a person's capa-
bility to'per§orm those tasks, not his actual performance of them.

The difference in the observed performance of two similar persons with,
for.example, different levels of motivation is likely to be much smaller
dutingna ahort test than over the course of several days or weeks on
the job. ‘

S | . ‘ “ ,éil,
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* The appgodch we have chosen uses supervisors' ratings of net
productivity rather than direct measurement. This approach has the
. disadvahtage of being a subjective- meaaure but it also has many ad-
vantages, especlally since there has been: 80 little previous analysis «
of the re{aflonship between formal specialty training and productivipy..‘
In the following discussiQn, we will describe the productivity measure-
~ ments that’have been gathered and examine the strong and weak points
of the approach. ' o
We have used a self-administered mail questionnaire to obtain
superviﬁors ratings of the net productivity8 of specific trainees at
. several points during their first term of seryice. Specifically,
supervisors were asked to rate each trainee's productlyity (1) durihg ‘,
his first month with the unit: (2) at the time that the rating was ,
completed, #3) 1 year from :he time of rating, and (4) after completion
of 4 years of service. In each instance, the supervisor was asked to’
‘rate the individual's net produdkivity ralative to that of the typical
A : specialist with 4 years of experience. Together, these points trace
out an estimated.time' path of relative net productivity that can be
related to the attributes of the person being rated. '
This method of estimating productivity is attractive for four
reasons. First, it measures net rather than gross produc&ivity.
'Secood, it does permit one to control for personal characteristics in
comparing training alternatives. Third, the cost of data collection
is relatively low, which ‘means that for a given budget many more .
'y ¢ | specialties can be analyzed than would be possible using, for example
substitution measures. Although substitution measures would presumably
lead to more precise estimates, it appears more valuable, at the present
stage of research in this area, to explore the gene;al'maghitude amd
pattern of iraining effects across a nnger of specialties than 'to
analyze a small number of specialties in great detail.' Fourth, be- |
cause of the general nature of the measures that are obtained, compar-

‘ 2
isons across specialties are feasible both within a given service and . °

aNet productivity is defined as the difference between a trainee's
gross productivity and the forgone productivity of supervisors who
work with him. - 3 .
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' we spent a great-deal of time

‘sion of the concept. Clearly, some responges will still be unusable ~
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across servicés This fGAture 18 also important in qbtaiﬁing a'Srdad
overview of the effects of training on productivity. o

» ~Two important limitations to our approach should be conaidered
Fi‘pt, the concept of net productivity is fairly sophisticated x gnd 3
it i8 not one that enlisted supervigors are_likely to have bqu famil-
iar with before receiving the questionnaire. Thus;it 18 possible that
some survey tesponses will be invalid because superviebrs did not undet-
stand what they were being asked to do. Because of this péésibility;
‘Pnd effort in thie survey design stage
to’develop agd field test a clear explanation of the conceptaof net
productivity. Of courst, no such explanatigncould be clear to all
tecipients of the questionnaige, so a simple test of comprehensibn was’
included in the _survey instrument. In additiopn to their questionnaire
responses,vsppervisors were asked to ratg botﬁqs’"typiczl" techmical
school graduate and a directed duty assignment trainee;” this rating
was intended tb provide gbme_insight into the supervisor's comprehen—‘
Qecause of the rater's inability to comprehend the congept of net pro-
ductivity, but a preliminary analysis of the data does not indicate
that this 1s a serious problem.

Another potentiai limitation is the possibility of important dif-
ferences among raters in their rating systems--some tend to rate easy
and .others hard; some tend to see people ;s very similar and some as
very Sissimilar. These differences have the potential of producihg
substantial noise in the data, and a pilot study of our approach10 ’
suggested that they were indeed a serious consideration. An econo-
metric model for dealing with this source of diqtortion by estimating
parameters of the supervisor's rating system was developed in conjunc- .

tion with the leot study, and has been expanded and tested through.

-

9A directed dhty assignment‘trainee is one who goes directly from
basic military training -to an operating unit without attending a for-
mal specialty training school. ’

lok M. Gsy, Estimating the Cost of On-the-Job Tratntng in Military
Occupations: A Methodology and Pilot Study, The Rand Corporation,

-R—1351-ARPA April 1974.-



! Monte Carlo e&mulatidh:li. It . proQides’a means for controlling for
supervisor—rating effects. The ratings of a jypical trainee provide
another method of determining distortfon, since-one would expect, for
example, the superv OIQGLO is a harder-than-average rater to give both
the "typical tradfnee" and }ndividual-trainees law ratings. A pre- ‘
liminary analysis oflour data euggests that a good dealcef the noise
in the supervisor ratings is, in fact, eliminated by controlling for

- the. supervisor 8 ratinmg of the typical trainee.

.
. * = -

o e ——

klRichard V.L. Cooper and Gary R. Nelson, Analytic Methods for

Adjusting” Subjective Rating Schemes, The Rand Corpdration, R-1685-
ARPA, June 1976. .
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The data base'gssembled at Rand to provide a vehicle for analyzing
the effects of. different amounts of firstvterm specialty training is
very large and, in many respects, unique. It includes information on

individuals in'more%than 50 specialties in the three major service
branches. When preliminary data processing is completed, an observa-
tion will'include (a) the supervigor's rating of a trainee, (b) back-

\ ground information from service personnel records on both the trainee
and the supervisor, and "(c) additional background information on the
trainee obtained from a survey he had completed. The survey data were
collected throuih sequential mail surveys of abdéut 30,000 first-term
enlisted personnel and an approximately equal number of enlisted super-
visors. This section presents the findings of a very preliminary
analysis of these data.. Because we are at a very early stage in our
work, we have adopted a rather elementary form of analysis--compari-
sons of estimated productivity functions over time in several special—

’ ties. In presenting these results, we intend to suggest a broad con- ~
sistency between the observed patterns of productivity and those one
would have expected a priori. ' ' : \

This section is divided into three parts. First, we describe the
data used in the present analysis. Second, we present a comparison
of estimated productivity curves for six military occupational special—

’ _ ties. Third, by analyzing estimated productivdty curves for the "typ-

ical" technical school graduate and directed %ﬁty assignment trajnee,

we 1llustrate both the potent*al for and the pitfalls of using fthese ,

sorts of data to analyze effegts of‘training on productivity.
. - \ '

% DATA CHARACTERISTICS o

‘ As mentioned previously, our productivity data consist of re- . .

- . .
sponses to questionnaires administered by mail to supervisors in a

selected set of military. occupational specialties. Supervisors were
¢ requested to ovide three types of estimates of net productivity over

time. First, and most impertant, we asked for estimates of specific




he 3

-his first-duty station, (b) had attended technical school t

- It A

: J/ ' o vy
ind#1duals' net contributfon to unit prodyctivity at faur poinés
during their first term of sefyice: (1) dﬁring t he firss month on
the job, (2) at the time that the ratinnga;‘completed (which will,
of course, imply différgqt amounts_of onfthe—jéb experiencé fSr dif-
ferent individuals), (3) 1 year from the time of the rating, and (4)
af:er'é years of service. Second, we asked for estimates of‘thé fypk
ical Lechnicél school graduate's net contribution to unit production
durdﬁg hié'first month on the job, after l'year on the jdb;-after 2
years on the job, and after 4 years of servicé. Thifd.-we askéd for Y
est imates of the typical directed duty . assignment trainee's net con
tribution to unit”production aftar 1 month, 1 year, and 2 years on

the job and after; 4 years of service.

For purposes of the present analysis, we have selected a sub-

bsamplo of 6 of the more than 50 military occu at ional special?&ee\for

which data have been collected. The, subsgriple covers a range of job ™

tasks and includes a set of cémparable' ecialties in different serv-
ices. We have selected the light weapons infantry specialists“(llB) 4
and the hospital corpsmen (91B) in the *Army; radio repair'specialists
(ETN) and hospital corpsmen (HM) in the Navy; radio repair specialists
(304X4) and hospital cofpsmen (902X0) in the Air Force. Observations

for an” individual were_included only if a complete set of four produc-

tivity estimates was available, and if the trainee (a) wag serving at
et ining,
and (3) was serving in the specialty in which he was trained.\ Further,
to eliminate responses clearly indicating that the supervisor 's\ com-

prehension of the concepts was poor, we deleted cases in which the

\supervisor rated the typical technical school gradpate's roductivity

@t 100 percent or more during his first month on the Jjobor at zpro

or less after 4 years of service.1

COMPARISON OF PRODUCTIVITY CURVES: FOR SIX SPECIALTIES

Representative productivity curves for members of a giyen specialty

canlbe estimated by using ratings of the prodnctivi specific

— : &
12Using these criteria, the number of cases in each spécialty were
11B, 96; 91B, 197; ETN, 252; HM, 85; 304X4, 689; and 902X0, 363.

~
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individuals, as 1llustrated for two davy occupation:l specialties'
(radio repairmen and hospital corpsmen) in Fig. 3. Average produc; .
tivity during the first month on the job and after 4 years of service
(points 1 .and 8 in Fig. 3) can be estimated by taking the average value
of the responses for all individuals im the sampye Intermediate
points are estimated by taking the average estimate of productivity at
the present time and l year from now for groups pf indtviduals in dif-
ferent experience categories. ‘Specifically, we have grouped individuals:
into three experience categories: 5-9, 10-14, and 15-19 months of job
experience. Points -2-4 in Fig. 3 represent the mean values of the
estimates of productivity at the time of the rating for those in each
of the categories (plotted:at the midpoints of the-intervals). Points
5-7 represent the average values of estimated productivity a year from
the time ofkthe rating for people in the same experience ca&egories.la
On average, these estimates of relatdve productivity for both the

. #" radio repairmen and‘hﬁspdtﬁl corpsmen conform to our expectations.

The curves have positive slopes, reflecting an increase in productivity
as a function of experience. Further, esttmated relative productivity
vafter 4 years of experience approaches 100 percent in both specialties.
Since productivity is being measured relative to the average specialist
with 4 years of experiencé, average productivity at this point would,

in the ‘absence -of bias, be 100 percent 15 The averaged ratings of the
radio repairmen are consistently below those for the hopsital corps- -
men, which is to be expected because radio repair is more technically
demanding and requires more experienc: before one can attain proficiency.
Figure 4 shows similar comparisons for the Air Force hospital corpsmen
and radio repairmen, whose productivity patterns afe similar to those

of the Navy specialists, Initial net productivity is negative for radio

repairmen and positive for hospital corpsmen, and the differences in

3

A

13Since the horizontal axis of Fig. 3 measures on-the-job expe—
-rience and’ point 8 corresponds to. productivity after 4 years of servtoe,
the position of point 8 in a given specialty depends on the length of
formal technical training in that specialty.

) ll'Cells with fewer than 10 observations were not included in the
plots. o

15 This at least partly explains why the difference between the two
"~ curves dininiahcs over time.
. 9 7
ke 4
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Relative productivity (percent

-

relative producSivity diminish with-"axperience. The curves for the
twd Army speéialties (hospital corpsmen and light weapons infantry-
men) shown ‘in Fig. 5 are less clear-cut. Here it is not so obvious .
which is the mote technically demand ing specialty; moreover, the dif-
ferential in produc_tivdty does not dec_l_ine over time aﬁ expected.

¢

~ Hospital corpo;non (9\8) "

100 -

Light weapons
infantryman (11B)

\

0 | N ! J
2 24 36 - 4

Months on the job

Fig. 5 — Comparison of productivity profiles in two Army specialties: .
hospital corpsman (91B) ond light weapons infontrymeg (118) .

l ' / -
Anot her way of exploring the consistency of our estimates 1s by
comparing estimates of similar speclalties in different services. The
two curves: ‘in Fig. 6 show the productivity profiles .in two xadio re-

pair specialties, Navy ETN and Air Force AFSC 304X4. Here a striking

[}

~”
o

similarity can be observed in both 1n1%r and- final productivity and -

rate of progress. ' The curves suggest that there is a high degree of
comparability between the two services in this occupational special\ty.
Figure 7 makes a similar ‘comparison of the productivity ratings
for hospital corpsmen in the three services. Again the consonance
amo’i\g the curves 1 Qtri_king in t“ermq of both, slopes'and intercepts.

However, the average productivity curve for the Air Force corpsmen” has

a slightlx/lower inidial value than the cur\'res)(or th_’e Army and Navy

-
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‘Fig. 6 — Comparison of prﬁucﬂvhy proﬂlos in fwo radio repair spoclalﬂu
' Navy ETN ond Air Force AFSC 304X4
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Flg 7--Comporhon of productivity profiles in three hospital corpsmon upodomu
Amy 918, Navy HM, and Air Force 902X0
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co;psmen One poasible explamtion is that: hospital corpsmen in the

Air Force receive approximately 20 percent less formal schooling than

v those in the Army and Navy, but this hypothesis cannot be ‘tésted in
) « the current analytic framework. A ’ ‘ 6.
B ) Servicewide product:ivit:y ciurves for both hospital corpemen and :
3 ) fadio ‘repairmen are presented in Fig. 8.16 The relationships 4n this

‘ instance are quite similar to those [observed for the Navy'and Air Force
. S U Figs. Jamd 4. { &

"+ Hospital corpsman, *

100

80 } Radio repairman

Relative prod;cfivify ( percent)

K

o | 0 “ 1 L :
o T2 24 - 36
: . . Months on the job | ., (

. . . \\ o B ‘ . . ) e »

Flg 8 — Servicewide comparison of two occupaﬂonal specialties:
hospital corpsmon and radio repaiman

&L

»

As a group, these results are quite encouraging. They are con-o
sistent with expect:atzions\ both in terms of the productivity patterns
observed over time in a given specialty and the relationships among
specialties. These findings suggest: that ‘the product:ivit:y est imates
we have assembled will be useful in appraising alt:ernat:ive training .

. policies.

16'I‘hese curves include all members of the respective specialties

regai‘dless‘of service. -

»
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‘ COMPARISON OF- PRODUCTIVITY CURVES FOR GRADUATEQ AND NONGRADUATES

Both the potential for and the pitfalla of using these types of
data to analyze the effects of training on productivity can be illus-

trateq by some comparisohs of product ivity curves estimated as aver—

h ages of aupervisors' ratings of the "typical" technical léhool gradu—

ate' 8 performance and the performance of the typical“ directed duty
assignment trainee. Unlike the curves estimated from ratings of spe-
cific 1ndividuals, thege curves chart the progress of hypothetical
typical trainees through the first term of service.

. The four curves in Fig. 9 present such comparisons for two radio
repair specialties: Navy ETN and Air Force 30«x4 The curves exhibit
propértios consistent with the general éxpectations ofuproduotivity;
estimates and are similar to the average curves estimated for specific
individuals. The curves for the Navy. radio repairmen (représenfed by

the solid lines) show substantial and persistent differences between

100 | ' / Alr Force graduate —_o

80

J ok
12 24 3 48

Months on the job

*

Fig.9 — Comparispn of combined productlvlfy pmflrl’a of "typical” groduate
and graduate trainees In two radio repair spog:loltles‘:{\
Navy ETN and Air Force 304X4
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ot the pérformnnce of graduates and nongrhduateb throughout the firat
' 4 years of service and suggest that returns to training may be sub-
stantial. The curyes for the Aif Force radio repairmeﬁ’(represented
by'the dotted lines) show a similar relationship between the pgrf&r—
mance of graduates and nongraduates, but the differences appear to
be much smaller than those between the two Névy curves, .
Based on these two sets of curves alone, one might argue that
tﬂere is a differenge in training effectiveness between the Navy and
Air Forée, with higher returns te training occurring in the Navy.
Consideration of the two sets of curves.together, howevgr, raises
questions about this interpretation. The two curves for the graduate
‘r;pairmen are practically identical; the differenceeibetueen the d
" services arise because Navy nongraduates,do notkperform as well as
Ai{iForce nongraduates. . This suggests that the apparent difference
in Xeturns to training between the two services may, - in fact, be due
“to differences in' the rélative quality of graduates and nongraduates
rather than to differences 1n'training effeétiveneas. That is, Navx';
and Air Force technicalsschool graduates may'be roughly comparable in
terms of Aptitude, eaucatiqn, etc.., but Navy directed duty assignment'
trainees may be less able than their Air Force counterparts. Of course,
with ;hié sort of analysis one cannot really sort out the effects of
differences in persdnal charhcteristics from differences: in training
effectiveﬁess.. The results do imply, however,'éhét'de areflikely to
observe,systematic differences in the performance of' graduates and
nongraduates, and that in aqalyzing them it will be i{mportant to con-

trol for the personal characteristics of trainees. N
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To determine the eff icient amount of technical school training
for military occupational specialties. the analysis must be conducted
within a framework that permits the analyst to estimate the effects
off that training on posttraining job perrormance. The approach we
have chosen 18 an application of human capital theory in which the
costs of on-the-job training and the returns to training are measured ‘
by comparing the trainee 8 pay and net productivity. The key element

.in implementing this approach‘is the estimation of bn-the-job,%rbduc‘—
N tivity. To construct estimates of the time path of productivity.-we
| have used supervisors' estimates of the net productivity of trainees
at vg{ious points in their first term of ‘service. A number of esti-
mated productivity paths were presehted to ‘show the general character

. of the data we have collected ' - ‘ (;\\;
v, All the productivity curves for the six specialties discussed in

this report showed a positive slope that tended to decrease over time ‘

(the rate of improvement declined with experience) Mor eover, com-

parisons among specialties tended to conform ¢ expectstions. both

when those comparisons were made betweén specialties in the same .

sgrvice and wifen they were made between ebmparable specialties across

services, .. ‘
. Encouraging as these results are, they are of no direct help in
solving the problem of efficient amounts of technical school train-

'j . ing. Two steps are necessary before this problem can be addressed.
First, the productivity estimates must be integrated into a broader
framework so that training costs and returns to training can be esti-
mated. Second, timated net training costs (formal training costs
plus on-the-job t ing costs less returns to training) must be \

_\\ analyzed for individuals with differing amounts of formal training.
And, as the results JP this study of "typical trainee" data suggest,

" future analyses must be done in a multivariate framework that controls

for other factors that influence estinated productivity.
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