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PREFACE

With total budget costs in excess of $60 billion per year, defense
manpower is second only to Social Security in terms of Federal spend-
ing, This alone makes defense manpower one of the most important
public policy concerns in the nation. Yet the policy aspects of defense
manpower go far beyond these cost figures; defense manpower is not
only at the very core of the nation's defense posture, it is also an
important factor in the country's economic and social policy.

In view of this, The Rand Corporation, in February 1976, hosted
the Rand Conference on Defense Manpower, sponsored by the Human
Resources Research Office (now the Cybernetics Technology Office) of
the Defense Advanced Research Projects Agency (ARPA), The pur-
pose of this conference-the first DoD-wide effort of this sort-was to
bring together a wide array of researchers, policyrnakers, and others
concerned with the development and implementation of Improved
defense manpower policy. It was hoped that such a forum would offer
a useful first step in furthering the exchange of information and ideas
among the many individuals and organizations working on defense
manpower issues and problems,

This book contains selected presentations from ti -a Rand Confer-
ence on Defense Manpower. Because of space limittiions and to keep
this volume focused on a general theme, not all the papers presented
could be published, (Appendix A provides the complete Conference
agenda.) Nevertheless, the papers included here provide a reasonably
good sampling of the topics and issues addressed at the Conference.

\,.... ...'',,,,--,.--........'.,,,,.-.... ..-
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"INTRODUCTION

Richard VL, Cooper
The Rand Corporation

Defense manpower, always an important part of public policy, has
assumed even greater importance in recent years. The end of the
draft, skyrocketing manpower costs, and a host of other factors have
all served to make defense manpower one of the key concerns in the
Pentagon and on Capitol Hill. Accordingly, the purpose of this book is
to shed some light on some of the major issues that comprise this
important public policy problem.

The importance of defense manpower as a policy problem stems,
in large part, simply from its magnitude, The defense manpower sys-
tem includes some 4 to 5 million people, depending on who is counted.
This includes more than 2 million active duty uniformed personnel,
nearly 1 million reservists, about 1 million civilians on the defense
payroll, and some 500,000 other civilian personnel working indirectly
for the Department of Defense (DoD). Defense manpower is important
not only in terms of these numbers of personnel, however, but also in
terms of costs, for the defense manpower system is second only to
Social Security as an area of Federal spending. The costs of defense
manpower have increased from about $25 billion in 1964 to $60 billion
in 1976. In fact, combined with its capital stock of some $400 billion,
the DoD is the largest single employer of resources in the nation.

"Concern for defense manpower of course transcends these aggre-
gate strength and cost measures. The raising and maintaining of a
military force is always a vital part of a nation's public policy, and this
is especially true for the United States, given the long-standing Ameri-
can tradition of maintaining civilian control over the military. The
relevance of defense manpower to the public policy decision process
"is also manifested in the ways in which military experience ihapss the

. ......... .................



2 Cooper

attitudes and mores of those who have served. Every year, hundreds

of thousands of young men and women join the military, and their
experiences in the military must surely have a significant effect on
their future lives-and, hence, on society in general.

In short, defense manpower is important nat only because of its
role in maintaining a strong national defense but also because of the
subtle ways in which the defense manpower system affects U.S. de-
fense, economic, and social policies. A better understanding of the
defense manpower problem can therefore only lead to improved pubic
policy decisionmaking.

STRUCTURING THE MANPOWER PROBLEM

Because of the sheer size of the defense manpower system and the
breadth of effects caused by defense manpower policy, the manpower
problem must first be structured into meaningful, but manageable,
pieces. As a first step, let us consider the defense manpower system in
terms of its major components, as shown in Fig, 1. At the most aggre-
gate level, defense manpower can be categorized into uniformed and
civilian personnel, since these two elements are likely to differ in
important ways such as how they are procured and retained, how they
o•re used, and how they are managed,

Civilian DoD personnel, can, in turn, be divided into those who are
employed by civilian firms under contract to the military (i.e., contract
hires, such as civilian employees of private-sector firms etigaged in the
provision of maintenance services) and those who are employed by the
government (ie., government hires). There are two main groups of
government hires: appropriated-t'and employees and nonappropriat-
ed-fund employees. Nonappropriated-fund personnel are those civil-
ians whose wages and salaries are not paid out of Congressionally
appropriated funds. For example, employees of military commissaries
and Post Exchanges are paid out of the funds generated by the sale
of goods and services, not out of funds appropriated by the Congress.
Apprc•nriated.fund civilians can be further disaggregated according to
whethi ., they are directly hired by the DoD or indirectly hired (i.e.,
foreign nationals working on U.S. installations abroad whose costs,
though actually paid by the host nation, are reimbursed by the U.S.
military). Finally, direct hires can be disaggregated into general
schedule and "other" (generally, wage board),

The reason for this rather lengthy categorization is simply that
the policies and procedures used to govern tbese different groups and
the data and methods used to analyze them are in many cases quite
varied. As a polidy problem, then, though it is important not to lose
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4 Cooper

sight of the larger picture made up by the individual paits, these parts
often require different data, different modes of analysis, and different
policy solutions-and hence mvst be viewed accordingly.

The military personnel system can be disaggregated in a similar
fashion. For example, military personnel can be categorized into the
active duty and reserve forces. (Note, though, that there are some
"reservists" on active duty.) Military personnel, whether regular or
reserve, can be further classified as either officers or enlisted mem-
bers. For the most part, the officer corps has the primary management
and leadership responsibility for the military, whereaa the enlisted
force corresponds more or less to the blue-collar work force in the ýJ
civilian sector. Although these characterizations are not absolute (for
example, many enlisted personnel have white-collar-type clerical jobs),
they nevertheless capture the basic nature of the two forces.

The military personnel system differs from its civilian counterpart
in a number of respects. Perhaps the most obvious distinction is that
the military maintains an up-through-the-ranks, or closed personnel
system, with little or no lateral entry. Thus, management, leadership,
and experience are developed solely within the system. As shown in
Fig. 1, one important implication of this is that military personnel can,
for policy purposes, be categorized into "first-term" and "career" corn-
ponents. That is, first-term and career personnel are likely to be suffi- I
ciently different in terms of supply, experience, and skills to warrant
being treated as two separate resource categories.

While Fig. 1 provides one way of structuring the defense manpow-

er system, that is, in terms of specific categories of manpower, there
are many other potential categorizations. For example, the system
might be structured in terms of the occupational mix, the service mix,

the mix by function (e.g., strategic versus general-purpose forces), and
so forth. The point to be made from Fig. I is simply 'hat there are
many useful ways of breaking down the defense manpower problem
into meaningful pieces. Certain categorizations, such as the military/
civilian mix or the officer/enlisted mix, are likely to be important for
most policy problems. Others, such as the first-term/career mix or the
occupational mix, are likely to be useful for some policy problems but
not very important for others.

In a sense, Fig. 1 represents the demand for manpower-specifical-
ly, the demand for the different types of manpower used in the defense
mission. As such, Fig. 1 is stated in terms of stocks-i.e., the numbers
and types of personnel. Because of the closed nature of the military
personnel system, however, flows are equally important. That is, be-
cause the military brings all (or almost all) new personnel in at the
bottom, the flow of personnel in and through the system and the
policies affecting that flow have a great deal to do with how well the

... ... .



Introduction 5

military meets the demand, as well as the costs of doing so. In other
words, because of the closed nature of the military personnel system
(and because the military compensation system is geared to attract
only young men and women into the force initially), the military must
tako in large numbers of inexperienced young people, train them,
move them through the system, promote and assign them, etc,

The simplified version of these flows shown in Fig. 2 indicates that
the military personnel system has several major components in addi.
tion to the demand for manpower. The first is manpower procurement,
which has become increasingly important since the removal of the
draft. Given present force sizes, the military must attract about 400,-
000 new recruits each year. After joining, these individuals must be
classified according to the assignments they can be used in; they must
be trained (basic military training plus whatever specialized skill
training they are to receive); and they must be assigned to their first
duty station, During the remainder of their initial obligation, these
personnel must develop their skills, be promoted as they advance in
skill level, and possibly be moved to different assignments. The mill.

AvF 2tabl.eer n Mnionfl
manpower -- , ..,.,,pool, , V esponsytem

SManpower reqmt. I

Pa incentives Poent,

CM]In cmpostio Civil lan

opportunities a Skills opportunities

Accessions listter

Loss experience

Fig. 2--Military personnel flows



6 Cooper

tary wants to retain as rareer personnel some of those reaching the
end of their initial obligation, and for these, the same set of concerns
arises once again-i.e., ffirther training, assignment, promotion, etc.

In general, we can describe this entire system as manpower man-
agement, where the tools for managing military personnel include
initial classification and assignment, training, compensation, promo.
tion, subsequent assignment and rotation, and on.the-job training. All
this must be balanced against the military's requirements and the
individual's preferences and desires.

However, the defense manpower system is but one aspect of the
defense manpower policy problem. To illustrate the complexity of this
problem, at one end of the spectrum, defense manpower policy has a
major impact on the effectiveness of U.S. military forces, In other
words, defense and defense policy shape (and are shaped by) defense
manpower and defense manpower policy. Thus, any attempt to deal
with the defense manpower policy problem requires a better under.
standing of how defense manpower and defense manpower policy
affect overall defense capabilities and costs,

Second, the nation's economic and social policy can also have an
important impact on defense manpower policy, and vice versa. Soci-
ologists and political scientists have long worried about civil/military
relations and the factors that affect them. On the one hand, the na.
tion's social values shape the attitudes and behavior of the military in
important ways, while on the other, the structure of the military can
have significant effects on the role of the military in a democratic
society. More specifically, the military can substantially affect the
lives and careers of those who have served, including their choice of
occupations, their education, and their earnings and employment
prospects. To illustrate, the GI Bill has been a significant factor in
educating large numbers of former servicomen, (In fact, the military,
through the GI Bill, contributes more resources to post-secondary
education and training than any other Federal agency.) Similarly, to
the extent that military training and experience is valued by civilian
employers, military service can be a major source of human-capital
formation. Alternatively, depending on the extent of military retire.
ment benefits, military retirees may be discouraged ftrom entering into
post-service employment, which indicates that there may be a larger
social cost to military retirement than is accounted for in the budget.

In sum, the defense manpower policy problem can be disaggregat-
ed into several major components: the defense manpower system, the
relationship between defense manpower and defense in general, and
the relationship between defense manpower and the nation's econom.
ic and social objectives. And the defense manpower system itself can
be viewed in terms of its major components: the demand for manpow-
er and the various parts of the military personnel system.

. . ...



Introduction 7

ORGANIZATION OF THE BOOK

Building on the framework outlined above, this book is divided
into four parts, The first focuses on the demand for manpower-i.e.,
manpower requirements-including both the numbers and types of
personnel needed and how these requirements are affected by various
factors, Not only are manpower requirements important in terms of 4

the defense manpower system, they have an important effect on both
defense capabilities and defense costs, The second and third parts of
the book focus more specifically on the military personnel system,
Because of the special importance attached to the problem of obtain-ing sufficient numbers and quality of manpower in the absence of a i

draft, Part II is devoted to military manpower procurement. Part III ,
considers other aspects of the military manpower management prob-
lem, including training, promotion, and compensation. Finally, the last
part of the book addresses some of the broader economic and social
effects associated with defense manpower.

Part I, Manpower Requirements, contains four papers dealing
both with specific manpower requirements issues and with methodolo.
gies for solving manpower requirements problems. The first paper, by
Clark, deals with the broadest level of aggregation in the manpower
requirements process: the allocation of defense resources between
capital and labor, The second paper, by Smoker, deals with the next
level of disaggregation in the requirements process-the mix of mill-
tary and civilian personnel to meet manpower requirements. Smoker
not only examines the military/civilian mix but also provides a costing
methodology for evaluating potential military/civilian substitutions.
Horowitz and Sherman, in the third paper, focus on the effects of
personnel characteristics for defense capability and hence on the man-
power requirements process in terms of personnel policies. Finally,
Jaquette develops an approach for evaluating how manpower require-
ments should change over time in response to desired changes in force
structure and force capabilities.

Part I1, Manpower Procurement, consists of six papers dealing
with recruiting personnel into the military in a volunteer environ-
ment. Fechter and Grissmer, in the first two papers, examine the
supply of enlisted volunteers for the U.S. military. Withers, in the next
paper, examines manpower supply in the United States, Canada,
Great Britain, and Australia, offering an international perspective on
the determinants of military enlistments. Jehn and Shughart focus on
recruiters and recruiting as a tool for attracting enlisted volunteers.
In the fifth paper, Martin and Haley discuss a recent DoD experiment
in paid radio advertising. This is useful not only because of the role
advertising has come to play in the recruiting function but also be-
cause it illustrates a methodology-namely, controlled experimenta-

- m 7 r?
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tion-for evaluating manpower policies more generally. The last pa.
per, by Lockman, focuses on the use of various enlistment screens to
reduce subsequent attrition in the enlisted forces.

Part III, Personnel Management, also contains six papers, but

these deal with various aspects of military personnel management. In
the first paper, Gay and Albrecht examine the determinants of perfor-
mance of enlisted personnel on the Job, including experience, training,
and personal characteristics. Vineberg and Taylor, in the second pa-
per, discuss ways of measuring performance on the job, given the
importance of performance measures for subsequent force manage-
ment. Alley discusses the results of a study dealing with the manage-
ment of the Air Force ROTC program. Two papers dealing with reten-
tion are Included: Grace discusses factors affecting retention in the
enlisted forces, and O'Connell. discusses the retention and perfor-
mance of Air Force Academy graduates and the factors affecting
these. Finally, Munch provides a methodology for managing the Ser-
vices' bonuses programs, perhaps the most important tool for en-
couraging retention of enlisted personnel,

Part IV, Manpower and Social Policy, contains three papers deal-
ing with various aspects of the relationship between the military and
civil sectors. Thomas examines some of the trends in the utilization of
women by the Navy, in the context of social trends. Although the
utilization of women is an important Issue for personnel management,
their increased use in the military has been driven by a number of
external as well as internal factors, Knapp, in the second paper, takes
a somewhat different perspective on the relationship between military
service and social policy by examining the effects of military training
and experience on individuals' post-service earnings. O'Neill et al.
discuss the utilization of the GI Bill by former servicemen, in order to I
shed some light on what must be regarded as one of the most impor-
tant links between the military and civil sectors during the postwar
period.

The 19 papers presented here thus offer a useful first step in
structuring the defense manpower policy problem. There are obvious-
ly large gaps, but it is hoped that these papers will provide a good
beginning.

...
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MANPOWER REQUIREMENTS
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CAPITAL-LABOR RATIOS IN A MILITARY
SERVICE: A PUTTY-CLAY APPLICATION

Cdr, Rolf Clark'
Operations Study Group, U.S. Navy

Conflicting viewpoints are presented regarding rising labor costs and their

proper impact on weapon acquisitions: Some claim that systems should
become more capital.intensive, others claim the opposite, The conflict may
result from differing viewpoints of defense capital and its valuation, rather
than from any basic inconsistency. Those favoring increased capital.intensity
may be considering aggregate defense systems, while those with the opposite
advice may be considering only new, or incremental, systems,

With changes in capital/labor ratios (K/L) attributed to changes in wage/
rental ratios, empirical results for the Navy show that substitution elasticity
is less than or greater than unity depending on whether K/L represents total
(aggregate) systems or incremental systems, The conflicting viewpoints are
then synthesized within an "ex ante substitution/ex post fixivity" (putty/clay)
inodel of system accumulation.

Theoretical issues considered include capital valuation, factor pricing,
defense output nonmeasurability, and entbodiment of technical change.

INTRODUCTION

An important policy question is whether or not defense systems
should become less labor-intensive than present trends indicate. The
popular answer seems to be that they should, This conclusion is found-
ed on seemingly obvious reasoning: The rising cost of manpower rela-

The author is no longer with the Operations Study Group; he im presently tt the
Brooklngs Institution.i! !i

tt.'



12 Clark

tive to the cost of hardware has not been matched by a comparable
shift away from systems using the expensive manpower input. A
Brookings publication demonstrated the view quite forcibly:

The point here is ... to emphasize that at the very time the
price of military manpower is rising sharply, it is being used
more, rather than less, intensively. Thus the change in the use
of defense manpower has reinforced, rather than partly offset,
the effect of higher pay on the defense budget.'

The validity of such conclusions will be partially explored here.
The converse viewpoint--that systems may be becoming too capital-
intensive (and therefore presumably too complex and sophisticated for
the military labor force)-wHll also be aired, This view, which is mori
widely heard among operators than analysts, will find some support
in the empirical data to be presented. After some discussion of the
economic constraints involved, the conclusion is offered that the call
for greater automation and capital intensity may at least be prema-
ture. In fact, within the flexibility allowed, system acquisitions may
have become more capital-intensive than the relative price changes In
the hardware and manpower inputs warrant. This conjecture will be
supported by empirical evidence on U., Navy systems analyzed dur-
"ing the 1955.1973 period. These results therefore apply directly only
to the Navy, though some considerations wil! obviously be common to
all services.

The divergent viewpoints on the proper course for future system
configurations can be synthesized, Those arguing for greater capital
intensity are probably including the cumulative total of all defense
procurements in their analysis. Those arguing against increasing capi.
tal intensity are probably internalizing only the new or incremental
systems.

These matters can be rationally discussed only after some orienta.
tion in the models assumed. This requires exploring at least the follow.
ing issues: the use of aggregate input factors; the measurement of
"capital" and "labor" in defense; the pricing of capital and labor; the
nonavailability of output measures for defense; the elasticity of substi-
tution between capital and labor; and the "ex-ante substitution/ex-
post fixivity" (or putty-clay) character of defense systems.

Aggregation of Factors

* Many will react with disdain toward any discussion that treats
capital, or even labor, in aggregate terms. Indeed, treating capital as

,See R. R. Fried et al,, Setting National Priorities, The 1974 Budget, The Brookings
Institutiou, Washington, D.C., p. 300.

' .. .... ....-.... ..... . .. ..- ......9 Iil~,JIW " " ..... . ""-F- 'r . -'-••*". :'' "-*-V'•- - -- • • :
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some form of homogeneous mass is a severe oversimplification, The
same may be true for labor aggregation. Yet the concept of aggrega.
tion has its uses if not pushed too far, When budgets are limited, the
decision to allocate funds to "manpower" budgets (such as recruiting
or training) or to "hardware" budgets (such as procurement) is diffi-
cult enough. The capital versus labor aggregation translates some.
what usefully into hardware versus manpower planning,

Disaggregation of capital and labor into slc.ciflc categories is com-
mon in the many quantitative techniques of operations research, such
as linear end dynamic programming or input-output analysis. But
although these techniques are easily applied to short-range problems,

they are less useful for long-range planning, The complexity in terms
of numbers of variables becomes prohibitive if long time frames are
combined with multiple variables within each single time frame. The
short-term solutions and what they suggest period-to-period are useful
but should be complemented with the longrange economic perspec.
tives that are more conveniently described in aggregate terms,

In a direct sense, whether automation or manualization should be
stressed in future systems is a realistic question for planners, Studies
of the nation's labor force and, consequently, of the skill potential of
the average military recruit are available, Decisions on deliberate
efforts to simplify or not to simplify systems in general can be made.
Toward that end, knowledge of past trends on capital-labor ratios in
aggregate terms is useful. Aggregate capital and labor factors are in
fact used by both critics and supporters of defense management,
Therefore it is worthwhile to explore the validity of their use,

Capital as a Volume Measure

If capital-labor ratios are to be compared with their relative price
ratios, then measures for the two inputs must be consistent with mea-
sures for the prices, The labor factor presents no obvious problem; the
labor input for defense can be taken as the manpower hired and the
price of labor as the mean wage. Wages are then the rental cost of
manpower, at least in a crude sense. But the amount of capital used
for defense and the commensurate price for that capital is a different
matter, A complete discussion of the problems with capital measure-
ment and pricing would soon lead us to the controversies in capital
theory that are still raging among leading theoretical economists.'
Here we will have to be content with a broad-brush statement of the
problem as applied to defense,

For a more detailed but still brief discussion of the controversies, see the Introduc-
tLion to G. C. Harcourt and N. F. Liang, Capital and Growth, Penguin Books, Baltimore,

,.. 1971.
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There are two basic ways to measure capital. Most economists
favor the "value" measure, which values capital at the discounted
present value of its future earnings. Accountants prefer to use the
"volume" measure of capital, wherein capital is measured as the sum
total of acquisitions, adjusted for depreciation. If this amount Is adjust-

ed also for changes in price levels, then the volume of capital can be
measured as the replacement cost of the existing physical stock of
(depreciated) capital goods, This volume measure provides a proxy for
the "real" measure of capital.

Sir John Hicks refers to the value measure of capital as "forward-
looking" capital and the volume measure as "backward-looking.'
This presentation uses the backward-looking measure, not by choice

so much as by default, The forward-looking measure requires knowing
future outputs. Yet in defense there is no realistically measurable
output-at least not in aggregate terms. The value measure therefore
abandons us.

Any aggregate measure of defense capital must be in the form of
a physical stock of capital assets. Asset values purged of the effects of
inflation and depreciation are indirectly available, as we shall see in
a later empirical section. Estimating such asset value is a formidable
counting task but presents no major theoretical difficulties, What re-
quires some care, however, is 6sglmating the cost of holding such
physical stock.

The Cost of Capital

The most obvious and popular measure of capital cost is the real
rate of interest on risk-free money instruments such as government
bonds, Properly adjusted for depreciation, an argument can be made
for pricing capital rental in this way. But that argument hinges on the
subtle and implicit assumption that capital value and capital volume
measures coincide-that what has been paid for assets is (with de-
preciation and inflation abstracted) equal to the present value of what
the assets will produce.

There are at least two major reasons why these backward- and
forward-looking measures may not coincide. The first is that defense
assets probably do not come under the rubric of perfect competition,
which would assure that capital value and capital volume coincided.' I
Without perfect competition, it would only be by chance that what was
paid for an asset equals what It is worth in productive terms,

' John Hicks, Capital and Time, Oxford, London, 1973, p. 157.
' Perfect malleability ofrcapital would also be required so that changes In defense

needs could be accommodated by changing the configuration of existing capital.
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The second reason that capital volume and capital value may not
coincide is even more fundamental and requires understanding that
interest rates, such as those on government bonds, are essentially the
opportunity costs of funds on the open market. Specifically, an "open
market" includes the assumption that there is no constraint on the
amount of funds that can be borrowed or loaned by the agents in the
market, Yet the Department of Defense (DoD) is certainly constrained
in its budget flexibility. In fact, it cannot even utilize the money mar-
kets to borrow or lend to change its annual budget, The DoD, there-
fore, operates under a rigid form of budget constraint. Opportunity
costs under unconstrained and under constrained conditions are al-
most completely unrelated; therefore, using a market interest rate tomeasure the value of capital to the DoD has no theoretical basis.

There is, of course, adequate ground for claiming that the risk-free
interest rate is the cost to society of allocating funds to defense. But our
aim is to evaluate the effectiveness of defense planners in their man-
ag'iment task within the constraints society has imposed, One of those
cinstraints is rigid budgetary control; and the opportunity cost of
capital, if used, must reflect this constraint, That, however, is precisely I
where the major problem with opportunity costs arises. It is well
known that opportunity costs are the marginal products of increments
In the constrained factor,6 In this case, that means the additional
defense product resulting from an increment in the budget allotment.
Since defense output defies measurement, so does the concept of mar-
ginal product of that output, Opportunity costs--specifically, interest
rates-thus lead nowhere as measures of the cost of capital to defense,

Then what is available as a price for defense capital? A price fori
aggregate capital is needed, and capital, unlike labor, does not come
In consistent units,' This is where the interest rate would be so conve.
nient in that it reflects the annual rental of a "dollar" of capital.
Aggregate capital stock is defined here to be made up of arbitrary
units of "machines." But how does one obtain the price of a "ma-
chine?" The answer is, One doesn't-and, fortunately, one needn't.

Our intent is to compare capital-labor ratios with their associated
cost ratios. What are the relative movements of these ratios over
time? For example, did the capital-labor ratio double during the same
time that the ratio of the cost of labor to the cost of capital doubled?
Such considerations do not require knowing if the original ratio was

"As perhaps best demonstrated by the dual variables of mathemetical programs. In
the multiperiod investment scenario, this mutter was first, and perhaps best, Illustrated
In Martin Welngartner, Mathenmtical Program ninrg and the Analysis of Capital aIudg.
sting Problens, Markham, Chicago, 1967.

'There is good ground for claiming that although labor can be counted in units of
persons, people differ In their productive capacity as much as, if not more than, "ma-
chine.a." This matter is not under dicussion here, however,

i~
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efficient; they only require knowing the proportional changes in the
two time series.

It is claimed here that the ratio of appropriate price indices for
labor to that for (durable) goods provides a theoretically consistent
measure for the ratio of the cost of labor to the cost of capital, This
ratio is consistent with the ratio of capital to labor, since both the
capital and labor measures are backward-looking (capital being the
depreciated assets bought and labor the man-years hired) and the
price indices are also backward-looking (being based on what actually
was paid for each).

Exactly what indices are used in the empirical application to the
U.S, Navy is discussed in a later section. For the present, It is sufficient
to state that they are derived from indices compared in the Survey of
Current Business for hardware and from DoD sources for labor. The
index for Federal Purchases of Goods and Services was specifically not
used because it did not seem to reflect defense purchases of hardware.

Some caveats must be stated, First, when capital "purchased" is
combined with labor "hired," it would be better to have the rental
index of hardware rather than its purchase Index be consistent with
the labor measurement, To use the index series available, it must be
assumed that the purchase price of hardware and what its rental price
would be are linearly dependent. This theoretical assumption is not
considered too heroic.

Second, the available price indices may not reflect changes in
defense factor costs. They probably do not In the short run, although
they may well do so in the long run we shall be considering, At any
rate, for the present there are no realistic alternative indices.'

Since defense has no measurable output, defense capital, by de-
fault, must take the form of capital stocks, measured in terms of the
constant dollar replacement cost of defense assets. If some arbitrary
input amount in constant dollars-say $100-is defined to be "a ma-
chine," then capital assets can be enumerated in terms of the number
of machines in the defense arsenal each year. Depreciation will have
been accounted for and so will inflation. Capital then is in units paral.
lel to labor, which is measured in units of "men." In essence, capital.
labor ratios translate directly into machine-men ratios.

Both capital and labor being in terms of accumulated stocks, the
selected prices must also be in backward-looking terms. Although the
price of capital, i.e., machines, is not independe~ntly available, time

"The Commerce Department's Bureau of Economic Analysis is currently engaged
In a major effort to include specific defense indices in the Survey of Current Busine•s,
Sue!1 indices should be available soon. Meanwhile, prox!es based on related commercial
I'. 'ices (e.g., wholesale machinery and equipment, electronics) seem the best alternative
.nd have been used here,

..... . . . . . . . . . . ...
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series on price indices for durable equipments are. The required ratios
of cost of labor to cost of capital are estimated directly from the labor
and equipment series. Since proportional changes in these ratios over
time (rather than the values of the ratios at specific times) are the
needed series, theoretial consistency is achi ýved.

DEFENSE ACQUISITIONS AND PUTTY-CLAY
ACCUMULATION

The central point of this presentation is that in analyzing defense
capital-labor ratios and their changes over time, it makes a huge
difference whether one uses the total accumulated stocks of capital
and labor or whether one uses only the incremental capital and labor

changes under the control of defense managers. As an obviously over-
simplified ,oxample, If the ratio of cost of labor to cost of capital in-
creased 10 percent last year, should the capital-labor ratio of the total
accumulation of defense assets and manpower also increase by 10
percent, or should only the capital-labor ratios of last year's acquisi-
tions increase by 10 percent? Placed In these terms (and acknowledg-
ing some implicit assumptions regarding substitution elasticity), it
seems obvious that the incremental acquisitions are the pertinent
ones, We can hardly blame present managers for systems accumulated
10 years ago but still In operation.

Defense systems are not, once procured, malleable, They cannot be .
reconflgured to use less labor Just because the cost of labor has risen
more than the cost of capital. Granted, some modifications are possi-
ble, but ships cannot be transformed into helicopters, or adding ma-
chines into computers. The change must be evolutionary, and the
evolution is limited by the procurement budget and by the retirement
rate of the old equipment.

We halve, in other words, a classic example of "ex-ante substitu-
tion/ex-post fixivity," or, in simpler terms, "putty-clay" growth of sys.
tems, In the planning phases, there is flexibility in the relative
amounts of capital and labor to be used in a new system, But once
procurement begins, the capital-labor ratio associated with any sys-
tem, and with all existing systems, Is fixed.

Any analysis of capital-labor ratios relative to price ratios should
account for this putty-clay aspect of the problem. This presentation

will compare results obtained under the putty-clay assumptions and
under the "putty-putty" assumptions, which oeem to be more common-
ly implicit in analyses of this type. The analysis will hinge on compar-
ing the imputed elasticity of substitution under the two approaches.

III

L!
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Substitution Elasticity as a Collective Parameter for Explaining
Changes in Capital-Labor Ratios

Comparing capital-labor input ratios with price ratios of the cost
of labor to the cost of capital involves some knowledge of the substitu-
tability between the input factors. If fixed factor production domi-
nates, then the capital-labor ratio is fixed and changes in the relative
factor prices will have no effect on the factor ratios, Conversely, if
some substitution possibilities exist, then response of capital-labor
ratios to the cost ratios can be expected. It seems obvious that defense
system acquisition does have some flexibility in factor utilization-for
example, ships' boilers can be manually controlled or controlled by
computer.

The obvious economic parameter for estimating such flexibility is
Hicks' elasticity of substitution. Indeed, such estimation will be used
in the results presented here. However, using substitution elasticity as
the parameter accounting for all the capital-labor ratio reflex to price
changes requires several implicit assumptions. One of the more obvi-
ous is that economics (rather than politics, say) dominates the system
acquisition process; at least, it dominates the process as far as capital-
labor utilization is concerned.

One other implicit assumption is that factor substitution, rather
than technical progress, is the cause of changes in the factor ratios. It
could be argued, for example, that technical progress has been such
that defense systems required the use of more capital and less labor,
and that prices in these two inputs just happened to change during the
same period. However, it can be shown that attempts to ascribe factor
changes to technical progress instead of to substitution elasticity arelargely semantic exercises.s For practical purposes, the data available
support only a one-parameter estimate, and here we shall be content
with the elasticity of substitution.

THE DATA AND THE EMPIRICAL RESULTS

The substitution elasticity can be derived using total accumulated
capital and labor inputs or using the incremental inputs. The two
estimates can then be compared with the purpose of explaining the
divergence of viewpoints between those who proffer greater capital
intensity and those who opt for less.

A discussion of the technical progress and substitution elasticity in the defense
context is containe~i in R. H. Clark, Capital/Labor Substittstion and Factor Price Ratios
in a Military Service: A Study of Defense Res•urce Allocationt, Ph.D. dissertation, Uni-
versity of Massachusetts, Amherst, 1976.
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The Data I
Table 1 shows trends from 1956 to 1974 for capital assets in deflat-

ed replacement value and manpower levels in fill utilization terms.
These series, as well as those to be presented in the subsequent tables
and figure, are derived in detail in the table's source. It suffices here
to mention that the capital, or hardware, series accounts for inflation,
age of equipment, depreciation, and weighting by type of equipment.
Research and development expenditures are, however, abstracted
from the series. The manpower series reflects adjustment for required,

Table I

ADJUSTED TOTAL CAPITAL (HARDWARE) AND LABOR
(MANPOWER) LEVELS FOR THE U.S. NAVY,

EXCLUSIVE OF MARINE CORPS, "'1
END OF FISCAL YEAR

(Capital in billions of 1967 dollars, 4
labor in millions of persons)

Fiscal Capital Labor Capital/Labor Ratio
Year (hardware) (manpower) (K/L)

1958 44,4 .98 45,2
1956 43,3 .96 44,9
1957 40,7 .96 42,3
1958 38.8 .98 39,8
1959 38.0 195 39.8
1960 42.1 ,94 44C9
1961 44.3 .94 47.3

1962 49.3 ,98 50.5

963 52.3 .97 53.91964 54.7 ,99 55,2",

1965 55.7 .98 56.9
1966 5811 1.07 54.4•

1967 61.7 1.11. 55,5
1968 63,3 1.09 58.3
1969 61,5 1.08 67,1

1970 58.2 .97 60,2
1971 56.4 .89 63.6 .
1972 53.7 .85 68.0
1973 52.6 .84 62.7
1974 51.1 .82 62,0

SOURCE: R. H, Clark, Capital/Labor Substitution and Factor
Ratios in a Military Service: A Study of Defenso Resource Alloca-
tion, Ph.D. disserta!ujn, cnlversity or Massachusetts, Amherst,
1975, Tables '3 and 27.

....... .................. ........
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rather than on-board, manpower levels. Marine Corps capital and
labor have been extracted from the data,

The purpose Is to compare the series of capital-labor ratios, K/L,
with the corresponding ratio of cost of labor to cost of capital, w/r, This J
latter series is presented in Table 2, where the cost-of-capital index is
derived from various combinations of wholesale price indices con-
tained in the Survey of Current Business, Different equipments are
weighted for the type of input most appropriate; for example, Navy
ships would be most heavily weighted by the Machinery and Equip-
ment index, whereas supply inventories are based more heavily on the
Durable Goods Index. The composite cost-of-capital index is then
weighted by equipment type, Thus, if ships are valued at $15 billion
in year x and supplies at $5 billion, the composite index would reflect

Table 2

ADJUSTED PRICE INDICES FOR DEFENSE CAPITAL
AND LABOR, U.S. NAVY, END or FISCAL YEAR

(1967 = 100)

Fiscal Coat-of-Capital Cost-of-Labor
Year Index (r) Index (w) w/r
1958 79,3 71.8 .89

1956 85.0 74.2 .84
1957 89.4 74.3 .83

1958 90,8 75,6 .83
1959 92,6 79,5 .86

1960 92.8 79,5 .86
1961 92.5 81,3 .88
1962 92.5 81,3 .88
1963 92,7 82,1 .89
1964 93.5 87,6 .94

1965 94,6 91,3 .96
1966 97.2 96,1 .99
1967 100.0 100,0 1.00
1968 103,3 103,8 1,00
1969 107,0 110,2 1.03

1970 111.7 123.6 1,11
1971 116,0 131,4 1,13
1972 119.1 148,6 1,25
1973 124.1 165,8 1.34
1974 142.1 192.0 1.36

SOURCE: R, H. Clark, Capital/Labor Substitution
and Factor Price Ratios in a Military Service, A Study
of Defense Resource Allocation, Ph.D. dissertation,
University of Masachusetta, Amherst, 1975, Table 9.

,x"j
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the ship price factor at three times the weight of the supply price
factor, The cost-of-labor index is derived from DoD sources and in-
cludes adjustments for military compensation. This index has been
adjusted to include civilian labor costs. Again, the details resulting in
the series are contained in the table's source.

The w/r series represents the annual w/r ratio relative to the 1967
base year. Absolute values of w/r are not available, since (as was
dicussed earlier) there is no actual unit of hardware to which we can
assign a price,

Having w/r and the cumulative K/L series, it remains to present
the incremental capital.labor series, which is denoted k/m (in for man.
power). Table 3 contains this series. The k/m series is derived primari-
ly from information on annual procurement budgets. However, as-
sumptions regarding procurement, depreciation, and maintenance are
implicit in the series. Briefly, these assumptions are (1) the annual

Table 3

CAPITAL-LABOR RATIO INPUT TO NEw SYSTEMS
DELIVERED IN SELECTED FISCAL YEARS

Fiscal Your (k/m)t Fical Year (k/m)t

1955 - 1965 74.04
1956 41.55 1966 29.30
1957 16.71 1967 65.17
1958 22.19 1968 81.21
1959 40.48 1969 48.22

1960 94.31 1970 84.59
1961 66,63 1971 92.31
1962 76,01 1972 57.89
1963 76,28 1973 59.88
1964 65,53 1974 56.29

procurement budget, adjusted to constant dollars, represents new (in-
cremental) capital; (2) annual maintenance funds are adequate and
totally spent for keeping those assets retained to the next period in
their original working order; (3) those assets not retained have, on the
average, the same intrinsic capital-labor ratio as the overall assets at
the beginning of the time period under consideration. Under these
assumptions, the capital-labor ratio of incremental equipments (k/m)t
can be shown to derive from Lmle following formula:' 0

/ uIbid,, ,o. 130.,'

...................... ' . -,................
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(K/L)tKt - (K/L)tiK.
(k/m)t-k

where K t is assets carried forward ftom t- ito t,
(K/L)t is the cumulative capital-labor ratio at time t, and
k* t-1 is new equipment arriving during the period t -1

to t.

The Results

The two series K/L and k/m can be used to obtain separate esti-
mates for substitution elasticity X. Either

(K/L)t -f A(w/r)tX.

or

(k/m)t- B(w/r)t%
may be used where A and B are constants of integration equaling the
base-year values for K/L and k/re.

Table 4 presents estimates for h under the two models and for two
different time periods. The logically preferred time frame is 1956 to
1972, since it represents an approximate cycle from the end of one war
(Korea) to the end of another (Vietnam), If it is agreed that decision-
makers should be judged on their actions within the flexibility al.
lowed, then the putty-clay model provides a best estimate of 1.74 for
substitution elasticity. Economywide, I tend to believe in an estimate
of about unity for this parameter, so the evidence does not support a

Table 4

RESULTS OF REGRESSING FORMS OF HARDWARE MANPOWER RATIOS
ON FACTOR PRICE RATIOS FOR ALTERNATIVE TIME PERIODS

K/IL - A (w/r) k/rn - B (w/r)A

Model 1955-1974 1956.1972 1955.1974 1956.1972

MLE for A 0.855 1,13 0,952 1.74

90% confidence
Irt, erval for A (0.64 to 1.07) (0.86 to 1.40) (-0.27 to 2.17) (-0.02 to 3.50)

Coefficient of
determination R2 0,722 .775 0,098 0,187

SOURCE: R, H. Clark, Capital/Labor Substitution and Factor Price Ratios in a Military
Service: A Study of Dofenit Resource Allocation, Ph.D. dissertation, University of Maian-
chusetts, Amherst, 1975, Chap, 4.
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conclusion that planners have failed to respond to changes in the
factor price ratio.!

Even if the cumulative model is assumed (putty-putty), the esti.
mate for X. is 1.13, still greater than unity,

Stating absolute values for defense goods and whether they are
"high enough" or "too high" is speculation, What is not speculation is
what the original intent of this paper proposed, Namely, the incremen.
tal putty-clay model (k/m) provides a much higher "best" estimate for
4 than does the cumulative model (K/L), Analysts implicitly consider-
ing new or incremental defense systems would conclude that planners
had responded to the rising ratio of cost of labor to cost of capital by
shifting rather strongly toward capital-intensive systems. Those im-
plicitly including all cumulative defense assets in their analysis would
conclude that planners had shifted much less strongly toward capital
intensity. The data tend to support this synthesis.

'ii

.2.

,195 10 1966 1970
i1956 1972

Fig. 1-Derived relationship between (k/m), (K/L),
and (w/r) for 1955-1974
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COST AS A CRITERION IN DETERMINING THE
MIX OF MILITARY AND CIVILIAN PERSONNEL

Capt. Roy E Smoker
United States Air Force

Historically, comparisons of military and civilian costs have not entered

the manpower requirements process, Rather, DoD pulit-y has required civilian
personnel to /1ll all manpower positions not requiring military Incumbency by
reason of law, training security, rotation, combat readiness, or need for mili.
tary background, This policy was revised by the Congress in Public Law 93.365,
which states: "It is the sense of Congress that the DoD shall use the least costly
form of manpower that is consistent with military requirements .... "

In examining the impact of this policy change on the Military/civilian mix,
a consistent costing methodology must be applied to military and civilian
resources that perform similar functions, Costs peculiar to the military occu.
pational specialty or a civilian Job series must be evaluated under buth the
closed military and open civilian personnel systems, A cost quantification
project identifying the key methodological issues and their resolution is de.
seribed and results are presented,

INTRODUCTION

Historically, comparison of military and civilian costs has not en-
tered the manpower requirements process. Rather, Department of
Defense (DoD) policy has been to place civilian personnel in all man-
power positions not requiring military incumbency. The 93rd Con-
gress revised this policy in Public Law 93-365: "It is the sense of
Congress that the DoD shall use the least costly form of manpower
"that is consistent with military requirements,"

More recently, in the 94th Congress, the Committee on Armed

*'•..,•IL• ,• ....... .... . ,.•..• i,.T _thaW• , tnf,,,A•t,.,•,,,.nr,..w, . r., ,.,•..-.•, ...... . .. .,.,.•I .. .•. . . .. • •*.. .................. . . . . .
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Services reported favorably on H.R. 6674, the Defense Appropriations
Bill:

For the past decade, the United States has been moving
toward a higher priced defense structure. One of the mostcontributing factors has been the marked increase in the cost

of defense manpower; indeed manpower costs absorb over halfof the total defense budget, a situation brought on by increases

In the price of personnel by more intensive use of manpower.
A sizable part of the cost of manpower is determined by

policy issues that are related to efficiency rather than foreign
policy or defense strategy. The fact that these policies were
developed when military manpower, under conscription, was
plentiful and relatively cheap underscores the need for reas-
sessment, .

Thus far, principal attention has been directed toward ques.
tions of efficiency on the margin that have yielded only modest
returns. Major changes in the efficiency with which the De-
fense Department operates calls for more far-reaching studies i
of the underlying philosophy of manpower utilization.

This paper examines the philosophy of manpower use in terms of
the mix of military and civilian personnel, first when cost is not a
criterion and, second, when cost enters the determination process.

Traditionally, comparisons of uniformed military and civilian
manpower have not been made for two reasons: First, for certain
missions involving combat or mobilization and deployment as well as
training, military manpower was considered more valuable than civil-
ian manpower; second, it would have been unacceptable to society to
use less costly conscripted military personnel where civilian personnel
could perform a service of equal value. "

In the all-volunteer environment of today, the policies of conscrip-
tion no longer apply. With Congress leading the way on pay compara-
bility of military and civilian personnel, the idea of equal pay for equal
work has developed prominence. Yet the return per dollar spent on
military manpower continues to be perceived as greater than would
be the return per dollar spent on civilian manpower under combat,
combat training, or other military circumstances, If voluntary mili.
tary personnel can perform support missions equally as well as civilian
personnel, and if the military manpower cost is less than that of civil-
ian manpower, then military personnel should perform those mis.
sions. It is necessary first to determine in what instances military
manpower is perceived to be of greater value than civilian manpower.
Second, it is necessary to determine in what instances military man-
power could perform equally well on workloads currently performed
by civilian manpower. Then it must be determined whether military

i'.'!
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or civilian manpower is the least costly resource in performing a given
workload,

TRADITIONAL MILITARY WORKLOADS

One method of determining where the use of military manpower
for defense missions is perceived to yield a greater benefit than would
the use of civilian manpower is to examine those workloads tradition-
ally performed by the military. A partial list includes:

1, Combat workloads performed by combat aircrews, perimeter
defense sentries, surface-ship and submarine crews, tank
crews, etc.

2. Direct combat support and mobility workloads performed by
field maintenance crews, munitions loaders, intelligence col-
lectors, etc.

3. Training workloads required to maintain the high degree of
proficiency necessary to respond in timely fashion to the chal.
lenges of combat, direct combat support, and mobility,

Although these and other workloads are generally perceived to be
military, there are instances where in-house and contract civilian
manpower have performed workloads of a military nature, The Bird
Air airlift of cargo into Phnom Penh during early 1975 is a recent
example of military workloads being contracted. The use of logistics
rapid aircraft maintenance and field teams during the Vietnam con-
flict is an example of In-house civilian personnel performing a direct
combat support role.

To determine the instances in which military personnel could
equally well perform workloads currently performed by civilians, a
look at recent civillanization actions directed by the DoD is helpful.
Since FY 1964, the Office of the Secretary of Defense (OSD) has im.
posed a number of civilian substitution programs on the services.
During the period from FY 1972 through FY 1975, the Air Force was
required to convert 17,000 military positions to civilian. Presumably,
in these conversion actions, the same workload was performed by
military personnel before and civilian personnel after the conversion.

I. A primary reason for the civilian substitution program was the
potential for dollar savings. These dollar savings would accrue not
because civilian manpower was less costly on a one-for-one trade with
military manpower, but because military manpower positions require
additional manpower positions to be budgeted for training, transients,
personnel support, medical treatment, welfare, and recreation. The
substitution of one civilian position for one military position would

I tir# ';;'il.......r•:......,.,,•r ,---,,-. ........ . =.,... ..- .-....... ,,.,... •. ... .• • • . •r-.. .... .
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allow for the elimination of a small portion of another military posi.
tion, thereby creating a net manpower and financial savings.

Because of DoD policy that "civilians shall be used in all positions
which do not require military incumbents for, reason of law, training,
security, discipline, rotation, or combat readiness, or which do not
require a military background for successful performance of the du-
ties involved," relative cost was not a criterion for determining which
positions to civilianize, As a result, no consistent method was applied
to compare the cost of military and civilian manpower resources capa-
ble of performing equivalent occupational missions during the period ,
of civilian substitution programs.

L METHOD
Since the cost elements to be defined are to be used to determine

the mix of military and civilian manpowor requirements, it Is assumed
that a certain workload generates a certain requirement for manpow.
er. Under this assumption and the implied assumption of civilianiza-
tion that military and civilian manpower can perform a specified
workload equally well, the services would not achieve the maximum
output per dollar spent if they were to employ civilian (military) man-
power where military (civilian) manpower proved to be less costly,
Figure 1 indicates this more clearly,

The curves V1, Vg, VD, etc., represent various levels of contribution
to defense missions, These curves exhibit three specific characteristics:
(1) they never intersect each other; (2) they are convex to the origin;
and (3) curves further from the origin represent greater levels of
contribution to defense missions. The abscissa represents the amount
of military resources corresponding to any point in the diagram. The
budget constraint lines show both the level of budgeted dollars dedi-
cated to a given defense mission and the relative costs of the two
resources that may be used,

Figure 1 depicts the case that would be expected to occur as mili-
tary pay becomes comparable to civilian pay near the beginning of the
all-volunteer era. Budget line AB has a negative slope less than unity,
indicating that under conscription the cost of military manpower is
less than the cost of civilian manpower. With the AB budget, C, of
civilian and M, of military manpower are used; and V3 is the level of
contribution to defense missions where budget line AB is tangent to
V. at point T.. Along budget line AD, however, the cost of military
manpower has increased to equality with civilian manpower cost. The
slope of budget line AD, therefore, is exactly negative one. The highest
level of contribution to defense missions along AD is V1, represented
by tangency at T,.
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Civilian
The Mix Decision

A

T

C3
C, T

V1"!

M3 MI D F B Militmy

Fig, 1-The mixc decision

Figure 2 depicts the case that would be expected when civilian
substitution programs are imposed on the services without considera-tion of relative costs, Assuming that military support space require- ;

ments are zero' and that the numbers of civilian and military man.
power positions before substitution are represented by C, and M,,
then one-for.one military to civilian substitution would take place
along line AD, Note that line AD is not ne,.essarily a budget line. In
fact, line AD can be considered to be a budget line only if the cost for
military and civilian manpower is equal for all possible workload
requirements to be perfbrmed by both types of resources.

As shown in Fig, 2a, a movement fr'om M, in the direction of M.
along the substitution line AD provides a budget saving only if the cost
of civilian manpower is less than that of military manpower along
some budget line EF, The budget saving heing reflected by the parallel
budget line GH is tangent to V, at T,. Alternatively, if the cost of
civilian manpower is greater than that of military manpower along

Non.zero millitary support space requirements would Increase the slope of line AD,
affecting only the rate of substitution of civilian personnel ior military, not the conclu-
sions of the analysis.
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Fig, 2a--Cost-effective civiltanization

Civilian
Ineffecttive CivilIanization

A

L z[C2

J

"C1

M3M2 M1 F DKM Military

Fig. 2b-Ineffective civilianization

.ivlia

I e I

"zl,, .-



30 Smoker A

some budget line JK, as in Fig. 2b, a movement from M, in the direc-
tion of Mg along the substitution line AD requires an increase in the
budget level from JK to LM, with the possibility that the increased
budget would provide a reduced contribution to the defense mission,
as at Z in Fig. 2b,

Four important observations may be made from Fig, 2, First, mili-
tary manpower may be converted to civilian along a given budget lineEF (in Fig. 2a) if the tangency at T has not already been achieved, This i

conversion from (Ci, M,) to (CW, MV) enhances the contribution to
defense missions but does not yield a budget saving, Second, substitu. .1
tion actions may take place along AD, moving from I to T1, achieving
a budget saving without reducing the level of contribution to defense

missions as long as the slope of the substitution line AD is less than
the slope of the budget line EF. Third, conversion of military manpow.
er to civilian along a budget line such as JK in Fig. 2b would be a
movement away from the tangency point at T, where the highest level
of contribution to defense missions achievable with budget JK is
reached, Fourth, civillanization along substitution line AD in Fig. 2b
does not provide for the use of the least costly resource consistent with
defense requirements as long as the slope of AD exceeds the slope of
budget line JK,

It is now possible to formulate hypotheses about the results of a
program that did not include comparative costs as guidelines for deter.
mining which positions to convert. The first hypothesis is that an
optimum mix did not exist before civilian substitution,

The second hypothesis Is that the civilian substitution program didnot achieve an optimum mix of military and civilian resources, The

term optimum is defined here to imply minimization of cost subject to
a given output,

COST QUANTIFICATION

Once the relevancy of costs to the question of the mix of civilian
and military manpower is understood, the next step is to specify those
cost elements that should be included in a comparative analysis. The
current criteria Identify specific occupations that involve risk, disloca-
tion, family separation, and other factors for which the opportunity
cost is difficult to quantify, Yet it should be recognized that given the
ability to measure these specific costs, the services will be willing to
pay them only for the employment of military personnel unless prior
contractual agreements can be used to retain civilian personnel will-
ing to subject themselves to the potential hazards, mobility, and disci-
plinary rigors of military life.

L ji
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Table I presents a representative list of occupations where mili-

tary and civilian personnel could perform equivalent functions during
peacetime operations. The cost elements applicable to military and
civilian personnel performing these functions are specified in Table 2.
Under each of these elements, cost is defined as the identifiable aver-
age annual incumbency cost attributable to the federal government
during a specified period of time. As each of the cost elements is
defined independently of the others, additivity across cost elements by
grade of manpower resource will be assumed. This assumption is par-
ticularly necessary where specific cost elements such as special and 'i

premium pays may not be applicable to all occupational specialties,

Table 1

MILITARY OCCUPATIONS CONVERTED TO CIVILIAN
(By Air Force specialty)

No.
APSC Title Converted

291 Telecommunications Operations Specialist 1108
472 Base Vehicle Equipment Mechanic 174 ,

473 Vehicle Body Mechanic 408
511 Computer Systems Operator 428
542 Electrician 199
545 Refrigeration & Air Conditioning Specialist 279
547 Heating Systems Specialist 268
551 Pavement Maintenance Specialist 700
562 Carpentry, Masonry, Plumbing Specialist 699
553 Site Development Specialist 115
555 Programs & Work Control Speciallit 201
563 Sanitation Specialist 173
571 Fire Protection Specialist 1194
602 Passenger & Household Goods Specialist 194
603 Vehicle Operator/Drfspatcher 268
611 Supply Services Specialist 110

622 Cook 805
631 Fuel Specialist 114
645 Inventory Management Specialist 808
647 Material Facilities Specialist 5150
651 Procurement Specialist 125
(71 General Accounting Specialist 143
702 Administration Specialist 1628
732 Personnel Specialist 150
741 Athletic/Recreation Specialist 159
902 Medical Service Specialist 1(64
906 Medical Administrative Specialist 389

i i ... ... ... ...... ...... .. i•t ....... .... T ... ......... .......... ....... i .. ... ... ... .. . . . -
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Table 2

MILITARY AND CIVILIAN COST ELEMENTS BY CATEGORY

Cost Element Military Civilian

Salary
Buic Pay X X
Quarters X (a)
Subsistence X
Income Tax Adjustment X

Special & Premium Pays
Hoetile Fire X
Hazardous Duty x
Diving X
Certain Places X (a)
Reenlistment Bonus X
Proficiency Pay X
Special Pay to Medical Personnel X
Separation Pay X (a)
Overtime X

Supplemental Benefits
Retirement X X
Dependency & Indemnity X
Death Gratuity X
Social Security X X
Medical X
Health Benefits X
Workmen's Compensation X
Mortgage Insurance X
Terminal Leave X X
Unemployment Compensation X x
V,A, Editcational Benefits X

Noncompensation Personnel Costs
Clothing Allowance X
Personal Money Allowances X

Dislocation Allowances X
Overseas Station Allowances X
Burial Costs X
Life Insurance (SGLI) X X
Permanent Change of Station X
Training X
Support Costs X X

8 Civillian personnel assigned overseas receive quarters and
special pays not included in thu cost data in Table 3.

*.t
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Annual by-grade cost factors for officer, enlisted, general schedule

civilian, and wage grade personnel are provided in Table 3.' Theme cost
factors were obtained from the Air Force input to the DoD report,
Economic Cost of Military and Civilian Personnel in the Department
of Defense (March 1974). Costs for all elements listed in Table 2 except
family separation allowances, station allowances, incentive pay, and
special pay are included in these cost factors. The Air Force input data
were used here because they included an adjustment to civilian retire.
ment costs to account for the present discounted value of future liabili-
ties. Civilian retirement costs in the DoD report applied a percentage
factor to cover the value of the employing agencies' contribution to the
Civil Service Retirement Fund and therefore did not recognize the
unfunded liability of that fund. Military retirement costs were also
developed on the basis of the present value of future liabilities, there-

Table 3

COMPARATIVE COST FACTORS FOR MILITARY AND CIVILIAN PERSONNEL"

iii Mllit•. .General Schedule Wage Cost

0.10 58,320 65,902
0.9 55,965 63,240 GS-18 43,845
0.8 52,560 59,393 GS-17 43,845

! 0.7 46,247 52,259 "GS-16 43,845
0.6 40,198 45,424 GS-1 40,378
0-5 33,480 37,824 CS-14 34,371 WO.14 17,210
0-4 28,723 32,457 GS-13 29,373 WO-13 16,781
0.3 22,661 25,607 0S-12 24,937 WG-12 15,740
0-2 18,513 20,920 GS-11 21,112 WG-11 15,212
0.1 15,055 17,012 GS-10 19,347 WG-10 14,524
E-9 22,353 25,259 GS-9 17,592 WG-9 13,817
E-8 19,499 22,034 GS-8 16,160 WG-8 13,086
E-7 17,112 19,337 G8.7 14,579 WC-7 12,641
E-6 15,076 17,036 GS-6 13,446 WG-6 12,020
E-5 12,995 14,684 GS-5 11,976 WG-5 10,980
E-4 11,677 13,195 G8-4 10,545 WG-4 10,559
E-3 10,903 12,320 GS-3 9,147 WGa3 10,220
E-2 10,632 12,014 GS-2 , 7,588 WG-2 9,755
E-1 10,164 11,485 GS-1 6,610 WG-I 9,107

aA complete summary of the derivation of these cost factors, including
source references, will be proaided by the author upon request,

bCogt 2 - 1,13 X Cost I to include an allowance for the military support

space factor.

Wage grade supervisory and leader positions were not analyzed because of their
infrequent occurrence in the sample.

II
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by accounting for the full value of the unfunded military retirement
system.

AIR FORCE EXPERIENCE

Using an Air Force data track of more than 14,000 positions that
were civilianized between FY 1973 and FY 1975, it is possible to exam-
ine the hypothesis that an optimum mix of military and civilian re-
sources did not exist before the civilian substitution program. For each
military position converted to civilian, four data elements were
tracked: Air Force specialty, military grade, civilian occupatioual se-
ries, and civilian grade. From these elements, data links were formed
between military grade and civilian grade within each represented
Air Force specialty. Further, a check against the civilian occupational
series was possible to verlf equivalency of job content.

Up to now, most of the theoretical discussion of how to determine
the optimum mix has been directed toward Air Force requirements.
However, total requirements are an aggregation of the requirements
within specific functions and Air Force specialties. If the focus is nar-
rowed to the level of the three-digit Air Force Specialty Code (AFSC),
each military grade may be linked through conversion to a civilian

' • grade. Again, assuming that the value of the contribution to defense
missions were equal before and after the conversion action, within a
specified grade only those conversion actions that yield a workload
performed by a less costly resource would be a movement toward an
optimum mix of military and civilian manpower. If conversion actions
within a given military grade are found for which civilian manpower
proves to be less costly than military manpower, then these converalon
actions move the mix in the direction of the optimum., It may be
further concluded that there was no optimum mix before the conver-
sion actions.

If conversion actions are found for which civilian manpower
proves to be more costly than military manpower, then in these in.
stances the result is away from the optimum mix.

The cost data set fbrth in Table 3 permit a comparison of cost
factors between military and civilian grades. Of 14,171 Air Force mili-
tary positions identified for conversion to civilian between FY 1973
and FY 1975, 6,834 were convei'ted to general schedule (GS) civilian
positions, 3,816 were converted to wage grade (WG) nonsupervisory
positions, 837 were converted to wage grade supervisory (WS) and

"This conclusion implies that a less costly military resource could not be found to
perform the same workloads, The civilian substitution programs precluded reducing the

'i, grade of' military resources required to perform workloads to be civilianized,

j,
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leader (WL) positions, and 1,254 were converted to foreign national '1
(FN) positions, Data for the remaining 1,430 positions were found to
be incomplete or incorrect and therefore not appropriate for further
analysis, Also, because of the small number of wage grade supervisory
and leader positions In a given AFSC, further analysis of these posi- 1
tions was not conducted,

The Appendix presents the number of positions by military grade
converted to each civilian grade for a selected set of Air Force special-
ties. Table 4 is a summary of the 10,650 military positions converted
to GS and WG nonsupervisory positions, The solid lines identify the
civilian grades for which the cost factors in Table 3 are above and
below the military factor for Cost 1, The dashed lines represent the
breakpoint between military and civilian grades when military cost is
increased by 13 percent to cover the military support space require-
ment. Using Cost 1 from Table 3 as the breakeven cost of conversion,
the percent of conversions to a GS civilian grade above the breakeven
cost ranges from 1.9 percent for Telecommunications Operators to 64,8
percent for the Pavement Maintenance and Construction Equipment
occupations, For positions converted to WG civilians, the percent of
conversions above the breakeven cost ranges from 37 percent for the
Inventory Management specialty to 60 percent for the Fire Protection,
Pavement Maintenance, and Construction Equipment occupations.
When Cost 2 is used as the breakeven cost of conversion, the percent

* I of conversions to a GS civilian grade ranges from 0,1 percent for
Telecommunications Operators to 48.1 percent for the Pavement
Maintenance and Construction Equipment occupations, Similarly, for
WG civilians, the percent of conversions above the Cost 2 breakeven
point ranges from 12 percent for the Inventory Management specialty
to 36,8 percent for Fire Protection, Hence, as would be expected, when
the breakeven cost is increased to cover the military support space
cost, the percent of cost-effective conversions increases, while the per.
cent of conversions above the breakeven point decreases. However,
the variance of conversions above and below the breakeven cost ap-
pears more concentrated in specialties that have a uniformity of tasks,
such as Telecommunications and Administration, than in specialties
that cover a wide variety of tasks, such as Pavement Maintenance and
Construction Equipment. Also, some of the conversions were not to
comparable civilian positions, For example, in Table A.1 a lieutenant
colonel telecommunications position was converted to a GS-5, adminis.
trative secretary position. Although noncomnparable conversions did
occur, they were the exception rather than the rule.

As shown In Tables 4 and 5, at least 60 percent of the conversions
from military to civilian positions were in the direction ofa lower-cost
resource and thus, other things being equal, in the direction of the

,jI
~ - - - - - -
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Table 6

CONVERSIONS ABOvs BREAXEVEN COST
(percent)

Above
AFSC Cost 1 Cost 2

291 1.9 0.1
551 60.7 22.8
571 38.3 7.3
645 18.8 4.6
702 10.9 5.5 :
All 40.2 10.7hAi

optimum mix for the specialties subjected to conversion. Yet, even I
when allowance is made for the military support space cost, Cost 2

(shown by the dashed lines in Table 4), a significant number of conver-
sion actions are to a higher-cost resource, In this table, 713 (10 percent)
of the military positions converted to GS civilian positions were con-
verted to a higher-cost resource, The problem is worse in the WG
category, where 1,061 (28 percent) of the positions converted to the
wage grade nonsupervisory schedule were to a higher-cost resource.
Of the total 10,650 military positions converted to GS or WG nonsuper-
visory positions, 1,774 (16.7 percent) were converted to a higher.cost
resource, If the validity of applying the support space factor only to
the military is challenged, then the proportion of conversions to a
more expensive resource increases to 40 percent of those military
positions converted to GS or WG positions.

While the military budgets incremental manpower to cover re-
quirements for training, transients, personnel support, medical care,
welfare, recreation, and other base operating support, the federal
government also incurs a cost for these same activities for civilians.
In fact, through such programs as the national scholarship and loan
programs, the federal revenue sharing programs, the National System
of Interstate and Defense Highways, the National Park Service, in-
come tax deductions for medical expenses, and federal grants to states
for welfare and public assistance programs, the government incurs a
significant cost of support activities for civilian in-house and contract
personnel, Although it is difficult to allocate these support costs to a
particular manpower position (military or civilian), the cost of' that
position Is not reduced. Instead, it is necessary to qualify what costs
can be identified and estimated on a comparable basis for each type
of manpower resource, while recognizing that there are additional
costs.

S,..-.**________________
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SUMMARY AND CONCLUSIONS

Traditionally, cost has not been a criterion in the process for deter-
mining the mix of military and civilian manpower. Rather, the Air
Force, at the direction of the OSD, has followed a policy of placing
civilians in all positions not requiring military incumbency. However,
during the !ate 1960s and early 1970s, the OSD forced several civiliani.
zation programs on the services, with a view to reducing manpower
costs. In particular, between FY 1973 and FY 1975, the Air Force
converted more than 14,000 military spaces to civilian positions, These
conversion actions were made without considering whether the con.
versions were less costly, and they biased the manpower mix in the
direction of civilian manpower relative to the mix that would have
obtained had cost entered the determination process.

Because approximately 60 percent of the civilian conversion ac-
tions were to a less costly resource, it may be concluded that at least
in selected specialties, the substitution program yielded a movement 4
in the direction of the optimum mix of military and civilian, other
things being equal, However, more than 40 percent of the conversion
actions were to a more expensive resource. In those specialties wherethe predominant conversion was to a more costly resource, it must be
concluded that the civilian substitution program moved away from

the optimum mix, other things being equal.
If the DoD is to use the least costly resource consistent with de-

fense requirements, the criterion of cost will need to be added to the
criterion of essential military manpower. A consistent costing method
will have to be applied to military and civilian resources performing
similar functions, Costs peculiar to a military occupational specialty
or a civilian job series will have to be identified and quantified to
provide a basis for management decisions that determine the mix of
military, civilian, and contract manpower.
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Appendix

MILITARY TO CIVILIAN CONVERSIONS BY
GRADE

Table A,1

AFSC 291 TELECOMMUNICATIONS OPERATIONS

Orade AIC NOT SS6 TSO MSO SMS OMS LT CPT MAJ LTC OOL

0917 0 0 0 0 0 0 0 0 0 0 0 o"
0517 0 0 0 0 0 0 0 0 0 0 0 0
0916 0 0 0 0 0 0 a 0 0 0 010

U812 0 0 0 0 0 0 0 0 01014 0 0 0 0 0 0 0 0 a 0 0

0-5 10 0 0 0 0 -0- 0 ~ O**0 0 a 1 0

G809 0 0 0 0 0 0 1 0 00 :08 0 H 0 0
0a0 a 0 1 3 3 0 0 0 0 0 0 0
G606 j),. 0 L 8 3• 0 0 a 0 0 a 0
0805 "•'" 4 to 1 I 1 0 0 0 1 0
0804 is 56 34 is130 0 0 0
G' 03 166{ 246 79 1 1 0 0 0 0 0 0 0 0

o I 802 8 7 33 15• 1 0 0 0 0 0 0 0 0
0801 3 10 3 0 0 0 0 0 0 0 0 0
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MAINTENANCE PERSONNEL EFFECTIVENESS
IN THE NAVY

Stanley Horowitz and Cdr. Allan Sherman
Center for Naval Analyaes

The contribution of personnel of different kinds to effectiveness is an impor-
tant unknown in military manpower research, Knowledge of the likely produc.
tivity of enlisted men is crucial for developing personnel policy. In the absence
of this knowledge, policies regarding manning, recruitment, assignment, rota.
tion, and pay are essentially arbitrary,

This study employs regression analysis to associate crew characteristics
with various measures of performance, Because of the type of data available,
the output measuren are largely maintenance.oriented, The ship subsystems
studied include guns, boilers, torpedoes, sonars, and ASROCs, After correcting
for other relevant variables, the relationship between the level of maintenance
of these subsystems and the education, experience, ability, and in-servlce train-
ing of the personnel responsible for maintaining them is estimated.

INTRODUCTION
Very little is known about the relative performance of personnel

who differ in education, experience, ability, training in the Navy, and

race. Efficient allocation of Navy personnel requires that variations in
productivity among individuals reflect variations in their cost. Knowl.
edge of how personnel differences are likely to contribute to differ-
ences in effectiveness is necessary for rigorous analysis of Navy poli-
cies regarding the level of manning, recruitment, assignment, rota-
tion, and pay.

This paper will focus on maintenance as an activity contributing
to effectiveness. If we are successfil in attributing variations in the

ilJ
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level of maintenance among ships to differences in the make-up of the
portion of the crew responsible for maintenance, we will have made
an important step toward more informed analysis of defense manpow-

Ser Issues.' Our results support the hypothesis that the composition ofAa ship's crew is an important factor in explaining its condition,

A MODEL OF SHIP MAINTENANCE

The amount of time that equipment fails to function in a specified
time period can be expected to depend on the age of the ship, the
length of time since the ship was last overhauled, the proportion of
time the ship is under way, equipment complexity, and manning, We
use multiple linear regression techniques to estimate the relationship
between shipboard equipment failures and their hypothesized deter-
minants,

To assure a reasonably homogeneous sample, we have confined
our examination to destroyers, The sample includes all the active
destroyers that underwent overhauls in FY 1972, FY 1973, and FY
1974-40 ships in all. To be sure that we were looking at comparable
periods on all the ships, and because of data limitations, only equip-
ment failures in the 18 months before overhaul were considered."
Whenever a ship suffers an equipment failure that degrades its oper.
ational capability, the ship must file a casualty report (CASREPT). We
have used CASREPT information to derive our measures of mainte.
nance effectiveness," The number of CASREFTs per ship, total time
that CASREPTs remained outstanding (total downtime), and the por.
tion of downtime that was not spent waiting for parts (maintenance
downtime) were all used as dependent variables in the analysis. Our
measure of maintenance downtime is the total time elapsed befbre the
repair is made (aside from waiting for parts). It includes both the time
spent making repairs and the delay in getting to repairs.

Rather than study the determinants of CASREPTs for entire
ships, we concentrated on several subsystems, chosen because they
are common to a large number of destroyers and are maintained by
men in a small number of enlisted occupations (ratings), The subsys-

"This perspective agrees with tkat of G, Nelson, R. Gay, and R. Roll, Ma.power Coat
Reduction in Electronic Malntenance: Frameworh apid Recommendations, th Rand
Corporation, R-1483-ARPA, July 1974,

The data we used on equipment fillure were not available for the period betbre
1970.

CASREPT Information it kept on an automated file system at the Navy Fleet
Material Support Office (FMSO) In Mechanicsburg, Pa., FMSO also provided lnforma.
tion on the tempo ofthip operations, as measured by the proportion of months In which
the ship was under way,

JI
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tems we have focused on are boilers, engines, gun systems, antisubma-
rine warfare (ASW) systems, and sonars. Table 1 shows the ratings of
the personnel who are responsible for the maintenance of these sub-
systems. The same ratings are sometimes responsible for part of the
maintenance of mote than one subsystem. To match men and equip-
ment properly, it was necessary to allocate CASREPTs by rating,
rather than by subsystem.

Table 1

SUBSYSTEMS BEING STUDIED

Subsystem Auociated Rating

Boilers Bollei Technician (BT)

Engines Machinist's Mate (MM)
Gun systems Fire-Control Technician (Fi')

Gunner's Mate (GM)

ASW systems Gunner's Mate (GM)
Sonar Technic.4m (ST)
Torpedoman's MHa•t: (TM)

Scnars Sonar Technician (ST)

In the equipment failure data that wt. received, every CASREPT

was classified according to the equipment identification code (EIC) of

the piece of equiai•nent being reported, By examnining the EICs, we
assigned every relevant CASREPT to one o2 the six ratings we are
coacentrating on: boiler technician (BT); machinist's mate (MM); fire-
control technician (FT); gunner's mate (GM); torpedoman's mate (TM);
and sonar technician (ST).'

For a small number of EICs, we were unable to determine which
of the deck ratings (FT, GM, ST, or TM) was likely to be responsible
for maintenance. We assigned these to no rating but lumped them in
with all the EIC. assigned to the deck ratings in forming an additional
category, total deck.

The enlisted manning characteristics that we were able to exam-
ine for our designated ratings are shown below:

Numbe. of enlisted personnel
Pay grade profile
Standard deviation of the manning level

FMSO supplied a tape from the 3-M data systen of all corrective maintenance
actions taken on our 40 ships since 1970. This tape included information on who per-
formed everyý action. We derived frequency counts of repair ratings for all relevant
ECs, which allowed the assignment of rating categories.
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Specialized training
Schooling of junior enlisted personnel

The number of officers on board was also included In the analysis.' The
numnbe" and duration of CASREPTs should vary inversely with the
number of enlisted pesonnel. A higher proportion of senior enlisted
personnel should be associated with fewer maintenance failures, We
felt that the standard deviation of the manning level was likely to be
related to the amount of crew turnover. More turnover probably leads
to more variation in the manning level Rapid turnover is felt to
detract from a crew's knowledge of its ship and may thus lead to more
maintenance problems.

The completion of certain advanced train'ig courses confers Navy
Enliited Classifications (NECs) on graduates. We used the number of
primary and secondary NHCs that men poss t:sed as a measure of the
extem, of advanced training.

All enlisted personnel who reach the level of third.class petty offic-
er (E.4) are members of some rating, When men finish boot camp they
go either to st~hool or directly to the fleet, where their further training
is on the job. Those who go to school are more likely to be designated
as being associated with a particular rating than are the others. The
proportion of E-3s and E.2s who are not designated was taken to be
a measure of the prevalence of on-the-job training as opposed to tbrmal
schooling,

It was impossible to include measures of pre-Navy school experi-
ence, entry test scores, or rate in the current analysis. We are now
using the Navy's Enlisted Master Record to create a longitudinal
history of the manning of the ships in our sample. This history will
allow us to study additional personnel characteristics and to get better
measures of some of the characteristics we have been able to includehere, .

For each of the seven rating groups (six ratings plus total deck) we

Sestimated a relationship of the following form:

Q Page, ovh diff, und, steam, yr, cIass, off, perl) (1)

where C, =one of three measures of maintenance
"effectiveness (number of CASREPTs, total
downtime (hours), or maintenance downtime
(hours)) for rating group i,

age age of the ship at the time of its overhaul
(years) in FY 1972-1974,

'The enlisted personnel data came from semiannual BuPers Report 1080 (Enlisted
Distribution and Verification Report) forms that are filled out regularly by every ship,
Officer data came from Officer Distribution Control Report (ODCR) forms.

-II II I II I
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ovh diff = number of months between overhauls,
und = fraction of months in which the ship was under

way,

steam = average number of steaming hours in the
months in which the ship was under way,

yr = a vector of three dummy variables reflecting the
year (FY 1972, 1973, or 1974) in which overhaul
was performed,

cl `R= a vector of dummy varibles reflecting the class
of the ship,

off = the number of officers on board, and
per- l = a vector of the enlisted personnel variables

enumerated in Table 2 for rating group i.

It was expected that newer ships would have fewer CASREPTs,
other things being equal.

A longer gap between overhauls should lead to more maintenance
problems. If It doesn't, ships are being overhauled too frequently, A
faster tempo of operation, as reflected by more intensive steaming,
may also be associated with more CASREPTs. However, when a ship
is out of port its crew has fewer competing demands for its time and
may perform better maintenance, leading to fewer CASREPTs and
less downtime.$ Since informal Navy policy regarding CASREPT re-
porting may vary from year to year, overhaul dummies were included
to correct for differences across ships in the observation period.

Different classes of ships vary to some extent in their equipment.
Obviously, this may Influe nce ships' maintenance histories. In particu-
lar, the new Forrest Sherman class destroyers are known to have had
more boiler problems because of technical innovations in their design.
Because of the differences between Forrest Sherman and other de-
stroyers, we allowed for the possibility that pei sonnel contributions to
maintenance effectiveness were different for Forrest Sherman ships
than for other destroyer classes,' Finally, more officers may lead to
better supervision and hence fewer maintenance problems,

We estimated Eq. (1) using ordinary least squares, As noted ear-
lier, the period of observation for the dependent variables was the 18
months before overhaul, For the independent variables, the entire
time between overhaul in FY 1972, FY 1973, or FY 1974 and a ship's
previous overhaul was the period of observation. The level of mainte.

The same arguments can be made about the fraction of months in which a ship is
under way,

I This was done by multiplying each personnel variable by both a Forrest Sherman
class dummy and a dummy for other ships, The two variables were entered separatelyinto the equation being estimated. If this procedure did not improve the explanatory
power of the equation, its results were discarded,

S•:•A
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nance is a stock concept rather than a flow concept; the condition of
a piece of equipment depends not only on the care the equipment is
getting now but also on the care it received in the past. By using a
longer observation period for the independent variables than for the
dependent variable, we hoped to capture the long-run effects of varia-
tion in the determinants of maintenance effectiveness.'

EMPIRICAL RESULTS

In this section the results of estimating Eq, (1) for each of the seven
rating groups will be treated in turn, The independent variables differ
across rating groups bi.cause variables that did not improve the cor-
rected Re of either the CASREPT or total downtime equation were
deleted,

Both linear and semilogarithmic forms for the regression were
tested. Many of the variables appeared to predict best in a linear
framework, Some of the most important variables, such as the number
of personnel, seemed to have a semilogar'thmic relationship with
maintenance, This implied decreasing returns to personnel, More men
appear to improve maintenance, but as extra men continue to be
added, the contribution of the last man decreases. The proportion of
men in senior pay grades also seems to exhibit diminishing returns.9

Boiler Technicians

Table 2 shcows the results for BTs. Newer ships have fewer boiler
maintenance problema, other things being equal-although Forrest
Sherman ships, as expected, have more trouble than others,

Personnel factors matter considerably. As the elasticity estimate
shows, a 1 percent increase in the number of BTs is estimated to be
associated with a 5,28 percent decrease in total boiler downtime on
Forrest Sherman ships and a 9.47 percent decrease on others.,0 More
turnover, as measured by the standard deviation variable, seems to
lead to less effective boiler maintenance, at least on non-Forrest Sher-
man ships,

For reasons discussed later, in the TM regressions, only the 18.month period was
used for the personnel variables,

Ship age is also logarithmically related to maintenance. Older nhips are worse than
newer ones, other things being equal, but they are depreciating ati a lower rate.

In all cases, the elasticity figures in the tables refer to the percent efltct on the
dependent variable of a I percent change in the raw value of the independent variable,
even if the logarithm of the independent variable has been used in the regression. All
elasticities were calculated at the means of the variables,

, Ai A," .
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Table 2

DETERMINANTS OF THE LEVEL OF MAINTENANCE EFFECTIVENESS
FOR BOILER TECHNICIANS

Dependent Variable
Total Maintenance

Number of Downtime Downtime
Independent Variable CASREPT. (hours) (hours)

Personnol'relsted variables
Non-Forreat Sherman class destroyers

Logarithm of the average number of BTa
Coefficient -26.84 -34832 -39371
t.value - 1,09 - 1.61 - 1,90a
ElaIticity - 4.16 - 9.47 -10.61

Standard deviation of BT manning level
Coefficient 1.77 1560 142%
t.vilus 1,886 1.86a 2,0-
Elasticity 0.61 0.97 1,04

Forret Sherman tlass deatroyers
Logarithm of the avetrage number of HTs

Coefficient -84,70 -8986I -58038
t.vldue - 0,90 - 2.41 2,12
slastioity - 1,34 - 6,28 - 4,49

Non.perionneivelatetd variables
Logarithm of ship age

Coefficient 29,14 43644 84641
t-value 1,66 2.81 2,740
slasticlty 3,89 7.57 7.08

Number of months between overhauis
Coefficient 0,16 13.40 -14,04
t-valoe 1.20 0,19 - 0,16
Elasticity 0,69 0,09 - 0,11

Forrest Sherman clais dummy
Coefficient 538,9 190262 113503
t'valut 0.38 1,51 1.11
slastielty 1.16 5.78 4.06

FY 1978 overhaul dummy
Coefficient - 0.78 - 2816 - 2958
t.vaiue - 0.34 - 1,37 - 1.86

elasticlty - 0,03 - 0.17 - 0.16
FY 1974 overhaul dummy

Coefficient 3,81 8461 9394t-value 0.55 1.37 1,8 7a
sisotiolty ,101 0,04 0.05

Constant -14.30 -33550 - 8141

Corrected H9 0.31 0,16 0,58

Degree of fredom 31 31 81

siignifleant al the 10 percent level,

bilglnificsnt at the 6 percent level,

*1f

,S~a~ahv~,Uik~kM..~ ~ .*., -,..,..... . . .
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Machinist's Mates

Machinist's mates perform organizational-level maintenance on
ship propulsion machinery, The regression results for MMs are dis-
played in Table 3.

As in the case of boilers, the engine CASREPT behavior of older
ships is worse than that of newer ships. A larger complement of MMs
seems to lead to fewer CASREPTs, particularly on Forrest Sherman

Table 3

DETERMINANTS OF THE LEVEL 01 MAINTENANCE EFFECTIVENESS
FOR MACHINIST'S MATES

Dependent Variable
Total Maintenance

Number of Downtime Downtime
Independent Variable CASRSPra (hours) (hours)

Persomanneailrlated variables

All destroyers
Fraction of unrated personnel who are
not designated

Coefficient 56,7 7890 5427
t-valU. 0.60 1,13 0.90
Elasticity 0.14 0.32 0.27

Non.Fo rest Sherman cleas destroyers
Wlogrithmn or the average number or MMs

C oefficient -37,2 -27117 -24704
t-valuo 2:'N", 1 .8 8a - 1,96'm
Elasticity -3.48 4.18 - 4.62

Logarithm of the Nration of MMx who
ar H5 and above
Coefficient 8.506 -28268 -22684
t-VslU4 - 0.78 - 3.180 - 2.960
Elffsticity -0.78 - 4.33 - 4C24

Forrest Sherman claims destroyers
Logarithm of the average number of MMa

Coefficient -30,14 -180518 -17113
t-vslue - 1.73a - 1.08 - 1.34
Elasticity -3.70 - 2.77 - 4.411

Non-personnel-relatted variablest

Logarithm of ship age
Coefficient 34.74 189112 10103
t-value 2,311) 1.47 0.91
Eisstivity slag 2.06 1.09

Carpentor class dummy
Coefficient -11.40 - 5200 - 4512d
t-vaiue - 2,001 - I'11 - 1.12
Elasticity - 1.11 - 0.81 - 0,89g

ii Cnstant 3.00 507 20427
Coirrected R2~ 0.19 0.24 0.10
LUsiftesa of freedomn 33 3s as

"S~igntificant a t the 10 percent level,
"hslgifiiicant at the 11 percent level.

ii esitiiglrlcant ait Owl I lperceont level,.
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ships. Unlike boilers, engines may have fewer problems in Carpenter
class ships."

Most interesting, for non-Forrest Sherman class destroyers, the
pay-grade profile of MMs is the most important determinant of total
downtime, although It is only a minor factor in explaining the number
of CASREPTs. This may mean that although senior MMs don't pre-
vent many CASREPTs, they get the equipment fixed quicker. On these
ships, a 1 percent increase in the proportion of MMs who are chiefs,
first class petty officers, or second class petty officers (E.5 and above)
is estimated to decrease total engine downtime by 4.3 percent.

It appears likely that sending more MMs to entry-level schools
also decreases the amount of engine downtime.

Fire-Control Technicians

Fire-control technicians are responsible for the maintenance of
weapons control and targeting equipment. Their job is among the most
complex in the Navy. FTs are highly trained and must have very high
entry test scores. Table 4 shows the estimated determinants of CAS.
REPTs for F's.

The equations for FTs are the best we estimated. The R's are
higher than for the other rating groups, and the personnel variables
play an even larger role than they do elsewhere, Perhaps personnel
characteristics are most important in the most highly technical rat.
ings.

The fire-control systems of older ships and ships long out of over.
haul have relatively bad maintenance records, as do ships that were
overhauled in FY 1972.

The number of FTs aboard has a large effect on total fire-control
downtime. This result is so statistically significant that it is almost
impossible for it to be due to chance. More senior FTs very likely lead
to both fewer CASREPTs and less downtime, More turnover may be
associated with more downtime on non-Forrest Shc.,man ships, and
there is evidence that the level of FT training, as measured by the
prevalence of NECs, is a determinant of fire-control downtime. FT. are
the only rating for which this last variable appears important,

Gunner's Mates

Gunner's mates perform maintenance on guns and missiles, al-

The sample includes only one Carpenter close ship, and anecdotal evidenue indi.
cates that It was well maintained because It had a well-motivated craw, not because of

Its desIogn.¾.

.•'I
~...
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Table 4

DETERMINANTS OF THE LEVEL OF MAINTENANCE EFFECTJVENESS
FOR FIRE CONTROL TECHNICIANS

Dependent Variable
Total Maintenance

Number of Downtime Downtime
Independent Variable CABREPTa (hours) (hours)

Peoronnel.related variables

All destroyere
Lolarithm of the ferction of FP@ who
are 1.5 end above

'coefficient - 4,24 27rA 27§
t-volue -2980 2.11% 1,46u
Eleaticlty - 0,6 - 0.71 - 1.01

Number of primary and secondary NEC.
divided by number at IFl

Coefficient - 1.30 - 8764 - 1029
kvalue - 0,4s 1.,4 - 0.59 I
Ilasticity - 0.13 - 0,66 - 0,28

Ncon.Forrat Sherman class destroyers
Loglirithm of the average number of Pret

Coefficient - 7,90 -14436 - 9793
t-value t,5 -2 4.•10 - 4,370
Elasticity - 1.48 - 4.48 - 4,48

Standard deviation of FT manning level
Coefficient 0.35 1263 11641t-value 0.42 1.69 2,1i0
Elasticity 0,09 0,52 0,71

Forrest Sherman cane destroyers
Logarithm of the average number of FT#1

Coefficlent 1,55 - 6(00 - 6327
t'valh. 0.2 - 2.610 - 2,81
Ileatllty 0.16 - 1.37 - 2.18

Nnn-peraonnel.relatod verlibles
r olPirlthm of ship age

Coefficient 21,67 11672 6423t.valu* 2.900 1.741 1,84

N isla tier•o 8.h7 3.30 2.84
Number o1 month3 between ou rhauls

Coefficient 0.20 1(1 73
t-value 32t95 2122a 1.61k
Elasticity 1,23 1.28 1.21

FY 1973 overhaul dummy
cCosfrloia t he0p86er- 168eni- 11vPt-valu, 250h - 1.1a -s 1.61
Eleaticlty -0.16• 0,17 0 ,18

FaY 1974 overhaul dummy

Coeftfaient the24 6ern le2el744
t
0
value -e88r 2,03c - 1,ei

elasticity -0.09 0,04 - ,.08
Conerenk -61.51 -12797 -523b

Corrocted'R'2 0,88 0,57 0,53

Degrees of freedom so 30 so

AS~giffiriant at the 10 percent level,
b~illnifleant at the 5 percent level,

0Silgnifleent at tho, I porctnlt level.

.... ..... .... .... .. ... ...
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though fire-control system maintenance is largely left to FTs, Our
regression results for GMs are displayed in Table 5,

Personnel factors were not significant in explaining the number of
CASREPTs. The extent of downtime, however, is influenced by the
skill mix of GMs. The level of experience necessary to improve GM-
related maintenance seems to vary by class of ship. On Forrest Sher-
man class destroyers, GMs appeared to reach their maximum profi.
ciency when they became rated (pay grade E-4), On other destroyers,
this maximum was not reached until men became first class petty
officers (E-6), This interclass difference in the relationship between pay
grade and proficiency is probably due to differences between the gun
systems of Forrest Sherman ships and those of other destroyers. Other
personnel variables, such as the average number of GMs, did not
appear to affect the amount of equipment downtime, This may mean
that the number of GM billets could be cut without significantly affect-ing equipment downtime. Gun maintenance also appears to be inde-

pendent of GM turnover, This may be because guns have few ship.
specific idlosyncracies,

Ships that were out of overhaul longer had more gun CASREPTs
(though, oddly, not more downtime), Forrest Sherman ships had more
gun problems than other ships, and GM-related CASREPTs also
seemed to vary with overhaul year.

Torpedoman's Mates

Torpedoman's mates perform maintenance on underwater ord.
nance such as torpedoes and antisubmarine rockets, Although the
level of skill required of a TM Is below that required of an FT, TM
personnel factors do affect the amount of time that antisubmarine
weapons are inoperative, as shown in Table 6, When more TMs are
present, repairs seem to be made faster, In addition, rated TMs (E-4
and above) seem to do a better maintenance job than Junior personnel.
Note that in other ratings where the pay-grade profile enters our
regressions (MM, FT, GM, ST, and TD), the pay level that was associat.
ed with increased proficiency is either E-5 or E-6, with the exception
of GMs on Forrest Sherman ships, Apparently TMs learn their jobs
earlier than men in other ratings,

Ships that steamed more intensively had fewer TM CASREPTs. In
this rating at least, the hypothesis that competing interests degrade
maintenance is supported,

As was the case with GMs, the length of time since the last over.
haul seems to affect the number of CASREPTs, but not downtime.
Ships that were overhauled in FY 1972 reported more CASREPTs
than those overhauled in later years.
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Table 5

DETERMINANTS OF THE LEVEL OF MAINTMNANCE EFFECTIVENENS

FOR GUNNER'S MATES

Dependent Variable

Total Malntenance
Number of Downtine Downtime

Independent Variable CASfKEPT4 (hour) (hours)

P,.~e~tt.relatnd variable&
Non.-For.t Sherman lean destroyers

Loparithm of the ractlion of GM. who
Ua B.6 and above

Coetfficine 0,80 - 8995 - 7888
t.valu. - 0.26 3,51 3.,76
Elastllty - 0.18 - 2,34 - 8.18

Forret Sherman clan destroyers
Logarithm of the fraction of GM# who
are E.4 and abovQ

CoeffiLient -32,56 -89181 - 8719
t.value - 0,89 - 1,96a - 0,37Elasticity - 2.50 - 6,71 - .8i4 ,

Non.personnl.irelaked variables

Number oa months between overhaulscoefficient 0,12 0,.36 -7,87

t vulue 1.8 0,11 - 0,14
Elasticity 0e67 0,07 0.11

Forrest Sherman *liii dummy0,6 ,4
coetfltent 4,6 10073 1430lt-value 0,56 1.49 2,1,74Qi
sletlcltc0 0.1 037 0.8

FY 10783 overhaul dummy
Coetffilent 0,5, 1867 Iasi RI
't.vmhl 0,36 1,18 0.78
Elasticity 0,08 0.10 0.09

IFY 1974 overhaul dummy
Coefficient -13,44 - 725 Q - 899•_
9.valut - 8,18 - 290 : 2,24t
Ilasticety - 0,0 - 0A04 0M05

Cnsatant - 0,35 -1108 - 9191

Corrected R2  0.43 0.47 0.40
DIgr'ev of freedom 38 83 33

'lignlflicant at the 10 percent level,
bSlgnjfltint at the 5 percent level,

08lglnlflcant at the 1 percent level, i

AI
Ii
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Tabl 6

Tableen 6aial

Total Maintenance
Number of Downtime Downtime

Independent variable CABREPTs (hour&) (hours)
Personnel-related variables (all deetroyers)

Logarithm of the average number of Mild
Coefficient -0.05 - 1124 - 614
t-value - 0.10 - 1.82 1,20
Elasnticity 0,0AS8 1.67 -1.58

* ~Are 924 and Above
Coiefficient -0082 -1288 -1892

t-voiue 078 11954 - .30
Elasticity -0.51 -1.91 -1,50

Non-permonnel-reieted variables

Average number of steaming houre InI
months in which the ship is under way

Coefficient -09 13:59 -6110

I value2:2 22b -14

Numiber of months between :1:: :1::
t-valus 1.42 0,04 0104

Elsiiy1,80 0.06 0108
1'Y 1972 overhaul dummy

Coefficient 0.48 Ni1 451
t-value 1,47 1,64 1.32J

Elasticity 0.411 0175 071

Degrees of freedom 34 84 34

afI~gifloant at the 10 percent level,
bslignirlant at the 5 percent level.
ceigoninant at the 1 percent level,
dIn these rogreatlonsi the personnel variables refer only to the IS months before overhaul,

rather than the entire intoroverhoul porirod. Thlis was done because better estimates were
obtained. Perhaps there Is little earryover from alie period to the next lit the level of TM.
related manintnance,

Sonar Technicians

Sonar technician. on destroyers operate and maintain surface so-
nar and oceanographic equipment and underwater fire-control equip*
ment. In Table 7, sonar casualties are seen to be more prevalent in

0 older ships and perhaps in ships that have been under way more, This
is reasonable, since aconars operate only when the ship is under way.
A large complement of STs and a higher proportion of ST chiefs and
first and second class petty officers seem to contribute to better mainte-
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Table 7
DETERMINANTS OF THE LEVEL OF MAINTENANCE EFFECTIVENEjSB

FOR SONAR TcIIcN1CIANB

! D ep end ent Va rlabl.

Total Maintenance
, Number ot Duwatime Downtime•ndaj.ndcnt Vmrlble CASRHIPT. (hours) (hour&)

•mr Peraonnel.l.r,,jte varlablaa,

All deatroyer a
SP~~'"UtIO n Of uM AWt• Personnel who

are undasoinAted
coefficient 

7.32t8value 4440laitlolty 01,3 O.P2 1072Standard devtatIon c fT man nIng to)0,
Coefficient 197
t. v~ lu e I ~g o c0 • 5 ft-vlutlt 2,900 2.017% 1 43Uliatleity 

0,88 0.82 0,76
Non-Porra•t Sherman clam dtetrall,

Logarlthm of the average number of MCoefficient 
4.91- .. 842 - 1 760Elastlicty - -

LOaethtE of the fraction of STA who 4 2.81 - 279
uae X. and aboveCoefficient 6.28 3762 - 1478t.vlut 

- 1,29 - 1.06 - 0189•laatloty 
",69 - 2.02 - 1.82

* Non~porsonnel.rulAted Variab1Le
Fraction of months In which the shipI@ under way

Coefficient 
10,94 p6ol 8019t.value 
1.4 1.611*slaatlcity  2.82 1.95 1.818

Logarithm or nhip age
Coefficient 

12.80t.vlu@ 
1.37 1.74Elaslcity 
8,20 7.20 6.,2Cohatant 

-42.88 -49280 -.23010Corrected R10 
0,19 0.218 0.1,

Dugraea 0o freedom 
38 53 33

eaignltilaLt at the 10 percent level.
bai"iificlnt at the 8 percent leve].
0

811gnif'1t1at at the I percent level.

il•.,
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nance on non-Forrest Sherman class ships, but not on Forrest Sher.
man ships.

Higher ST turnover is associated with significantly more CAS-
REPTs and more downtime on all destroyers. The presence of undesig-
nated men In ST billets also significantly degrades maintenance.

Total Deck Rating Group

The total deck group is the sum of FTs, GMs, STs, and TMs, This
aggregation was performed to let us include CASREPTs that could not
be attributed to one rating but were the responsibility of more than
one rating in the group in the sample, The results of this procedure
are shown In Table 8. Older ships and ships long out of overhaul had
more problems in the deck ratings,

The two most consistently important personnel variables, the
average number of personnel and the proportion of personnel who are
second class petty officers or higher, were significant determinants of
downtime in the deck ratings for all destroyers. The prevalence of
senior enlisted personnel seems to be more important in Forrest Sher.
man class ships than in other destroyers. A 1 percent rise in the
fraction of deck personnel who are E-.s or above can be expected to
decrease deck downtime by over 4 percent in Forrest Sherman ships,
but only 2 percent in other destroyers,

Table 9 presents a digest of our results regarding the Influence of
personnel factors on total downtime, Total downtime is the most com-
plete measure of the inability of equipment to do its job that we have
examined,

The final two tables illustrate how the regression estimates can be
used to facilitate policy decisions, Table 10 shows the effect of adding
an extra man in each of the rating groups, It implies that BT-related
maintenance could be improved at no cost in ship condition elsewhere
by adding an extra BT while cutting the complement of GMs by one,

Table 11 examines several ways of improving FT-related mainte-
nance. By applying the relevant cost factors to estimates like these,
the most efficient policy for improving maintenance can be chosen
from among the listed alternatives.

CONCLUSIONS

Personnel factors affect the level of maintenance of a wide range
of subsystems, although different characteristics are important in diff-
erent occupations, In general, personnel characteristics may play a
larger role in the effectiveness of men in more highly technical ratings.
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Table 8

DETERMINANTS OF THE LEVEL 0' MAINTENANCE EFFeECTIVENESS
FOR THE TOTAL DzCK RATING GROUP

Dependent Variable
Total Meintenance

Number of Downtime Downtime
Independent Variable CASI4EPTs (hours) (hours)

Perionnel-related variables

All detroyers
Logarithm of the average number of
dEck pers.nnel

Coefficient - 14,7 b -28294 -19210
t.-vlue - 0.68 - 1,68 - 1.794Elaticiety - 0.84 - 9,53 - 2.82

Non.Porrest Sherman class destroyers
Logaithm of the fraction of deck
peraonnel who are E,5 and above

Comfflvient - N.47 - 2000• 1431
t~veue 0.83 - 2,151% - 2,7

Elasticity - 0.50 - 2,05 - 2.39
Forreet Sherman class destroycro

Logarlthm of the fraction of deck
personnel who are E.ý. antd above

Coefficient -52,38 -83562 -49106
t-value - 1,82a - 3 ,7 50 - 3 ,323Elasticlty - 1,91 - 4,67 - 4.88

Non.perionnel-related variables
Logarithm of ship a1e

Coefficient 18,46 4020 1 18038
t-volue 0,77 2,1 ) 1,47
Elasticity 1,16 3,59 2,6

Number or months between overhauli
Coof[lent 0.36 217 106t-value 2,33h 1.83a 1.3{5

Elentlcity 0.77 0,73 0.8b
Average number of steaming hours it
monthe in which the ship Is under way

Coefficient - 0,004 -63,86 3233
t.value = 0,10 - 1,67 - 1. 1
Elastcity- 0.06 - 1,33 - 1,31

FY 1974 overhaul dummy
Coefficient -17,32 - 9808 - 68662
t-value - 2, 08 ) - 1.82 - 1,83
Elasticity - 0,02 - 0,02 - 0.02

Constant -15.29 -38186 3307

Corrected R
2  

0.36 0,48 0.40

Degrees of freedom 32 32 32

"SBignificant at the 10 percent level,
bsignificent at the 5 percent level,
0BignificAnt at the 1 percent level.

II .
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Table 9

PERSONNEL FACTORS AND EQUIPMENT DOWNTIME

Total
BT MM FT GM TM ST Deck

Non-Forrest Sherman lams deatroyers
Average number of personnel * 0* *tee C cCC 0 *0*
8tandrep davilation of the

number of personnel * C 0CC
Fraction of personnel

9.4 or above ce
Fraction of personnel

E.5 or above eeoc 0ee 0 sae
Fraotion of personnel

I.6 or above ACOC
Prevvlenoe of prlmary and

secondary NEC&
Prevalence of undeslgnated

personnel C sea

Forrut Sherman class deasroyers
Average number of personnel C C 0*0 * .e
Standard deviation or the

number of personnel
Fraotlon of personnel

E-4 or above * cc
Fraction of pýrsonnelB-.5 or Above e•*e

Prevalence of primary and
oe~ondary NEOs *

Prevalence of undmignAted
personnel ,C CCw

V*Enters the equation.
• e jnfiant at the 10 percent level.

***Signiflient At the 5 percent level,

"ececSlonificant at the 1 percent level,

Table 10

REDUCTION IN DOWNTIME DUE TO ADDITION Oi ONE EXTRA MAN

BT MM FT GM TM ST Weapons

Percent

Non-FU 41% 19% 58% 0 58% 25% 16%
FS 22 13 12 0 82 0 4

Hours
Non-FS 1509 1240 1805 0 400 465 1563
FS 3429 773 602 0 495 0 716

Average On-Board
Non-FS '22 21 7 9 2 11 30
FS 24 20 11 12 2 11 36

i, 1
' • :'__
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Table 11

ALTERNATIVE WAYS OF CUTTING FT-RELATED DOWNTIME BY
100 HouRS PER YEAR ON FORREST SHERMAN CLASS SHIPS

Increase average manning level From 10.9 to 11.1

Increase percent of FT& E-5 or above From 47 to 49 percent

Increase average number of primary
and secondary NECs on board From 8.59 to 9.08

Decrease interoverhaul period From 38 months to 37 months

The influence of personnel on maintenance also varies with the class
of ship.

* Crew size is important in almost all ratings, but the extent to
which it matters seems to vary considerably by rating. Man.
ning levels were much more important for BTs and FTs than
for GMs,

* In some ratings, particularly STs, excessive turnover seems
to detract from maintenance.
Ships with a higher proportion of senior personnel are better
maintained, although the necessary level of experience var-
ies by rating.

* The measures of training that we examined appeared impor-
tant for some ratings. We picked up an effect for FTs, MMs,
and STs, but not for the other rating groups.

Factors other than personnel also affect the level of maintenance:

Older ships require more maintenance.
,• • Ships that go longer between overhauls require more mainte-

nance in several subsystems.
The tempo of ship operations affects maintenance perfor.
mance in some ratings, though the direction of the effect
varies.

It would be useful to estimate the effect of other personnel factors,
such as education, race, and test scores, on maintenance effectiveness.
It would also be useful to have better measures of Navy training and

Sturnover than we used in this study. Further research is indi.
cated, and we will be using the Navy Enlisted Master Records to
perform some of it. In addition to incorporating more and better mea-
sures of personnel characteristics, we will experiment with alternative
functional forms. We will also incorporate another 51 cruiser/destroy-

l l lI I ll lI
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er ships into the sample. Finally, we will examine additional measures
of maintenance effectiveness, most prominently findings of the Board
of Survey and Inspection,

Although this work is preliminary, it illustrates our approach. Our
quantitative findings will both change and expand, but the results
presented here provide estimates of the ways in which personnel
affect ship maintenance,

1r
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MANPOWER REQUIREMENTS
IN A DYNAMIC SETTING

David L. Jaquettý4 The Rand Corporation

In the ull-volunteer environment. the need for efficient force compositionand mnilitary compensation is acute, Manpower planning of compensation isone obvious vehicle for affecting farce composition. Neu, bonito programs andother formo of special pay in fact allow the services to vary the effectioe levelof compensation, but the current #tructure is not optimal, The dynamic orshort-term management of the force by compensation is extremely importantfor several reasons. Moving fromn today's force toward the objective force mequires dynamnic analysis, since changing technology and requirements con-

periods over the firnitr planning horizon. Dynamic- programming is used tofind the best manpower compensation and resulting force structure for amilitary system for each of a number of years. Discrete approximation to thestates and uctions, aggregation of the force by term of service, and deeldonperiods of four years' length fatilitate the des~'ription of the decision processas a Mcirkov chain, A numerical example is also discugsed,

INTRODUCTION
One of the key elements of defense manpower planning is man-

power requirements, It is necessary to know the total numbers andmix of personnel to determine the ability to achieve both the defensemission and defense costs. Traditionally, analyses of manpower re-
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quirements have focused on either the very short run, such as the
requirements for next year's budget cycle, or the very long run, such
as the optimal "steady-state" manpower configuration. Such analyses
usually shed little light on the best way to move from today's force mix
to the desired mix or even whether the purported savings warrant the
costs of adjusting,

This paper specifically considers how manpower requirements can
be planned over time. A dynamic optimization model explicitly opti-
mizes force structures over time, Most manpower models view person-
nel planning in the steady state, but the dynamic planning approach
allows the analyst, and indeed the policyrnaker, to determine the
"best" way of solving requirements planning when time is explicitly
introduced into the problem,

National security objictives are regularly interpreted by the De-
partment of Defense (DoD) in an annual planning process. It is here
that missions are assigned and the capabilities to perform them are
established as objectives in each of the services, Aggregate manpower
requirements necessary to fulfill these national security goals are ex-
pressed in the five-year defense plan, the result of an iterative plan.
ning cycle of developing requirements for civilian, officer, and enlisted
personnel within each of the services, This process does not lend itself
to finding an optimal mix of manpower, In the often frantic budgeting
process, the manpower mix to achieve a particular mission cannot be
optimized. At best, linear and average costing methods combined with
intuition are used to set the mix. Ultimately it must be specified by
military specialty, grade, and length of service. Traditional steady-
state factors are used to construct a grade distribution or length of
service distribution to meet the mission,

In the requirements determination and personnel management
systems, little thought can be given to the integration of year-to-year
requirements with the objective force. Mission schedules derived in-
directly from the five-year defense plan are used to determine require-
ments for manpower to maintain capability during these missions.
Specification of requirements is made independently of current force
structure and the structure of an objective force, Personnel manage.
ment is charged with planning for training, transfers, cross-training,
and career field continuance, to name but a few items, The goal here
is to meet these requirements for men specified in each specialty, pay
grade, etc. Requirements and personnel management are at best
suboptimizaticn processes within a larger hierarchy of decisionmak-
ing.

Congress sets grade limitations, manning level constraints, levels
of pay, and a total manpower budget, It is at this level that the objec-
tive force structure is established and approved and becomes objec-
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tives and constraints for service planners. However, several mixes of
manpower would meet national security objectives. In fact, there is an
optimal mix. What is that mix? Once answers are known, a require-
ments structure can be developed that is consistent with efficiency.
General guidance in this area would specify important policy consider-
ations such as ratios of first term to career, tradeoffs on education and
mental aptitude, etc.

Today's structure has developed from both good and bad decisions
made in the past. The current inventory of men and women cannot be
changed without cost. The cost of an optimal mix is an important
consideration in determining that mix and the policy actions neces-
sary to get fr-om here to there,

This study was undertaken to provide general methodology for
setting and changing requirements consistent with both the long-term
optimal force and the current structure, The approach is one that has
a dynamic view of moving from present to desired size and mix. The
vehicle for the study was a manpower model that determined the
optimal length of service distribution of an enlisted force as it changes
over a finite planning period.

Manpower models are becoming an increasingly important tool
for defense planners. For the most part, these models focus on steady.
state force structures. This concept of a desirable, attainable, objective
force structure differentiated by length of service (LOS), pay-grade
level, and possibly even by skill and military specialty has evolved
over the past decade, The modeling efforts useful in determining that
structure were stimulated by requests from the Office of the Secretary
of Defense (OSD) in the late 1960s for the services to develop long.
range manpower plans.

Unfortunately, these models have left the policymaker with the
problem of how to achieve this steady-state optimum. He is given no
idea of the advantages of this objective force over the present force
structure. Are the benefits of the optimum worth the costs of getting
there? This question has not been answered,

This paper considers how manpower requirements can be planned
to vary over time, explicitly developing strategies to determine how
the current force structure should be changed to achieve the long-run
optimum. A model will be proposed that reflects changing retention
behavior as a function of changing wages. The objective is to minimize
the present worth of costs of operation of the manpower part of the
military system. The solution to this mathematical formulation can be
found by dynamic programming. The feasibility of the approach is
demonstrated by the testing of a realistic numerical example.

Means for estimating the cost differential between current policy
and one found ftom dynamic optimization are available through the

.~J A~.. . . .. . . . . .-
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various manpower models, Although no conclusive results are
presented, this paper does discuss method, including relevant factors
for policymakers,

There is no theoretical difficulty with extending this approach to
management of just one military specialty, The aggregate force free
if constraints is modeled here, but the techniques are valid and practi-

cable for subelements within the force,
Recent developments affecting military manpower indicate the

importance of systematic and comprehensive management in plan-
ning of military forces, Manpower costs as a proportion of the DoD
budget have risen dramatically in the past decade, from 27.7 percent
in 1964 to 30.3 percent in 1974,1 Part of the cost Increase is due to the
all-volunteer force, which officially began 1 July 1973 but actually
started with the formation of the President's Commission on an All-Volunteer Armed Force in 1969, An important effect of the all-volun-

teer force is the elimination of a guaranteed supply of enlistmentsthrough the Selective Service System. Although all military services

except the Marine Corps have been at full strength in the past two
years, the uncertainty of enlistments under the all-volunteer force
places a premium on carefuil planning and good manpower manage-
ment.

The OSD directives on developing manpower plans indicate the
Interest in and importance placed on manpower planning, Long-range
plans in the form of an objective force structure have been developing
using mathematical models, But planning does not end with knowing
where to go. Research must find the best way to get there, In fact,
many analysts believe that managing the military force in a steady
state simply can never be achieved, and that that objective should be
abandoned, The arguments are persuasive: The character of the pool
of men who may volunteer is constantly changing. International and
national economics and current events are undergoing continual
change, which affects the reenlistment and enlistment tendency for
the military. Requirements for men and women in the services vary
according to the missions outlined by defense policy and technologicalchange.

The shorter-term results of decisionmaking are of dominating im-
portance for two reasons. First, when costs and revenues are discount-
ed in the time period in which they occur, those from the shorter term
are given higher weight in the total discounted cost function, Second,
many decisionmakers reflect the political environment in which they
operate and put a higher weight on shorter-term effects of their deci.
sions.

The reliability of present data on supply of manpower and project-

' Budget of the United Staten, 1964 and 1974.
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ed requirements is subject to uncertainty, These data are used to
provide estimates of parameters that crucially affect the optimal
policy, Estimates of the near future are simply more reliable than
speculations about 20 years hence.

Basic uncertainty about the future is often taken into account by
business decisionmakers by using a discount rate higher than that
used for more certain projects. The fact that decisionmakers discount
the future further emphasizes the importance of the shorter-term
decisions. The discount rate takes into consideration the time value of
money as well as the added uncertainty. Even if the objective force is
constantly changing because of uncertainty and the randomness of
future events, discounting will lessen the effect of a variance of the
steady-state component of a policy from the true optimum, This
reduces the effect that such inaccuracies might have on calculating the
short-term optimal decisions.

THE POLICY PROBLEM

This paper describes a model designed to address the problem of
optimal manpower structure over the short term before a steady state
may be reached, Behavioral assumptions to regulate the supply of
manpower, productivity assumptions about the effectiveness of a mili.
tary structure, and discounting to consider uncertainty and the time
value of money are three important features of this model.

The behavioral assumption is that decisionmakers can manage
retention policy by LOS class through the application of economic
Incentives. This has been demonstrated as practicable by the success
of the new bonus authority available to the services, Bonuses may now
be paid in particular specialties at initial enlistment, at first reenlist-
ment, and at second reenlistment, with total bonuses for a military
career being as high as $30,000.

The current method of affecting the age and experience composi-
tion of the force is through the assignment of the bonus at different
levels in the various specialties needing increased retention. Increased
quality requirements can be used to restrict the number qualified in
specialties where there is an oversupply of potential reenlistees.
Grade management is conducted primarily to satisfy grade-level con-
straints and fulfill requirements However, retention is dependent on
promotion policy because of changes in income and other factors
experienced by the force under different promotion policies. In reality,
several manpower policies directly and indirectly affect retention and
therefore the experience composition of the force; but here, compensa-
tion has been chosen as the determinant of retention,
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In the long run, changing real wages to influence retention is more
efficient than curtailing the reenlistment of qualified individuals, Al-
though pay levels are set by Congress and might not be thought of as
variable, changes in the structure of the military pay system may be
possible as result of experience with the all-volunteer force. Within the
past ten years, the following radical changes have, in fact, occurred in
the military compensation system: comparability pay increases (1967-
1969); special pay programs, such as the variable reenlistment bonus
(1966) and the combat enlistment bonus (1971); and the all-volunteer
force pay increases for firat-termers (1971),

A companion issue to direct military compensation is military
retirement, Changes in this system are currently under consideration.
The retirement system has an effect on the composition and structure
of the military force-men approaching 20 years of service have near
100 percent retention rates, and men who have just become eligible for
retirement pay have high loss rates, The effect on retention and losses
of such changes as a partial vesting of retirement benefits must be
considered by military manpower planners,

As already mentioned, several pecuniary and nonpecuniary
means are available and have been used in the past, These packages
of bonuses, tour lengths, educational benefits, etc,, have been some-
what effective in managing force structure. The policy questions ad-
dressed here allow for changing the force LOS structure and possibly
grade and skill as well. The proposed vehicle for these changes is
through changing pay variables,

Whether the fixed costs of changing the current retention manage-
ment system to one based on the economic behavioral model outweigh
the advantages has not been determined. The means for making such
an evaluation are discussed in a later section,

"New modeling developments using increased computational capa-
bility have been providing opportunities for much greater control and
planning than was previously possible, The new complexity of policy-
making, management, and planning can be demonstrated by the grow-
ing dependence of administrators, planners, and other decislonmak-
ore, particularly in the DoD, on mathematical models of manpower
and personnel systems. Within the past ten years, the military services
and OSD have developed models to assist in the practice of grade
management, in the making of promotion policies, in forecasting
losses from the active force and requirements for new accessions, and
in scheduling personnel inputs to training courses. These predictive
models form the basis for policy simulation, which has been the major
planning tool to date,

Optimization models developed for military manpower planning
have not given manpower planners guidance on how best to get from

........ .................. .. '.. .....
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the current to the desired force, The planning period, often called the
transient period, is simply not addressed In steady-state models, Limit-
ing the spread of these steady-state optimization models is the debate
over whether a steady state will ever exist; and if not, why concentrate I
attention on trying to get there? However, if an optimal state is
thought possible, how would we best get there from today's force
structure? In either case, such a question can be addressed only by a
dynamic optimization model that takes proper consideration of to-
day's force structure, the costs of change over time, and possibly the
eventual steady state.

Goal programming has been used successfully in military force
planning models for planning in the short term. (See Charnes, Cooper,
and Niehaus, 1972,) The technique and its optimal force plan are
heavily dependent on critical assumptions about penalty weights used
when goals are not met, To a large extent, those weights are chosen
hypothetically with little or no economic or statistical foundation, In
spite of these limitations, goal programming has been the only optimi-
zation procedure found to work for manpower planning within an
overconstrained dynamic operating environment,'

Generally speaking, models developed to date are Inadequate in
balancing short- and long-range goals necessary to model the supply
behavior and productivity of a military force, Desirable features of a
more sophisticated model include (1) behavioral assumptions that
modi* historical retention rates as manpower decisions change
wages, tour length, or promotion, and (2) production functions used In
place in rigid requirements constraints,

THE MODEL

Productivity functions applied to the military have been discussed
and used in earlier Rand work (Jaquette and Nelson, 1974) on an
optimal static model and in the ADSTAP (Lehto et al,, 1973) Naval
enlisted personnel planning system. Productivity may simply be a .

measure of force size or some function of the force structure called
military output or effectiveness, This military output is measured
each year by a unidimensional productivity function of the number of
men classified by length of service in that year, Here we assume that
productivity Q(x) Is a function of the number of men in each year of

service, x, where x - (x1,xo ,.. xso). The state of the system at any

.The advantages and disadvantages of' goal programming, as well as those of other
military manpower models In current use, are discussed in Jaquette, Nelson, and Smith

...(1977).
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time t is described by the number of men in each length of service on
active duty at that time. Thus x is a vector function of time and can
generally be written as x(t) = (x1(t), x.(t), xo(t), ... ). ,

Manpower planning decisions taken year by year will be thought
of as varying the level of the military compensation-a measure ag.
gregating pay, fringes, and retirement-paid to personnel In each of
the different LOSs. Enlistment and reenlistment in the mathematical
form of a retention fraction ri(t) of the eligible pool indicate the frac.
tion advancing in military service from LOS i-I to i in year t. Al.
though the total compensation structure may be thought to be under
management control, a more practical concept of how management
can affect the retention fraction might be through the level of special
bonuses and pays given personnel in different LOSs. The ADSTAP
optimization takes another approach. It uses a penalty for reduction
in historical continuance rates (severance pay) and a penalty for in-
creases in historical continuance rates (bonuses), Specific assumptions,
in any case, must be made relating military retention to costs of con-
trol, in this case the cost of the compensation package,

Wages paid men of service length I in year t are decided in the year
before and denoted by wi(t). In the twentieth year of service, w,0(t)
includes the then-present value of the retirement income stream re.
ceived from retirement until death, It would be possible to model
reenlistment behavior beyond year 20, but for initial conceptual sim.
plicity a maximum career length of 20 years is assumed,

The future time stream of wages, including retirement value and
the associated probabilities of receiving these wages, enters into the
behavioral relationship that prescribes the retention fraction ri(t). The
assumption made follows the Rand static optimization model. The
present expected worth of future wages is a single variable function
of retention probabilities, wages, fringes, and retirement from the
present until some future departure from the military pay system.
This aggregate measure of compensation is divided by a normalization
factor to obtain an annual equivalent to the present expected worth,
called pi(t), the perceived pay in year of service i at time period t.
While the general form of retention ri(t) can be written as

;i.. ri(t) -= ri(wi(t), wi+1(t),. . w20(t))

here it is assumed that a relationship using the annual pay perceived
by the enlisted man can be used. Thus,

ri(t) = ri(pi(t)),

L .rr." . .. . . .
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with perceived pay

p,(t).wi(t) +wi+ (1t),rt+l (t)'di+1+ ".-. +.w2_.(t)ri_.+1- ri+-2 "... r20_di+_.l1 ' d20

S1 +ri+,(t)di+l+ri+lri-2 di+ldi+2+ -. +ri+1 .., r 2odi+1 ... d20

where di = discount factor for an individual of YOS i-i ,.
The need for military effectiveness or productivity over time is

modeled as stationary, based on the notion that the "strength of the
chain is equal to the strength of its weakest link." Under certain sets
of assumptions this objective in productivity can be derived from a
game-theoretic approach of competing forces. It Is stated as "maxi-
mize the minimum effectiveness subject to contraints on annual bud-
get costs," Under changing yearly circumstances the objective might
take on max-min (U1(Q,),U8(Qs), ., .), where the Us are weighting
functions and the Qs the effectiveness of the military force in each
year, The dual problem is of a form that minimizes the discounted
present value of costs subject to a constraint on productivity Q,

T moa Q(x(t)) Ž Q' for all t.

The Important assumption is that military capability is not sub.
stitutable from one time to the next. That is, having 2Q* productivity
in the first of two years and none in the second is in no way equivalent
to having constant Q* military output in each of the two years, imply.
Ing that productivity cannot be discounted over time. "

Formally, we wish to minimize
'I

. ): at+lx(t + 1) • w(t),

t=o
subject to

Q(x(t)) Ž Q

foi each t = 1, 2, .. -, with a the discount factor = (1/1+i), and I
the yearly interest rate. Structural considerations within the model
relate wages, pay, retention, and the state variable x, These are "I

x(O) = (xt(O), .. ,) the initial inventory level,

x(t) = (x1(t), x1(t - 1)rs(t), xa(t - l)rs(t), . , .

r1(t) = ri(wi(t), wl 1.1(t), ... woo(t)) = ri(pi(t)), "

Initially, productivity is measured by the linear production flmnction

. ...,. T .,.,
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20
Q(t) = sixi(t),

+11

with linear weights sl. In later generalizations of the model, a geomet-
ric (Cobb-Douglas) form and others will be tested. The linear form has
been used in the Navy's optimization work (Lehto et al,, 1973) as well
as in the Rand static optimization model (Jaquette and Nelson, 1974).

Generally, a finite planning horizon, T, limits the range of t, 0 _
t _ T. At the end of the planning period, state boundary conditions
must be met. Initially, these terminal states are the optimal steady-
state solution, and practically speaking, the output of the Rand static
model is the input for the numerical example to follow. The true
integer requirements for the state variable x(t) are relaxed to simpli*
the calculations.

Tire Clasical Solution

In the classical approach, the optimal values of decision variables
[w1 (t) . wo(t)], t - 1, 2,., . T, are found in the following constrained
optimization:

Minimize

T
X, at w(t) .x(t)

t=1

subject to

20
8 sixI(t) , Q

i=1

for each t= 1, 2, T.

State variable x is a function w and written as x(w(t)), One such
relationship has been proposed in this model as

x(t) = (x (t), x 1 (t- 1) . r 2 ( ), x2 (t- 1) r 3 (t) ,. ,

with rn(t) = ri(wf(t),..., wgo(t), the retention behavior being a function
of current wages in current and subsequent YOS classes. Using a
perceived pay concept developed for the Rand static model, the effect
of' w, through wgo is assumed to be achieved by a function r((pf(t)).
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Constrained optimization problems with nonlinear relationships
are generally difficult to solve, The first-order conditions can be fbund
by direct partial differentiation, Here, there are 20T variables, and
even if decisions were made every four years and the state space were
redefined to aggregate the number of men into terms of service, as is
done in the Rand static optimization, the complex nonlinear nature of

the retention behavior makes analytic differentiation difficult. Per.
hops purely numerical differentiation and gradient methods may be
the best way to find the minimum-cost dynamic force structure, The
Navy's ADSTAP model uses such an optimization procedure in the
static model of the Navy's enlisted force.

Constraints of the "greater than or equal to" form require anala.
ysis of Kuhn-Tucker conditions, These conditions are derived from a
mathematical requirement that arises in constrained nonlinear optim-
ization, Applied in this example, they direct attention to sets ofcandl-
date solutions that satisfy modified first.order conditioning necessary
for such a chosen trial solution to be optimal.

Exact equality of the productivity constraint may hold under cer-
tain conditions, but the general case may require that productivity
occasionally exceed the minimum during the transient period. This is
the primary reason that classical constrained optimization has been
rejected at this point. Once an approximation to the optimal policy and
force structure is obtained, then it may be desirable to return to this
technique of numerical gradient search and resting of Kuhn-Tucker
conditions to refine and improve the approximation,

The Dynamic Programming Formulation

Many nonlinear optimization problems can be formulated for solu-
tion by an iterative technique called dynamic programming, The pro-
cedure is to build solutions to larger problems with the known solu-
tions to a smaller one. In this case, time will advance in discrete
increments,

First, a one-period decision problem will be solved. This will be the
planning period (T-1), which goes from time T-1 until the final
period T, It involves decisions on wages (and resulting retention) for
only one period, Once this solution is known and stored within a
computer as the value or cost at each of a finite number of possible
starting-state conditions for T- 1, the two-period program decision for
time T-2 can be solved. Its solution is based on the costs previously
calculated for period T-i, This procedure is replicated T-1 times,
"building the solution of the period t on that previously obtained for
t+ 1.For computational and demonstrational simplicity and following

the example in the Rand static model, service personnel have been

------------------------------------.,- . .--..-. p....
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aggregated by LOS characteristics into terms of service. Thus, the

20 year career is divided into five 4-year-.long terms of service, Reen-
listment fractions, characterized by r, indicate the fraction of men in
each term of service who are retnined in the military and enter the
next term of service. Discrete time is expressed in increments of four
years. This eliminates the extensive bookkeeping that would be neces-
sary if time jumps were of a different size.

Although these aggregations may seem severe at first, the model's
computational ability and the types of solutions that can be obtained
can be demonstrated using four-year-long groupings. The data needed
for estimating the special enlistment and reenlistment parameters and
the parameters of the productivity fUnction are barely sufficient even
for this example. Disaggregation to year groups will be justified when
these data have been collected and additional refinement of the opti-
mal solution is deemed desirable.

Let Gt(x) be the minimum discounted present worth of the varia-
ble costs of manpower decisions from period t until T (starting from
present state x) while maintaining the productivity constraint. Since
current manpower decisions on wages to be paid cannot affect man-
power levels today, but rather affect next period's force and its costs,
it is assumed here that current wage decisions do not affect those now
in service until they reach the next planning period. That is, the con-
tract with those on board was made previously, and changes in wages
are not allowed to take effect until the start of the next decision period.
Current decisions then affect only the discounted operating costs plus
the discounted cost of being in any state resulting, from the current
state x and current wage decisions, and do not affect the present
period's operating costs. No loss of generality results from such as-sumptions.

The typical dynamic programming recursion that applies to this
decision process is Gt(x) = minimum [(w(t). x4t+ 1) + Gt (x(t +1))a].
The minimum is over a constrained set of wages such that
Q(x(t+ 1)) . Q* in the next period. The current period's productivity,
manpower force structure, and cost are unchanged by any current
decision, because wages announced in period t are not paid until pe-
riod t+ 1. Such a system leads to a model based on a Markov decision
process, which then allows the use of dynamic programming as the
solution technique. Other satisfactory ways to formulate the problem
as a Markov process do exist, but the "'esulting optimal decisions and
force str: ture would not be changed,

This recursion says that the optimal coet from the present state x
in period t is the minimum over feasible wage policies (with resulting
force structure) of the sum of wages per man times the number of men
in each wage category who will receive the decision wage, plus the

- J
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terminal cost of getting to the end of the planning horizon using what-
ever optimal rule is needed from the state resulting from the decision
made on wages. All costs are properly discounted.

For computational purposes, the stats and decision space must be
reduced from the infinite number of alternatives possible to some .1
countably finite number of alternatives by using a grid of permissible
values as the allowable ranges for state and action. The optimization
procedure resultiLig from the recursion is stricy numerical and the
h+ 1(x(t + 1)) for each x(t+ 1) must be stored for ready access during

the optimizaticn search over feasible alternative decisions in period t.
This results in a model that will find an approximation to the truly

optimal solution. The cost penalty of using the approximation is never
known exactly; however, the error bounds on the optimal policy are
only as wide as the grid and can be narrowed by using a finer grid in
the region of the optimal solution, This will be a particularly effective
means of improving the accuracy of the computational procedure.

The Solution to the Dynamic Proptramming Formulation

The solution technique is derived directly from the recursion for-
mula. A realistic example is constructed that represents an extension
of the Rand static model to the transient period-a 20-year (five deci-
sion periods) planning problem in the enlisted USAF. The applicability
of the general dynamic programming approach is demonstrated by
the example given here.

Wages and resulting enlistment and reenlistment rates in the
force are to be determined for five periods of four years each, At the
end of this time the system is required to be in the final state chosen
arbitrarily to be optimal by the Rand static model. Productivity is
measured using a linear production function with weight coefficients
for the men in each YOS category, Retention behavior is a function of
perceived pay. For this example, parameters for both the productivity
and retention-fraction functions are taken from the Rand static optim.
ization model.

The discount for personal discounting of future wages, d, is as.
sumed to be .683 over four years (discount fac.or = (1/1.1)4 = .683)
for each term of service. This enters into the calculation of the pay
perceived, The government's rate a is assumed to be 5 percent, which
over a four-year period equals .823 (i * ,05, a = 1/1.05, al = (1/1,05)4

.823).
Productivity weights for the linear production function are .68, 4

1,0, 1.28, 1.513, and 1.755. Discrete approximation to any retention
function curve the user may choose is possible. Supply functions that
were required to be of an unusual S-shaped exponential curve for I

I
I
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analytical purposes in the static optimization model are under no such
constraint here. The perceived pay required to achieve any retention
fraction needed is calculated by table-look-up with interpolation using
10 grid points. For the purposes of this exampie, the particular curves
and their parameters were those of the Rand static model.

The optimal steady state under linear productivity was deter-
mined in previous Rand research to be about 228,000, 118,000, 93,000,
84,000, and 76,000 men, for a total of 598,000 men. Optimal steady-
state productivity was about 650,000 units, given the linear production
function. This steady-state force structure is used as the state bound.
ary-condition constraint in which this dynamic model is required to
end the 20-year period.

For the sake of illustration, the number of feasible staffing levels
in each term of service was limited to five, making the state space of
size 3,125 (five raised to the fifth power). These staffing levels are
shown in Table 1.

Table 1

STATE SPACE TABLE

State

Term 1 2 3 4 5

lit 200,000 230,000 260,000 290,000 320,000
2nd 90,000 105,000 120,000 135,000 150,000
3rd 65,000 80,000 95,000 110,000 125,000
4th 55,000 70,000 85,000 100,000 115,000
5th 50,000 65,000 80,000 95,000 110,000

Because of the discrete nature of the state space, the chosen termi-
nal state is (2,3,3,3,3) in terms of state indicator vector, or (230,000,
120,000, 95,000, 85,000, 80,000) in real state vector value, which ap-
proximates the calculated optimal steady state. The productivity re-
quirement in every time period is set at 667,000 units, the same as in
the final state, rather than 650,000, as under the optimal long-run force
structure. The difference is a result of the discrete state space require-
ment in the present model.

Preliminary runs of the model using a FORTRAN program on
Rand's IBM 370/158 computer have demonstrated the advantages
and disadvantages of this approach for solving the dynainic manpow-
er distribution. The results of the run enable one to trace through the
optimal policy for each of the five decision periods before entering the
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terminal state (2,3,3,3,3). Table 2 shows a sample of such paths. Table
3 shows a sample and the information contained that is available as
output for every decision period and from each of the (,w 3,125) start-
ing states feasible from that time period. The first line shows a starting
state (2,3,3,3,3) with five decision periods prior to entering the termi-
nal state (2,3,3,3,3). Optimal progression goes next to the (2,5,3,3,2)
period in T--4 and continues as from the first line of Table 2. A

Table 2

SAMPLE OPTIMAL TRAJECTORIES

Period

7.5 T.4 Mr3 T.2 T-1 T
29333 -* 25332 - 15432 -• 25422 -> 14442 -* 23333
22442 25332 15432 25422 14442 23333
55321 15432 26422 14541 13343 23333

Alternate 15432 22442 25382 25422 14442 23333
Starting 14541 13343 35322 15432 24441 23333
States 14541 13343 35322 15432 23338

23333 25332 25422 14442 23333
23333 25332 16432 23333

23333 25332 23333

The supposed optimal steady state (2,3,3,3,3) determined by the
Rand steady-state model under the same input parameters and basic
assumptions is not optimal, as one would expect under this particular
discrete optimization. Under the basic assumptions of both dynamic
and static versions, the optimal steady state 23333 ought to be the
optimal resulting state when starting from 23333 in each previous
decision period. For example, in period 6, when starting in state 23333,
the optimal wage package calls for an optimal resulting state of 25332
in period 5. If 23333 were the optimal stationary policy, the optimal
policy for period 6 would call for movement to 23333. It appears that
two-period-long oscillation occurs in the optimal policy with 22442,
25332, 15432 alternating before the last two decision periods when
starting in a large set of states that includes 23333. This may be
further evidence of the same problem; that is, a stationury policy
remaining in 23333 is not optimal in this case.

One possible cause of the problem is the discrete nature of the
state space. The grid spacing is perhaps too coarse. The objective
function mRy be quite fiat in the region near the optimal stationary
rule and may exaggerate the effect of this discrete grid. Another possi.
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25332 15432

22442

Fig. 1-Three-period cycling

bility is that the state represented by 23333 is not quite equal to the
stationary optimal state under the state model. This itself may well
result in oscillations of the dynamic optimal policy,

Justification of these preliminary conclusions could be made by
sensitivity analysis, A range of terminal states near 23333 can be
tested to see if slight variations will yield a stationary rule from that
terminal state in earlier decision periods, The planning horizon can be
extended out to 40 to 80 years (10 to 20 decision periods) to remove
the influence of the terminal state to see if there is any stationary

optimal state or states, This was conducted out to eight periods and
similar patterns persisted.

I believe that these oscillations will be the rule rather than the
exception and that they are caused by the discrete grid used to de-
scribe the state space, Repeated ute of the dynamic progamming with
a finer grid in the vicinity of the states through which the optimal
policy will pass will be successful in reducing the importance of these
oscillations. These oscillations will then be between adjacent states,
with very small deviations in staffing levels required,

Another observation is the occurrence of a negative value for the
optimal wage, On a theoretical basis, this is certainly a feasible out-
come, In fact, it did occur intermittently for certain combinations of
retention and perceived pay, Several interpretations can be made of
this phenomenon; one is that the value of entering the career force is
high enough to warrant an initial buy-in price to each enlistee, This
cost may be thought of as the tuition paid for technical training, the
value of which exceeds productivity during the first term,

Negative wages are not unheard of in the civilian sector, where
students attend technical schools, colleges, and universities that
charge a tuition or are subsidized through tax revenues. Certainly,
there is some equivalence of career technical training in both the
civilian and military labor market during a person's late teens and
early 20s, Thus, negative wage in the first term of military service is
not an altogether unreasonable concept. However, such an entrance

I.

ri



80 Jaquette

fee could not realistically be charged each enlistee. What then is
wrong? For the most part, the model is in error, The concept of per.
ceived pay is one of the crucial assumptions driving retention behav-
for, and its validity needs further examination. The perceived-pay
concept is based on an age-dependent discount rate. A high rate of 30
percent for first-termers, 10 percent for second-termers, and 5 percent
beyond that was used, It is also based on an expectation of wages
through a mathematical expected value. This concept is useful in
reducing the multidimensional wage vector over the career to a single
value called average perceived pay, Estimates of system parameters
may be in error as well. Any misspecifications in these two areas could
cause optimal wages to be negative. Without question, these impor-
tant aspects of the model should be placed under careful review for
possible modification,

The slightly irregular pattern of optimal military pay reported as
an airman progresses through the career force is not as troublesome
as it may appear. In fact, military compensation in any term of service
can be thought of as the sum of regular wages, bonuses, and retire.
mont vesting. Under the present system, reenlistment bonuses occur
mainly in the second term, and retirement vesting occurs at 20 years.
Smoothing out the take-home pay to achieve a nondecreasing pay-
check as an airman ages is feasible under programs that would insti-
tute earlier and partial vesting of retirement benefits along the way,

The disadvantages of the dynamic programming approach taken
here center on one factor: Computer time is approximately linearly
related to the number of states chosen times the number of actions I
available from each state times the number of decision periods. In this
program, the actions available were determined by observing the set
of feasible resulting states. If there are n states used to characterize
the state of the system and T periods of decision, the number of evalua-
tions that must be made is of the order of ns multiplied by T. Here,
using a grid of 5 in each term of service, the evaluations are of the
order of 10'. The present program stores very little information, keep-
ing only the objective Gt(x) for each of the 3,125 states of the previous
time period, All Information on optimal wage, retention, and pay from
each state in each decision period is printed out. Core storage require-
ments are minimal, even though the computer time requirements are
high.

The approach is still one of brute force. Refinements using exter-
nal information to short-cut the evaluative process have improved the A

dynamic programming algorithms substantially. Preliminary runs
that have been made with the data available, supplemented with
rough estimates of productivity and retention parameters where none
were available, have proven that the approach does work. It will be

LI•I I I I
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a feasible way to determine optimal transient policy in a general and
rough sense, The limiting factor on usefulness is the size of the state
space grid, which results in a rapidly increasing CPU time in propor-
tion to n'. Furthermore, it makes the sensitivity analysis previously
suggested quite expensive.

Computer and analyst time and cost are insignificant contributors
to the total cost of the proposed system. Large-scale changes in the
retention behavior by use of pecuniary incentives are necessary to
achieve the optimal trajectory of states, There are certainly hidden
coats ignored in the present model that are incurred under a changing
force mixture, The costs are thus extremely hard to estimate, as they
include political as well as real costs.

The mathematical model itself is capable of providing an estimate
of cost savings achievable under an optimal dynamic plan over the
range of alternatives, which should include continuing the current
accession and retention rates for minimum effectiveness or initiating
the stationary policy necessary for the objective force structure and
allowing the current force to age itself' toward that objective.

Such a comparison can be made using the manpower flow model
contained in the optimization model. Dynamic aging period by period
using any desired wage, retention, etc,, can be simulated and costs
accumulated and properly discounted. (Modification of the computer
code would be necessary to make such runs on the test example dis-
cussed here.) The potential savings are reasonably simple to estimate
using the simulation capability of the basic manpower flow model.

Weighing the real plus subjective estimates of hidden political or
organizational costs against the more quantitative savings estimate
involves qualitative comparisons. A task force assembled to decide
upon some or all of these personnel management tools would wrestle
with such factors. A wide range of changes in manpower management
philosophy should also be considered. The present bonus program is
an example.

FURTHER RESEARCH

A continuing effort is being made to streamline the existing pro-
gram with several computational shortcuts, although substantial im-
provement is expected. Experiments will be conducted, with the focus
on obtaining a steady state. This will require examination of the static
and dynamic models to see if the optimal transition pattern stabilizes.

3.-, Many of the problems described are those that are to be expected in
applications of dynamic programming. A discrete grid must be used
to approximate the true state space. A need for accuracy demanding
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a large grid for the state space conflicts with the need for computation.
al feasibility.

The classical approach will be studied to see if it is worthwhile to
develop the nonlinear optimization algorithms necessary. The present
approach has indicated that the productivity constraint holds in equal.
ity. In any decision period where productivity (output) exceeds the
constraint level Q, total cost could be reduced by way of reduced
last-term pay, in turn removing some fifh-.termers from the system,
This does have feedback through the perceived pay calculation on
earlier rentention rates, but any such deterrent effect on earlier reten-
tion or reduced retention in the last term is not great enough to make
the case for exceeding the productivity constraint. If this preliminary
conclusion, based on empirical computer runs, is true, the nonlinear
programming algorithms for the classical approach will be greatly
"simplified.

While the results of the first application of dynamic programming
to solving the dynamic decision problem are uninspiring, the approach
is possibly the only feasible one. All the problems discussed were
expected and each has ameliorating measures, even if they can at
times be costly, The advantages of dynamic programming are almost
as numerous as the problems and perhaps have not been treated as
fully, One such advantage that is particularly important In manpower
planning is the general functional relationships allowed, They can be
entered in tabular rather than analytic form, and thus the retention
behavior and productivity functions can be completely arbitrary.

CONCLUSIONS

The importance of dynamic manpower policy in the efficient use
of military manpower has become increasingly evident during the
course of this research, In spite of their importance, a proper decision.
making framework or helpful models have not yet been developed to
assist decisionmakers during the transient period. In fact, the develop-
ment and use of steady-state models, both those using expliuit optimi-
zation and those using policy simulation, has led to a static steady.
state mentality. The steady-state objective force structure has become
the planning objective, and getting to it and staying there the operat-
ing policy in the immediate term.

Because of uncertainties in statistical data and in projecting future
requirements, technology, and socioeconomic conditions, and because
of the effect of discounting, the shorter-term decisions should receive
Increased attention. Where should now take a back seat to how the
military force is headed. Steady-state analysis is needed as input to the
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dynamic planning process, Planning consists of knowing where we are
headed first and then how to get there, The optimal manpower policy
will always be changing because of changing inputs, requirements, etc.
To base manpower policy on a static long-term steady-state model is
simply poor management and is an inappropriate use of the steady-
state model.

This research conducted here has examined one of several meth-
ods of finding the dynamic manpower policy, The problems encoun-
tered may be surmountable, and other approaches hold promise as
well. Models developed as decision aids during transient conditions

can be solved and should play an increasingly important role in mili-
tary manpower planning.

The philosophy of'optimal dynamic manpower mixes must be giv-
en more serious attention. The rigid requirements, grade limitations,
promotion patterns, and year-group limitations that typify today's
military manpower planning are not optimal. The civilian labor force
in the free market system does not operate under a similar rigidity.
This paper has demonstrated that a planning tool is available to pro.
vide the general guidance necessary to change the rigid system and
improve the efficiency of the military manpower system.
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THE SUPPLY OF ENLISTED VOLUNTEERS IN
THE POST-DRAFT ENVIRONMENT:

AN EVALUATION BASED ON
PRE-1972 EXPERIENCE'

Alan E. Fechter
Urban Institute

This study extends a sample of quarterly time-series observations from 1968
(where the Gates Commission studies ended) to 1972 and refits and reevaluates
the parameters of the Army enlistment supply equation. Estimated pay elastic-
ities average 1.15, slightly below the 1,25 used by the Gates Commission.
Estimated employment rate elasticities are not very robust and are not estc.
mated with a great deal of precision, averaging 1, 12 in the "best" models, also
slightly below the 1,25 implicit in the Gates Commission recommendations.

The models tend io systematically overpredict the number of Army enlist-
mants in 1973 and 1974, possibly reflecting (1) failure to account for the reduc-
tion in risk associated with the move to the lottery draft in 1970, (2) failure
to account for a downward trend in the pay elasticity as the sample is extended
outward from 1958, or (3) underestimation of the enlistment impact of the 4
draft,

INTRODUCTION AND SUMMARY

In assemsing the feasibility of an all-volunteer force, the Gates
Commission concluded that pay increases to first-term enlistees aimed
at eliminating the conscription tax would also be sufficient to eliminate
the draft, This conclusion was based in part on extensive econometric

ii
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analyses of enlistment and reenlistment supply behavior. These analy-
ses produced an estimated military pay elasticity of 1.25 and an as-
sumed employment rate elasticity of the same magnitude for enlistees
(Gilman, 1970). Many of the Gates Commission recommendations
have been implemented, and the draft was eliminated as a source of
manpower procurement in 1973. Experience since that time suggests
that the estimates of the Gates Commission have held up rather well,
However, the unusually high unemployment rates experienced in
1973.1974 may have contributed to this apparently successful transi-tion, Moreover, these estimated elasticities were generated from data
that reflected the existence of the draft and an unpopular war in
Southeast Asia. It is possible that the shift ftom the draft to a no-draft
environment and the shift from an environment of hostility to one of
peace could have combined to produce significant changes in the
parameters of the enlistment supply function, If so, then it is further
possible that these chiages will have important implications for as.
sessing the future sustainability of an all-volunteer armed force,

The objective of this study is to evaluate the validity of the Gates
Commission estimates of military pay and unemployment rate elastic-
ities for use in developing future policies to sustain the all-volunteer
armed force. Since little systematic econometric modeling of enlist-
ment supply behavior has been done since the Gates Commission
study, this paper constitutes an update of those findings.

Most enlistment studies have been able to identify a significant
relationship between military pay and enlistments but have been un.
able to Identify a statistically significant relationship between unem-
ployment rates and enlistments (Fechter, nd.), The failure to develop
robust and efficient estimates of the independent effect of unemploy-
ment on enlistments constrained the Gates Commission to the implicit
assumption that the effect on enlistments of a I percent change in the
probability of employment would be equivalent to the effect on enlist-
ments of a 1 percent change in expected civilian pay rates. Much of
the effort in this study is directed at developing a more direct and
reliable estimate of the effect of unemployment on enlistment behav-
ior than the one used by the Gates Commission. Moreover, since the
Army is expected to have the most serious problem In sustaining an

Research Corporation, The research reported here was funded mainly by the Defense
Manpower Commission, with additional support provided by the Office of Naval Re-
search and the Department of Defense (Assistant Secretary of Defense, Manpower and
Reserve Affairs). The author would like to acknowledge the valuable insights of his
colleague, Lawrence Goldberg, the research support of Dorothy Amey and Geraldine
Sica, and the secretarial support of Bonnie Hurwitz, Melissa Penney, Ruby Stokes, and
Wendy Wilson. Of course, the author assumes responsibility for any and all remaining
errors.
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all-volunteer armed force, the effort is further concentrated on evalu.
ating alternative enlistment models for the Army.

The research consists of estimation of the parameters of enlist-
ment models using quarterly data for the sample period 1958-1972 and
generation of projected quarterly enlistments from these parameters
for calendar years 1973.1974. The analysis constitutes an evaluation
of the stability of the Gates Commission estimates in two ways: (1) by
estimating the parameters of the enlistment supply function over a
longer time period (the Gates Commission estimates were generated
from a data base that ended in 1967 or 1968), and (2) by using these
parameters to generate predicted enlistments in the post-draft, post-
Vietnam era to compare with actual enlistment experience. The fore-
casting analysis is an indirect test of the stability of the enlistment
supply parameters estimated using quarterly time series data updated
through 1972, Systematic forecasting errors would suggest that these
parameters are changing in the post-draft environment.

The "best" models produced military pay elasticities ranging be-
tween 0.8 and 1.6. The modal elasticity ranged between 1.1 and 1.2 and
the average was 1,15, somewhat lower than the Gates Commission
estimate of 1,25, Moreover, as shown in related, but as yet unpub-
lished research, pay elasticity tends to decline over time (Fechter,
n~d,), This decline may simply reflect the influence of the Vietnam
War, and with cessation of hostilities, the elasticity may begin to rise
again, However, should the decline prove to be more permanent, it
will have important implications for military manpower policy.
Among these implications will be (1) more serious consideration of
recruiting variables other than pay and allowances, (2) consideration
of further increases in relative military pay to maintain a given target
level of accessions, and (3) the possibility of a declining trend in the
future number of non-prior-service accessions if no further action is
takun.

Findings on the effects of employment conditions were disappoint-
ing. Few of the models produced employment rate parameters that
had the theoretically expected sign and were statistically significant,
However, among the better models, the estimated elasticity of enlist-
ments with respect to employment rates generally exceeded unity (in
absolute terms) and also exceeded the elasticity of enlistments with
respect to military pay. The elasticity averaged over the "best" models
was 1. 12, slightly lower than that implied by the Gates Commission.

Employment rate elasticities of 1.0 to 1,5 imply that a 1 percent
increase (decrease) in the rate of teen-age male unemployment-as-
suming a current rate of 15 percent-will produce an increase (de-
crease) of about ,012 to ,017 percent in the rate of Army enlistments
in Mental Categories 1-111. Translated into actual numbers, a I percent
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increase (decrease) in the rate of teen-age male unemployment will
result in an increase (decrease) in the annual number of enlistments
of from 1,700 to 2,700, Given the current unusually high rates of
unemployment, the Army can expect a less favorable recruiting cli-
mate as teen-age unemployment rates decline to more normal levels,
This will mean a decline in the expected number of future accessions
as civilian labor markets tighten, A return to 1966-1967 rates of unem.
ployment, for example, could reduce the number of Army enlistments
by from 8,500 to 13,500 below the 1972 level of 116,000.

To summarize, the Gates Commission estimates of pay and em-
ployment rate elasticities do not appear to change much when the
sample period is extended from 1968 to 1972. However, the evidence
on the employment rate effect is quite weak-the elasticity estimates
are not very robust or precise, Moreover, the slight decline in the
military pay elasticity may be indicative of longer-term trends. Thus,
it would be desirable to monitor these elasticities using more recent
enlistment experience to see whether this downward trend is continu.
ing and to derive more robust estimates of the employment rate elas-
ticity,

Details of the research methods and findings of this study are
described below.

RESEARCH METHODS AND FINDINGS

A quarterly time series data base extending from the first quarter
of calendar year 1958 (1:58) through the second quarter of 1974 (2:74)
was constructed to evaluate the performance of alternative combina-

tions of model assumptions, estimates of variables, and periods of
analysis. Supply parameters for Army enlistees in Mental Categories
1-ill were generated from quarterly data for the period 2:58 to 4:72.
The analysis was limited to Army enlistees in these mental categories
because they were most likely to be supply-determined (since the
Army had to resort to conscription during this period), The estimating
equation used was a logit function:

et n

in (• ) = 'j + '(iXi +t'

where et is the enlistment rate in quarter t, Xt is the value of indepen-
dent variable X in quarter t, and vt is the error term (assumed to have
the usual stochastic properties).

The supply parameters were used to generate estimates of predict-
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ed enlistments for the period 1:73 to 2:74, six quarters. These predicted
enlistments were then compared to actual enlistments for these six
quarters to assess the forecasting accuracy of enlistment supply
models whose parameters were estimated from data that reflect the
existence of conscription and a war in Southeast Asia,

Models Tested

The basic model assumes that enlistments are a function of mill-
tary pay (M), civilian pay (C), the probability of being drafted (DP), the
probability of employment for those who do not enlist (EMP), an index
of the actual conflict in Southeast Asia (CAS), an index of international
tension (BERLIN), and seasonal variables (SII, SIll, and SIV), This is
the model used by Fechter (1972), and these variables are estimated
using exactly the same techniques, Eight variants of this basic model
are explored to examine the effects of alternative ways of speciiying
the pay variables, alternative assumptions ubout the speed of adjust.
ment to changes in enlistment determinants, and alternative assump-
tions about the seasonal determinants of enlistments.

Alternative ways of specifying the pay variables are attempti 'o
evaluate the assumption of symmetry in enlistment response to given
changes in M and C. Earlier studies questioned the validity of this
assumption, which is implicit in most enlistment models (Fechter,
1972), To test the symmetry assumption, alternative equations are
estimated: One set of equations relates enlistment rates to changes in
relative military pay (M/C); another set of equations relates enlist-
ments to real values of M and C. The former equations are called thefl "relative pay models." The relative pay models are based on the as-
sumption of symmetry of enlistment response to pay changes; the
absolute pay models are not constrained to this assumption.'

Alternative assumptions about the speed of supply adjustment
include (1) adjustment to changes in enlistment determinants occurs
within one period, and (2) adjustment to these changes takes more
than one period. Most enlistment models have assumed that adjust- .9
ment occurs within one period, To test the alternative assumptions
about the speed of adjustment, two sets of equations are estimated:
One includes the enlistment rate lagged one quarter as an independent
enlistment determinant; the other does not include this variable. The
former equations are called the "dynamic models," and the latter
equations are called the "static models."'s

Alternative assumptions about seasonal determinants of enlist-

Fechter (1972), Appendix C, discusses this issue in some detail.
"See Fechter (1.972), pp. 6.7, n., for a detailed discussion of these models.
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ment include the following- (1) there is a stable seasonal pattern in
enlistment behavior that cannot be explained by any of the other
variables included in the enlistment function, and (2) the seasonal
pattern in enlistment simply reflects the seasonal pattern of the vari-
ables of the enlistment function. Most of the earlier time series models
adopt the first assumption, although Klotz (1970) experimented with
the second assumption. To test these seasonality assumptions, alterna-
tive sets of equations are estimated: One set includes the standard
quarterly dummy variables, and the other totally excludes seasonal
variables. The first set of equations ii& called the "seasonal models,"
and the second is called the "no-seasonal models."

The estimating equations are summarized below and classified by
equation numbers:

Equation
No. Model

1RS Static, relative pay, seasonal
IR Static, relative pay, no-seasonal

2RS Dynamic, relative pay, seasonal
2R Dynamic, relative pay, no-seasonal

lAS Static, absolute pay, seasonal
1A Static, absolute pay, no-seasonal

2AS Dynamic, absolute pay, seasonal
2A Dynamic, absolute pay, no-seasonal

In addition to the basic model, hereafter referred to as Model I,
several other models were tested. Fisher (1969), Klotz (1970), and Kim
et al. (1.971) use values of EMP that are lagged one quarter in their
estimating equations to minimize the adverse effects of simultaneous-
equations bia.•. Model II replicates this experiment; in addition, it lags
DP and CAS one quarter.

Model III is an experiment on an alternative expectations hypoth-
esis. It can be argued that enlistment decisions are made on the basis
of expectations extending over the period of the enlistment contract.
In the Army, this is usually a three-year period. It can also be argued
that for variables that display highly volatile behavior (such as DP
and EMP), current values or values that are lagged one quarter are
poor approximations of these expectations. Model Ill uses an adaptive
expectations hypothesis to estimate DP and EMP. This hypothesis
assumes that future expectations are adjusted according to past error
in expectations. Given these assumptions, EMP and DP can be ex-

They also lag their estimate of relative pay one quarter.
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pressed as weighted averages of their lagged values, where the
weights decline as the lag increases.'

The results of these models and model variants are summarized
below. Particular findings reported include (1) estimates of military
pay elasticities, (2) estimates of employment rate elasticities, (3) esti-
mates of forecasting performance based on 197341974 experience, and
(4) a ranking of the "best" models (based on their forecasting perfor-
mance),

Pay Elasticities

Table 1 summarizes estimates of military pay elasticities gener-
ated by these studies,' Military pay elasticities are estimated from
regression coefficients that are statistically significant in nineteen of
the twenty-four cases summarized. The elasticities range in value
from 0.64 to 1,50, They are higher in the absolute pay models than in
the relative pay models. Moreover, although not summarized here,
the elasticities of the civilian pay variables in these models are consis-
tently at least one-third Aigher (in absolute value) than the elasticities
of the military pay variables.

Employment Rate Elasticities

Table 2 summarizes the estimates of the employment rate elastic-
ities generated by the models tested. Marginally significant coeffi-
cients are generated by only six equations.' Eleven of the 24 equations
produced coefficients of EMP that had the "wrong" sign (i.e., positive
coefficients). The range of employment rate elasticities estimated from

The estimating equation for these variables is:

n nXt (- )lxt/£(=)'
i-1 i-i

where X't is the actual value of X in period t, Xt- is tht actual value of X in quarter
t-i, P Is the coefficient of expectations, assumed to be 0.5, and n = 6. For a detailed
discussion of these expectations models, see Nerlove (1958), pp. 227-240,

'The elasticity of an independent variable in a lugit estimating equation is: bx (I -
e)X, where bx Is the estimated regression coefficient of X, I - e is the complement of
the enlistment rate, and X is the value of the independent variable. In this paper,
elasticities are estimated at 1972 values of e and X, and e is equal to 0.005161. In the
relative pay models, X is equal to 1.01, and in the absolute pay models, X is equal to
$7,333.

Marginal significnnce is defined as a t-value greater (in absolute terms) than 1.3.
None of the coefficients had t.values greater than 2.0. Elasticities are computed at the
1972 value of EMP, .8314.

4._'
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Table 1

SUMMARY OF MILITARY PAY ELASTICITIES, :1
ARMY ENLISTMENTS, MENTAL CATEGORIES I.III,

1958.1972

Model

One Quarter Adaptive
Equation No Lag Lag Expnctations
Number I II III

IRS .88 .72 .72
1R 188 .64 .77
2R8 1.47 .8 5a .75a
2R .92 .64a .698
IAS 1.06 .93 1.14 j
1A 1,07 .84 1.12
2AS 1.40 .98 1,09'
2A 1 ,20 b 1 0 4 b 1.50b

at-statistic < 12,0 1.

bAssumes instantaneous adjustment because the coefficient of the
lagged endogenous variable had the "wrong" sign,

Table 2

SUMMARY OF EMPLOYMENT RATE ELASTICITIES,
ARMY ENLISTMENTS, MENTAL CATEGORIES I.III,

1958-1972

Model

One Quarter Adaptive
Equation No Lag Lag Expectations
Number 1 11 111

IRS (a) .0", ) - ,01
1R (a) -1.41. -2,57.
2RS (a) -1.54b - .15
2R (a) -1.52e -2.59
IAS (a) (a) b (a)
1A (a) - .90 -2.08
2AS (a) - :so (a)2A (a) -a,4• -1.500 .

aThe regression coefficient hans the "wrong" sign.

bt'statistic < 11.3 .

CAnsumes instantaneous adjustment because the coefficient of the

iaged endogenouia vni-inblc had 1hi "wrong" mign.

.. . .I
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those coefficients that had the "right" sign was -0.01 to -2,6. The
range estimated from coefficients that were found to be marginally
significant was -1.4 to -2,6, Models that account for simultaneity by
lagging EMP one quarter (Model I1) and that formulate a long-run
expectation of EMP using the adaptive expectations hypothesis (Mod.
el III) perform better than the alternative models, However, even
these models do not produce reliable results, The best results are
generated by Model III, which produces three marginally sigrnficant
coefficients out of the eight equations reported.

We can only speculate about the reasons for the poor performance
summarized in Table 2, but an important possibility would be simul-
taneous-equations bias arising from using ordinary least-squares tech-
niques to estimate the coefficient, Analysis of the intrayear variation
in EMP reveals a seasonal high in the third quarter, when enlistments
also tend to be high. It also reveals that EMP rose dramatically in
1965-1966 and remained at higher levels thereafter. This interyear
increase in EMP coincides with higher enlistment levels that accom-
panied U.S. involvement in Southeast Asia. This evidence suggests
that causality may have run from enlistments to EMP (iLe., that EMP
was an endogenous variable) during this period. Use of lags and adap.
tive expectations seems to reduce the problem of simultaneity arising
from intrayear variation in EMP; however, the problem arising from
interyear variation still remains,

Picking the "Best" Model

Selecting the "best" results for policy purposes is a difficult task-
largely because it is an arbitrary decision, There are many factors that
can be considered in making the selection: the conformity of the re.
sults to theoretical expectations, the goodness of fit of .he estimating
equation, the forecasting accuracy of the estimating equation, etc. The

factor considered in this study was the forecasting accuracy of the
estimating equation, Table 3 summarizes the forecasting accuracy of
the equations for the six quarters beginning with 1:73 and ending with
2,74. Two measures of accuracy are displayed: the root mean square
error and the mean error. The latter measure is signed, thus enabling
us to determine whether the average forecast overestimates (a nega-
tive mean) or underestimates (a positive mean) the average actual
experience,

The findings from this table may be summarized as follows. The
models tend to consistently overpredict enlistment, but not by much.
Twelve equations have mean errors of less than 10 percent, and 13
equations have root mean square errors of less than 20 percent. (The
average quarterly enlistments for this period were 31,000,) However,

..U ..... ..
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Table 3 O DE

SUMMARY or FORECASTING PERFORMANCE OF MODEL43
(MEASURED IN TERMS OF ROOT MEAN SQUARE ERROR

AND MEAN ERROR (IN PARENTHESES)), ARMY

ENLISTMENTS, MENTAL CATEGORIES I-Ill,
1:73-2:74

(In thousands of enlistments)

Model

One Quarter Adaptive
Equa4tion No Lag Lag Expectations
Number I II III

1RS 9,O 7,7 6,9
(-8.2) (-6.9) (-4.1)

IR 10,8 6,3 5,3
(-9,O ) (-4.4) (-1,9)

2RS 6.3 6,2 6,I
(-2.5) (-2.3) (-2,7)

211 10,9 6,0 5,3
(-9,2) (-4.0) (-1.9)

1AS 6,6 5,4 4,8
(-6.1• (-3.4) ('.2.5)

1A 7,i 4,5 4,2
-(-2.1) (+0.1)

2AS 5,7 5.3 5.5
•-2,6) (-2.1) (-2.2)

2A 8.7 5,0 4.0(-7.6) (-3.3) (-0.8) !

I
these measures of performance are biased by inciusion of 273, a quar-
ter in which the Army arbitrarily raised enlistment sta idards, prodnc-
ing an unusually low level of enlistments. If this , tarter were ex-
cluded from the measures, the results would be even better.

The tendency to overprediction could be explained by a number of
alternative hypotheses. For example, it might be hypothesized that
the systematic overestimation is caused by failure to deal with the
effects of draft uncertainty. Before 1970, draftees were selected on the
basis of age, with the oldest eligible inductees drafted first. This meth..
od of selection introduced a considerable amount of uncertainty into
the lives of potential inductees who were within the age range of
possible call, Moreover, the likelihood of being inducted, given eligibil-
ity to be drafted, rose with age. Therefore, many potential inductees
had incentives to enlist to contrnl the timing of their military service,
After 1970, the method of ir.duction changed to a lottery in which part I
I:
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of the pool of 19 year olds was selected. Older age groups were vulnera-
ble only when the pool of 19 year olds was exhausted, The lottery
method of selecting inductees substantially reduced the uncertainty
associated with the older method and should have had the effect of
reducing enlistments that were motivated earlier by the existence of
this uncertainty. The models described in this paper fail to account for
this effect and may overstate enlistments because of this failure, In an
earlier study, annual Army enlistmente were estimated at anywhere

from 26,000 to 43,000 lower because of the reduction in uncertainty
associated with the lottery.' The annual overpredictions implied by
the figures in Table 3 are well within or below this range.

Another possible reason for the overprediction of enlistments is
that the models do not fully capture a secular tendency for the relative
pay elasticity to decline. The elimination of the draft at the end of 1972
followed by one year a substantial military pa) increase that went into
effect in late 1971, The pay elasticity estimated by the models assumes
no trend in its value. In a related, but as yet unpublished research
study (Fcchter, n~d.), a consistent tendency is found for the pay elastici-
ty to decline as the sample period is extended from 1958 to later and
later periods, Part of the reason for this trend appears to relate to the
Vietnam War. Pay elasticities during the period of this conflict were
highly inelastic, reflecting the apparent redistribution among poten-
tial enlistees taken for military service as the war became more and
more unpopular, Failure to account for this trend in these models may
have resulted in overestimation of the enlistment effect of the large
pay change that occurred in 1971. While part of this error should have
been corrected by 1972 enlistment experience, it is possible that the
four quarters of observation in 1972 were not sufficient to compensate
for the bias generated by the earlier 56 observations.

Still other reasons, including possible underestimation of the im-
pact of the draft and structural changes in the post-draft parameters
of the enlistment function, can be put forth to explain the overestima-
timn of post-draft Army enlistments. Further analysis would be re-
quired to provide a deeper understanding of the aspects of these
models that result in forecasts of too many enlistments. However, the
systematic nature of the error should be a warning against relying too
heavily on the parameters generated by earlier enlistment experience.
Prudence dictates continual monitoring of these parameters, using
mnore recent enlistment experience.

Model III generally produces the most accurate forecasts, Abso-
lute pay models tend to produce more accurate forecasts than relative
pay models. And, within Model III, the no-seasonal models tend to
produce more accurate forecasts.

See Fechter (1972), pp. 25-27.
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Table 4 summarizes the military pay and employment rate elastic.
ities generated by the equations that produced the most accurate
forecasts (in terms of their root mean square error of forecast). Four
equations produced root mean square errors of Jess than 5,000. Only
one of these equations produced a pay elasticity of less than 1.0. Two
produced pay elasticities that ranged between 1,1 and 1.2, which is the
modal range of the pay elasticities, Three of the four equations pro.
duced employment rate elasticities that had the "right" sign. The
elasticities ranged in value from -. 9 to -2.8, Two of these three
elasticities were generated from coefficients of EMP that were margin.
ally significant,

Table 4

RANKING OF "BEST" MODELS, BASED ON
ROOT MEAN SQUARE ERROR

Elaticlity with Respect to:

Root Mean Military Employment
Model Equation Square Error Pay Rate

III 2A 4.0 1.50" -1,508
III IA 4.2 1.12 -2,08
II 1A 4,5 ,84 - :gob
III 1AS 4.8 1,14 (c)

alnstantaneous adjustment IN assumed, since the regression coeffi-
cient of the lagged endogenous variable had the "wrong" slgn,

bt-etatiatie < 11,31.

cThe regremion coefficient of the employment rate had the
"wrong" Nigh.

CONCLUSIONS

Efforts to assess the stability of the pay and employment rate
elasticities used by the Gates Commission in recommending pay in.

6. creases required to move to an all.volunteer force have been described
in this paper. On, part of the analysis consisted of extending the
sample of quarterly time series observations from 1968 (when the
Gates Commission sLudies ended) to 1972 and refitting the parameters
of the Army enlistment supply equation. Another part consisted of
using those parameters to predict 1973 and 1974 enlistment experi.
ence and comparing the predicted experience with the actual experi-
ence.

K

... ... ..



Supply of En•nfsted Volunteers, Pre.1972 99

Estimated pay elasticities averaged 1,15, slightly below the 1.25
used by the Gates Commission. Estimated employment rate elasticit-
ies frequently had the "wrong" sign, and those with the "right" sign
were not very robust and were not estimated with a great deal of
precision, The employment rate elasticity estimated from the "best"
models averaged 1,12, also slightly below the 1.25 implicit in the Gates
Commission recommendations.

ii The models tended to systematically overpredict the number of
Army enlistments in 1973 and 1974. Possible reasons for this finding
included (1) failure to account for the reduction in risk associated with
the move to the lottery draft in 1970, (2) failure to account for a
downward trend in the pay elasticity as the sample is extended out.
ward from 1958, and (3) underestimation of the enlistment impact of
the draft, It was concluded that the systematic tendency to overstate
enlistment experience constituted a warning not to rely heavily on
enlistment parameters based on past experience in formulating re.
cruiting policy, Continual monitoring of the enlistment parameters
based on more recent enlistment experience is recommended, It is also
suggested that a continuation of the secular decline in pay elasticities
would have important consequences for recruiting policy planning,
These consequences further underscore the need to continue monitor-
ing the estimated parameters of the enlistment supply ftinction, using
more recent enlistment experience.
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THE SUPPLY OF ENLISTED VOLUNTEERS IN
THE rOST.DRAFr ENVIRONMENT:

AN ANALYSIS BASED ON
MONTHLY, DATA, 1970-19751

David W. Grissmer
General Research Corporation

An enlistment supply model is developed and fit by ordinary least squares

to monthly 1970.1975 data, The Independent variables are the ratio of military
to civilian pay, the youth unemployment rate, and seasonals, The dependent
1 ariable is the ratio of enlistments in different quality groups to the 17 to 21
year old population, Regression equations are developed for high.school grad.
uate Category 1.11 and Category III and non.high.school graduate Category
1.-1 enistrment groups for each service, For high quality Army groups, models
are developed for black and white enlistment groups.

The results show both pay and unemployment to be signlifcant determi.

nones of enlistment supply for each service. Pay elasticities vary by service,mental group, and education between .5 and 1,7. Unemployment elasticities

arepositive for higher quality groups and vary between ,25 and 1.26, For lowel
quality groups, the signs are negative, showing a substitution effect of high
quality enlistees for lower quality in times of high unemployment. Pay elastici-
ty for black enlistees was significantly higher than for white enlistees. By
developing separate equations by mental group and education, supply and
demand limitation can be inferred for different groups, For the Army, demand
limitation was present for periods for the Category 1-11 non.high.school group,
while for the Air Force, demand limitation was present for the Category III
high-school graduate group. The sensitivity of the results was tested for differ.

The author is Director of the Policy Analysis Department, General Research Cor-
poration. The research reported in this paper was funded mainly by the Defense Man.
power Commission, with additional support provided by the Office of Naval Research
and the Department of Defense (Office of the Assistant Secretary of Defense, Manpower
and Reserve Affairs). The author would like to acknowledge the valuable insights of his
colleague, Lawrence Goldberg, the research support of Dorothy Amey and Geraldine
Sioe, and the secretarial support of Bonnie Hurwitz and Ruby Stokes,
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ent pay discount rates and for different lag structures. The pay variable was
found rot to be sensitive to iag, but to be somewhat sensitive to discount rates. .1
The valtu of the unemployment elasticity wai sensitive to lag,

INTRODUCTION

In looking at the future of the all-volunteer force, most analysts
now point to the 1980-1990 time period as being potentially trou-
blesome. These analysts view the present success of the all-volunteer
force in achieving the desired quality and quantity of recruits as beihg
partially attributable to high unemployment rates and the favorable
population bulge of 17 to 21 year olds.

Population projections show that the peak resulting fr'om the baby
boom will occur in 1978, when there will be an estimated 10.8 million
males aged 17 to 21. They also show that this population will not dip
below present levels until 1983; however, it will decline from 10.8

million in 1978 to 9.2 million in 1987. This is a 15 percent decline in
the prime enlistable male population from the 1978 level and a 12
percent decline from 1975 levels. The trend past 1987, based on the
1983-1987 data, indicates a further decline of around 2.5 percent annu.

'Unemploymenit rates for 16 to 21 year old males who are not in
school are currently about 18 percent. Average levels for the pre-
rocession period of 1970-1972 were around 13 percent, High unemploy-
meat rates, it is believed, lead to high enlistment rates; if unemploy-
nment rates decline, enlistments may also decline.

In projecting future enlistment supply, it is important to under-
stand the effects of economic conditions. Previous models (Fechter and
Grissmer, n.d.) have been unable to identify significant unemployment
effects but have identified military and civilian pay levels as important
determinants of enlistments.

The present analysis of monthly data from 1970 to 1975 shows
both pay and unemplomrnent effects to be significant. Our success in
measuring both variables is probably attributeble to three factors:

1 . The enlistment variable included volunteer enlistments only
and no draft variable was included.

2. The enlistme'it data were disaggregated so that supply and
demand limitations could be determined,

3 Both military pay and civilian unemployment had suddon
and large changes.

This study consists of a monthly analysis of volunteer enlistments
from 1970 to 1975 for several different educational, mental category,
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and racial groups for each service. The results of the analysis show
that the pay variable is positive and significant at the .01 level for all
groups for each service. For DoD enlistees, pay elasticities range from
.9 to 1.35, depending on education and mental category level. Military
pay elasticities are higher for the Army (1.2 to 1.9) and lower for the
Marine Corps (.4 to 1.4), In general, these elasticities are biased up-
ward because vf the effects of recruiting and advertising changes that
were also occurring in the period. The best estimate of relative pay
elasticity for the Mental Category I-III Army enlistee is 1.3 to 1.4. This
measurement is in agreement with Gates Commission estimates but
differs somewhat from recent work by Fechter (Chap. 1 of this
volume), where pay elasticities from relative pay models average .8.
Pay elasticities are dramatically higher for black Mental Category
1-11 high-school graduate enlistees (4.13) than for comparable non-
black enlistees (394). This suggests that in the absence of constraints,
improvement in relative military pay will shift the racial composition
of the Army toward more blacks.

The model was successful in identifying an employment rate
effect, but only when the data were disaggregated by mental category
and level of school completed. Significant elasticities are estimated for
DoD enlistees who were high-school graduates at the time they enlist.
ed; these elasticities range between 1,25 and 2.5. Similar results are
found for Army enlistees, except that their elasticities tend to cluster
closer to 2.5, Marine Corps elasticities are generally considerably high-
er than Army elasticities, and Air Force elasticities tend to have the
"wrong" sign, These elasticities are not particularly sensitive to lag
structures, but they are sensitive to inclusion of a variable indexing
rationing. The pattern of the unemployment elasticities suggests sub-
stitution effects of higher-quality enlistees for lower-quality during
periods of high unemployment. The results also show that at present,
only upper mental category high-school graduate groups are supply-
limited for all services, and upper mental category nongraduates are
demand-limited for all services except the Marine Corps.

RESULTS USING A MONTHLY TIME SERIES DATA BASE

Monthly volunteer enlistment data for each service from June
1970 to July 1975 have been analyzed using three different economet.
ric models to determine enlistment supply determinants. Emphasis
was placed on determining the influences of military wage level and
civilian unemployment level on the enlistment supply (-f different ra-
cial, educational, and mental category volunteer groups. Regression
models were run for the volunteer groups shown in Table 1.
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Table 1

VOLUNTEER GROUPS ANALYZED FOR MILITARY PAY
AND UNEMPLOYMENT INFLUENCES

Air Marine

Volunteer Group Army Navy Force Corps DaD

Category 1, 11 high.school graduates X X X X X
Category III high-school graduates X X X X X
Category J, 17 nongraduates X X X X X
Category 1-111 X X X X X

tages relative to the use of data aggregated into longer time segments
or cross-sectionally, Two major advantages are the precise specifica-
tion of the volunteer supply variable and the dramatic changes in pay
and unemployment variables that occurred in this period. An estimate
of true volunteers into the armed services can be made precisely only
since the start of the lottery system in 1970. Almost all previous analy-
ses have had to include draft variables to account for draft-motivated
enlistments Enlistees with high lottery numbers should be free of
draft pressure and can be considered true volunteers, From 1970 to
the end of the draft in 1972, no draft calls were issued for lottery
numbers higher than 200. For this analysis, an estimate of true volun-
teers has been made using accessions with lottery numbers greater
than 240. The draft ended at the end of' 1972; therefore, taking account
of delayed entrants, all accessions after June 1973 are true volunteers.

During this period, there was a large pay increase for service
accessions. This pay increase, recommended by the Gates Commission
to make the volunteer force more feasible, approximately doubled pay
for servicemen in pay grades E-1 to E-3 at the end of 1971, Generally,
pay increases given to servicemen over the last 15 years have been for
"cost of living." Also in this time period, unemployment rose dramati-
cally. In late 1974, the unemployment rate for 16 to 21 year old males
increased by about 100 percent, The magnitude and suddenness of
these increases in key variables provides an unusual opportunity to
measure their elasticities from regression coefficients that are more
precise.

Of course, the 60 monthly data points have a strong seasonal
component, and thus seasonal dummies are necessary. The 12 season-
al dummies plus pay and unemployment total 14 variables for 60 data

-. . . . . . . . .f. "I L~.. L ,LJri~al..'t..~~.±tA



104 Grissrner

points. Since the seasonal dummies account for a large fraction of the
R2 value in each regression, more data would certainly be desirable.
Also, other factors that influence enlistments were changing during
this period, Particularly troublesome is the increase in recruiting and
advertising resources. The number of recruiters in all services in-
creased by 100 percent during this time, and advertising outlays in-
creased by 1000 percent. Unfortunately, the variable measuring re.
cruiting effort is highly collinear with the pay variable, making sepa-
ration of the two effects impossible with the data used in this analysis.
The estimated pay elasticities are probably biased upward and should
be interpreted as upper limits of the actual pay elasticities.

Another major problem in determining accurate parameters of
enlistment supply is changes in service manpower policies, Quotas for
the services vary from one year to the next, and enlistment quality
standards also vary. Data for certain volunteer groups, notably non-
high-school graduates and Mental Category IV groups, are dominated
by service policy-i.e., are demand-limited. Different groups are sup-
ply-limited In each service. For instance, the Category I-II non-high.
school graduate group has been supply-limited to the Army but de-
mand-limited to the Air Force, We have chosen for analysis groups
that generally have not been affected by service restrictions for at
least one service during the entire period, The Category I.I1 high-
school group is the preferred group for all services and has been
supply-limited for the entire period. The R' and the significance of the
regression coefficients are expected to decrease as a result of demand
limitations. These effects are reflected in our results.

Models

Three basic models were used to test volunteer response to pay
and unemployment changes. These models are listed and described
below:

1. Linear model with dummy seasonals (LS1), the military-civil.
ian. pay ratio, and the youth unemployment rate as variables:

12 +3
Ek = + "I , ik • (OlWk,2N + 32Uk,2N) (k 1,60)

il N=3

2. Multiplicative seasonal model (MS1):
12 +,ii 3 0

Ek ( )-3 (OIWk,2N+ 32Uk,2N)+

(N-3\N)

- . .. .,,... . . . . . . . . . . . . . . I'
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3, Log-linear model with aeasonals (MS2):
12 6 +3

Ek" a0 nIei~k (Wk,2N) 1 (Uk,2N)f•

i=1 N=-3

where Ek = volunteer rates for month k,
Wk = pay ratio for month k with delay 2N, in months,
Uk = unemployment rate for month k with delay 2N,

in months,

aii = regression coefficients, and
81k = I if i = kMOD(12), 0 otherwise.

The models were estimated using ordinary least-squares tech-
niques. Model MS 1 is nonlinear and cannot be converted to linear form
through transformation, An iterative technique was developed and
implemented on the UCLA Blomed package to solve for Pa, 91, and O,
and the seasonals. (A description of this technique can be found in
Grissmer et al, 1974.) In each model, lagged variables were used for
both pay and unemployment. Experiments were made with lags of + 6,
+ 4, + 2, 0, -. 2, -4, and -6 months. Lag effects arise both from the
delayed entry program (DEP), which allows potential enlistees to sign
contracts up to six months before they actually enter service, and from
the normal delays between changes In unemployment and pay and
enlistments. Because of multicollinearity between lagged variables,
one set is used for each model. The results reported here are for the
sets of lags that produce the largest reduction in the residual variance
in the enlistment rate (after seasonal factors are accounted for),

The dependent variable used in this analysis is the voluntary en-
listment rate. For the months before January 1973, the number of
voluntary enlistments is inferred from enlistment data classified by
lottery. (Details of how voluntary enlistments are generated from
these data can be found in Arney et al., 1976.) The denominator is the
population of 17 to 21 year old males, projected from census data.
Military pay is designed to include base pay, quarters and subsistence
allowances, and the tax advantage on these allowances. This pay was
estimated as the undiscounted quarterly average summed over the
first three years of active military service. Estimates for 1975 were
derived by raising basic pay by 5 percent over 1974 levels. Civilian pay
is estimated as the pay of year-round, full-time workers 18 through 20
years old. The estimation technique is the same as that used by Fecht-
er (1972). The unemployment rate is estimated from the unemploy.
ment rates of 16 to 21 year old males whose major activity was other
than going to school. These rates were deseasonalized before they

I•
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were used in the analysis, (Details of the seasonal adjustment process
are found in Fechter and Grissmer),

Table 2 summarizes the results for DoD volunteers, The results
are evaluated in terms of the following criteria: (1) significance, signs,
and values of the pay and unemployment elasticities; (2) quality of fit

of the models; (3) lag structure for pay and unemployment; and (4)
consistency of elasticities for different models.

Pay and Unemployment Elasticities for Total DoD Volunteers

Pay elasticities are positive and generated from regression coeffl-
cients that are significant at the .01 level for all models and all groups.
They range from 0,9 to 1.4 and vary strongly by mental category and
level of school completed. There is little variation by model type. Table
3 compares the DoD pay elasticities averaged over all models for each
of the three groups. Observed differences in pay elasticities between
educational and mental category groups may arise in several ways.
For example, they could reflect changes in mental category classifica- .ii
tion methods over the period; or, they could be due to errors in the

measure of civilian pay, which is not broken down by education or
mental category. Here, we assume that the classification scheme has t;
remained stable over the period, and our results are consistent with
the hypothesis that since potential enlistees in the higher mental cate.
gory and educational attainment groups have better civilian earnings
opportunities, the military pay elasticity computed from models LS1
and MS1 should vary inversely with the average civilian wage open
to each group, other things being equal. These results are reported in
Table 3.

The unemployment elasticity is positive and significant at the .01
level for the Category I-.I high-school graduate group; it is significant
at the .05 level for the Category III high-school graduate group and
negative and less significant for the Category '>.I1 nongraduate group.
It is not statistically significant at all for th' Category I-III group, The
average unemployment elasticities are shown in Table 4 for the first
three groups,

The observed differences in elasticities may be a reflection of mea-
surement errors in our estimated unemployment rates, which are not
broken down by mental category or level of school completed, Alterna-
tively, these unemployment elasticities might be explained in terms of
rationing effects. For the preferred quality groups (Category M-1II
high-school graduates), higher unemployment brings additional per.
sonnel into the service, As more of these become available, the ser-
vices accept fewer of the lower-quality enlistees-i.e., Category I-II
nongraduates. The negative unemployment elasticity for this group is

L . ..
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Table 3
COMPARISON OF DoD PAY ELASTICITIESa

FOR FOUR VOLUNTEER GROUPS

Volunteer Group Pay Elasticity
Categor I,11 high-school graduates ,89
Category II1 high.school graduates 1.15

Category I, II nongraduates 1.35
Category I-II 1.00

aAveraged over the three seasonal models.

Table 4

COMPARISON OF UNEMPLOYMENT ELASTICITINSa
FOR THREE VOLUNTEER GROUPS

Average Unemployment
Volunteer Group Elasticity

Category I, 11 high-school graduates .45

Category III high.school graduates .24
Category I, II nongraduates -. 30

DAveraged over the three seasonal models,

consistent with such effects, The strength of these effects will depend
on the overall quota for the services, At higher quota levels for the
preferred groups, the unemployment elasticity for the other groups
might also show positive signs. This may explain why this substitution
effect does not show up in the pay elasticities for the groups analyzed.
At the time of tho major pay raise, quotas were high and no substitu.

tion effects appear for the Category I and II nongraduate group. How-
ever, during the time that unemployment rates were high, quotas
were lower, producing substitution effects for this group.

Lag Structure

The lag for the pay variable was generally six months, indicating
that the effect on enlistments of any pay change takes about that long
to occur. This can be explained by information diffusion and the me.
chanics of delayed enlistment pools. Higher mental category groups
tend to choose more specialized skills and must wait for a reserved
special-school seat before they can enlist. Thus, enlistments can be
delayed as much as six months after contract signing. In this study,
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the enlistment rate using actual enlistments rather than signed con-
tre cts was the dependent variable; thus Increases in actual enlistments
coming from delayed enlistment pools could occur for up to six
months.

For unemployment, the lag was generally two months. Again, this
could be due to the delayed enlistment pool as well as to the normal
time for civilian job searches before entering the military.

Consistency of Elasticities for Different Models
The elasiticities, for the pay and unemployment variables for the

three models generally were of the same magnitude, although the
variance in the values between models was generally greater than
that expected from the standard error derived from any individual
model, The agreement among models was best for the higher-quality
groups.

Elasticities by Service

Table 5 summarizes the pay elasticities for all services. (Details
are described in Amey et al., 1976,) A pattern emerges of increasing
elasticity with decreasing quality class. The exceptions to this are the
Navy Category III nongraduate group and the Marine Corps Catego.
ry III high-school graduate group, The Navy Category I-II nongradu-
ate group is probably demand-limited, and thus the pay effect is
masked by policy rostrictions for this group, The low pay elasticity for
the Marine Corps Category III high-school graduate group is puzzling,

The Army generally has the highest elasticities for each volunteer
group, followed by the Navy, Air Force, and Marine Corps, These

results may reflect differences in the effectiveness of the recruitingeffort of each service as well as differences in service preferences of
youth in each group, The Army, with the largest recruiting force, also
experienced the largest increase in recruiters in the time period-

Table 5

AVERAGE" PAY ELASTICITIES FOR THREE VOLUNTEER GROUPS

Air MarIne
Volunteer Group Army Navy Force Corps DoD

Category I, It high-school graduates 1.22 .94 .84 .74 .89
Category III high school graduates 1.68 1.55 ,99 .67 1.15
Category 1, 11 nongraduates L.96 .50 1.77 1.77 1.42

aAveraged over the three seasonal models.
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from around 2,000 to 4,800. Also, the advertising budget of the Army
tripled in this time period. The Marine Corps, with the smallest re-
cruiting force, has not, until lately, substantially increased its advertis-
ing. In principle, the effect of the recruiting resources should have
been included in the analysis; however, the recruiting variables were
highly correlated with the pay variable, and omitting the recruiting
resources could have biased the pay olasticity of each service. Since
the Army received the largest addition to recruiting resources, and
the Marine Corps the least, a possible conjecture for the difference irA
wage elasticity is the absence of recruiting variables from the estimat-
ing equations.

Another explanation is simply that people's "tastes" for the non-
pecuniary aspects of service differ. For instance, persons entering the
Marine Corps typically strongly identify with the image of that, servile
as a "builder of men," while Army enlistees may give relatively more
weight to monetary rewards.

Table 6 summarizes the unemployment elasticities for the ser-
vices. (Details are found in Amey et al., 1976.) The trend for each
service is the same as for the DoD, with lower-quality groups having
lower elasticities, The most significant unemployment elasticities are
in the Category I.II high-school graduate group, In this group, the
elasticities are highest for the Air Force and Marine Corps. Substitu.
tion effects appear for Category III high-school graduate groups for
the Air Force, but only for Category I-II nongraduates for the other
services.

Table 6

UNEMPLOYMENT ELASTICITIES' rOR THREIC VOLUNTEER GROUPS

Air Marino
Volunteer Group Army Navy Force Corps DoD

(lategory 1, 11 high-school graduates .42 B 0 .95 1,25 ,46
xý'ategory III high-school graduaten .37 .35 .-'.24 .62 .25
Category 1, 11 nongraduntem .0 -. 45 "..84 -,.33 --.27

"aAveraged over the three mensonal models.

Elasticities by Race

An analysis of Army enlistees by race, mental category, and level
of school completed was undertaken to determine the differential
effects of pay and unemployment. Table 7 summarizes the results,
which show positive and significant pay elasticities for both racial
groups for a marked difference in the size of these elasticities, (Details

. ..... i~A .......... ... .. ~aC .. ~. ..... . ....
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Table 7

PAY AND UNEMPLOYMENT ELASTICITIES, BLACK AND NONSLACK
ARMY ENLISTEES

Unomploymen~t
Retatiw Pay Rate Durbin.Watmon Relative Unemploymeilt

Model Ealutlclty Elatloiaticity ltatlatlo Pay Lag Rate Lag

Slack Catogory 1.11I High.School Graduatem

Mil 3.677 -. 624 .704 .770 (-8) (-2)
LS1 3.803 -. 611 .761 '880 (-6) (-0)
M83 4.850 -.313 .81 ,881 ("6) 8-6)

No'nblack Category 1.111 Hlih.08hool Oraduate
M I 907 .460 .425 1.839 (-6) (-2)' L81 1.035 .496 .914 1.443 (-6) (-2)
M82 .185 41 1901 1,797 (6a) (-2)

are given in Amey et al., 1976,) The unemployment elasticities are
positive and very significant for nonblack volunteers but negative and
less significant for black volunteers, The urnemployment elasticities for
blacks have the "wrong" sign for black Category I-II high-school
graduate enlistments,

Sonsitivity Analysis

The sensitivity of relative pay and unemploymnent elasticities to
changes in variable specifications, lags, and inclusion of policy vari-
ables is explored below,

Regressions were made on volunteer enlistment rates for DoD and
Army groups in which no independent variable lags were allowed to
enter a regression equation. These runs were made to estimate the
sensitivity of the elasticity measurements found in previous runs
where lags of up to six months were predominant in the equations, The
results, presented in Table 8, show that small changes in the relative
pay elasticities can be expected when no lag is allowed in the relative
pay variable. The largest change for DoD volunteer groups was for the
Category .1-1I high-school graduate group, where the elasticity
changes flrom .89 to .79. A significant reduction in the elasticity mea-
surement for the unemployment rate can be expected for DoD Catego.
ry I-I1I high-school graduates. DoD Category I-III total group unem.
ployment elaiticity Is measured as -,037 in one regression, but the
coefficient for no variable lag in unemployment is not significantly
different from zero,

Another experiment was performed using a dummy variable to
represent, an Army policy of restricting monthly quotas to 70 percent
high-school graduates from February 1973 to July 1973, This policy
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Table 8

COMPARISON OF DoD PAY AND UNKMPLOYMrNT ELASTICITIES
WITH AND WITHOUT LAGt

Unemployment
Pay Elasticity Elasticity

Volunteer Group No Lag Lag No Lag Lag

Category I, 1i high-school graduates ,79 .89 ( 6) .30 46 (-2)
Category III high-school graduates 1.19 1,14 (-6) .10 .25 (-2)
Category I, II nongraduates 1,37 1,36 ( 0) --.15 -.27 (6)
Category 1.111 1.02 1.00 (-6) - .01 .14 (-6)

was represented as a dummy variable in regressions on Army and
DoD volunteer rates. It began immediately in February 1973 (value

1) and was gradually withdrawn beginning in July 1973 and ending
in October 1973 (values = 75, .50, ,25, and 0,0),

Results from these regressions indicate a significant negative en-
listment response to the policy variable for Category I.III total and

SCagory 1-11 nongraduate volunteer rates, However, there is no sig-I
nificant positive response to the variable for high-school graduates.

Nongraduate Army enlistees in the Category I.III group were
significantly affected by the policy limiting accessions of high-school

Igraduates, We estimate that the Army lost about 980 volunteers per
Smonth during the period when this policy was in effect,

Table 9 compares the pay and unemployment elasticities with and
without the dummy variables. Pay elasticities for DoD groups are
unaffected by the inclusion of the variable; however, Army pay elastic.
ities for the Category 1.1II and Category I-I[ nongraduate groups are
biased downward significantly by not including the variable. The esti-
mate for the Army Category I.III group of 1.54 is biased upward
because of the missing recruiter variable, Estimates of recruiter
effects from cross-sectional estimates can be used to set upper limits
on the pay bias. Using these recruiting elasticities would reduce the
pay elasticity to around 1,3 to 1.4. This estimate agrees closely with
Gates Commission estimates but differs somewhat from the estimates A
of relative pay elasticities of .8 derived in Chap, 1. Unemployment
elasticities are significantly affected by the inclusion of the dummy
variable: They become more significant and negative for the Category
,IIl nongraduate group, This dramatic shift illustrates the effect that
demand constraints can have on elasticities for different groups.

Sensitivity of pay and unemployment elasticities to changes in the
definition of pay variables was also investigated, Army volunteer
rates for different mental category groups were regressed on pay

:!1
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Table 9

COMPARISON OF PAY AND UNEMPLOYMENT ELASTICITIES
WITH AND WITHOUT DUMMY POLICY VARIABLES

Unemployment
Pay Elasticity Elasticity

Volunteer Group With Without With Without

DoD

Category -1ill 1.03 1.00 -. 15 -. 22
Category I, II nongraduates 1.36 1,35 -. 59 -. 83

Army

Category II1 1,54 1.,3 -. 22 .24
Category I, II nongraduates 2,04 1.96 --.83 -. 05

variables of absolute military and civilian pay and the deseasonalized
unemployment rate variable. The results are shown in Table 10.

The pay variables were formed by Fechter's (1972) discounting
method, where enlistments are assumed to occur at age 19 and dis.
counting is done over the first three years of service, Each pay varia-
ble was then deflated by the CPI,

The results obtained were consistent with previous findings. Pay
elasticities are 10 to 12 percent smaller for most volunteer groups.
Unemployment variable elasticities are generally the same in this set
of regressions; however, the significance levels vary inversely with
those of civilian pay. Civilian pay elasticities exceed military pay
elasticities by notable margins in all experiments except high-school
graduates in Mental Category 1.11, The civilian pay elasticity for all
Mental Category I-Ill enlistees exceeds (in absolute value) the mili-
tary pay elasticity by about 50 percent.

Finally, the sensitivity of pay and unemployment elasticitiev to
discounting methods was tested. Fechter's method of pay discounting
at 30 percent for both military and civilian wages is compared with no
discounting in Table 11, The pay variable usod is the ratio of military
and civilian pay, with each discounted at either 30 percent or 0 per-
cent.

The results show that pay elasticity is affected by discount meth-
ods. Pay elasticities fall by about 0,2 as discount rates rise from 0 to
30 percent. Unemployment elasticities are, not surprisingly, unaffect.
ed by the pay discount rate,
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Table 11

COMPARISON OF ARMY PAY ELASTICITIES
WITH DIFFERENT DISCOUNT RATES

Discount Rate

Volunteer Group 30% 0%

Category I, II high-school graduates 1.08 1.22
Category III high-school graduates 1.48 1.68
Category I-Ill 1.22 1.39
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INTERNATIONAL COMPARISONS IN
MANPOWER SUPPLY•',

Glenn A. Withers
Institute of Advanced Studies, Australian National University

The analysis of all.voluntary military manpower supply in the United
States naturally focuses upon U.S. conditions. In various areas important to
the United States, however, this experience is special. Experience with all.
volunteer forces has been brief, and past behavior has been considerably in-
fluenced by the existence of a draft and of war, Further, there has becn only
limited variation in military wages, entry standards, and enlistment terms,
and only minor use of advertising as a reeruitment device,

To gain a broader understanding of recruiting experience outside these
limitations, U.S. manpower supply experience is compared with that of Brit.
ain, Canada, and Australia.

A common model of military.civilian occupational choice is specified, and
appropriate estimating forms for enlistee supply are derived. For a common
data period, regression estimates using joint cross.section/time-series analysis
are obtained, The effeets on enlistment of variations in military and civilian
pay, unemployment, draft pressure, policy levels, advertising, taste changes,
and enlistment term are examined and the reasons for divergence considered.

THE ROLE OF COMPARATIVE ANALYSIS

The analysis of all-volunteer military manpower supply in the
United States has naturally focused upon previous U.S. experience.

The author is grateful to Arthur Smithies and Richard Freeman, and to the discus-
sant, Bernard Roetker, for comments. This research was partially funded by a U.S.
Department df Labor doctoral dissertation grant, The views expressed and any remain-
ing errors are purely those of the author.

'A data appendix is available from the author upon request.
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International Manpower Supply 1171.l But in various areas important to U.S. military manpower policy, this
experience is limited. There has been little experience with all-volun-
teer forces since World War II, Rather, enlistment behavior has been
considerably influenced by the existence of a draft and of wars in
Korea and Vietnam. Further, as a consequence of the availability of
draft manpower, there has been only limited variation of such man-
power management instruments as military wages, entry standards,
enlistment terms, 4nd recruitment advertising.

_ ,To gain a broader understanding of recruitment experience out.
side the special U.S. situation, this paper compares U.S. manpower
supply experience with that of Britain, Canada, and Australia, Since
the major English-speaking countries offer the social, economic, cul-
tural, and political circumstances most similar to those in the United
States, they form the natural comparison, as has been recognized in
previous references to foreign precedent in the U.S. draft debate.3 At
the same time, these countries possess quite a diversity of experiencein military manpower procurement. Canada, for instance, has long

maintained all-volunteer forces, while Britain retained a National Ser-
vice scheme for over a decade following World War II, only returning
to all-volunteer recruitment in 1960. Finally, Australia has used each
of universal military training, selective conscription, and all-volunteer
enlistment for differing periods since 1946.4

Overseas experience cannot be directly transplanted, and compari-
sons must be made with the utmost care, making due allowance for the
crucial differences in local circumstances that will remain no matterShow carefully countries are chosen for their similarities. The very

diversity of recent experience with military manpower procurement,
as just outlined, indicates the importance of unique circumstances.
This is also seen in the differing relative defense manpower levels
among the countries, In 1973, regular military forces as a percentage
of men of military age ranged from 5.8 percent for the United States
through 3.3. percent for Britain and 2.8 percent for Australia to 1.8
percent for Canada (International Institute for Strategic Study, 1973-
74).

But we must not lose sight of the advantages gained by supple-
menting direct analysis of one's own situation with comparative in-
sights. Moreover, since such comparisons have been made in the past
and will undoubtedly continue to be made, it is best that they be as
informed as possible. Citation has often been highly selective and

"For example, see Wool (1967), pp. 517-518; Scolnlck (1968), pp. 91-106; and Gates
Commiwlon (1970), pp, 169.172.

A moro detailed survey of the historical background in these countries is available
in Withers (1972b), pp. 63.76. For a review of a wide range of other nations' experiences,
see Foot (1961).

A. . ... .- t . k.... . ......... .. , .1 .L .. ..WAI,4.±2 , , ,,hk . •.nJ.k ,•• cr. ,, : •• .. .U~I.AA¶ >1 A. .. r rtlL~.L L..



118 Withers

impressionistic, and we attempt here to redress this deficiency., Be.
sides, provided foreign experience is not treated as more than sugges.1 tive, we can seek solace in Boulding's First Law: "If it exists, thenperhapis it is possible."

The approach we adopt here is to speclf a common model of
military-civilian occupational choice and to derive therefrom an ap-
propriate estimating form for enlistment supply. For a standard data
period, regression estimates of supply parameters will be obtained for
each of the countries. These will then be compared, reasons for diver.
gence will be considered, and some implications for manpower pro.
curement policy will be drawn.

A MODEL OF ENLISTMENT SUPPLY

Recruits for the armed forces come from the pool of national man.
"power over the minimum school-leaving age, Women have traditional-,),'[ ly been excluded &rom significant military participation, so the basic

pool can be considered to comprise men only. The requirement for
entry at the bottom of the military hierarchy tends to restrict recruit-
ment from this available population to young men, since they are
usually less established in civilian job progression structures. For simi-
lar reasons, those young men committed to continuing education and
apprentice training programs in the civilian community tend not to
enlist, further restricting the recruit population base.

What will determine the number forthcoming for enlistment from
this recruit population? Each individual within this population can be
viewed as facing a choice between a military job and a civilian job (the
best of those civilian positions open to the individual). The individual
surveys each job and considers the advantages and disadvantages of
each, such as expected earnings, expected advancement, working con-
ditions, location, etc.

In principle, these advantages and disadvantages can be classified
as pecuiliary and nonpecuniary, and we assume that there is some
finite rate of exchange between pecuniary and nonpecuniary factors
so that an individual can evaluate nonpecuniary costs and benefits in
net and pecuniary terms, The individual then selects the job with the
greatest overall net advantage, given those opportunities open and the
individual's preferences,

The choice is made on the basis of the individual's perception of

The only previously published econometric studies of military manpower supply
outside the United States known to this author are Withers (1912a) and Lightrnan
(1975). For a survey of' previous econometric research in the United States, see Light-
man (1973) pp. 6-14.
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net advantages, which may or may not be an accurate reflection of the
real net advantages. Account may be taken of the fature stream of
costs and benefits, with appropriate discounting for time. We thus take
this as implicit, with all relevant decision variables as present values.

The individual is assumed to seek to maximize utility in terms of
net advantages. There is no assertion of purely pecuniary motivation.
The choice criterion is that an individual will enlist in the military if

WM > WC + dWC,()
where WM is military earnings, WC is civilian earnings, and d is not

taste for military life.
The coefficient d measures the individual's net preference for the

nonpecuniary aspects of military life, expressed as a percentage of
civilian earnings; d may be positive or negative. The coefficient thus
encompasses all situations by compressing the lUIl variety of non-
monetary considerations into the single summary measure of tastes.

Naturally, individuals in the recruit population will differ as re.
gards their alternative civilian employment opportunities and their
relative preferences for military vs, civilian litb, For each person,
though, we can postulate a reservation military wage, WM', that j

would make the sum of pecuniary and nonpecuniary net benefits from A
military employment just equal to that pertaining for the best civilian A
employment alternative available, i.e.,

WM*= WC + dWC, (2) A

Kf 'At the reservation military wage, each individual is Indifferent
between enlisting and not enlisting, If WM > WM*, then the individual
would enlist,

In principle, individuals may be arrayed according to their reser-
vation military wage, creating a frequency distribution. The frequen.
cy distribution is the joint distribution of civilian earnings and relative
tastes for military service. For a given WM, all individuals with reser-
vation military wages smaller than this actual military wage will
enlist. The cumulative frequency distribution of reservation military
wages thus defines the supply curve of military labor in relation to
alternntive levels of military earnings, other things being held con-
stant. It follows that the general form of the enlistment supply func-
Stioi 1i0

A/RP = fWM, u-vc, crwc, MdWc, o'dwc) (3)

f(W M, k-lr d)wc, o'•I -d)wc) (4)

where A is applicutions for military enlistment,
RP is population of potential recruits,

.> . .'r F'"
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WM is expected military earnings,
Atwc is the mean value of expected civilian earnings,

Adwc is the mean value of relative military tastes,
O'wc is the standard deviation of expected civilian ii

earnings, and
c'dwc is the standard deviation of relative military

tastes.

From the model of rational occupational choice, it follows that we
impute the following properties to military labor supply:

A positive function of the military wages 8A/aWM>0 (5)

A negative function of the civilian wage aA/aWM<O (6)

A positive function of the relative taste for military srvice
aA/bd> 0 (7)

A positive function of the recruit population bas (8)
BA/BRP> 0

The specific properties of the supply schedule will be given by the
form of the joint frequency distribution of earnings and taste, (1+d)
WC. A convenient simplification of the model is to assume that the
variance and distributional form of the earnings and taste components
of the joint distribution do not change over the period of analysis,
though their mean level may. This means rewriting Eq. (4) as

A/RP - fAWM, OC,Z), (9)

where - denotes mean. Note that in using an applications rate as the
dependent variable, we assume that applications change equipropor-
tionately with recruit population.

With this expression, WC can be written to take account of the fact
that in civilian employment, unlike fixed engagement military em-
ployment, there is a chance of being unemployed, i.e.,

WC = pHWE + puWU, (10)

where PE Is the probability of being employed (= 1- Pu),
WE is expected full-time civilian earnings, and
WU is expected income while unemployed.

In addition, unemployment may have a separate effect of its own that
works through riak aversion. Those who are currently unemployed or
have a high probability of being unemployed may value their income
prospects at something less than their mathematical expected value-
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say, because of such factors as the social opprobrium or personal
psychological loss attached to being unemployed. If this is so, we
should include a separate unemployment variable as an argument of
the supply fuinction.

So far, this analysis is conventional; the variables obtained are
standard in the military manpower supply literature. We propose
three modifications that do go beyond the standard approach, how-
ever. First, since job choice is made on the basis of an individual's
perception of net advantages, it is perhaps important also to include
a separate variable relating to recruiting. This is because, unlike most
civilian occupations qua occupations, the military spends considerable
money and effort on recruiting. Through recruitment personnel and
advertising, the military attempts to improve Individual perceptions
of the desirability of a military career. It is not necessary, or perhaps
even possible, for such activities to create motivation for enlistment.
But, given the limited information-processing and attention-retention
capacity of most individuals, it can remind people of available opportu-
nities, inform them of specific details of military life, and stimulate an
existing interest. It Is important to examine these effects to improve
overall explanation of enlistments and because recruiting effort is a
potential policy instrument.

The theory developed so far is actually one of supply offers--
applications for military enlistment, What is important for military
manpower strength, however, is enlistments obtained. Applications
must be translated into enlistments. The conversion element Is mill-
tary enlistment standards, but we must recognize that this involves
two considerations: the pure supply factor of the quality of the person-
nel that apply for enlistment, and the policy control factor of the level
at which enlistment standards are set. If the variance and distribution-
al form of quality is constant and enlistment standards are fixed, then
the supply equation becomes

E/RP = f[WM, WC, (U/RP), Z, 9, _Q],(1

where E is the number of military enlistments,
U/RP is the unemployment rate in the population of

potential recruits,
R is military recruiting expenditure, and
Q is the quality level of recruit applicants.

The inclusion of a quality level variable is important, since only then
can we infer the enlistment supply curve for a given quality level,
Equally, if quality is admitted as a policy variable, then the enlist-
ments potential of deliberate changes in the quality of applicants ac-
ceptab)le to the military can be evaluated. We hypothesize:
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BE/bQ > 0, (12)

since an increase in average quality will imply, other things being
equal, a greater proportion of the recruit applicant population able to
meet fixed enlistment standards,

Finally, we introduce a variable based on poll data to reflect
changes in public tastes toward the military. This is a factor that is
held constant in most analyses, but it is clearly of great potential
importance, especially if there is any involvement of national military
forces in actual combat service.

ECONOMETRIC METHODS

We wish to estimate the supply function given in general form in
Eq. (11). It may seem natural to assume that a military labor supply
function should express decreasing elasticity of supply with respect to
military pay (see Altman, 1969). But the supply tinction depends upon
the joint distribution of alternative civilian earnings and relative mili-
tary tastes. For instance, there may be a range of increasing elasticity
as military income becomes competitive for the populous group of
middle-income earners, A normal-shaped joint distribution would
have a range of increasing elasticity followed by decreasing elasticity.

We do have Lydal1's (1968) evidence on distribution of incomes to
indicate a log-normal distribution as appropriate for incomes of young
men. But there is insufficient evidence available on the distribution of
tastes and, more important, on the weights to be assigned to pecuniary
and nonpecuniary preferences in forming a mixed distribution.

This inability to specify the functional form for our estimating
equation presents a difficulty for adequate representation of the total
supply function. However, our concern is for that limited range of the
supply function for which we do have data. Accordingly, a more ad hoc
choice of functional form may not be too misleading, To this end, logit,
logarithmic, linear, and log-complement specifications were estimated
and compared using the criterion of minimum sum of squares for
equations in which the dependent variable had been standardized.6

The logarithmic form was the most commonly accepted functional
form under the goodness-of.fit criterion, so that the basic estimating
form employed can be written as

Et . Ut (13)
InRPt RP
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Rao and Miller (1971), pp. 107.111,
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Only for the United States was a different specification indicated:

There, ordinary linear estimation was appropriate,
The estimating equations were applied separately to total defense

enlistments and to army enlistments for each country, using quarterly
observations over the period 1966(2) to 1973(4). The exception to this
is Canada, where annual cross-section data, 1966 to 1973, were applied
to total defense enlistments only, Quarterly data were unavailable for
Canada, and there are no individual service enlistments to the Canadi.
an unified defense forces,

Single equation estimation was employed. The risk of simultanei-
ty bias through the interrelation of enlistments, wages, and unemploy.
ment is probably small with civilian wage and unemployment vari.
ables being economywide, Also, It is likely that military manpower
demand is highly wage-inelastic under established manpower require.
ments planning procedures.'

Because quarterly data are employed, we add seasonal dummy
variables to Eq. (13) to control for seasonal influences upon enlistment
rate variations. Serial correlation is adjusted for by the Cochrane-
Orcutt iterative process.

The basic set of supply estimations is thus alternate defense and
army dependent variables for three countries, Canada is the excep.
tion, since its unified defense fbrce means that only a defense depend-
ent variable was available.

For all countries, an additional set of regressions was also per.
formed, replacing separate military and civilian income variables by
a single wage ratio, This has the advantage of avoiding potential
multicollinearity both between the income variables and with other
independent variables, In the use of a wage ratio, the cost is the
implicit assumption of symmetric response to alternative income
changes,

In the formulation of the model it is assumed that the dependent
variable responds instantaneously (quarterly) to current changes in
the independent variables, We did test this assumption by estimating
equations that incorporated a lagged dependent variable as a conve.
nient formulation of a distributed lag process, The lagged dependent
variable was not significantly different from zero for three of the four
countries, though the US, results did indicate a small lag, Longer-run
elasticiti(os will thus be a little larger than the "impact" elasticity
reported for the United States, To simplify presentation, we discuss
results Ibr the instantaneous adjustment model only. This does not
alter the substance of the comparative analysis.

For a statement of U.K. manpower planning procedures that is quite explicit in Its
emphasis on fixed coefficiont requirements determination totally divorced from coot and
supply considerations, see U.K. Department of Employment. (1974),

;I
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Empirical Results
A total of 16 ordinary least-squares regressions were run for the

four countries: four each for Great Britain, the United States, and
Australia on quarterly time-series, 1966-1973; two joint cross-sections
of time-sernes for Canada; and, in a supplementary analysis, two also
for Australia. The regressions examined the effects of the specified
independent variables upon enlistment supply for the army and total
defense and with alternative specifications of the pay variable.

Table 1 summarizes the basic results in elasticity form, The elas.
ticity interpretation is immediate for those equations estimated in
natural logarithms. Linear estimation was used for the United States,
so that elasticities are evaluated at the mean values of the variables,

The coefficient of determination (R') was high for almost all equa.
tions, which indicated a good fit to the data by the equations used,
While we often do expect reasonably high Rls for time-series analysis,
this is still quite an encouraging result for a sectoral series in which
most of the variables used are constructed as ratios or percentage
rates. The lower RI for the Australian pooled cross-section and time-
series regression was expected through the introduction of more indi.
vidual variance characteristics.

Military and Civilian Income

Looking at the individual explanatory variables and commencing
with income, we find considerable variation in results from country to
country, The estimated income coefficients for Britain indicate a sig. I
nificant and relatively high income elasticity for manpower supply,
over the period of analysis. But for the other countries, evidence of
such an effect is less clear. Thus, for the Canadian regressions and for
the U.S. and Australian time-series analysis, the absolute pay model
produces income elasticity estimates often of the "wrong" sign and not
significantly different from zero, And, except for the United States, the
standard relative pay model estimates also attribute little influence to
income in explaining enlistment rate variations over the period.

In each of these countries, real statistical problems underlie the
measuremernt of the effects of pay variations. A strong collinearity
between military and civilian pay movements, due to military wage-

K setting procedures, tied military wages closely to movements in civil.
ian wages during this period. In Canada there was, over the whole
period, no triaJor shift at all in military-civilian pay relativities, and in
the United States and Australia there was only one major relative pay
change that significantly altered those relativities.

The result is sim ply an inadequate range of observations for differ-
ential military and civilian pay changes, so that meaningful results on

i~I
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126 Withers

the influence of altering pay relativities are difficult to obtain, What
we do have are equations that can be used to analyze recruiting under
a compensation policy stressing the maintenance of military-civilian
income parity. In this context, we could then turn to analyzing which
other variables play a significant role in influencing variations in en-
listments,

At the same time, complete agnosticism is not necessary on the
role of altering pay relativities, Where collinearity is present in data,
the solution is to turn to extrasample evidence, In our case, we already
have the evidence from Britain, where pay relativities have been
more frequently altered and where recruiting-directed pay changes
have had clearly significant efTects upon inducing enlistments. Evi-
dence is also found in other studies of the United States and Australia
covering earlier periods where greater divergence of civilian and mili.
tary wages occurred either through deliberate military wage changes
or through civilian wages moving ahead of fixed military wages-e.g.,
Fisher (1970) ana Withers (1972a). In both cases, larger and more
statistically significant income elasticity estimates were obtained fr-om
quarterly time-series data for earlier periods,

Finally, whereas the regressions reported tended to rely upon
aggregate time-series data, cross-section data for that same period
could provide greater variability in relative military-civilian wages,
since military income is uniform nationally, whereas average civilian
incomes vary regionally, We already did this for Canada, but Canada
operated in an excess supply situation for a long time, so that enlist-
ment variations are dominated by quality acceptance rate variations,
leaving little explanatory role for other variables. A better test is with

F Australia.
Data for Australia were available on a quarterly disaggregated

basis, so a supplementary regression analysies was carried out using
ordinary least squares with individual constant terms, the latter
representing the Australian states. Analysis of covariance supported
the hypothesis of the homogeneous slopes and rejected that of homo.
geneity of intercepts, The results are reported in Table 1 as "Australia
(CS-TS)" and indicate the existence of highly significant, negative,
relatively large income elasticities over theft period, under both rela-
tive pay and absolute pay specifications niid without greatly altering
coefficient estimates for other wvriables. This affirms the importance
of colllnearity in reducing the explanatory power of income measures
in our regular time-series analysis, so that the US. results in this area
should be considered open to further examination also.

The Unemployment Rate

The second economic variable included in the regression analysis

':~~ ~ ............. .
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was the unemployment rate, justified as a proxy for risk aversion and
for variation in the distribution of civilian earnings. In all cases, elas-
ticity estimates were less than unity, but otherwise a clear divergence
in results among the various vountries is evident. For Britain and
Australia, elasticity estimates are significant and positive; for Canada,
they are not significantly different firom zero; and fbr the United
States, they are significant and negative.

For both Britain and Australia, the enlistment rate increases as
the unemployment rate increases, the effbct being larger and more
statistically significant for the army than for total defense enlistments.
The likely explanation is that in both countries the navy deliberately
seeks to attract younger recruits direct from school for long-term
engagement, and the air force attracts higher-quality recruits with
good civilian alternatives. The army, with short service terms avail-
able, is more likely to receive applicants In connection with increasingunemployment,

The British unemployment elasticities tend to be greater than
those estimated for Australia but are still less than unity, The lower
absolute level for Australia is consistent with Australia's experience
of continued fuill employment; until 1974, annual registered unemploy.
ment rarely rose above 2 percent, Over the period analyzed, Austra-
han unemployed would have had more confidence in being able to
obtain a job.

The Canadian and American experiences require different inter-
pretation. For Canada, the unemployment rate contributes little to the
explanation of enlistment variation, because of the absolute domi-
nance of the quality acceptance variable, which we discuss further
below. The Canadian military is the smallest, relative to population,
of the four countries, and it has easily the highest average military.
civilian income relativity for the years analyzed, The result is that the
Canadian military haa long operated with an excess of applicantsmeeting military standards, so that pay and unemployment effiects are

not reflected in the enlistments into the military during the recent
past.

The American results show that the unemployment rate is a statis-
tically significant explanatory variable but that Its influence there has
been negative, The army elasticity estimates here are also absolutely
smaller than for total defense, supporting the earlier hypothesis that
as unemployment rises, individuals apply more to the army than to
the other services. But this does not explain the net result of still
negative signs for both elasticity estimates,

A conceivable rationalization is that as unemployment rises, those
being laid off first are not acceptable to the military and are thus
rejected, As unemployment decreases, more poople may be willing to



128 Withers

quit jobs and investigate new careers, and these people would be of
acceptable quality, But this rationale should apply equally to Britain
and Australia, and besides we are able to control for quality effects
with the use of a separate quality acceptance variable. Clearly, other
explanations must be sought. One possible reason is that American
entrance standards became much higher during the long period when
a draft was in effect, so that at a time of secular increase in the
unemployment rate there was a corresponding increase in enlistment
standard requirements. Canby (1972, p. 36) has affirmed a steady in.
crease in rejection rates under the draft-primarily in the area of
increased rejections of applicants in lower mental categories at a time
of increasing general level of education-so that this would seem one
element of such an explanation.

Another (complementary) reason may lie in the different nature
of US, unemployment compared with that in Australia and Britain.
Recent literature, typified by Hall (1970) and Feldstein (1973), has
argued that unemployment in the United States has become high not
because of insufficient vacancies or job loss but because of increased
voluntary separations and withdrawals associated with the "second-
ary labor market" of women, youths, and blacks, Such problems seem
to apply less to Australia and Britain, in part because education is
more vocation-oriented, with less emphasis upon formal academic
qualifications. Also, the greater unionization of labor in both Britain
and Australia and a greater emphasis upon working conditions prob-
ably have meant less of a "dual labor market" there than in the United
States, Finally, the structural problems with regard to youth and
minorities are less for Britain and Australia. Britain, for various rea.
sons, does not have the same age structure problems as the United
States, and Australia has not had a similar minority problem.

Quality Acceptance Rate

The individual explanatory variable that is uniformly the most
significant in terms of statistical confidence levels is the quality accep-
tance rate. This was measured as the proportion of applicants who
were accepted and enlisted into the military, except for the United
States, where the proportion of Mental Category IV enlistees in the
total enlistment had to be accepted as a proxy in the absence of a
comparable applications series, Estimation on this basis indicated that
variations in the quality acceptance rate were a key influence upon
enlistment rate variations.

The sign of the estimated coefficient for quality acceptance is uni.
formly positive, as expected, and the coefficient is estimated to provide
"an elasticity of around unity, as is also expected a priori. Indeed, it
nmight have been assumed that this coefficient could be constrained to
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equal 1: a 1 percent increase in enlistments that a 1 percent increase
in the proportion of applicants accepted would lead to, This is not
strictly true, however, since various demonstration effects may accom-
pany changes in applicant acceptance, Given the extent to which
young men hear about military career opportunities informally
through the experience of their peers in applying for entry to the
military, a higher than average rejection rate may well induce a
change in the number applying for entry.

A real difficulty in interpretation of this quality variable, as it is
constructed, is that it may reflect simultaneity. This would be the case
with "creaming" of applicants in cases of excess supply, with quality
here becoming the market equilibrating variable. This is more likely
to influence total defense enlistment estimation rather than army
only, since excess demand situations tend to typify the latter.

Regressions without the quality variable do lower R', as expected,
but do not significantly alter the coefficient estimates on the other
variables, It was therefore felt appropriate to retain the quality accep-
tanre variable as an indicator of the enlistments potential of deliberate
(policy) increases in the proportion of applicants (or Mental Category
IVs) acceptable for military service. In a revised analysis, results
would be Improved if data could be obtained that actually measured
quality level itself-e.g,, a weighted average of -aptitude scores of
enlistees, No such data were available for this study for all countries,
though Its potential use is well illustrated in a study of U.S, Air Force
enlistments by Cook and White (1970).

Draft Pressure

The draft pressure variable applied only to the United States and
Australia. For Australia, there is no evidence of a major effect of draft
pressure upon enlistment rates. This result is not unexpected, since
the Australian draft took only a small percentage of eligible young
men and used a 2 0 th birthday ballot, which gave certainty as to draft
status and apparently induced most young men to take a chance on
being drafted. Also, there were few pay, promotion, or occupational
specialty benefits to be gained by volunteering ao opposed to being
drafted,

The estimates of U.S, draft pressure effects yield more significant
coefficients, with most of the effect operating through induced army
enlistments. The elasticities are positive, as expected, but indicate a
lower draft pressure effect than has been previously assumed, on the
basis of the U.S, Department of Defense motivation surveys conducted
in 1964 and 1968,1

"For deuti.ls of thee surveys and a discussion see Gilman (1970), pp. 4.10.
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No doubt, the difference is in part explained by the fact that the
time period used for our regression analysis included the switch to a
lottery draft in 1970. This means that the coefficient measures the net
draft pressure effect of two draft sý -tems, the latter of which can be
expected to have much less influence than was true for the system
operating when the motivation surveys were undertaken. This also
means, of course, that fears of a loss of induced enlistments,.based on
the earlier motivation surveys, were misplaced when it was a lottery
draft whose abolition was being considered. This conclusion is cer-
tainly supported by the Australian results with a lottery draft.

Of course, where the true draft pressure effect of the pre-lottery
U.S. Selective Service System lies is not clear, for while it will be
greater than is indicated by our time-series finding, it will also prob-
ably be less than is given by the survey results, since these had a
number of limitations regarding timing, coverage, method of adminis-
tration, and form of questions asked, most of whlch would tend to bias
the survey results upward in estimating a draft pressure effect (Gil-
man, 1970).

Military Tastes

In the absence of continuing poll data on public attitudes toward
the military or military service in Britain and Canada,' a constant
level and distribution of tastes for military service had to be assumed
for those countries. Since for Canada there was no rombat involve-
ment or major restructuring of nonpecuniary conditiors of service,
this is probably satisfactory. It might be less so for Britain, with the
situation in Northern Ireland and the decline of overseas service op-
portunities, but the one bit of survey evidence we do have, which
covers the period since 1971, actually indicates little change in public
attitude toward a military career.'0

The involvement of Australia and the United States in the Viet-
nam conflict, with the associated effects on objective conditions of
service and public attitudes toward the military, means that more
direct attention must be paid there to the role of tasteo. To test this
in the regression analysis, we used the surrogate measure of response

A search was made of available public poll data iled at the Roper Public Opinion
Research Center, Williams College, Madsachusetts (October 1974), as well as of unpub-
lished surveys for the relevant ministries.

Unpublished surveys by NDP Market Research Ltd., Ministry of Defence, London,
These surveys represent quarterly polls conducted since April 1971 and include ques-
tions dealing with attit udes toward the Armed Forces in general and military careers
In particular.

.



International Manpower Supply 131

to Gallup Poll questions on the Vietnam War ("Whether the U.S./
Australia made a mistake in sending troops to Vietnam"). A priori, for
the United States we would expect Vietnam to have been a positive
influence early in the war, through its appeal to patriotic, adventure,
travel, and pecuniary motivations for enlistment, but becoming less so
as public doubts about the wisdom of the commitment increased.

The regression analysis indicates a moderate positive influence
"upon enlistments for the United. States, with no significant difference
between the effects on army and other services' enlistments. The im-
plication is that participation in Vietnam, on balance, encouraged net
enlistments over the period.

In Australia, the public opinion parameter estimates are not sig-
nificant, are not consistent in sign, and produce estimates of elasticity
of quite small magnitude. This result is, however, compatible with the
different domestic experience Australia had in relation to the Vietnam
war, compared with that of the United States. In Australia, participa-
tion in the Vietnam war was exceedingly controversial from the begin-
ning, even before conscript troops were committed to service in Viet-
nam. The use of Australian troops directly violated strongly held La.
bour Party foreign policy beliefs, and Labour opposition to Vietnam
involvement was violent and trenchant. There was no period in Aus-
tralia when service in Vietnam was not under question, so that patriot-
ic motives for enlistment were considerably dimmed. Australian

H, experience in jungle and guerrilla warfare in New Guinea, Malaysia,
and Indonesia also left few public illusions as to the difficulties to be
faced in Vietnam, so that any thoughts of adventurism in enlisting
were also reduced. Finally, Australian overseas service allowances1< and benefits were quite minimal compared with U.S. provisions, and
living conditions in Vietnam were much less cormfortable for Austra-
lian sorvicemen.

In the United States, public opposition to the war never really
developed until after the 1968 Tet Offensive, and widespread public
understanding of the nature of an insurgent civil war was longer in
coming. The result was a period when patriotic, adventure, and
pecuniary motives would join to encourage enlistment and so produce
an average positive influence upon enlistment. The exact level of this
effect implied for the United States may noc, however, be that given
by our estimates, since there is some collinearity between draft pres-
sure and the Vietnam public opinion variable. The simple partial-
correlation coefficient is .77, and exclusion of either the draft or the
taste variable in estimation does increase the size of the remaining
coefficient and its statistical significance, which may also contribute to
some underestimation of the defense draft induction effect.

U'4
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Recruiting Effort

It was important to examine recruiting effort effects, both to im-
prove overall explanation of enlistments and because recruiting effort
is a potentially important policy alternative to military wage changes
in obtaining voluntary enlistments.

For Australia, we were able to measure recruiting effort by num-
ber of military personnel assigned to recruiting duties; and for Britain,
we used recruitment advertising expenditure. Adequate series were
not provided for Canada or the United States.

For Britain and Australia, the recruiting effort variables em-
ployed did not produce estimates of coefficients significantly different
from zero. The size of the coefficients also meant a very small elasticity
estimate. Since there was adequate variation in these variables and no
evidence of collinearity problems, it would seem that adjustments in
the level of army recruitment effort over the range of previous experi-
ence are not a very effective means of altering levels of recruitment.
Of course, what would happen for very large increases or decreases iii
such effort is a question unanswered here. It could be, for instance,
that a certain "floor" level of recruitment advertising and personnel
activity Is needed to maintain awareness of service opportunities,
even if beyond this point there is low marginal effectiveness to addi.
tional recruiting efforts. There is evidence from the United States,
"advanced by Epps (1973), that the introduction there of paid prime-
time recruitment advertising in 1971 did contribute substantially to
military enlistments at the time. But again there is no conclusion on
the longer-term effects (post-1971) or on the effectiveness of subse-
quent variations in expenditure. Until further evidence is obtained, it
would be unwise to rely upon changes in recruitment effort as a flexi.
ble instrument for enlistment policy,

Enlistment Term

Our evidence on the effect upon enlistment rates of altering the
length of fixed engagements offered is limited. Canada actually uses
indefinite career engagements with ralease on request. Elsewhere,
fixed enlistment terms of career engagement range from a minimum
of three years for army enlistments in the United States to a max..
imum of 12 years for some Navy artificer trades in the Royal Navy.
Most engagements are for three. to six-year periods, But the only
change in engagement terms identified was a shift to a shorter, three-
year engagement option for the army irn the United Kingdom.

A dummy variabl3 introduced to test the effect of this British
change in enlistment termrs produced neither a large nor a highly

4 . *.4t4iiC . .. ~ a ..... J * *
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significant coefficient, so that while a substantial number of recruits
did enter under this scheme (Kemp, 1970, p. 19), it seems that they
were largely men who would otherwise have signed up for a longer
engagement. The effect of such changes could be greater if liberal
"discharge-by-purchase" arrangements were not as readily available
as they are in the United Kingdom for army service,

IMPLICATIONS OF OVERSEAS EXPERIENCE

Argument by analogy is a notoriously poor substitute for direct
and thorough analysis. Particularly with intercountry comparison,
crucial differences in local circumstances will remain, no matter how
carefully the countries are chosen for their similarities.

Comparative study can be justified as being of interest in satisfy-
ing natural curiosity. But such curiosity itself can generally be seen
as deriving from a deeper motive, that of learning. Just as we can turn
to history for the lessons it may offer from different or broader previ-
ous experience, so we can also turn to the experience of other countries
for a broader perspective. And provided intercountry comparisons are
accepted as suggestive only, they clearly represent a useful form of
supplementary analysis.

In our case, we sought to gain insights from the military manpow-
er supply experience of four culturally similar nations: Australia, Brit-
ain, Canada, and the United States. A theoretical model of occupation-
al choice was developed and used to specify an econometric supply
function for military enlistment, The parameters of this function were
then estimated for each of the countries, using regression techniques,
end the results were compared, their similarities being discussed and
divergences analyzed.

It was seen that the economic factors of wage levels and unemploy-
ment rates do play an important role in influencing enlistment rate
variations, contrary to some expectations that pecuniary considera-
tions would not influence the choice of military employment. It is thus
important that these economic factors be fully considered in military
manpower planning and management.

For policy uie, military wage variations are affirmed as an impor-
tant instrument for recruitment, even though this importance may be
hidden when there is an equity-based linking of military wages to
civilian wage movements. A potential for influencing the enlistment
rate hy deliberate alteration of military-civilian wage relativities still
exists, and British and Australian experience indicates that elasticit-
ies of unity or larger may apply for the rango of moderate peacetime
military manpower requirements.
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Unemployment changes are also seen as being necessary to consid-
er in recruitment policy. Elasticities were uniformly found to be less
than unity in absolute value, But with a low base, a change of a few
percentage points in the unemployment rate can imply a large percent-
age change in the uner1loyment rate-e,g., to move from 6 to 9 per-
cent unemployment is a %00 percent change-with signiflcrnt potential
implications for recruiting even with elasticities below 1.

The exact form of influence of unemployment will vary greatly
with the national labor market structure and the previous history of
unemployment experience, so that in some cases unemployment rate
changes can be a positive influence upon recruiting and in others a
negative influence. The implications of changes in labor market struc.
ture, say, through national manpower programs, and of changes in the
national experience with unemployment should therefore be closely
watched for their possible effects on changing the way in which unem.
ployment affects recruitment,

The way in which draft pressure influences voluntary enlistment
was seen to be perhaps less for the United States than had previously
been accepted, It was shown by the comparison between Australia and
the United States to depend upon the level of operation of the draft
and its structure-factors that will need to be taken into account when
standby draft arrangements are planned.

A need for close attention to reviewing the process by which in.
quiries on and applications for military enlistment are transformed
into realized enlistments is indicated by the key importance uniformly
found to attach to variations in the quality acceptance rate in explain.
ing variations in enlistment rates, Comparative experience empha.
sizes the vital role played by the quality of supply offers forthcoming
and the acceptability of those offers to the military, yet this factor has
not generally been fully appreciated in most economic analyses of
military manpower supply; much more needs to be done,

To give one indication of the potential in this quality-acceptance
area, in Australia over the past decade tho Annual Reports of the
Director-General of Recruiting indicate that applications to enlist
were three times greater than actual enlistments and formal regis-
tered inquiries about enlistment were four times greater than appli.
cations, The interest in military employment is clearly there.

In contrast to the quality-acceptance variation, the comparative
analysis found little evidence to support the use of recruitment effort
and terms of engagement as flexible instruments of recruitment
policy. However, our information on these policy areas was more
limited than for other variables, so the -need for more research is
evident. But until such evidence is obtained, it would be unwise to
view recruitment effort and engagement terms as flexible policy vari-
ables.
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Military tastes were seen to be of Importance for U.S. enlistments
during the Vietnam war, which emphasizes the need to develop more
satisfactory continuing measurement of attitudes toward military ca-
reers and for Incorporating this information into manpower supply
analyses. Again, as with quality acceptance, this is an area of great
potential importance that most supply analyses by economists have
tended to neglect, Measuremont in this area is bound to be imperfect,
but such information will still form a useful supplementary tool in

recruiting analysis, Such analysis is hardly improved by entirely ig-
noring the matter of changes in attitudes toward the militdry,

The implications we have drawn from the recent experience of the
major English-speaking countries are supply-oriented, The next task
is the integration of manpower supply analysis with that of manpower
requirements. The basic approach adopted here does lend itself readi-
ly to that further development, though we should emphasize that the
specific conclusions reached above apply to the range of manpower
requirements experienced by the four countries over the last decade.
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MODELING RECRUITING DISTRICT
PERFORMANCE1

Christopher Jehn and William F. Shughart, III
Center for Naval Analyses

The number of enlistments in Navy Recruiting Districts during CY 1973Y
and PY 1975 it related to the number of recruiters and the size of the quota
after controlling for differences in district demographic and economic char.
acteristics. For both years, recruiters had very little effect at the margin, while
quotas inhibited recruiter productivity and reduced the number of enlist.
ments, Setting different quality requirements for each district would enhance
recruiter productivity.

INTRODUCTION

Knowing the characteristics of individuals with a high probability
ot surviving the first term of service is helpful to the services in their
recruiting efforts, of course. But it would also be helpful to know
where such individuals are most likely to be found, and whether Re-
cruiting Command policy can be changed to increase their recruit-
ment, For these reasons, we investigated the determinants of enlist-
ments in the 42 Navy Recruiting Districts (NRDs).

ECONOMIC AND DEMOGRAPHIC INFLUENCES ON
ENLISTMENT RATES

The boundaries of the 42 NRDs in CY 1973 were drawn such that

'The ideas expressed in this pa r are those ot'the authors, They do not neceaarily
represent the views of either the Center rot Naval Analyses, the United States Navy,
or any othier sponsoring agency.
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the only geographical unit that remained intact was the county. From
the 1970 Census of Population (1], we aggregated counties into Re-
cruiting Districts and calculated weighted averages for various popu-
lation, employment, and income statistics.'

The enlistment rate, E, for the 11h recruiting district is calculated
by dividing the number of male non-prior-service accessions for CY
1973 by the number of 17 to 21 year old males, M, residing in the
district (El = Al/M 1 ). Our estimate of the eligible population is less
than ideal in several respects. First, each Ml itself is simply the prod.
uct of the total male population in the district (from the Census data)
and the fraction of the total U.S. male population that was 17 to 21
years of age during CY 1973. We are thus implicitly assuming that the
age distribution of the male population is the same in each district.
Second, we have not adjusted the Mi for differences in eligibility for
military service across districts, Some districts may be more heavily
populated by young males who are likely to be ineligible for military
service because of poor performance on entrance tests, low educa-
tional attainment, or physical disabilities, Our estimate of the M, does
not adjust for this possibility.

We postulate that E is a function of the following variables:

BLACK - the proportion of the total population that is
black,

URBAN - the fraction of the total population living in
"urbanized areas and in places of 2,500
inhabitants or more outside urbanized areas
(Census definition),

EDUC - the median years of education for the total
district population,

U - the unemployment rate of the total civilian
labor force,

MIX - the proportion of the total civilian labor force
employed in manufacturing,

PCI - district per capita income (in thousands of
NETM.G dollars), and
,NETMIG - the percent net migration into (or out of) the

district between 1960 and 1970,

E = fBLACK, URBAN, EDUC, IT, MIX, PCI, NETMIG) (1) .1
V:I :K!,aials coen~J..1 1,.

These variables were chosen because of the availability of data on
•I: them, and because earlier studies found many of themn to be signifl-

a The Newark District became a separate entity midway through CY 1973, so we
merged it with the New York City District (of which Newark had originally been a part),
leaving us with 41 observations fbr analysis.

4J
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cantly related to enlistments. (See, for example, Refs. 2, 3, and 4.) The
exact qualitative influence of many of them is still ambiguous, though.
This is further complicated by the fact that the Mis are not accurately
estimated. Thus the estimated effect of the explanotory variables list.'
ed above may not only reflect variations in enlistment rates, but also
may reflect errors in the estimates of the Mi. In particular, u.ideresti-
mates of Mi will imply Et that are biased upwards, while overestimates
of MI will imply downward-biased E1. Thus, for example, any explana-
tory variable associated with underestimates of Mi will appear to have
a positive effect on enlistment rates.

We estimated several functional forms of Eq. (1). The best per.
former was generally the logit form, or

In 0 0X (2)

where In indicates the natural logarithm, the X, are the explanatory
variables listed above, and go and the Rj are the constant term and
coefficients to be estimated,

Table 1 presents results for total enlistments, The results are inter.
eating 4br several reasons, First, note that the explanatory variables
"explh.'.i" 68 percent of the variation in enlistment rates, as the R, of
.68 indicates, Second, the signs of the coefficients are consistent with
predictions of economic theory and previous studies of enlistment
behavior. Third, the coofficient on BLACK is negative and strongly
signiicant, indicating that the Navy has had relatively poor recruiting
success In heavily black districts.

Several important questions are raised by these results, The ob-
served number of enlistments from each district is not only a function
of potential recruits' propensity to enlist, It is also a function of the
Navy's quality restrictions, That is, the Navy does not accept all in.
dividuals who wish to enlist, but only those who meet minimum qual-
ity requirements. If the likelihood that a potential recruit meets the
Navy's minimum quality standards varies across districts, then the
regression in Table 1 is not analogous to a pure supply function, but
also has elements of a demand function,

Table 2 presents results for a regression where enlistments are
more narrowly defined to include only enlistees who are both school-
eligible and high-school graduates. The definitions of all other vari-
ables are unchanged, We expect this regression to be more analogous
to a pure supply function, since the Navy will accept virtually all
volunteers who are both school-eligible and high-school graduates.
The results in Table 2 are essentially the same as those in Table 1, but,

I'I
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Table I

REGRESSION RESULTS FOR LoGIT ENLISTMENT MODEL:
TOTAL ENLISTMENTS, CY 1973

Explanatory Variable Coeffleient t'value Eiasticitya

Constant -5,91 -8.59
BLACK -1,54 -4.33 -0,17
URBAN 0.382 1.34 0,26
EDUC 0,200 2.83 2.80
U 3,19 1.54 0.14
MIX 0.577 1.65 0.14
PCI -0.585 -4.85 1.69
NETMIG 0,497 1.61 0.01

n - 41
R2 .68

F . 11.3

aEIastiityi - Xj(I - E)Uj, where the Xj pre the explanatory
variables, E is the mnlistment rate, and the P1 are the estimated
coefficients, The bars indicate that the variables are measured
at their means,

Table 2

REGRESSION RESULTo FOR LOwIT ENLISTMENT MODEL:
SCHOOL.ELIGIBLE HIGH-SCHOOL GRADUATE ENLISTMENTS, CY 1978

Independent Variable Coefficient t-value Elaticity

Constant -8.35 -11.29
BLACK -9.12 - 5.54 -0.24
URBAN 0.0408 0.133 0.94
EDUC .391 5.15 4.52
U 8.76 3.93 0.38
MIX 0.115 0.804 0,03
PCI -0.676 -4.99 -1,96
NETMIG 0.591 1.78 0.02

n a 41
R2 - .86

F - 29.5

•--
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as expected, the quality of the regression itaelf has increased, The RJ
is higher (.86 compared to .68) and the t.values on six of the coefficients
are higher, indicating greater statistical significance,

Of particular interest in Tables 1 and 2 is the strong negative
coefficient on the BLACK variable, It is natural to wonder what this
result implies. It may, of course, merely reflect a distaste for the Navy
on the part of blacks, It may also reflect a systematic failure to recruit
blacks on the Navy's part, We have no additional evidence to present
on this issue, except to note that the Navy has generally done better
recruiting blacks in rural areas than in urban areas,

One fhctor we have thus far omitted from our analysis is the effect
of Recruiting Command policy, The results in Tables I and 2 may be
biased by this omission, The next section assesses the importance of
policy variables.

THE EFFECTS OF RECRUITING COMMAND POLICY

Data were available on three Rec:uiting Command policy varl.
ables: district budgets, the number of production recruiters (canvass-
ers) assigned to each district, and district recruiting goals (quotas).
Unfortunately, the budget data were not suitable for our purposes
here, Thus we present results only for the effects of canvassers and
quotas.

Canvasers

The canvassers (recruiters) the Navy distributes among the NRDs
can be expected to influence enlistment rates for two principal reasons,
First, canvassers deliver information to potential recruits. Informa-
tion about pay, fringe benefits, possible job assignments, and the like
may be more efficiently delivered by other means, such as advertising,
but the canvasser is also the potential enlistee's only direct contact
with the Navy, As such, the recruiter's experiences, anecdotes, and
descriptions of a Navy career represent important information which A
would be difficult to provide in any other fashion, Because this infor.
mation is, for the most part, delivered on a one.to-one basis, we should
expect the number of canvassers to have a positive and perhaps siza.
ble effect on the enlistment rate.

Canvassers also serve a screening and processing function. This
involves conducting personal interviews, administering tests, and
making background investigations. A larger number of canvassers In
a district should allow this function to be performed more thoroughly,
but it need not have any direct effect on overall enlistment rates. What
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is more likely, however, is that a larger number of canvassers should
allow for improved quality of actual enlistees.

This discussion suggests, then, that the number of canvassers may
be an important additional determinant of the enlistment rate in an
NRD. The next question to ask is, How should we expect the number
of cavassers to interact with the demographic and economic variables
that influence enlistment rates? That is, What is the appropriate frnc.
tional form for estimating the effect of canvassers? Economic theory
and our discussion of the effects of canvassers suggest several proper.
ties tLat an appropriate functional form should have

Because of the processing and screening function that canvassers
perform, as the number of canvassers approaches zero, the number of
enlistments should also approach zero. That is, in the absence of can.
vassers, other things remaining the same, no one would be able to
enlist in the Navy, As the number of canvassers rises, the number of
enlistments should rise. Enlistments may rise nearly proportionately
at first, but increases in the number of canvassers sh,' ald soon increase
enlistments at a diminishing rate, Finally, when the number of can.
vassers is sufficiently large, additional canvassers should have little or
no effect on enlistments, While an additional recruiter may not be able
to induce any additional enlistments, he should not discourage any.
Therefore, we expect that increases in the number of canvassers
should never decrease the number of enlistments,

On the basis of the evidence presented here, and in other studies
of enlistment behavior, it is reasonable to assume that the effect of
canvassers should depend on the economic and demographic char.
acteristics of the NRD. In districts where potential recruits have a
high propensity to enlist, additional canvassers should Increase enlist.
ments more than in NRDs where the propensity to enlist is lower.

This discussion implies that an appropriate functional form will
have the following properties:

1. As the number of canvassers (C) approaches zero, the num-
ber of enlistments (A, for accessions) should approach zero:
(C -o 0=> A -40).

2. The marginal product of canvassers (aA/QC) should always
be greater than or equal to zero: ((BA/aC) _ 0).

3. The marginal product of canvassers should diminish as the
number of canvassers increases: ((V"A/3C') < 0).

4, The marginal product of canvassers should vary across dis-
tricts as a function of the district's economic and demograph-
ic variables (Xj): [(8A/8C) = fXj)b.

5. Proportional increases in the eligible population, the number
of canvassers, and the quota should lead to proportional in.
creai.es in enlistments.

. ...... .
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We considered a number of functional forms that had some or all
of these properties. Two of them consistently outperformed the others
in terms of statistical criteria and also had all or most of the five
properties listed above, They were the logit function, Eq, (2) above,
and a "log.interaction" function:

nA C n C (3)
g=oIn -- + X In-

In Eq, (3), h M1/R. This procedlure thus standardizes all districts so
they are of "average" size,

We discuss the actual estimate of Eqs. (2) and (3) below. For now,
we shall describe the more general results we obtained when estimat.
ing all functional forms, In all regressions, all the variables shown in
Tables I and 2 were included, as well is a canvasser variable and
several other policy.related variables,

In all cases, the canvasser variable had a positive and strongly
significant effect on enlistments, Its inclusion in a regression did not
alter the signs of the coefficients on the other explanatory variables
(shown inTables 1 and 2). In functional fbrms where 8A/aC and 'A/aC'C
were not constrained to conform to our a priori expectatione, both
usually had the correct sign, That is, 8A/8C was positive, Indicating
a positive marginal product of canvassers, and 81A/8C0 was negative,
indicating a decreasing marginal product with Increases in canvass.
era,

Quotas

In addition to a cavasser variable, we also included a measure of
the quota or goal assigned to each NRD, While the NRD's quota is not
a fixed ceiling in the sense that enlistments in excess of the goal are
forbidden or severely restricted, the quota might be expected to serve
as a negative incentive for canvassers to greatly exceed quotas.

The Navy generally evaluutes the performance of an NRD on the
basis of whether its quota was met and, to a lesser extent, on the basis
of the degree to which it was exceeded, More important, if all NRDs
were to exceed their quotas for a year, the Navy would exceed its
Congressionally mandated end-strength or be forced to release othor
personnel, In short, if recruiting goals were habitually exceeded, this
would create some serious personnel management problems, For
these reasons, then, we expect that quotas should have some negative
Influence on enlistments,

This expectation was confirmed by our empirical work, When
quotas were entered as an explanatory variable in our regressiona,

.. . ..... .-
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that variable always had a positive and strongly significant coefficient.

This means that higher quotas were associated with higher enliot-
ments. Of course, this result would not be surprising if the Recruiting
Command "perfectly" allocated quotas, in the sense that the quota
accurately reflected the expected number of enlistmentu in a district,
However, we have been told by members of the Recruiting Command
staff that this is not very likely, We interpret our results (and other i
results not presented here) as evidence that quotas do lessen the effect
of canvassers,

This conclusion, incidentally, is one that the Rec-uiting Command
has drawn independently. As a result, the Recruiting Command is now
considering alternatives to setting quotas.

The Marginal Product of Canvrners

While it mry be comforting to confirm that canvasser, do not have
a negative influence on enlistment rates, ;t is hardli a surprisingresult, Thus it is desirable to know mere than the simple fauL that more
convasserm implies more enlistments. We would also like to know the i
effect on enlistinents of additional canvassers and how this effect
varies acroas recruiting districts.

"For this purpose, we wish to uqe a regression that is "best" in
terms of predicting enlistments, The Iog-inweraction fUnctional form
produced regressions that had ,hc lowest standard errors of estimate
and the highest adjusted R2. T-2..e 3 pmosents the results of our best
regression for kihool-eligible high-school graduate enlistments, In this
regression, the QUOTA variable wai divided by % and was also en-
tered as ite natural logarithm to aicount for the expectation that
izcreases in quotas should have a diminishing effect on enlistments.The results in T&ble 3 are very similar to those in Table 2, which

did not include the effects of canvassers and quotas. The URBAN and
MIX \variables are not included here bic-ase they do not improve the
explanatory power of the regressioiv reprtod in Table 3,

Of particular interest here, however, tj what the results in Table
S3 inply about the marginal product of canvastsrs. Recall that Table
3 is the result of an estimate of Eq. (3):

A = 01n C C
+ (3)

Then the marginal product of canvassers in the ith NPD is

)i = -, (go X): gjXij)' (4)

tx.. . . . . . . .
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Table 3

REGRESSION RESULTS FOR LOG-INTuEACTION ENLISTMENT MODEL:

SCHOOL-ELIGIBLE HIGH-SCHOOL GRADUATE ENLISTMENTS, CY 1973

Independent Variable Coefficient t-viluse

CANVASSERS (in C/X) -914.0 -4,74BLACK (BLACK,• In C/A) -232,0 -3.0l~

NET1VlG (NgTMIG In C/X) 87,5 1,83
EDUC (EDUC, In C/X) 49,9 3.95
U (U - C/X) 1496.0 1.34
PCI (PCI' In C/X) -71.8 -4.04
QUOTA (in QUOTA* In C/X) 93.7 3.77

n - 41

R2 - .91
F = 55U.9

Fquation (4) can be evaluated for each NRD, When evaluated at theL rmoans of the explanatory variables (the "average" NRD), the margin.
al product of canvassers is only 2.20. That is, one additional canvasser
yields somewhat more than two (2,20) additional school-eligible high.
school graduate enlistments, For individual NRDs, the marginal prod-.I,.,uct ranges ftom a low of 1,28 in the Richmondi district to a high of only

2.76 in the Pittsburgh district. In short, canvassers appear to have
very little effect on the number of enlistments, at the margin.8

This result may seem surprising, but there are good reasons to
believe it is a correct one. First, the average product of canvassers is
actually quite low, In CY 1973, the 41 NRDs iiad a total of 3,589
canvassers (including TEMACs) and school-eligible high-school gradu-
ate enlistments of non-prior-service males totaled 35,767. This implies
an average product of only 9.96 (35,767/3,589) school-eligible high-
school graduate enlistments per canvasser.4 Given this low average
product, our estimate of the marginal product does not seem an unlike-
ly one. Second, our result is not particularly sensitive to the functional
form we have chosen, Indeed, for the logit function, which produced
fits that were nearly as good as those for the log-interaction form, the
estimates of the marginal product were about half those given above.•I'

This result also holds for the marginal product of canvassers with respect to total
enlistments, For total enlistments, the marginal product, evaluated at the means, is 4.05,

'The average product for total enlistments is only 18.46, These average products,
however, understate the canvassers' workload, They also have responsibility for re.
crulting broken-service enlistments, Waves, reservists, and some other minor catego.
ries. With all accessions as the base, the average product in CY 1973 was 27.14.

V'
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Frohrformns that allowed the marginal product to vary across
NRDs, the estimate of marginal product was always below 4.0.

The low marginal product of canvassers has several implications.
First, because the marginal product of canvassers is so low, reallocat-
Ing canvassers In order to equalize their marginal product across
NRI~s does not lead to a significantly greater number of' enlistments."
Second, becauge their marginal product is so low, reducing the number
of canvassers will 'not have a 11arge effect on the numnber of enlistments
or their iveraige quality, This in A particularly important Implication
today, because Congreso has cut the recruiting budgets of all services
With a smaller recruiting force, however, the allocation of canvassers
among NRI~s may be more Important than it was in CY 1973.

Tlbeae ýesults raqy also have implications about the functions of
caiuvassers. Their~low, marginal product may imply that their "sales"
or information-dolivery function is a reslativoly unproductive one. This

A suggests that more efclent screening devices would fre mbre time
fbr Information delivery and hence incre~ase oulistments, or, alterna-
tively, allow a smaller ,eanvasser force to producwe the same number of'

The results in Table 3 could be used for purposes other thati dpter-
*mining the optimal allocation of canvassers, If the Recruiting Coln-.
rnand decides to eovtlnu: setting quiotas, these results caii be used to
determine the "optimnal" quota in each diatrict, gi'~en the numiber of
canvassers. In this oontext, an optimal qjuota would be one that not
anly represents a reeionable or thir goal, but one that is likely to
maximize the, quality uf recruits,

The regre~sor1 hi Table 3 can also be used to evF-luate the perfor-
mance of the NRDs, Table 4 listR thoise NRDs ijur which actual enlist-
mnents exceeded or Ibll short rXfpredicted enlistments by more than one
standurd ei'ror, It is ilempting to view those NRDs with positive devia-
tionb as NR~r with "good" performance, and th03C- wi;th negative
deviations as NRDs with "bad" per.'ormance. Hiowever, differences
between nctu.l azrd predicti~d ortlistments can arise for several rea-
jor-.s. On~e of theoe I-, of couriss, pc-o-r pe3rformance or pioductivity by
the personnel in the district. Ho%. ever, aw'h (11 ferences may A ]so be
due to iriisspecification of the regression model --such efi the wrong
fuinctional form or omitted explanatory variables-or simply random
fluctuations. For this reason, differences between antual and predicted

Using the results In Tuble 3, we calcuhittod the optimal number of car'vassers In each
diitrict and then estimated the number of school-eliglljle high-school Fttduates this new
distribution would have produced. With the actual distribution ol canvasserv in VY
1973, the regreuuion of Table 3 predicted a total of 35,604 school-eligible high-school
grduat~e enlistments, (The actual totalI was 35,767.) With c-invassere allocated optimal.
ly, pi bdictod enlietmento were only 35,795, or an bicrease of only three-tenths of one
percent,
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Table 4

NRDs FOR WHICH PREDICTED SCHOOL-ELIGIBLE
HIGH-SCHOOL GRADUATE ENLISTMENTS DIFFERED

SIGNIFICANTLY FROM ACTUAL ENLISTMENTS

D eviations
Positive Negative

Denver Buffalo
Milwaukee Columbus
Montgomery, Ala. Jacksonville
Washlngton, D.C. Kansas City

enlistments should be thought of as evidence that the regression is not
reflecting some influences on enlistments, For an NRD with a large
deviation from predicted enlistments, a more detailed examination of
the circumstances may reveal what is causing th, dieviation and may
give the Recruiting Command important insights into the recruiting
process.

CONCLUSIONS AND RECOMMENDATIONS

Two principal conclusions can be drawn from the preceding analy-
sis. First, the primary determinant of the number of enlistments in an
NRD Is the characteristics of the population in the district. Second, the
number of canvassers in a district has a small effect on enlistments,
at the margin, The implication of these findings is that a modest reduc-
tion in the number of canvassers will not seriously affect the Navy's
ability to recruit, in terms of either quantity or quality.

The low marginal effect of canvassers suggests that their informa-
tion-delivery function is relatively unproductive and possibly even
unimportant. If so, adoption of more efficient screening techniques
would free canvassers' time for "selling" or would permit a smaller
canvasser force,

We believe our work has several other implications for Recruiting
Command policy. First, we have shown that quotas have a negative
influence on enlistments and the effectiveness of canvassers, Thus we
can only encourage the Recruiting Command in its search for a man-
ageable alternative to setting quotas. If quota-setting is not aban-
doned, we recommend that the results of our work be used to set them
in a manner that minimizes their undesirable effects.
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Our work can also be used to allocate canvassers more efficiently.
Although this would have little impact in the near term, a smaller
canvasser force may make optimal allocation more important in fa.
ture years, We have begun collecting data for the purpose of estimat.
ing Eq. (4) (and others, if necessary) for FY 1975. This exercise will be
an important test of the validity of the results presented here. It
should also allow us to improve the accuracy of our predictive equa.
tiona.

We have also argued that our regression equations can be used,
with caution, to evaluate the performance of individual NRDs. We
recommend a careful investlgaticn of the recruiting situation in any
district whose enlistments are not accurately predicted by the regres.
sion equations, There may be important lessons to be learned from the
experience of districts with below-average productivity as well as
those with above-average productivity, Our analysis of FY 1976 data
should facilitate this process, since FY 1975 experience may be more
relevant for current policy, The Recruiting Command has made a
number of policy changes since CY 1973 which may have significantly
affected the productivity of individual NRDs and their canvassers.
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A MEDIA MIX TEST OF PAID RADIO
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Prior to Congresuional restrictions in FY 1972, the services had unreutrlct.

ed access to both comtmercial television and radio; however, the Army was the
only service that availed itself of these media, Primarily due to the lack of a
detailed experimental design and to insufficient time within the paid broad-
cast media, the Army's results were not conclusive enough to justify a return
to unrestricted paid broadcast avertising,

A more systematic and extensive paid radio advertising test involving all
four services has since been conducted in 24 radio markets with 24 matched
control markets. Effects during and after the test were measured, The test is
described here, including (1) the method einployed for selection of the radio
test and control markets, (2) the experimental design developed to evaluate
the effects on recruitment of paid radio advertising, and (3) the results of the
test, comparing eft'cts on intermediate recruitment variables such as Image
and attitude changes, Increases in telephone inquiries and walk-in traffic, and
discernible changes in the enlistment pattern among the target audience in
the matched experimental and control markets, Finally, some of the market-
ing and statistical tools used by the larger consumer product companies, which
were found applicable in the conduct of this test, are demonstrated,

INTRODUCTION
This paper describes an experiment designed to evaluate how well

paid radio advertising can meet the advertising objectives of the mili.
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tary services in support of active force personnel procurement. The
differences between a true experiment and the more common time
series of historical data should be made clear at the outset. Webster
defines an experiment as "a trial made to confirm or disprove some.
thing doubtful" and "an operation undertaken to discover some un-
known principle or effect." An integral part of a controlled experiment
Involving a set of markets is the random assignment of individual
markets to the test and control conditions, Time series analyses rely
on multivariate techniques such as multiple regression analysis to
untangle the effects of the many variables that interact In any real
world situation, However, the assumptions of the regression model
are rarely met. Moreover, time series analyses usually raise problems
of multicollinearity, and if cross-sectional analysis is introduced to
circumvent such problems, the criterion effects are frequently con.
founded with variables that are mismatched across markets with high
levels of the variable of interest (i.e., test markets) and those with low
or zero levels (i.e,, control markets).

The central question in choices of media mix is responsiveness, We
would like to be able to anticipate how markets are apt to respond to
changes In the media mix. An experiment was felt to be the best tool
to provide reasonable assurance of fuiture outcomes, Although experi.
ments are more expensive and more time-consuming than most alter-
native approaches, experimental results are almost always more valid
and more reliable than the results of other methods.

This advertising experiment was executed during the fall of 1975,
and the analysis of the test is still going on. This paper will report only
those preliminary results that were available prior to the start of the
conference,

BACKGROUND

Until the experiment, the Department of Defense ýDoD) had not
used paid broadcast advertising in support of military recruiting since
1971, The military services have developed their advertising media
plans without access to either radio or television advertising except on
a public service basis,

It is the policy of the DoD to seek Congressional approval to use
paid broadcast advertising if it should prove to be cost effective fr•om
the point of view of the services' recruit advertising programs. The
following statement is the official DoD position:

The Department of Defense continues to favor a balanced
media approach to recruit advertising, free from prohibitions
with respect to media options, The Department of Defense is
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analyzing the relative effectiveness of paid broadcast advertis.•
ing in support of the All Volunteer Force. The results of this
analysis, should paid broadcast advertising prove cost effec-
tive, will be use as rationale in requesting the consent of A
Congress for all components of the Defense Department to
emplo paid broadcast recruit advertising if they so desire,
Such gongressional consent would enable each component to
develop media plans without specific media prohibitions,1  1
To date, the analysis referred to in the above statement has in.

volved a media study conducted by the Office of the Secretary of
Defense (OSD) and the simultaneous test of paid radio. 1

The OSD media study evaluated the cost efficiency of including

paid broadcasts in service advertising media schedules in terms of
target audience delivery (e.g,, target audience reach and frequency).
The media study concluded that the use of paid broadcast (radio and/or television) advertising could have a positive effect on service adver-tising budgets in either of two directions:

1, Greater target audience reach and frequency for the same
budgets.

2, Similar target audience reach and frequency with lower bud.
get levels,

Audience delivery efficiency, however, is a necessary but not suffi- A
clent indicator of advertising media effectiveness. Effectiveness is also
dependent upon the inherent ability of the medium to convey a mes.
sage plus the specific creative execution used in the advertising,

OBJECTIVES OF THE TEST

General Purposes

The primary objective of the research was to measure the ability
of paid radio advertising to contribute to the recruitment efforts of the
armed services. Since media efforts presently exclude paid radio, the
central question was how radio would perform relative to present
media use when gross impressions' on young people between the ageo
of 17 and 24 are equalized for a media plan containing a mix of radio
and other media and for a media plan containing only other media, We

'Office ofthe Assistant Secretary of'Defense (Manpower and Reserve Aflahrs) memo-
randuM to Assistant Secretaries of the Military Departments (M&RA), 31 March 1915h.

' The term "gross Impressions" refers to the sum total of exposures to the full list
of' media used during a specified period of time,
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also hoped to gain a considerable amount of insight into how radio
might best be used, should it prove to be an effective medium.

The objectives of the test were modest. However, given the gener-
ally negative experience of media tests, we reasoned that it would be
unwise to be more ambitious in the first experiment, It was hoped that
one solid, clean experience would lay the groundwork for future work
with controlled experiments.

Specific Performance Criteria

There are a large number of ways in which the effectiveness of
advertising can be measured, The most important one is the desired
end result-in this case, accessions. However, enlistment effect is prob.
ably also the most difficult criterion to influence. Advertising, when it
is successful, operates in a variety of ways,

One potential effect, often obtained in the early stages of a cam-
paign, Is a change in public awareness of the service being advertised,"

A second possible effect is a change in the amount and nature of the
information being communicated, Third, if the information com.
manicated interacts favorably with the value systems and predisposi.
tion of the person exposed to the advertising, that person's attitude
toward joining a service may change in a positive direction. And final.
ly, the exposed person may take some specific action toward enlist-
ment, such as making an inquiry by mail, by telephone, or in person.
He may even take an enlistment qualification test.

There are .no clear-cut rules as to which of those criteria are apt
to he affected by a given campaign, or in what sequence they are likely
to be affected, The safest procedure is to measure them all, and that
is what we did. We measured:

* Coi.tracts for accession.
a Inquiries by mail, telephone, and in person (at both national

and local levels),
• Predisposition toward joining a service,
0 * Awareness and knowledge of specific programs and benefits

"offered by Individual services,
0 Awareness of armed forces advertising.

This list is arranged in order of presumed importance. In other words,
the most important effect that could possibly occur would be a direct
increase in contracts for accession, Next would be people taking ac.
tions that might be precursors to joining a service. Then comne favora-
ble attitudes, knowledge, and awareness of advertibing-in that order.
Interestingly, the more important the criterion, the more difficult it is

I,
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to change it through advertising. The easiest measure to change Is
advertising awareness, and the hardest is contracts for accession,

DESIGN OF THE TEST

Philosophy and Overall Design

In designing the test, we used the principles of experimental de.
sign developed originally for tightly controlled agricultural experi-
menti These allow the researcher to sort out the effects of the variable
of interest (in this case, our two types of medis schedules) flrom the
effects of the many other variables that inevitably intrude on a test of
this sort and mask the effects of the key variable. In real world egperi.
ments, some compromises are inevitably required because of budget-
ary and time limitations, This section spells out the nature of those
compromises.
The Unit of Analysis

Markets were chosen as appropriate test units because they were
the smallest geographical unit within which media-in particular,
radio-could be manipulated efficiently, After discussions with service
advertising media planners, we decided that markets would be defined
as SMSAs (Standard Metzopolitan Statistical Areas) because many of
the data required for matching and for evaluative purposes were
collected using that particular fbrm of market definition,

Combinations of Services to be Represented

Further discussions with service advertising managers indicated
that there would be few instances in which all four services would be
advertised in the same markets simultaneously. At the same time,
pairs and trios of services did seem likely, and we hypothesized that
there might well be Interaction effecto between the combinations of
services doing the advertising in a particular market. Accordingly, we
compromised on a design that allowed us to measure two of the many
conditions that might result should the services be permitted to use
paid radio advertising: a service advertising alone, and a service ad-
vertising with two other services. We hoped to be able to make some
reasonable interpolations for the missing conditions,

The Experimental Design

One of the principal tradcoffs in selecting test and control markets

............ . .. ~. .....
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is that betweon projectability and the precision of market matching.
Markets can be dispersed geographically, which aids projectability, or
they can be concentrated in clusters, which aids matching. Complicat-
ing the situation in this study is the necessity of representing each of
the four services alone and in combination with the other services,

The design selected represented a compromise, It required eight
triads of matched markets, as shown in Table 1, Within each triad, two
markets were to serve as test markets for one of the test conditions,
and one was to serve as a control. Test markets were so named because
some form of paid radio was used in them, Control markets main.tained a nonradio schedule, The use of a single control market in each ,
tried was & concession to cost. Also, we were particularly concerned
about having a large enough sample of markets for the new test
condition (occasionally in the course of a test like this, markets have
to be dropped for one reason or another, e.g,, natural disasters). More..
over, we felt that we might, if necessary, make some of the control
markets do double duty against test conditions in triads outside their
own,

Table 1

RESEARCH DESIGN

Market Triad Test 1 Test 2 Control
Single Advertiser,,Air Force Bowlinlg Ormen Boise Cooper

Army Columbus, Ohio Atlanta Omaha
Marine Corps Augusta Dothan Charleston, S,C.

SNavy Lansing Knoxville Bing/hamton

Three4Servlce Simultaneous
Advertiser

AF/A/MC t2enver Kansas City Albany
A/MC/N Louisville Seattle Portland
10.C/N/AF Valdosta Baton Rouge Shreveport
NAF/A Altoona Spokane Yakima

Market Matching

The history of media testing is not very encouraging to people who
hope to conduct such tests, Typically, the effects of extraneous varl.
ablep overwhelm the effects of the test variables and results cannot be
interpreted, To hold this risk to the lowest possible levels, we took
great care in matching test and control markets before the beginning
of the test.
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To begin with, a list of 175 possible SMSAs was compiled. The
largest 155 were markets for which Arbitron ratings (a standard radio
source) were available. Ratings for larger markets are compiled from
consumer diaries, but we also included a set of 20 smaller markets to
provide some representation for that particular size bracket, The list
was then "purified" by excluding markets considered too large for
testing purposes, markets with special media problems, and markets
with large military bases.

For the surviving 138 markets, we ran a regression to identi*
variables associated with quality accessions (male high-school gradu-
ates in Mental Categories 1, 11, and III divided by Qualified Military
Avallables (QMA)), clustered markets into groups with similar profiles
across the relevant variables, randomly chose starting point markets
within clusters, developed triads around each market chosen, and
randomly assigned markets within triads to the test and control condi-
tions. The following equation shows the regression coefficients ob-
tained from the first step in this process:

Accessions/QMA - -. 00001 + .5772 (recrui toes/QMA)

.7814 (QMA) - .2031 (% working women)

-. 1857 (% owner-occupied housing) + .1498 (% black)

Multiple R .5532

However, even the best pre-test matching procedure is subject to some
risk. With bad luck, the random aspects of the selection process can
cause unbalanced test and control groups, Moreover, markets that 4
appear to be matched on one basis before the test begins may appear
out of balance when further data become available. Thus, to guard
against random mismatches, an extensive post-analysis was made of
the base period differences between the test and control markets.

An examination of 148 variables, 21 of which were designated as
criterion measures and the remainder as covariates, showed that very
few of the criterion measures were mismatched (fewer than would be
expected by chanlce). Results were similar for the covariates, More-
over, none of the latter group bore a very strong relationship to any
of the criterion measures. Table 2 shows a portion of the covariate
data for the Air Force,

Sotirces of Information Used In the Investigation

Five major sources of inf'or'mation were used in the course of the
investigation.
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"Table 2

AIR FORCE: ARMED FORCES COVARIATE DATA, TEST PERIOD

Markets
Item Test Control

Unemployment rate (10/1/65) 6.75 7.38
Wage rate (10/1/76) 199.64 220,26
No, o" stations in market divided by QMA .02 .02
Total number of station open hours divided by QMA .20 J15
No. of males walking past offices or signs during four

sample periods divided by QMA .01 .01
Quota 9.12/75/QMA .49 .45
Percent achieved 9-12/75 108.62 105.00

Percent 22 and older 18.84 22.59
Percent 17 and 18 42.11 39.29

ii'ilSchooling Percent high school graduate 41,28 87,32

Percent 1Ith grade or less 35.99 36,03
Mean high school grade level 2,20 2.23
Percent in college prepnratory 54,77 56.98
Percent in industrial/vocationtal 30.80 25,72
Mean math level 2.43 2.43
Percent passing electricity/electrunics courses 20,39 16.68
Percent with high school military training 4,58 8.95

Car, Radio Ownership
Percent owning car 70.90 71,90
"Percent with working car radio 64.89 66,11
Percent with working portable battery radio 57.88 58,16

I Ethnic
Percent Hispanic (Cuban, Mexican, Puerto Rican,

Spanish) 1,87 3.44
Percent black 10.28 7,62
Percent nonwhite 14.82 13.79

Household Type
Percený with parents or guardian at home 72,08 68.92
Percent In own home/honsehold head 20,00 21.99
rP•rcent In dorm or other college building P. 20 1.99

'.1
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* A telephone survey of consumers (three waves of' 1,800 inter-
views each of men aged 17 to 24 and with a probability sam.
ple of the 24 markets).

* An audit of recruiting stations (all stations in the 24 markets
were visited, and a follow-up telephone audit was made of the
largest stations),

* Service data on inquiries and contracts for accession.
• A databank based on secondary sources.
* Service advertising agencies.

Highlights of the procedures used in gathering information from each
of these sources are covered in the following paragraphs.

The Consumer Survey
The role of the consumer survey was to provide information on the

criterion measures relating to actions taken (e.g,, inquiries recalled),
predisposition toward the services, knowledge of their programs, and
awareness of armed forces advertising, In addition, data on a host of
covariates were gathered,

The general research design called for monitoring each market
before the beginning of the actual test in order to establish a normal
or "base" level for that market, During the test period, the changes
of each market from Its base were monitored, and the changes In the
test markets were compared with those of the control markets. In a
perfect test, that is all that would be required, However, in the real I
world, many variables beyond those we know we are varying can
affect our criterion measures. Fortunately, If we are able to measure
them, we are also able to make some statistical adjustments for their
effects, These variables are called covariates, because they covary
with the measures of direct interest to us (our criterion measures).

To give ourselves the greatest possible rhance of a meaningfil
analysis, we attempted to measure every covariate that we thought
might conceivably influence our criteria, Questioning covered a vari-
ety of areas, including:

. The probability of choosing various career alternatives, in-
cluding enlistment in each armed service.

0 Attitudes toward each service and toward the military in
general,

0 Awareness and knowledge of recruitment programs and the
communications objectives of individual services.

' Awareness and recall of advertising copy.
0 Recall of contacts made with or inquiries made of services or

recrtiting personnel.

....
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* Media habits.
* Past family associations with the armed services.
j School grades and types of educational programs enrolled in.
* Demographic data such as age. education, occupation, mari.

tal status, income, and residential status.

The survey itself was a three-wave, before/after telephone survey
conducted in test and control markets among a probability sample of
men 17 to 24 years of ago with less than three years of college and no
previous military involvement, The first, or base, wave was conducted
just before the start of test advertising (between August 21 and Sep.
tember 7, 1975). A second wave was conducted at the midpoint of the
test period (between October 11 and October 25, 1975), and a third at
its close (between December 6 and December 19, 1975).

Tne Audit of Recuiting Stations

The primary purpose of the audit of recruiting stations was to
gather data on the volume of local inquiries received by mail, by
telephone, and in person. However, we felt that these also might be
affected by covariates and that the nature of the recruiting stations
might In turn have an effoct upcn the rate of accessions and c.T.her
performance criteria, Accordingly, we once again obtained iribonrrc..
tion on a large number of potential covariates, These included:

* Number of stations.
• Total size of staf.'
* Number of production recruiters.
* Number present in the office at the time of an audit of the

recruiting station.
* Average grade of production recruiters,
• Number of hours stations are open.
* The extent to which stations are in central cities,
* Whether they are in retail areas or residential areas.
• Whether they are in nonwhite areas.
* Whether they are in storefronts, shopping centers, or nialls.
• Whether they are at street level,
• How visible they are.
SWhether other services have stations in the immediate area.
* The number of telephone lines and instruments.
* C.nvenience of parking facilities.
* Foot traffic past offices during sample periods.

Still another factor that we thought -night have a bearing on the
performance of our criteria was the status of individual stations rela-

".11
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tive to their quotas. For example, stations that are short of their
quotas may, in the short term, have higher production records than
those that have comfortably exceeded them.

The foregoing data were obtained in this manner: Each of the
recruiting stations in the 24 test and control markets was visited and 4
information was gathered on the characteristics of the station, its
location, its personnel, and its methods of operation, In addition, a
special telephone audit was made of a representative sample of high.
traffic stations. These accounted for more than 70 percent of all Inquir.-
ies. Recruiters were asked to keep track of unsolicited inquiries by
mail or in person during a random time sample of the hours during
which the stations are open, About 30 seven-hour days, or about 200
hours in total, were audited in each market, A typical atation was
audited about 40 hours during the base period and about 80 hours
during the test period.

Service Data on Inquiries and Accessions

Inquiries are received at national centers as well as at individual
recruiting stations. Inquiries received at the national centers but origi-
nating in test or control markets were tabulated as part of the input
data and represent one of the criterion measures.

Similarly, DoD data on accessions were compiled for all test and
control markets for the base and test periods, and they represent
another criterion measure.

Secondary Sources

Databanks. The data mentioned earlier in conjunction with the
marketing matching process also have potential valne as covariate
data. They contain variables such as:

a Unemployment rates.
0 Wage rates,
* Qualified Military Availables. -

* Population.
* Percent of the population that is black,
* Percent working women.
• Percent owner.occupied dwulling units.
* Demographic characteristics of the maarket.

The data were gathered from several soueces, primarily from a data-
bank of economic and demographic. information compiled largely from
Department cf Commerce records.

Service Advertising Agencies. Each service advertising agency
provided detailed information on media delivery in each of the 24

A I - I k. t U . . . ...... J
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markets. These, of course, are likely to be important covariates, They
include:

* "Reach" obtained in each market (the proportion of people in
the target group ecposed to one or more messages).

• "Frequency" obtained in each market (the average number
of exposures per exposed porson In the target audience).

* Gross Impressions obtained (the total number of exposures).
* Separate data for Sunday Supplements, outdoor advertising,

and magazines,
* An audit of Public Sei-vice announcements run on radio or

TV.

ANALYSIS AND PRELIMINARY RESULTS

The design used makes possible the evaluation of test results at
several different levels of generality, At the most general level, the
performance of our criteria in all 16 test markets can be contrasted
with that of the eight control markets to provide measures of the
effects of paid radio for the total DoD, Second, the performance of each
individual service in its eight markets can be compared with its four
control markets. Third, interaction effects can be estimated by con-
trasting what happens when a service advertises alone with what
happens when It advertises with other services."Our specific plan of analysis Involved detailing of 21 criterion
variables, including contracts for accession; local inquiries (total,
phone, walk-in, and first male contact); national inquirios (total, phone,
and mail); recalled actions (read direct mail, responded to mailing,
made toll-free call, sent in coupon, and total of mail plus toll.free plus
coupon); attitude measures (in planning for next few years, some possi-
bility of joining, very or fairly likely to join, linear probability, log
probability, and rating general idea of enlistment for others); advertis-
ing awareness; and radio advertising awareness, All criterion mea-
sures are available on a seevice-specific basis.

The rationale for the statistical analysis plan called for factor
analysis by service of the 21 criterion measures to produce a reduced
set of underlying variables, if possible, for further analysis. Next, the
large number of covariates was too large for the available degrees of
"freedom afforded by the experimental design, Therefore, it was neces-
sary to screen them down by cor•relating them with the factor-
analyzed criterion measures. Covariates that are both mismatched
across service test and control markets and significantly related to the
reduced set of criterion measures across all four services were to be
used to adjust the data for lack of experimental control. Analysis of

.1 l l l l lI
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variance would then be conducted to determine if any observed diffter-
ences between test and control markets on the reduced Pet of criterion
measures were statistically significant.

Table 3 summarizes preliminary test results for the 21 criterion
variables, Since significance tests had not yet been applied at this
writing, these preliminary results ehow direp.tion of change only and
cannot be assumed to show real changes. A plus in Table 3 Indicates
that a criterion measure shows a positive difference when control

Table 3

CRITERION MEASURE CHANGES

Air Marine
Criterion Variable Force Army Corps Navy

Contracts for Accession 4 4. +'I

Local Inquiries
Total + 4. + +
Phone + + + I.
Walk-in + + + +
First male applicant + + + + •,

National Inqalries.
Total + + +

Phone - + - +
Mail + 4 -

Recalled Action#

Read direct mail + + -

Responded to mailing + ' . -

Called toll free no. + +
Sent in coupon + -

Mail + toll free
+ coupon

Attitudes
4: In plans for next

few ybars
Some possibility of

joining
Very/fairly likely

to join - -

Proh•bility (linerir)
Pro•i.billty (log)
Idea of enlistment + + + +

Awareness
Of military advertising + + + +
Of radio -dvertising + + + +

+ ÷ Favors radio markets.
- , Favors control markets,
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market values (test minus base periods) are subtracted from radio
market values (test minus base periods). In other words, a plus shows
the radio advertising media mix outperforming the control market
media mix on that particular criterion,

CONCLUSION

It should be noted that this radio experiment has been undertaken
as one component oe'a larger analysis addressing the issue of the
effectiveness of paid broadcast recruiting advertising. The informa.
tion output of this analysis and research process will be used by the
DoD to help determine advertising policy within the DoD and to seek
Congressional consent for paid broadcast use if it proves cost effective.

H The specific analytic plan outlined above for this paid radio study
is intended to aid DoD policymakers in evaluating specific policy is-
sues of access to paid broadcasting, Although micromanagement is-
sues concerning advertising resource allocation are not the primary
purpose of this study, a great deal of follow-on diagnostic analysis is
possible using this experimental data base, These data will likely be
used by the individual military services for micromanagement pur-
poses.

This particular media study should serve to illustrate the demands
on management and researchers alike required to measure recruiting
advertising effectiveness, Multivariate experimental design (quasi-ex-
perimental at best) is the research tool that can accomplish this but it
is demanding, complex, time-consuming, and costly. The study de-
scribed here has a very narrow objective, As experimentation is used
for expanded objectives such as determining tradeofib between re-
cruiters and advertising or among recruiters, advertising, and enlist-
ment bonuses, the demands on management and the researcher will
become much greater,

Measurement of advertising effectiveness for recruiting is a chal.
lenging task in and of itself, DoD managers should attempt to improve
his understanding of advertising productivity through the Judicious
use of experimentation to provide data for modeling the relationships
between advertising and quality accession effects. Experimentation
can be combined with tracking (descriptive studies) of such intermedi-
a'te criteria as awareness, attitude, and inquiries. The tracking results
can then be used to estimate accession effects based on the models
developed through experimentation.

.i -Iad4i't 2ii~L U2 ilti~,
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A MODEL FOR ESTIMATING PREMATURE
LOSSES1

Robert F. Lockman
Center for Naval Analyses

Recruits whojoitned the Navy during the ftrst year of the all-volunteer force
were tracked through their firat year of seruiv., Background and selection test
data are related to premature discharges from this cohort, and estimated
chances of surviving the firit year of uervice are presented in a table, The table
can be used for planning recruiting policy and screening applicants for enlist.
menit.

BACKGROUND
Navy concern about early losses of first-term enlistees led to this

study. Nearly 80 percent of the enlistees in 1970 had been prematurely
discharged by the end of 1974, and projections for subsequent years
were even higher [1,2]. The Navy was concerned not only about the
effects of the losses on training plans and fleet readiness, but also
about the dollar costs. The average cost of getting one recruit to his
first duty station following graduation from recruit training exceeded
$3,000 in FY 1975.2

Consequently, the goal of this study was to develop a model of
losses during the first year of service that could be used to evaluate
recruiting policy changes and improve the screening of applicants for
enlistment,

'The ideas expressed in this paper are those of the author. They do not necessarily
represent the views of either the Center fbr Naval Analyses, the United States Navy,
or any other sponsoring agency.

enlis ment
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ENLISTED LOSS MODELING

In planning recruiting policy, the Navy uses a four-way combina-
tion of educational level and mental ability in conjunction with the
number of recruits needed:

High-School Non-High-School

Graduate Graduate

School-eligible ..... A B
Non-school-ellgible ... C D

School eligibles are individuals with above.average mental ability as
measured by the Navy Basic Test Battery used for selection of en.
trants into the Navy and into technical training.

Overall recruiting goals are set, then the desired ratio of recruits
in the lettered quality categories (for example, 4A plus B for each C
or D) or the desired percentages of school eligibles and high-school
graduates are spedified, In carrying out these policies, recruiters use
an odds for effectiveness (OFE) table that indicates the chances in 100
that an applicant will complete a four-year enlistment. The table is
based on education, mental ability, and expulsions and suspensions
from school. It was developed in the early 1960s on a sample of recruits
[3] and was modified recently to eliminate data on arrests for non-
traffic offenses that recruiters had difficulty in obtaining from the
courts. The Recruiting Command sets minimum odds for applicant
qualification also.

Today, readily available background information can be related to
survival status for large cohorts of enlistees in a model that is useful
both for planning recruiting policy and applicant screening.

Cohort and Data

The cohort for this study contained 66,680 males, almost the entire
input of USN non-prior-service recruits with an active data base in CY
1973. By this time, the effects of the draft on recruiting had dimin-
ished; we estimated that only 1,539 of the men were draft-motivated.

Background data on these recruits came from the SCAT tape
created from data reported to the Armed Forces Entrance and Exam-
ining Stations (AFEES) by the Navy. They included date of birth,
education, AFQT score and mental group, term and program of enlist-
ment, race, dependents, and recruiting district. Reasons for discharge
during recruit training came from the three Navy Recruit Training
Commands (RTC). Enlisted Master Records (EMR) and Loss Tapes
from the Bureau of Naval Personnel enabled us to track the cohort
through the first year of service and provided additional data on Basic
Test Battery (BTB) scores, loss codes, and service history. Mental

....
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groups were recalculated from scores on the BTB to conform with
current testing policy, Formerly, a short version of the battery was
administered to applicants; today, the full.length battery is given in
the field.

Losse and Reasorm

Nine percent cf the cohort were prematurely discharged during I
recruit training, and 17 percent were discharged during the first year
of service,' Although reasons for losses are not precisely applied, Ta-
ble 1 shows that character and behavior disorders and inaptitude/
apathy were cited in over half of the discharges, Nearly half of theie
discharges occurred during recruit training. Erroneous and fraudu-

lent enlistments were cited in over one-fourth of the discharges, and
90 percent of these discharges occurred in recruit training.

Table I
FiXsT.YZAR Louiss By REASON AND PRCIONTAGE

INOURRBD DURING RECRUIT TRAINING

Pernent of Percent
Reason lst Year Attrition In RTC

Character and behavior disorders 37.6 153 • 45
Inaptitude/apathy 14.7 .. 49
Enlisted in error 16 ' 91
Fraudulent enlistment 10.8 89
Physical disability 9,B 36
Cnurt involvement 0.6 0
Alcohol/drug-related 1,8 0
EAOS related 1,8 17
Hardship 09 3

Total 100 52

Number 11,498 6,040

Differences were observed among the three RTCs. San Diego had
35 percent of the recruit input but only 29 percent of the losses. In
contrast, Great Lakes had 36 percent of the input but 44 percent of the

c These percentages are underestimates of the actual rates bocause of unmatched
accession and attrition records due to incorrect Social Security numbers. The Recruiting
Command has estimated that 18 to 20 percent of the records are urmatched at the
recruit training stage. Since mismatches are probably a random sample from the cohort,
the results of the analyses should not hV biased by their absence.
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losses. Losses due to medical reasons were highest at Great Lakes (43
percent) and lowest at Orlando (21 percent), However, losses due to
character and behavior disorders were highest by far at Orlando (62
percent) and lowest at Great Lakes (12 percent), Conversely, losses
due to fraudulent enlistment-drug use-were highest at Great Lakes
(28 percent) and lowest at Orlando (12 percent). We could nor, be sure
that some of the reasons for discharge meant the same thing or were
used consistently at the different RTCs. Consequently, we pooled
them.

By the end of the first year of service, Great Lakes had maintained
its disproportionate share of losses, while the other two RTCs' losses
were proportionate to their inputs, However, some of these differences
were due to the quality mix of recruit inputs, If the first-year loss rates
were adjusted by mental group and educational level, the rate for
Great Lakes would drop 2 percentage points, San Diego would in.
crease by the same amount, and Orlando would be unchanged.

Overall, the fact that the short BTB battery used in the field over-
estimated the mental group of non-school eligibles, coupled with larg.
er proportions of non-high-school graduate accessions, probebly was
responsible for much cf the increase in premature separations begin.
ninng in FY 1973. Another contributor to this situation was a growing
tendency on the Navy's part to discharge problem sailora as soon as
possible to mninimize disciplinary, administrative, and supervisory
burdens,

Lowe Model
The explanatory variables selected for use in the loss model (blo..

graphical asd mental test variables) were available early on all pro.
spective recruits, were outside the control of the Navy (as opposed to
the case of special training programs, medical waivers, and assign-
mentE to RTCs), and applied to P sufficiently large number of individu-
als that sampling error would not be excessive.

Since the use of o loss/survive dependent variable would cause
statistical problems in regression analysis [4,5j, and since the cohort
was so large, recruits were grouped by combinations of variables. The
levels of these variables were defined in dummy form for both qualita-
tive and quantitative measures. Loss rates were then calculated for
each group of recruits, An example of a group would be recruits in
Mental Category 11 who were high-school graduates, 18 or 19 years
old, unmarried, and from a racial minority. This process resulted in
180 possible groups, of which 148 contained data. These 148 groups
became the units of observation for the regression analyses of dummy
variables on loss rates.
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The los model hypothesized that the probability of attrition dur.
Ing the first year of service fbr the Ith group of male recruits, P1, was
a function of,

LT12ED - less than high-school graduation
*12ED - high-school graduation,

GT12ED - more than high-school graduation
MGI -- Mental Category percentiles 93 and above

MGII - Mental Category percentiles 65 to 92
*MGIIIU - Mental Category percentiles 49 to 64

MGIIIL - Mental Category percentiles 31 to 48
MGIVU - Mental Category percentiles 30 and below
AGE17 - age 17

*AGE18-19 - ages 18 and 19
AGE20+ - age 20 or older

*MAJ - racial majority
MIN -. racial minority

PDEPS -- primary dependents (wfl, children)
*NDEPS -- no primary dependents

then

Pi a + O~i +l~j 4'

where a is an intercept that subsumes one dummy variable of each set
(starred in the list above), Ui is the error term, the 1s represent the
coefficients to be estimated, and the Xs are the dummy variables (not
starred in the list above), Using these variables and estimates of a and i
the 0s found by multiple regression analysis in the model, we were
able to predict the probability, P1, of any individual (with a given set
of characteristics) attriting during the first year of service,

For simplicity, we first assumed the linear ffinctional form given
above, But since the loss rate is a number lying between 0 and 1, we
also estimated regressions using a logit transformation of the depend-
ent variable (5,6]:

In . a +. KiJ + Zi
1-p 1 , .1 i''

where In indicates the natural logarithm, the X1s are the independent
variables, and zi is the error term,

Weighted ordinary least-squares regressions for the linear and
logit specifications were run. The weights for the groups were, respec-

.... ....
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tively, jF7p and fn-pq, where n is the number of recruits In a group,
p is the proportion of losses, and q is the proportion of survivors [7].
Where there were no recruits for a particular combination of indepen-
dent variables, thal combination was ignored. Where Pi 0, the loss
rate was taken as 1/2n,. Where P1 -= 1., the rate was taken as 1 -

(1/2n,) [7],
Intel-action effects among the dummy independent variables were

explored with a computer prograrn that identified optimal configura.
tions of the variables (81, The groups were split so as to maximize the
between sum of squares for the categories of each independent varia.
ble while minimizing the within-groups sum of squares, All possible
split# are considered in the process. A total of 22 simple and complex
significant interactions were identified and incorporated in the logit
regression model, Although three of them proved to be significant at
the 1 percent level, 'heir practical contribution to explaining the vari.
ance of the dependent variable was negligible. Consequently, the
regression models were run without interaction terms in the final
analysis,

The results of these finsi analyses are contained in Table 2, where
the variables are listed in order of their importance in explaining the

Table 2

WEIGHT2ED REGRESSION RESULTs FOR LINNAR AND LOGIT
FIRST-YEAR Loss MODELS: 148 GROUPS

"Linear Log ti. ~Explis ator~y

Variable Coefficient t rpa Coeffiient t Ipa
Constant .118 26.89 -- -1.976 -.57,35 --

LT 12 ED .111 19.03 .852 .701 21.20 .875
MG IV .100 13.44 .74 .597 14,23 ,77
MG! -. 078 -10.85 -. 680 - .9g9 - 8.87 -. 582
Ma i11L .052 7.91 .560 ,308 8.85 '603
AGE 201 .082 5.43 .421 .280 6,43 .482
Ma II -. 026 " 5,28 -. 411 - .254 - 6,22 -. 169
MIN -. 034 - 4.89 -. 386 - .119 -2.64 -. 220
GT 12 ED -,03. - 4.49 -. 358 - .314 - 4,42 -. 353
DEPS .038 4.36 .349 .389 1.911 .510
AGE 17 .015 2.89 .240 .093 4,76 ..130

R .961 .064
R2 .924 .929
F . 1(,13i) 16.780 17.865

Standard error .023 .170

aThe correlation of the explanatory variable with the dependent when the other
etplanatory variables are held constant.
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loss rates in the linear model. Because the results for the two models
are very similar, the simpler linear model was chosen for use,

Chances of Surviving the First Year of Service

The chances out of 100 of surviving the first year of service are
shown for majority and minority recruits in Table 3. They wore cal-
culated by subtracting the predicted loss rates from 100, The standard
error in estimating loss or survival rates is 2 percentage points. Thus,
actual rates can be expected to fall in the interval of the predicted rate
± 2 percentage points 2 out of 3 times, and ±4 prcontage points 95
out of 100 times.

Policy Guidance. Predicted first-year survival rates for the let.
tered quality categories used by the Recruiting Command are shown
in Table 4. From this table it can be seen that a recruiting policy that
excludes applicants in the D category would have eliminated 28 per.
cent of the minority recruits in CY 1973, compared to only 16 percent
of the majority recruits, Recruiting policy that limits the C category
to I for each 4 A+B (school-eligible) applicants also would have
severely restricted minority recruiting in CY 1973, since nearly half
of the minority recruits were in the C category,

Interestingly enough, the survival rate of the C category was
about 3 percentage points higher than that of the B category for both
majority and minority recruits. Further, the survival rate af' minori-
ties exceeds that of the majority by about 2 percentage points in each
category, The overall loas rate for minorities was higher than that for
majority recruits, but only because of the disproportionately large
percentage of minorities in the C and D categories (77 percent com-
pared to 31 percent of the majority recruAs).

With respect to school eligibility (A and B categories), it is more
difficult for minority recruits to qualifY for Navy schools because they
score, on the average, 7 to 8 points lower on the BTB tests used to
qualify candidates for school [9].

As an example of how the predicted survival rates can be used,
consider the FY 1975 data shown by quality categories in Table 5. The
predicted survivors after one year of service are 84 percent of the
majority recruits and 85 percent of the minority recruits. In this co-
hort, elimination of the D category would have reduced both types of
inputs by about 10 percent. The ratio of school eligibles to non-school-
eligible high-school graduates (A -B:C) was 9.6 to I for the majority
recruits and 3.5 to I for the minority recruits.

The predicted survival rates for the four quality categories can be
applied to any input to evaluate numbers of survivors (or losses) ex-
pected under alternative policies for majority and minority personnel,

L .. .... ... .
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Table 4

PRWDICTED CHANCES OF SURVIVING THE FIRST YEAR

or SERVICE By CNRC QUALITY CATEGORIES

Majority Minority

Quality Predicted Predicted
Category % Input Survival RatA % Input Survival Rate

A 56.4 89.6 18,6 01.6 Y
B 12.6 76,8 4.3 79,7
C 15,2 80.2 49.4 82,3
D 15.8 68,2 27,6 70.7

A + B 69,0 87.3 22.9 89,4
A + B + C 84.2 86,0 72.4 84.6

Total 100.0 83,2 100.0 80,7

Table 5

PREDICTED FIRST-YEAR SURVIVORS FROM FY 1975 COHORT

Dy CNRC QUALITY CATEGORIES'

Majority Minor0ty

Quality Predicats Predicted
Jategory Input % Input Survlvorri input % Input SUrvivorgb

A 41,309 6,19 37,028 5,363 49,3 4,916
B 13,397 20.1 10,292 9,246 20.7 1,790
C 5,735 8.6 4,601 2,197 20,2 t1,0o
P 6,291 9,4 4,293 1,067 9.8 754

A + H + C 60,484 90.6 511,920-85t,9% 9,806 90.2 8.,51,4-80,81A,
qPotal 66,725 100.0 56,213-84,.2% 10,873 100.0 9,208-815.2%

A+B:U 9.6tol 3,btol

*UsIng the retat given in Table 4 times the Input.
1Ibnput figures from CNRC DistrIbutlon of Non.Irior.-Srvica Male Recrulta (QUEDECH),

I July 1974 - 30 JAme 1975,

The standard error of estimate should be kept in mind when interpret.
Ing the predictions.

Applicant Screening. The chances of surviving the first year of
service can oasily be used by recruiters in evaluating applicants,
Based on readily available information, Table 3 can be entered quickly
to find the chances out of 100 that a prospect would still be In the Navy
one year after he went on active duty.

Further, the Recruiting Command could also set limits to the prob-
ability that a recruit will not survive the flral' year in refining recruit-
ing policy, subject to the Erupply ot'applicalits and the require ments of
the Navy.

K ~~~~ ~.... .. ... .... ......*.**.* .....u tr:L~I~.,,



172 Lockman

CONCLUSIONS
Because of its currency, comprehensiveness, and ease of appli-

cation, the model devdloped in this study merits use (1) in establishing
and modifying recruiting policy and (2) as a replacement for the out-
dated odds-for-effectiveness table used in screening applicants for en-
listment.
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MEASURING ON-THE-JOB PERFORMANCE IN
MILITARY OCCUPATIONS
Robert M. Gay and Mark J. Albrecht

The Rand Corporation

Human-capital theory has been applied to the problem of estimating the
level of the net contributions of Atrst-term personnel to military effectiveness.
The effects of individuals' personal attributes and military training on theirnot contribution are also estimated, for ftfty specialties in the three major

service branches. The study design is described (including estimating method.
olcgy, criteria for the selection of specialties and individuals to be included in
the study, and data collection procedures), In addition, results of the initial
analyses of three specialties are presented.

INTRODUCTION

Almost all new entrants to the military attend a formal course of
instruction in the skills required in their military occupational special-
ties. About 320,000 of the 850,000 enlisted personnel joining the mili-
tary in FY 1976 have received such training. Since initial specialty
training involves about 80,000 man-years of the trainees' time and will
cost about $2 billion,' the importance of conducting it efficiently is
obvious. Even small improvements in efficiency can result in substan-
tial, recurring savings.

A great deal of research has been devoted t0 improving "technical
efficiency." Technical efficiency involves selecting the mix of cur-

'These estimates are derived from Military Manpower Training Report for FY 1976.
Office of the Assistant Secretary of Defense (Manpower and Reserve Affairs), Washing.
ton, D.C., March 1975.
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riculum, instructors, teaching aids, etc., that produces course gradu-
ates with a given level of proficiency at the lowest cost. There are,
howevtr, a great number of tochnically efficient courses in a given
specialty, each one producing a different level of proficiency in course
graduates. The problem of selecting among these courses (and corre-
sponding levels of proficiency) involves another aspect of training
efficiency--economic efficiency. On one hand, it is technically possible
to teach all the skills required in a military specialty during initial
specialty training. On the other hand, since almost any set ofJob skills
could be taught entirely on the job, formal specialty training could be
totally discontinued without losing the ability to maintain an effective
military force. The reasons for having formal specialty training are
economic rather than technological. To evaluate the optimal amount
of formal training, it is necessary to compare the benefits of additional
training with its costs. The costs of formal training (faculty and stu-
dent salaries, supplies, etc.) are obvious, The returns are less obvious
because they take the form of improA ements in trainees' on-the-job
performance. Economic efficiency in formal training is attained when
the last dollar spent on increasing the amount of formal training in.
creases the benefits received after training by one dollar,

To analyze the economic efficiency of training, a method of mea.
suring the effects of initial specialty training on graduates' on-the-jobperformance Is needed. The difficulty of developing a satisfactory mea.

sure has been the main reason for the neglect of issues of economic
efficiency. We have adopted an approach that applies contemporary
human capital theory. Basic to this approach is the notion that the
coats of and returns to training can be measured by comparing an
individual's pay and allowances with his net productivity. In the typi.
cal case, the first term of service can be thought of as having three
distinct phases: first, a period of basic military training and initial
technical training; second, a period of on-the-job training (OJT),2 when
the value of the individual's productivity is less than the pay and
allowances he receives; and third, a period during which the military
earns returns on its investments in training because the person's pro-
ductivity is greater than his pay and allowances. These three periods
are illustrated in Fig. 1, where time t, represents the end of formal
training, time t. the end of the period of investment in OJT, and ts the
end of the first term of service. During formal training the individual's
direct contribution to military capability is, by definition, zero. (Since
he is not assigned to an operating unit, he could not possibly be con-
tributing to current military effectiveness.) His net contribution, how-

More precisely, a period of military Investment In OJT, since OJT, In the sense of
improvement in Job.-relevant skills, continues as long as one's productivity is increasing.

4'



On-the.Job Performance 177
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Fig. 1-Estilmating methodology

ever, Is negative, because training requires resources (instructional
staff, classroom space, etc,) that could otherwise be contributing to
current military capability. Therefore, the fall cost of a person's for-
mal training, say at time t, includes both the pay and allowances he
receives (given by the distance AB) and the opportunity cost of the
other resources devoted to his training (BC). After he completes for-
mal training, his net contribution to military capability can be mea-
sured as the difference between his direct contribution and the oppor-
tunity cost of resources (such as supervisors' time) devoted to his OJT.
"The cost of OJT at a point such as t can be measured by the difference

* between his pay and allowances and his net productivity at that time
(in this case, the distance DE).8 The total cost of OJT is represented
"by the shaded area in Fig. 1.4 Finally, there are returns to training

In Fig. 1, the trainee's net productivity is shown as being negative Immediately
after completing formal training. This would occur if the forgone productivity of the
trainee's supervisors exceeded his direct productivity. Although this is not necessarily
the case, It does appear to be common.

'The shaded area in Fig. 1 represents the undiecounted sum of OJT costs. Since these
costs are incurred at different points, they should be measured as a discounted sum.
Similarly, formal training costa and returns to training should be measured as present

,* - - - ~ - ~ -
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whenever the individual's net productivity exceeds his pay and allow-
ances, These can be measured in the same fashion as the costs of OJT
and are represented by the cross-hatched area in Fig. 1.

The major limitation to putting this sort of model into operation
is the difficulty of estimating the time path of productivity. We have
developed a method of estimating productivity using survey data and
have recently collected data on members of about 50 specialties in the
three major service branches. The remainder of this paper describes
the data and the results of some early analysis, In the next section, the
sorts of productivity measures we have used are described, as are the
reasons for choosing them rather than alternative measures. We then
present estimated productivity curves for six specialties and compare
them to indicate the types of curves and relationships among them
that are present in our data, Finally, we summarize our findings and
indicate further directions for this research.

PRODUCTIVITY MEASUREMENT

The two most difficult problems associated with adequately ad.
dressing the issue of economic efficiency in military specialty training
are (1) establishing an appropriate analytic framework Ibr comparing
the benefits and costs of additional amounts of training and, since the
benefits of additional training take the form of increased productivity,
(2) estimating actual productivity. We feel the human-capital model
Just outlined provides an appropriate framework for analyzing the
effects of different amounts of formal training. This section deals with
the problem of productivity estimation. The objective is to assess the
advantages and disadvantages of severnl alternative approaches to
the problem, focusing on both their conceptual appropriateness and

the cost of gathering the type of productivity data needed to address
the issue of economic efficiency in specialty training. The first step in
this process is an elaboration of the properties that are important in
such measures.

Properties of Productivity Measures

Three properties are crucial in productivity measures that are to
be used to evaluate alternative specialty training policies, regardless
of the analytical framework. The measures should (1) permit estima-

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

I I I I I- -I-I- -I-
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tion of productivity over time, not just at a single point, (2) measure
net rather than gross productivity, and (3) be linked with character.
istics of the individual to whom they apply. Measurement of a time
path of productivity is important because different types of formal
training may affect productivity differently during the course of a
military career. For example, in a comparison of two equally costly
training courses where one emphasized the skills needed by a mature
technician and the other emphasized the skills needed in the early
months of a first-duty assignment, a measure that captured only pro.
ductivity in the early months after completion of training would favor
the latter course, whereas a measure that focused on productivity
later in the career would favor the former. Adequate evaluation re-
quires comparisons of'productivity at a number of points so that com-
parisons can be made between courses with differential effects on
productivity over time.

A second important characteristic is that net rather than gross
productivity be measured. An individual's gross productivity is the
amount he personally produces; his net productivity is the difference
between the unit's production in his presence and its production in his
absence, The two need not be at all the same, and the relationship
between them can be expected to change systematically with experi.
ence. Consider, for example, a new specialty-school graduate joining
a large radio repair shop. Although he will probably be able to com-
plete some simple types of repairs, he will almost certainly need fairly
close supervision, His gross productivity in these circumstances is
positive, but if the reduction In his supervisors' production exceeds the
trainee's direct production, his net productivity is negative. As he
acquires more experience, his gross productivity 'vill normally in-
crease and the amount of supervision he requires will decrease, so that
net productivity will rise more rapidly than gross productivity. At
some point, supervision will become minimal, and gross and net pro-
ductivity will, for all intents and purposes, be iderntical.' To the extent
that the two measures differ, net productivity is clearly more appro-
priate for evaluating training, since it measures the difference in mill.
tary effectiveness attributable to an individual. The use of gross pro-
ductivity tends to bias analyses of substitutions between formal train-
ing and OJT in favor of OJT by overstating the trainee's productivity
during his early experience, when supervisory inputs are greatest.

Finally, it is important to be able to relate productivity measures
to characteristics of the trainees. Without measures of ability, back.
ground, attitudes, etc., it is impossible to compare training alterna-

Oftcourse, for those with substantial supervisory responsibilities, the relationship
is reversed and net productivity exceeds gross productivity. This is not likely to be
relevant during the period of interest here.

I.J
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tives where there are significant differences in attributes or to esti-
mate the effects of changes in the level of trainee quality.

Alternative Measurement Procedures

Measures having the properties just discussed can be gathered in
a number of ways. Here we describe the strengths and weaknesses of
two of the major alternatives which provide a basis for evaluating the
measurement procedure we have used.

Subetitutlon Measurement. The general character of the pro.
ductivity measures that would be collected when unlimited resources
are available is fairly straightforward, It would involve estimating an
individual's net productivity by measuring a unit's output in his pres-
ence and in his absence. For example, the output of a particular radio
repair shop could be measured with its full complement of personnel
and then with various combinations of n - 1 personnel. The difference
between the output of repairs with and without a given person is a
measure of his net productivity. A time path of net productivity could
be estimated either cros-sectionally or longitudinally,

One substantial difficulty in implementing this approach Is the
measurement of unit output, The problem arises primarily because
there are many different types of output in a given specialty. To use
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 failures over time, the number of "repaired
radios" that can be turned out in a given number of man-hours will
vary a great deal. To take account of this, weights must be developed
for different types of repair and output measured as a weighted sum
of repairs. When the context is broadened to include multiple shops,
the development of appropriate weights is even more important, Gince
differences in equipment mixes among shops can introduce substantial
differences In measured productivity if inappropriate weights are se-
lected.

At first glance it might seem that once an unambiguous definition
- I of output were developed, a small number of observations would be

sufficient to evaluate two alternative training strategies, because the
productivity measurements can presumably be made quite precisely.
This is not true, however, because of the large number of factors
besides military training that influence a person's contribution to unit
performasace. These include (1) his motivation, ability, previous educa-
tion, etc.; (2) the number, experience level, motivation, ability, and
previous education of other personnel in the unit; (3) the experience
the group has had working together; (4) the stock of capital equip-

".. .... ... .......
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ment; and (5) the demand for service that the shop faces. A large
number of observations is necessary to control for these factors.

It should be apparent from the preceding discussion that the
"ideal" sort of productivity measures would be quite costly to assem-
ble and would, in spite of the cost, be less than perfect, Therefore, it
is worthwhile to consider other alternatives, if suitable, less costly
alternatives can be found. Only a limited amount of previous research
has been done in this area, and because so little information currently
exists on the topic, it is probably better to obtain a first approximation
of productivity and economic efficiency of training for a number of
specialties than to devote the same amount of resources to a detailed
analysis of one or two specialties,

Job Tents. One approach that retains the characteristic of direct
measurement but involves measures that are simpler to develop and
administer is the use of job performance testi';.This approach involves
testing Individuals on a specific set of skills useý4n their specialty. By
testing people with different amounts of on.the-jol~qxperlence, or test-
ing one person several times, the relationship bet en productivity
and experience can be established; and by linking theft measures to
measures of formal technical training, background, abilty, etc., the
effects of different initial training (controlling for personal dhtracter-
!stics) can be estimated.

There are several major limitations to this approach, howe1r,
Most important, it involves measurement of gross rather than nk,
productivity. The OJT process in the military generally involves sub-
stantial inputs of supervisory resources, and therefore differences be-
tween net and gross productivity are likely to be large, especially earlyIi• the training process, Use of gross productivity will result in down- .

ward-biased estimates of OJT costs and therefore (because the returns
to formal training are understated) will lead to policies that entail less
than efficient amounts of formal training. A more subtle bias deals
with differentials in supervision across individuals. The level of super-
visory inputs to the OJT process would be expected to vary with the
trainee's amount of formal training and his personal attributes. For
example, if better trained, more able personnel require less super-
vision, gross productivity measures understate the differential in per-
formance between them and those with less ability and training. This
implies that gross productivity measures will fail to capture part of the
returns to additional formal training and also that the relationships ,
between personal characteristics and productivity estimated from
gross productivity data will be biased. Finally, there are real questions
of how well such tests measure actual gross productivity. Even if the
set of job tasks accurately reflects the duties in a particular specialty,
they need not be a good reflection of a particular individual's actual
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duties, Further, job tests measure a person's ability to perform those
tasks, not his actual performance of them. The difference in the ob.-
served performance of two similar persons with, for example, different
levels of motivation is likely to be much smaller during a short test
than it would be over the course of several days or weeks on the job.

The Rand Method. The approach we have chosen uses super-
visors' ratings of net productivity rather than direct measurement.
This has the disadvantage of being a subjective measure, but it also
has many advantages, especially since there has been so little previous
analysis of the relationship between formal specialty training and
productivity. This section describes the productivity measures that
have been gathered and discusses the strong and weak points of the
approach.

We have used a self-administered mail questionnaire to obtain
supervisors' ratings of specific trainees' net productivity6 at several
points. Specifically, supervisors were asked to rate each trainee's pro.
ductivity (1) during his first month with the unit, (2) at the time the
rating was completed, (3) one year from the time of the rating, and (4) I
after completion of four years oft service. In each instance, the super-
visor was asked to rate the individual's net productivity relative to
that of the typical specialist with four years of experience. Together
these points trace out an estimated time path of relative net productiv-
ity that can be related to the attributes of the person being rated.

This method of estimating productivity is attractive for several
reasons, First, it measures net rather than gross productivity, Second,
it makes it possible to control for personal characteristics in compar-
ing training alternatives. Third, the cost of data collection is relatively
low, so that with a given budget many more specialties can be
analyzed than would be possible using, for example, substitution mea-V sures. Although substitution measures would presumably lead to
more precise estimates, at the present stage of research in this area
it appears more valuable to explore the general magnitude and pat-
tern of training effects across a number of specialties than to analyze
a small number of specialties in great detail. Finally, because of the
general nature of the measures that are obtained, comparisons across
specialties are feasible both within a given service and between ser-
vices. This feature is also important in obtaining a broad overview of
the effects of training on productivity,

Two important limitations to our approach should be considered.
First, the concept of net productivity is fairly sophisticated, and it is
not one that enlisted supervisors are likely to have been familiar with

'Net productivity Is defined as the difference between a trainee's gross productivity"and the fbrgone productivity of supervisors who work with him.
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before receiving the questionnaire, This raises the possibility that
some survey responses will be invalid because supervisors did not
understand what they were being asked to do, Reccgnizing this possi.
bility, a great deal of time and effort In the survey design wac 3pent
developing and field-testing a clear explanation of ihe concept of' net
productivity. Of course, no such explanation could be clear to all recipi. I
ents of the questionnaire, so a simple test of comprehension was in-
eluded in the survey instrument. In addition, supervisors were asked
to rate the "typical" technical school graduate and the directed duty
assignment trainee,' which provides some insight into the rater's com.
prehonsieon of the concept. Clearly, some responses will be unusable i
because the rater did not understand the concept of net productivity,
but a preliminary analysis of the data does not indicate that this is a
serious problem.

"Another potential limitation is the possibility of important differ-
ences among raters in their rating systems: Some tend to rate easy and
others hard, some tend to see people as very similar and some as very *1
dissimilar. This has the potential for producing substantial distortion
in the data, and a pilot study of our approach' suggested that it was
indeed a serious consideration, An econometric model for dealing with
"this source of distortion by estimating parameters of the supervisor's
rating system was developed in conjunction with that research and
has been expanded and tested through Monte Carlo simulation.' It
provides a means for controlling fbr supervisor rating effects. The
ratings of the typical trainee provide another method, since for exam-
pie, one would expect the supervisor who is a harder than average
rater to give both the "typical trainee" and individual trainees low
"ratings. A preliminary analysis of our data suggests that a good deal
of the possible distortion in the supervisor ratings is in fact eliminated
by controlling for the supervisor's rating of the typical trainee.

PRODUCTIVITY RELATIONSHIPS

A very large, and, in many respects, unique data base has rocently
been assembled at Rand to provide a vehicle for analyzing the effects
of different amounts of first-term specialty training, That data base
includes members of over 50 specialties in the three major service

A directed duty assignment trainee In one who goes directly flom basic military %
training to an operating unit without attending a formal specialty training school,

8 R. M. Gay, Estimating the Cost of On-the-Job Training in Military Occupations:
A Methodology and Pilot Study, The Rand Corporation, R-1361-ARPA, April 1974,

' R.V.L. Cooper and G. R. Nelson, Analytic Methods for Adjusting Subjective Rating
Schemes, The Rand Corporation, R-1685-ARPA, June 1976.
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branches. When preliminary data processing is completed, an observa-
tion will include (1) the supervisor's rating of a trainee, (2) background
Information from service personnel records on both the trainee and
the supervisor, and (3) additional background information on the
trainee obtained firom a survey he completed. The survey data were
collected through sequential mail surveys of about 30,000 first-term
enlisted personnel and an approximately equal number of enlisted
supervisors. This section presents the findings of some very prelimi.
nary analysis of these data. Because we are at a very early stage In
our work, we have adopted a rather elementary form of analysis-
comparisons of estimated productivity functions over time in several
specialties. In presenting these results, we intend to suggest a broad
consistency between the observed patterns of productivity and those
that would be expected a priori.

We first describe the data used in this analysis. The basic results
are presented as a graphical comparison of estimated productivity
curves for specific military occupational specialties, Finally, we illus-
trate both the potential and the pitfalls of using these sorts of data to
analyze effects of training on productivity through an analysis of pro-
ductivity curves estimated for the "typical" technical school graduate
and for the directed duty assignment trainee.

Data Characteristics

Our productivity data consist of responses to questionnaires ad-
ministered by mail to supervisors in a selected set of military occupa-
tional specialties, Supervisors were asked to provide three types of
estimates of net productivity over time. First, and most important, are
estimates of specific individuals'net contribution to unit productivity
at four points during their first term of service: (1) during the first
month on the job, (2) at the time the rating was completed (which will,
of course, imply different amounts of on-the-job experience for differ-
ent individuals), (3) one year from the time of the rating, and (4) after
four years of nervice, Second, there are estimates of the typical techni-
cal school graduate's net contribution to unit production during his
first month on the job, after one year on the job, after two years on the
Job, and after four years of service, Third are estimates of the typical
directed duty assignment trainee's net contribution to unit production
after one month, one year, and two years on the job, and after four
years of service.

For purposes of the present analysis, we have selected a subsam.
pie of six of the 50 military occupational specialties for which data
have been collected. The subsample was selected to include both a
range of types of job tasks and a set of comparable specialties in

.... ...
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different services, We have selected the light weapons infantry spe-
cialist (lIB) and the hospital corpsman (91B) in the Army; the radio
repair specialist (ETN) and the hospital corpsman (HM) in the Navy;
and the radio repair specialist (304X4) and the hospital corpsman
(902X0) in the Air Force, Observations for specific individuals were
included only when a complete set of four productivity estimates was
available and the trainee (1) was serving at his first duty station, (2)
had attended technical school training, and (3) was serving in the
specialty in which he was trained. Further, to eliminate responses
where the supervisor's comprehension of the concepts was poor, we
deleted those cases in which the supervisor rated the typical technical
school graduate's productivity at 100 percent or more during his first
month on the job or zero or less after four years of service."'

Average Productivity Relationships

Length-of-Experience Comparisons. Representative produc-
tivity curves for members of a given specialty can be estimated using
ratings of the productivity of specific individuals as Illustrated for the
two Navy ratings (radio repairman and hospital corpsman) in Fig. 2.
Average productivity during the first month on the job and after four
years of service (points I and 8 in Fig. 2) can be estimated by taking
the average value of the responses for all individuals in the sample,'
Intermediate points are estimated by taking the average estimate of
productivity at the present time and one year from now for groups of
individuals in different experience categories. Specifically, we have
grouped individuals into three experience categories: 5 to 9, 10 to 14,
and 15 to 19 months ofjob experience. Points 2 to 4 In Fig, 2 represent
the mean values of the estimates of productivity at the time of the
rating for those in each of the categories (plotted at thb midpoints of
the intervals). Points 6 to 7 represent the average values of estimated
productivity a year from the time of the rating for people in the same
experience categories."

On the average, these estimates of relative productivity for both
the radio repairmen and hospital corpsmen conform to our expecta-
tions. The curves have positive slopes, reflecting an increase in produc-
tivity as a fanction of experience. Further, estimated relative produc-

IQ Using these criteria, the number of cases in each specialty were: IIB, 96; 91B, 197;

ET, 252; HM, 85; 304X4, 689; and 902X0, 363.
" Since the horizontal axis of Fig. 2 measures on.he.job experience and point 8

corresponds to productivity after four years of service, the position of point 8 in a given
specialty depends upon the length of formal technical training in that specialty,

" Cells with fbwer than 10 observations were not included in the plot$. For this
reason, points 2 and 5 are missing for Navy hospital corpsmen.
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Fig. 2-Navy comparison

tivity after four years of experience approaches 100 percent in both
specialties, Since productivity is being measured relative to the aver.
age specialist with four years of experience, average productivity at
this point would be 100 percent in the absence of bias, Although the
individual curves conform to expectations, there are nontrivial differ.
ences between them. The averaged rating of the radio repairmen are
consistently below those for the hospital corpsmen, This relationship
was expected, since radio repair is more technically demanding and
we would expect more experience to be required to attain proficiency,
In addition, the differences between the two curves diminish over
time, since each productivity estimate is made relative to that of a
person with four years of service in that specialty, Figure 3 shows
similar comparisons for the Air Force hospital corpsmen and radio
repairmen. These productivity patterns are similar to those seen in
the Navy. Initial net productivity is negative for radio repairmen and
positive for hospital corpsmen, and the differences in relative produc-
tivity diminish with experience, The curves for the two Army special.
ties (hospital corpsman and light weapons infantryman) shown in Fig,
4 are less clear-cut. Here it is not so obvious which is the more techni-
cally demanding specialty, and, moreover, the differential in produc-
tivity does not decline over time as expected.

Another way of exploring the consistency of our estimates is by
comparing estimates for similar specialties in different services. The

-.. . . . . ~ ~,!
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As a group, these results are quite encouraging. The observed
productivity relationships are consistent with expectations in terms of
both the patterns observed over time in a given specialty and the
relationships among specialties. The results suggest that the produc-
tivity estimates we have assembled will be useful in appraising alter.
native training policies.

Graduate-Nongraduate Comparisoni. Both the potential and
the pitfalls of using these types of data to analyze the effects of train-
ing on productivity can be illustrated by comparisons of productivity
curves estimated as averages of supervisors' performance ratings of
the "typical" technical school graduate and the "typical" directed duty
assignment trainee. Unlike the curves estimated from ratings of spe-
cific individuals, these curves charv the progress of hypothetical typi.
cal trainees through the first term of service,

The four curves in Fig. 8 present such comparisons for the Navy
and Air Force radio repairmen (ETNs and 304X4s). The curves exhibit
properties consistent with expectations of productivity estimates in
general and are similar to the average curves estimated for specific
individuals, The Navy radio repairman curves (represented by the
solid lines) show substantial and persistent differences between gradu-
ates' and nongraduates' performance throughout the first four years

120
Navy Graduate

100 \ Air Force

80s Ai Force Graduate . _--- - Nongraduate

6-0 Mn NnteNongraduate

40

-60o

SFig. 8--Combined radio repairman graduate-nongraduate comnparison
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of service and suggest that returns to training may be substantial.
Productivity curves for the Air Force radio repair specialty (repre-
sented by the dotted lines) exhibit a similar relationship between esti-
mates of graduates' and nongraduates' productivity, but the differ-
ences between the two curves appear to be much smaller than those
between the two Navy curves.

Either of these two set of curves, taken alone, might tend to imply
that there is a diffe'snc in training effectiveness between the Navy
and the Air Force, with the higher returns to training occurring in the
Navy. Consideration of the two sets of curves together, however,
raises questions about this interpretation. The two productivity
curves for the technical school graduates are practically identical; the
differences between the services arise because Navy nongraduates
have poorer performance than Air Force nongraduates, This suggests
that the apparent difference in retunis to training between the two
services may, in fact, be a reflection of differences in relative quality
of graduates and nongraduates rather than differences in training
effectiveness, That is, Navy and Air Force technical school graduates
may be roughly comparable in aptitude, education, etc., whereas Navy
directed duty assignment trainees may be less able than their Air
Force counterparts. Of course, with this sort of analysis, it is not
possible to sort out the effects of differences in personal characteristics
rom those of differences in training effectiveness, The results do sug-

gest, however, that we are likely to observe systematic differences in
the performance of graduates and nongraduates, and that in analyz-
ing them it will be important to control for trainees' personal char-
acteristics.

"SUMMARY
Analysis aimed at determining the most efficient amount oftechni-

cal school training must be conducted in a framework that permits
estimation of the effects of that training on post-training job perfor-
mance, The approach we have adopted applies human-capital theory,
in which the costs of OJT and returns to training are measured by
comparing individuals' pay and net productivity. The key element in
implementing this approach is the estimation of on-the-job productiv.
ity. We have used supervisors' estimates of individuals' net productiv-
ity at various points in their first term of service to construct estimates
of the time path of productivity. A number of estimated productivity
paths were presented to show the general character of the data we
have collected. All the productivity curves for the six specialties stud.
ied here showed a positive slope that tended to decrease over time (the
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rate of improvement declined with experience). Moreover, compari- I

sons among specialties tended to conform to expectations, both when
those comparisons were made between specialties in the same service I

and when they were made between comparable specialties across ser-
vices.

Encouraging as these results are, they are no direct help in ap-
praising the relative efficiency of various amounts of technical school
training. Two steps are necessary before this issue can be addressed.
First, the productivity estimates must be integrated into a broader
framework such that training costs and returns can be estimated.
Second, estimated net training costs (formal training costs plus OJT
costs less returns to training) must be analyzed for individuals with
differing amounts of formal training, and as the analysis of the "typi-
cal trainee" data suggests, this analysis must be done in a multivariate I
framework that controls for other factors that influence estimatedproductivity,.ii
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ALTERNATIVES TO PERFORMANCE TESTING:TESTS OF TASK KNOWLEDGE AND RATINGS
USING BEHAVIORAL ELEMETrS

AND TASKS AS ENTITIES

Robert Vineberg and Elaine N, Taylor
Human Resources Research Organization, Western Division

With the elimination of the draft, reliable asusment of job performance
to more cruciul than ever. he services need assurance thatjob incumbents canprform effectively and that fair and valid tests are used for qualification and

advancement. Service attractiveness is likely to Increase as a side benefit of
fairer and more objective performance evaluation,

The development of full performance tests, i.e., tests that approximate job
performance as closely as possible is described, along with two alternative
approaches to full performance testing,

The discuuion of performance testing focuses on issues in sampling and
simulation as they relate to test validity. The discussion of alternatives to
performance testing describes two approaches being developed: (1) a procedure
for rating performance using an extensive set of detailed worker-oriented
items, and (2) a type of simulation that requires the examinee to discriminate
between correct and incorrect task performance.

In this paper we will discuss a combination of methods for assess.
ing job proficiency that we have been studying at HumRRO.' A conve-
nient way to classif alternative approaches to assessing task or job
proficiency is to consider the relevance of what is being measured to
actual performance. In this way we can identify at least five general
strategies. In decreasing order of correlation to actual task or job
performance they are:.

'Part of this work is supported by ONR and part by the Army.
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1. Measurement of actual job performance, where the only
change is recognition that a test is being conducted.

2. Measurement of performance on job sample tests, sometimes
in an approximation of the job environment.

3. Measurement of performanc, using simulations involving
varying degrees of difference between the actual and simu-
lated stimuli and/or responses.

4. Measurement, not of performance but rather of information
on how a task or job is to be performed-knowledge that
should correlate with actual performance.

5, Neither the direct measurement of a subject's performance
or the direct measurement of his knowledge but rather the
appraisal by a second party, usually a supervisor or some-
times a peer, of how the subject carries out his job,

The first strategy, the measurement of actual performance on the
job, is rarely used, in the sense of -" .asuring actual job activities or
processes. It is seldom feasible, thdre are problems of standardization,
and the cost is extremely high. The measurement of job output or the
product of job performancep, although limited to tasks that generate a
permanent and objective record and also facing problems of standardi-
zation, is probably mro re common.

The second method of assessing performance, job sample testing,
is about as close tro the ideal as we can get from a measurement point
of view, but it i1, also extremely costly.

The third m:lethod, using simulated job measures, is probably more
feasible but ctn be risky, given our incomplete understanding about
the propertios of cues and responses that must be modeled to obtain
valid measurement.

Fourth, the measurement of job knowledge, although the most
feasible and least costly approach to direct measurement, suffers in
that it often does not provide an adequate correlation with autual
performance. However, knowledge tests can corr 'late fairly well with
performance if they are constructed with care s, d cover content that
is clearly relevant to performance, In a study that we conducted some
years ago in which we administered lengthy job sample tests and
knowledge tests to over 1,600 subjects holding four different Army
jobs, we obtained correlations between job sample and knowledge test
scores ranging from .68 to .72.

The last strategy, the use of ratings, clearly is the easiest and most
frequently used method, but it probably correlates least well with any
of the direct measures of performance-a shortcoming that can be
"ascribed to difficulties of maintaining objectivity with indirect mea.
surement. Also, ratings are often fairly nonspeciflc about the tasks or
behaviors the job comprises.
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Our present work has focused on the last two methods, knowledge
testing and ratings, the most feasible but least related to the job.

Let us f rst discuss knowledge testing, the work we are doing for
the Army. It is based upon two notions: First, knowledge testing
should be restricted to tasks that do not involve skilled behavior or
that have low skill requirements, Second, knowledge testing should
focus on the performance of specific tasks and should contain items
that possess all or most of the knowledge that is relevant to the perfor-
mance of these tasks. It should not consist of items of general job
knowledge or individual elements of knowledge that have been isolat-
ed from the totality of information needed to perform a task.

In other words, knowledge tests should not be used to assess
skilled behavior. A simple test of whether a task is skilled or non-
skilled is to describe it in detail to an untrained person. If he can
perform it, the task is nonskilled and a knowledge test may be used.
Examples ofsuch tasks are changing a tire, dialing a long-distance call,
or keeping score in golf.

Skilled tasks, on the other hand, require practice or rehearsal
during learning. Examples are aiming a rifle at a moving target, mov-
ing materials using a crane, and driving a golf ball accurately, Practice
is required in learning such skills, for a variety of reasons: to discover
precise movements or behaviors that are difficult to describe; to make
adjustments in the behaviors themselves; to gain speed, coordination,
or timing; and occasionally to "overlearn" so there will be stability of
performance under conditions of stress. While practice may accom-
plish different things during learning, the role that it plays Is not
important for purposes of test construction. The mere fact that prac-

*1 ! tice is required to learn a task is sufficient to classify that task as
skilled and to indicate that something other than a knowledge test is
needed. Even when it is possible to describe a skilled task v'srbaiiy,
such a description cannot be expected to impart that skill to another
person. Likewise, the ability of a job incumbent to describe skilled
behavior cannot be used to infer that he can indeed perform the task.

We should add parenthetically that there are some tasks that
require practice during learning but that are not properly classified as
skilled, These are tasks that are perfectly communicable by verbal
means but which are so lengthy as to require several trials to be
committed to memory. While there may be some practical problems
in testing these tasks on the basis of information about them, they are
measurable-in theory at least-with knowledge tests.

To our knowledge, development of tests that focus on specific tasks
and contain all the information required to perform them has never
been undertaken in any systematic way. However, over the last year
or so the Army has been developing a new system of testing to deter.

!Il
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mine a soldier's job proficiency and whether he is qualified for promo- "I
tion. In this effort, the Army has focused on the tasks that it deems
critical in each job, emphasizing task performance. If it were possible,

the Army would use performance tests entirely.
We have just completed a manual for the Army on procedures for

constructing both performance tests and knowledge tests of tasks,
Both types of tests begin with the same materials: detailed listings of
the behavioral elements of a task, In the case of knowledge tests, these
elements are then analyzed to identify the components of knowledge
that bear on the performance of each behavior, It is interesting to note
that if a task has been properly analyzed and if a performance test is
to be constructed, no firther breakdown of the behavioral elements is
necessary. The elements translate directly into observable measures
of performance. However, in the case of a knowledge test, many ele-
ments must be broken down into finer subelements. For example, one
of the behavioral elements in adjusting the hydraulic brake on an
M-60 tank is "loosens both jam nuts on the brake pedal-master cylin-
der tie rod." The separate bits of knowledge included in the perfor-
mance of this step are at least:

1. Knowing the location of the tie rod.
2. Knowing the location or appearance of the jam nuts on the

tie rod.
3. Knowing that the jam nuts need to be loosened.

As a matter of fact, while there are ten steps that should be observed A
in measuring performance of this task, there are at least 36 separate
items of knowledge that can be measured. To find out if a job incum-
bent knows what to do and when to do it, we need to assess all or
almost all of these Items.

To keep the number of knowledge items within a reasonable limit,
we have developed about a half-dozen rules for selecting items that
seem likely to give adequate coverage of a total task,

Now, assuming that we can test proficiency for nonskilled tasks
through these specially devised knowledge tests, what can be done
short of performance testing to assess proficiency in skilled tasks? Our
work for the Navy may provide some answers to this.

In our Navy research, we are trying to devise methods for rating
performance that may .be more discriminating than traditional rat-
Ings. To do this we are exploring ways to be more elemental or specific
in the rating process and are using two models to arrive at more
detailed descriptions.

In describing different approaches that have been taken to job
analysis, Ernest McCormick has distinguished between "worker-ori-
ented" variables and "job-oriented" variables. Worker-oriented varn-

... .
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ables focus upon human behaviors that tend to be generalized across
tasks. Job-oriented variables focus upon job content characterizing
technological objects of performance or achievements of the worker.

Examples of worker-oriented variables or descriptors would be
"estimates speed of moving objects," "obtains information from writ-
ten materials," "engages in information exchange," and "activates
fixed setting conrols." Examples of job-oriented variables are "uses
wiring diagrams," "repairs coaxial cables," "anneals copper tubing,"
and "drafts business letters."

To develop rating procedures based upon a worker-oriented
model, we used McCormick's Position Analysis Questionnaire to ob-
tain job analysis data for 10 Navy jobs that we believe are quite
dissimilar.

The Position Analysis Questionnaire is a structured job analysis
instrument that consists of 189 job elements of a worker-oriented
nature. From the job analyses obtained with this questionnaire, we
extracted only those behavioral elements that were described as aver-
age or better in importance or frequency,

We have also taken all of McCormick's items that describe the
elements of job structure and translated them Into items suitable for
rating performance. We have constructed performance rating ques-
tionnaires containing only the translated items for those elements that
were seen as most relevant in the original job analyses.

Our next step will be to ask supervisors (and perhaps peers) to rate
the performance of Individuals In these jobs with respect to these
specifically selected job elements. Depending upon the job, a individual
will be rated on 30 to 60 worker-oriented behavioral elements.

Now let us consider our other approach to performance ratings, To
develop rating procedures based upon a job-oriented model, we are
using job task inventories that have been collected as part of the Navy
Occupational Training Analysis Program (NOTAP). From this pro-
gram we have obtained lists of tasks performed by at least 50 percent
of the Incumbents in the jobs we are studying. We are now construct-
ing job-oriented rating instruments using these specific tasks,

We will collect performance rating data with these instruments
from the same supervisors who used our worker-oriented procedures.

We anticipate that performance ratings obtained with the worker-
oriented instruments may tend to distribute more normally than rat.
ings obtained with the job-oriented instruments, Ratings generally
have a tendency to pile up at the positive end of the scale, and this is
perhaps more likely to be the case where specific job tasks are being
rated with the job-oriented instrument, since supervisors are usually
responsible for ensuring the effectiveness of their personnel. A poor
rating then reflects upon the supervisor as well as the worker, Hence

... .. .... .. ..
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we might expect more inflated appraisals of task performance using
a job-oriented approach with specific task names as variables. How-
ever, it may be that a supervisor can be more objective in his ratings
of elements that are taken from the entire job, i.e., in his rating of
worker-oriented variables,

In this study we expect to compare the outcome from both of these
kinds of instruments with the distributions obtained under the Navy's
present performance rating system. We also plan to obtain some infor-
mation on the concurrent validity of these'instruments by comparing
the performance ratings of experienced and inexperienced job incum.m
bents.

Finally, as part of our work for the Army, we plan to conduct a
study in which soldiers will take performance tests and knowledge
tests and also will be rated with worker-oriented and job-oriented
instruments, This last study will give us our most definitive informa.
tion about the efficacy of using knowledge tests of tasks, and worker-
oriented or job-oriented ratings as substitutes for performance tests.

1* I
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A LONGITUDINAL ASSESSMENT OF
ORGANIZATIONAL EFFECTIVENESS

William E, Alley
Air Force Human Resources Laboratory, Lackland Air Force Base

Efficient management of large organizations requires that systematic
evaluative information be made available on a continuing basis to assess the
productivity of organizational subunits and to ensure the viable operation of
the system as a whole. It is equally important that adequate procedures exist
for capitalizing on this information to the fullest possible extent in attempts
to improve the effectiveness of the organization, A large.scale research effort j
has been directed at providing detachment evaluation data to the Air Force
ROTC program. This research effort has also furnished methodologies to
permit Hq AFROTC to continue to update their material.

Multiple criterion measures were used in the analysis, including tradition.
al enrollment, production, and unit cost data, as well as several longer-range
indices of productivity based on graduate performance after entry to active
duty (i.e,, training elimination rates, on-the.job performance, and retention).
Criteria were developed by detachment for each year', input from 1964 to 1974
(based on 100,000 individual case records).

Multiple-regression techniques were used to investigate sources of potential
influence on the criteria: institutional characteristics of the host college and
program variations unique to the detachments. Applications of results in the
assessment of both current detachments and potential host sites are discussed,
and implications for policy change are summarized.

INTRODUCTION

Efficient management of large organizations requires that sys-
tematic information be made available on a continuing basis to assess
the performance of organizational subunits. It is equally important

I
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that adequate procedures exist for capitalizing on this information to
the fullest possible extent in attempts to improve the effectiveness of
the organization as a whole. This paper summarizes a large-scale
research effort to provide unit evaluation data and associated analytic
capability for the Air Force Reserve Officers Training Corps (A-
FROTC) program.

The impetus for the study originated in DoD directives during the
late 1960s that each service examine its ROTC program annually with
a view toward augmenting cost-effective units, disestablishing margin-
al ones, and seeking new host institutions that might provide more
suitable environments for an ROTC program. Until that time, there
had been little systematic effort to develop quantitative procedures for
evaluating existing detachments or for selecting new host sites. Nor
was there even a broad consensus about which criteria should be used
to evaluate unit effectiveness. It was important that a minimum num-
ber of graduates be produced at reasonable cost, There was a growing
awareness, however, that there might be qualitative differences in
detachment output that, in some cases, would not become evident
until after graduates entered active duty. Certain types of graduates,
for example, would not complete subsequent techfnical training pro-
grams. Other characteristics might influence in part how well cohorts
perform on the job and ultimately whether or not they elect to become
career officers. A principal goal of this effort was to extend the detach-
ment evaluation system to include both near-term and long-term unit-
effectiveness criteria that could be monitored over time.

Aside from requirements for improved criteria, research was also
needed to identify and investigate the principal determinants of per-
formance at the institutional level. AFROTC management has long
been aware that productivity at larger institutions has typically bcen
greater than at schools with smaller enrollments. The academic rating
of a host institution, its geographic location, and its type of control
(public or private) might also influence productivity to some unknown
extent. Until recently, however, there has been no firm basis estab-
lished for quantifying these relationships to assess their contributions
to predicting detachment performance.

Thus far, the preliminary results of work in this area have served
mainly to establish the badic feasibility of the approach used (Tupes
et al., 1968; Tupes and Madden, 1968, 1970; Alley, 1974; Alley and
Berberich, 1975(a), (b)). The data bane used in these early studies was
limited in a number of important respects. In the interests of establish-
ing a single time-line between entry and exit from the personnel sys-
tem, the tracking of input groups was limited to persons entering
service before 1965. As a result, most of the production, cost, and
training criteria were somewhat dated. Similarly, many of the institu-
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tional characteristics used for explanatory purposes were of limited
value either because they were unavailable for certain schools or
because they were difficult to update. It was necessary to update the
system to include all Information available on officer accessions from
1964 to the present and to explore new measures that might be both
readily accessible and amenable to update.

This paper presents the final results of this research. The principal
research questions addressed in the study can be summarized as fol-
lows:

1. To what extent are there stable differences in detachment
performance across criteria and across time? The intent here
was to assemble data and develop normative statistics for
each of the available criteria from 1964 to 1974 and to deter-
mine if there were sufficient stability in these measures for
evaluation purposes. It was recognized that some of the cri-
teria would remain invariant, while others would not. Those
that appeared inconsistent over time (were sensitive to short-
term influences or modifications in the operation of a detach-
ment) might be useful in making comparisons between exist-
ing detachments but would be of little value in evaluating a
proposed detachment site. Highly stable criteria, which pre-
sumably reflected more enduring characteristics of the de-
tachment or the surrounding environment, could conceivably
serve both evaluative and forecasting purposes.

2. To what extent can differences in detachment performance be
attributable to influences beyond management control? The
answer to this question also has several important implica-
tions for the evaluation of both current detachments and
potential host sites. If, for example, detachment performance
was functionally related to characteristics of the institution
at which it operated, then a more equitable evaluation proce.
dure could control for these factors. Evaluation of potential
host sites would also be enhanced if supporting documenta-
tion could be developed that indicated the observed relation-
ships were stable enough to generalize to new institutions at
some future time.

3. To what extent can differences in detachment performance be
attributable to controllable features of the AFROTC pro-
gram? For example, the length of training (two or four
years) might influence the number or quality of graduates.
By estimating the unique influence of these factors, manage-
ment decisionmakers would be in a better position to evalu-
ate proposed modifications and their expected consequences
on the performance criteria.

..... .. ... ..
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APPROACH

Detachment-Effectivenesu Criteria
A multidimensional assessment system was developed for evaluat-

ing detachment performance. The effectiveness criteria included tradi-
tional enrollment, production, and unit cost measures, as well as sev-
eral longer-range indices of productivity based on graduate perfor-
mance after entry to active duty (training elimination rates, on-the-job
performance, and retention). Criteria were developed by detachment
for every year's input from 1964 to 1974 (N = 65,000 individual case
records). The basis for defining the criteria is illustrated in Fig. 1,
which diagrams the flow of graduates from a detachment through a
simplified personnel system. The progress of various categories of
personnel (pilots, navigators, and nonrated officers) can be followed
longitudinally from initial entry into the AFROTC program through
various active duty training programs and eventual field assignment
to an arbitrary point beyond obligated service commitments. The
effectiveness criteria represent aggregated measures by detachment
and are expressed in the form of absolute numbers, percentages, aver-
ages, and unit costs, characterizing the individual cohorts at various
stages in the system. Detachment criteria selected for the present
analysis are shown in Table 1, grouped into four broad categories: (1)
enrollments and production, based on the total number of students
either enrolled or graduated during a given year; (2) coct effectiveness,
derived from unit costs associated with graduation from AFROTO; (3)
officer quality, based on the typical performance of detachment co-
horts on various qualitative measures derived from officer selection
tests, success in pilot training, and supervisory ratings of on-the-job
effectiveness obtained during the first four years of active duty; and
(4) retention, based on the proportion of detachment graduates re-
maining in service beyond initial active duty commitments.

Institutional and Program Characteristics

For purposes of this study, it was useful to distinguish between
two sources of potential influence on the criteria: institutional char-
acteristics and program characteristics. The institutional variables
define the environmental context in which the detachment must oper-
ate. They index the relative quantity and quality of student resources
from which the cadet population is typically drawn, the location and
control of the institution, the number and proportion of degrees
awarded in various academic areas, and a general summary of reve-
nue sources. This information was obtained from three standard refer-

†††††††††
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ences available in most academic libraries: (1) American Universities'
and Colleges, 10th Edition, (1968); (2) The College Blue Book, 14thili: Edition (1972); and (3) Earned Degrees Conferred, 1970.71 (1973). A fall •

description of these variables is given in Table 2. The division of the
institutional predictors Into subsets was based more on practical than
on theoretical considerations. Subset I represents an array of pre-
.dictor variables that have been shown In preliminary studies to be
Shighly related to the enrollment, production, and cost criteria and are

:, at present on file for a large number of potential host sites. These
measures include host college student enrollments, American College
Test (ACT) scores for entering freshmen, geographic region, institu.
tional type, control, and indicators of predominantly male and minori-
ty representation. Subset 2 contained supplemental information that
can be accessed quite readily and that seemed to show some promise
as explanatory variables for the quality of detachment output. In-
cluded among these variables were religious affiliation, average worth
of undergraduate scholarships, tuition costs, Ph.D.s awarded per en-
rollment, and a general summary of revenue sources. Subset 3 repre-
sented the degree orientation of the host institution based on defini.
tions suggested by Astin (1965),

Program characteristics, in contrast to the institutional variables,
were controllable features of the detachment at least from the stand-
point of AFROTC management. These variables defined the operating
characteristics of the detachment itself, whether it was collocated with
a detachment from the other services, whether arrangements had
been made to enroll students from other collegiate institutions in the
vicinity (cross-town agreements), and whether a two-year (only) pro.
"gram was offered as opposed to ar optional two- or four-year program.
To the extent the program influences can be shown to determine the
effectiveness of a detachment, AFROTC management will be in a
better position to select from among various planning options so that
effectiveness, however defined in terms of the criteria, can be maxi-
mized within practical constraints.

Design of Analyses

Multiple regression techniques as outlined by Ward and Jennings
(1973) were used to establish predictive relationships with the criteria
and to test various hypotheses about these relationships. The units of
observation were detachments operational during a given period.
Documentation of results was obtained in the form of means, standard
deviations, correlations, raw score regression weights, and F-statistics,

. The overall conceptual model for analyzing the institutional and pro-
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gram correlates of each criterion in turn can be characterized as fol-
lows:

(DCp) = (IC) + (PCp)

where DC = detachment criteria for year p,
13 = institutional characteristics, and

PCp - program characteristics for year p.

The detachment records within a given year were analyzed sepa-
rately for two randomly split half-samples and for the total sample.
The half-sample analyses provided a means for cross-validation of'
results, In certain applications of these data (as in esWimating the
suitability of a potential host site), it will be necessary to make infer-
ences about future performance at schools that were not included as
part of the validation sample, Thus it was necessary to evaluate the
stability of the prediction equations across both time and institutions.
Detachments in continuous operation during 1964-1974 were divided
into two random half.samples, Within each half-sample, the criterion
data were split into two time segments, designated T1 and T2. Esti.
mates of potential error arising from variations between samples over
time were obtained by developing equations on half-sample I during
Ti and cross-applying the weights derived to the second half-sample
at T2. The cross-validation estimates generated in this exercise are
considered conservative in the sense that greater stability would be
required to establish statistical significance than would be the case if
the full-sample equations using criteria combined across both time
periods could be subjected to the same procedure. Results from the
total sample of detachments permitted comparisons between various
subsets of the predictors and the criteria and also provided working
models for the system.

RESULTS AND DISCUSSION

Normative Characteristics of Detachment Criteria

Normative data for the effectiveness measures together with
mean intercorrelations between years are shown in Table 3. The corre-
lational data may be taken as indicators of criterion stability across
time for the entire inventory of detachments. Consistency between
years appeared to be highest for the enrollment, production, and total
cost criteria, Correlations between years for these criteria ranged
from .82 to .96. Somewhat less stable but still moderately consistent
across time were the AFOQT and retention criteria, The only criterion
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Table 3

DETACHMENT CRITERION MEANS, STANDARD DEVIATIONS,
AND MEAN INTERCORRELATIONs BETWEEN YEARS

Mean R
Between

Criterion N M SD Years-

AS300 enrollments 140 26 16 .82
Graduates 140 25 16 .86
Cost per graduate 140 10,673 4,446 .39
Total detachment cost 140 205,002 76,901 .96
AFOQT.OQ 140 65.72 18,72 .64
Pilot training completion 140 76.82 8.56 .22
Officer effeotiveneas 138 34,16 2.42 .35
Retention 137 48.44 11.74 .53

that appeared seriously deficient in terms of stability over time was
pilot training success rate, where between-year correlations averaged
.22, In the analysis of predictive relationships described below, the
effects of these inconsistencies have been moderated to some extent by
basing the assessment system on measures reflecting several years of
input for each detachment.

Estimation of Detachment Performance

Means, standard deviations, and zero-order correlations between
the institutional and program characteristics and the detachment cri.
teria are shown in Table 4. The school enrollment measures, for exam.
ple, are shown to be positively related to production criteria, total
detachment costs, performance on the AFOQT, pilot training success,
and mean Officer Effectiveness Ratings (OER). Enrollments were
negatively related to unit cost per graduate and had no apparent
relationship to retention. The effects of average ACT scores at the host
institution were somewhat more varied across the criteria. While hav-
ing only a slight negative influence on enrollments and production,
average ACT was positively related to cohort performance on the
officer quality measures (AFOQT, pilot training success, and OER) but
negatively related to officer retention. The average number of stu-
dents per faculty was minimally related to all criteria except for
AFOQT and retention. Geographic region showed moderate relation-
ships with most of the criteria. Schools located in the northeastern
regions appeared to produce fewer officers with slightly higher than
average scores on the AFOQT. Retention rates among these schools

.... ... ..... .



210 Alley

t I Il Im N 4I LM4 o t

P q I 4 I CI D ( 4 0

top i c~ 0 RD' t t D ot

el"-e O,- -4@4 44

00M ~ ~ ~ t CM C 4M0t

La i i II

CI 
C0, 1 ,

ID~ -- zI
aI I I

Ali pi ~mE



Organizational Efectiveneu 211

La -- 00 o - t -44 L

I0I m

'm

u II
ii

El

.... . .. ..



212 Alley

"were also slightly lower than for other regions. Conversely, schools
from the southeast and southwest were good sources in terms of pro.
duction and retention but were less likely to produce officers scoring
in the higher ranges of the AFOQT.

The effects of institutional type and control were also quite diver.
gent with respect to the enrollment, production, and retention criteria
"on the one hand and the aptitude and training performance and OERs
on the other. Indeed, the general pattern of criterion relationships
shown with these and the remaining variables underscores some of
the difficulties faced by decisionmakers in the officer procurement
area: By taking a course of action that may optimize performance in
one area of concern, say, expected enrollment and productivity, it is
likely that unacceptable decrements In program "effectiveness" may
result in other areas (input quality) unless there is some basis for
considering both factors simultaneously, While these data do not at-
tempt to specify which criteria should be valued over others, they do
suggest that a rational basis for judgment can be established taking
into account various outcomes that may result from a given policy
decision,

Institutional Effects

To explore the feasibility of estimating the criteria from combined
knowledge of the institutional and program variables, regression
analyses were performed on various subsets of the predictors. Table
5 shows the results obtained with the institutional characteristics in
predicting the performance criteria. These data indicate that all three
predictor subsets, when considered independently, contribute signifi.
cantly to the prediction of the effectiveness criteria with only two
exceptions. Multiple correlations for Subset 1, which included enroll-
ment, average ACT, student faculty ratio, geographic location, institu-
tional type and control, and the proportion of males to females in the
student population, range from a low of 56 for the cost per graduate
criterion to a high of .86 for AFOQT. Subset 2, which considered
religious affiliation, average value of scholarships, percent of students
on scholarships, revenue characteristics, and Ph.Ds awarded, yielded
correlations in the range of .43 for total detachment cost to .68 for
AFOQT performance. Degree orientations (Subset 3) were significant-
ly related to all criteria with the exception of pilot training success and
OERs, Overall, these findings suggest that an appreciable amount of'
variance In detachment criteria is attributable to institutional char.
acteristics associated with the host college; these characteristics are
beyond the control of AFROTC managers.

The question of whether information from all three data subsets
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would be required to make useful predictions was addressed in the
following manner, The predictive accuracy associated with variables
in Subset I was used as a baseline to evaluate unique contributions
from Subsets 2 and 3 across all criteria. Results of these analyses,
summarized in Table 6, indicate that in only one case was the accuracy
of prediction obtained with Subset 1 variables improved to a signifi-
cant extent with additional inform,-tion. In the majority of compari-
sons, the predictability associated with Subsets 2 and 3 was shared in
common with the baseline measures. There was some evidence that
the degree-orientation data in Subset 3 contributed marginally to the
prediction of the graduate production criteria. However, for the most
part, the variables in Subset 1 yielded predictions that were equiva-
lent to those obtained using Subsets 1, 2, and 3 combined.

Program Effects

Using institutional variables (Subset 1) as control measures, analy-
ses were also made to determine if there were any unique effects on
the performance criteria attributable to collocation with other ROTC
units, cross-town agreements, or program length (two or four years).
Regression equations containing both the institutional and program
variables were compared with similar equations excluding the pro-
gram variables across all criteria. If there were no differences in pre-
dictive accuracy associated with the full and restricted models, this
would indicate that the program characteristics had little or no influ-
ence on the criteria when effects of institutional variables had been
controlled. The results of these comparisons were somewhat equivo-
cal, as shown in Table 7. The program variables taken in combination
made unique contributions to only one of the eight criteria-unit cost
per graduate. When each program variable was compared individual-
ly with restricted models containing both institutional variables and
the remaining program variables, some evidence was found indicating
that these factors may indeed have some unique influence on selected
criteria. In these comparisons, collocation with other ROTC units was
shown to have a significant effect on unit cost per graduate. Program
length (two or 'Ibr years) provided unique predictive contributions to
the total detachment cost criteria, AFOQT, and OERs. The effect of
cross-town agreements was negligible across all criteria.

An inspection of the raw score regression weights associated with
these variables in the context of the institutional measures (Table 8)
indicates that collocated detachments generally had a lower cost per
graduate than did single detachments when institutional effects were
held constant. The effects of collocation on AS300 enrollments, gradu.
ate production, and total detachment cost were in the expected direc-
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218 Alley

tion but did not reach statistical significance, Collocation appeared to
have negligible effects on the remaining criteria. Detavhments with
two- and four-year programs tended to have higher total detachment
operating costs and were more likely to produce graduates obtaining
higher scores on the AFOQT and the OERs than did comparable de-
tachments offering only a two-year program, No significant differences
were noted between the two types of program on the remaining cri-
teria,

CromsValidation Exercises

The results of the cross-validation exercises are presented in Table
9. In general, they suggest that prediction models developed on half.
sample data maintained significant validity for all but one of the eight
criteria when applied across both institutions and time, The inference
is that these same properties would be found to an even greater extent
in the full.sample equations. The only cross-validation in this set that
failed to reach statistical significance was that associated with success
in pilot training, Pilot training criteria may be unsuitable for assess.
ment or forecasting purposes unless provisions are made to base com-
pletion rates on combined input over a minimum of three to five years.
If used for forecasting purposes, the prediction systems associated
with this criterion should be updated frequently. Cross-validities for
the remaining criteria, while considerably shrunken, were statis-
tically significant. It Is important to remember that these estimates
are conservative because the full-sample analysis included twice as
many observations taken over time periods 1 and 2 combined.

Table 9

SPLIT-SAMPLE CROSS-VALIDATION

Buildups Cross.valldationlb

Time Multiple Time Multiple
Criterion Sample Per'od R Sample Period R

A8300 enrollment H81 1070.73 .78 H62 1973.7b .28 0
Graduates &HSI 1970.72 :81 H82 1972.74 ,36d
Cost per V aduste H141 1970.72 .73 1162 1972.74 go0d
Total detachment cost HSI 1970.72 .81 H148 1972.74 ,86 d
AFOrQT-OQ HSI 1970.72 .89 HS2 1979.711 ,48d
Pilot training comp, HSI 1968-70 .b8 HS42 1970.72 ,1 4NS
Officer effectiv.ness H1I4 1968-70 .69 H142 1970-72 3,,d
Retention HSI 1958-.2 .80 H22 1962-64 . 4d

aHui.aample 1;criteria at time I iN - 73),
bfialf-smple 2; criteria at time 2 (N - 67),
c0hlnificant at the ,0 level,
d~ignificant at the .01 level,
NS - Nonsignificant
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APPLICATIONS

Current Detachments
The results at these analyses have various implications for evalu. -

ating detachments currently in the Inventory. Not only could histori.
cal trends in unit production, costs, officer quality, and retention be
monitored over time, it would also be possible to derive estimates of
expected criterion performance based on differences in host-site char.
acteristics, Given the large proportion of variance associated with
these variables, a comparison of actual and predicted performance
would provide a mom.• equitable basis for judging the degree to which
various units capitalize on available resources. The influence of fac-
tors beyond the control of individual detachment managers could be A
minimized in the quality control system, This concept is illustrated in
Table 10, which compares discrepancies between actual and predicted
performance on selected production and cost criteria for a number of
detachments, Residual values have been provided indicating overper-
formance or underperformance, controlling for known differences in
the predictor variables. Even though Detachments C and D each grad.
uated 26 officers, Detachment C produced three more officers than
would be expected on the basis of uncontrollable features of the envi-
ronment, while Detachment D produced nine less than would be ex-
pected, In this case, Detachment C might be said to have capitalized

K to a greater extent on available resources than Detachment D.

Potential Host-Site Evaluation

The results of these analyses also have implications for the assess-
ment of potential host-site Institutions, as illustrated in Table 11. The
institutional prediction equations are generalizable in theory to any
prospective host site for which predictor information can be obtained.
iM this example, performance on selected criteria has been estimated
for 15 schools not currently hosting AFROTC detachments. Expected
values equal to or exceeding the average for current detachments are
underlined. Of those listed, sites E and 0 might be considered among
the most preferred locaL.,ins. Sites C, G, and J would be least likely to
support a detachment, The capacity for generating predicted scores
for institutions that do not yet host AFROTC units will permit growth
toward those schools offcring the maximum potential for improving
the officer force.

."1

'I,



220 Alley

to 0

I'I
ii 'I

ii m

10 *1

In In

C9Ii tOa 06
0 m4ti ui 6 0 t



Organimational Effectiveness 221 :
Table 11

EVALUATION OF POTENTIAL HoST SITES

Predicted Performance

Institution Grade (in thousands) AFOQT Retetntion

A 80 13.7 81 U
B10 12.7 40

C 21 11,8 s0 47

D 7 23.3 91 41

P 14 21.7 40 955
G 20 14,8 58 89
H 6 29.1 42

1 14 13.6 so 39
J 28 15.9 48 50

L 22 10,1 O1 S1
M 25 j,2U46

N 8 is' 15 33

Av. for 854
current

detachments 2B0. 866 4

NOTE:t Underline Indicates predicted performande at or
above the average for current detachments,

SUMMARY AND CONCLUSIONS
The principal findings of this study may be summarized as follows:

1. Fairly stable differences between detachments were noted in
ASSO0 enrollments, graduate production, total detachment cost, the
proportion of graduates scoring above the 55th percentile on the
AFOQT, and total officer retention. Mean Intercorrelations, across time
(years) for these measures range from 53 (Retention) to .96 (Total
Detachment Cost), The cost per graduate, QER, and pilot training
success rates were somewhat less consistent over time, indicating that
these criteria would require a longer time frame (a minimum of three
to five years) on which to base a sound assessment. Moreover, they
would require more frequent updating if used for long-range forecast-
ing purposes.

2. A significant amount of the variance in the detachment effec-
tiveness criteria could be attributed to Institutional characteristics of
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the host college largely beyond the control of detachment managers.
These include student enrollments, average ACT composite, student/
faculty ratio, geographic location, institutional type and control, and
the proportion of males in the student population. Other factors were
found to be related to the criteria but did not provide incremental
validity in the presence of those factors already mentioned. The docu.
mentation of these relationships supported the feasibility of a compre-
hensive evaluation system applicable to both current detachments and
potential host sites.

3. An analysis of the unique effects associated with program
characteristics produced mixed results. When these variables were
tested as a subset in the context of the institutional variables, signifi-
cant differences were noted for only a single criterion: unit cost per
graduate. A series of comparisons testing the unique contribution of
each program variable in turn, however, indicated that collocated
ROTC detachments tended to have lower costs associated with each
graduate than did comparable detachments without collocated units.
Relationships between collocation and enrollment, production, and
total detachment costs were in the expected direction but failed to
reach statistical significance. The presence or absence of cross-town
agreements was insignificant for all criteria. Program type seemed to
exert a moderate effect on three of the eight criteria: total detachment
costs, AFOQT, and OER. In general, detachments offering both two-
and four-year programs tended to have higher total detachment costs
while also graduating officers with higher aptitudes and higher ex-
pected values on the OER.
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TECHNIQUES FOR INCREASING RETENTION OF
NAVY ENLISTED PERSONNEL1

Gloria Lauer Grace
System Development Corporation

In order to maintain adequate defende manpower in an all.volunteer envi.
ronment, military policy and personnel management procedures must ensure
that adequate numbers of qualified enlisted personnel are retained by the
services, Techniques designed to increase retention and improve personnel
satisfaction have been Implemented by the Navy, in part through the Navy
Career Counseling Program, Results of multi-phtfse research on these tech.
niques are reviewed here,

Factors that influence retention and personnel stdisfaction are also Iden.
titted, including the social envelope, organizational climate, work environ.
ment, job satisfaction, individual attitudes and opinions, and attitudes of
Navy wives, Effectiveness of techniques designed to increase retention and
Improve personnel satisfaction is discussed, along with the impact of research
findings on Navy policy and personnel management petcedures and implica.
tione for defense manpower policy,

INTRODUCTION AND BACKGROUND

In the era of the all-volunteer force, the military services must be
capable of retaining adequate numbers of quality enlisted personnel
to ensure our nation's defense. In general, reenlistment rates have
been holding at acceptable levels. Recent military pay increases, re-
duced force strength requirements, and an unfavorable economy have

'The research described in this paper was conducted under contracts N00014.72.C.
0549 and N00014-75-C.0311 fbr the Navy All.Volunteer Force Manpower R&D Program
of the Office of Naval Research,



Increojing Personnel Retention 225

helped the services remain competitive with the civilian labor market.
However, when the domestic job market improves, ensuring an ade-
quate supply of manpower to meet military requirements may become
a problem for all the services. Even today, some of the services are
seriously concerned about certain aspects of retention. For example,
the Navy is experiencing some imbalance in manning across pay
grades and critical shortages in certain specialties. The need for qual.
ity personnel is accentuated by the growing requirement for expertise
in the use of high-technology weapons systems. Inflationary pressures
on military personnel costs mean that fewer dollars are available to
acquire, train, and pay personnel, The manpower available over time
for a given force strength is also decreasing because of increased
attrition, defined as loss to the service before expiration of active
obligated service. These are some of the reasons why techniques for
increasing retention of enlisted personnel are important,

Need for Techniques To Inerease Retention

The need to increase retention is often Inferred from inspection of
reenlistment rates, Certain difficulties arise, however, when these
rates are used as the basis for inferring need, High rates do not neces.
sarily mean that retention meets need. Comparisons of retention sta-
tistics from FY 1971 to FY 1975 point out some of the difficulties that
may arise when reenlistment rates are used to establish need. One
difficulty is that certain computations sometimes fail to reflect man-
power supply directly, For example, Fig, 1 shows absolute numbers of
Navy first-term and career enlisted personnel retained innually from
FY 1971 through FY 1975, Total numbers increased through FY 1974,
as did reenlistment of first-term personnel. However, career reenlist-
ments tended to vary, with a peak being reached in FY 1974, Because
the number of career personnel is larger than the number of frst-term
personnel, the total number tends to parallel the career number.
Length of service gained as a result of reenlistment is also not reflected
by these overall numbers, To assist in correcting this problem, the
Navy has developed two Selective Retention Indicators' for measur-
ing the effectiveness of command retention programs. First, the Head
Count Figure of Merit is a decimal measure that compares the number
of personnel who reenlisted with the number who separated and were
eligible to reenlist, with ratios displayed by Career Reenlistment Ob-
jectives group, And second, the Manyear Figure of Merit is a decimal
measure that compares obtained additional obligated service of those
who reenlisted with potential additional obligated service, Potential is
a maximum of six years minus the length of service remaining at the

o BUPERSNOTE 1133, 25 May 1974.
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time a reenlistment decision was reached. The first measure indicates
the proportion of those eligible who reenlist; the second, the amount
of manpower gained as a result of these reenlistmernts. Both measures
are needed to make an accurate determination of the Navy's retention
effectiveness.

Reenlistment rates for FY 1971 through FY 1975 are shown in Fig.
2. Comparison with Fig. 1 shows that trends based on rates tend to
differ from those based on absolute numbers. For example, in FY 1974, A
the number of career reenlistments increased, whereas the reenlist.
ment rate for these personnel dropped markedly, This demonstrates
the importance of considering both absolute numbers and reenlist.
ment rates In establishing the need for techniques to increase reten-
tion,

Another difficulty is that reenlistment rates vary depending on the
method of computation. Three methods are normally used for comput-
ing Navy reenlistment rates:

(1) the Department of Defense (DoD) formula, which takes into ac-
count reenlistment, eligibility, and bonus extension:

Reenlistments + Bonus Extensions
Reenlistment Rate - Eligibles + Bonus Extensions

(2) the Navy 4YO + 6YO formula, which takes into account DoD
formula variables and adds ineligibility as a factor in the denominator:

Reenlistments + Bonus Extensions
Eligibles + Ineligibles + Bonus Extensions

(3) the Navy 4YO Only formula, which excludes bonus extensions:

Reenlistment Rate Reenliatments
Eligibles + Ineligibles

For first-term personnel, FY 1971 through FY 1975 reenlistment rates
computed using the DoD formula (17%, 23%, 23%, 32.9%, and 39.9%)
were about twice as high as those computed using the Navy 4YO +
6YO formula (9%, 13% 14%, 19%, and 20.7%). Comparable rates
computed using the 4YO Only formula (7%, 10%, 11%, 14,5%, and
15.9%) were even lower. For career personnel during the same time
span, reenlistment rates computed using the DoD formula (90%, 91%,
92%, 80.3%, and 80.5%) were one-fourth to one-third higher than
rates computed using the Navy 4YO + 6YO formula (59%, 61%, 69%,

. .. -..* -- ---. --- -,,. - ...- ---...-. *-- *-~.-.



2228 Grace

001

.1 'go

( Iujo)ivVuwjuo

P1 4



Increasing Personnel Retention 229

61.4%, and 57.7%) or the Navy 4YO Only formula (58%, 60%, 69%,
59.9%, and 56.1%). Use of the DoD formula caused reenlistment rates
to be inflated over rates computed by the other formulas because
ineligibility is excluded from the denominator. Inclusion of bonus ex-
tensions caused Navy 4YO + 6YO formula rates to be inflated over
rates computed using the 4YO Only formula. Because bonus exten-
sions reflect earlier commitments regarding length of service, includ-
ing them tends to mask the need for techniques to increase retention.
Therefore, the Navy 4YO Only formula appears to provide the most
realistic estimate of need.

A further difficulty arises because loss of personnel through attri-tion Is not clearly accounted for In the current computations. Accord. :

ing to Navy statistics, in FY 1975 more first-term personnel were lost
through attrition (25,726) than were retained through reenlistment .
and bonus extension (20,612). Less than one in four (24%) of those who

left the Navy had a General Classification Test (GCT) score lower than
30, and more than one in three (34%) scored higher than 50, These
figures indicate that a fairly large proportion might have been of
potential benefit to the Navy had it been possible to retain them. In

addition, financial resources committed to acquire and train such per-
sonnel were invested in assets that became unavailable to assist inaccomplishing the Navy's minsion. •

A final difficulty arises because retention of quality personnel who
have skills that are in short supply is not adequately reflected in
overall Navy reenlistment rates. To assist In dealing with this difficul-
ty, the Navy issues the quarterly Rating Health and Welfare Report, .
This report summarizes current manpower status for each rating,
including Navy requirements, total inventory, distributable personnel
and billets, numbers in training, career manning, criticality, first-term
reenlistment information, sea/shore rotation, and special nay. This
report is used to assist in monitoring and correcting any personnel
imbalances that may occur.

In summary, the need for techniques to increase ret3ntion has
tended to be obscured because overall reenlistment rates have been
used to determine need. Official rates tend to vary depending on the
method of calculation, with the most favorable rates being obtained
using the DoD formula. To determine need, rates should be examined
rating by rating, and the ineligibility factor and the masking effect of
bonue extensions should be adequately taken into consideration.

Retention Crteria

Reenlistment intent, reenlistment decision, and performance have
been used as criteria in research on retention. For example, motiva-

... ............. ....
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tional factors at various decision points during Naval service were
investigated by Lockman, Stoloff, and Allbritton (1972). Data from an
earlier survey of enlisted men, conducted by the Navy Personnel and
Training Research Laboratory (Johnston, 1964; Malone, 1967) were
reanalyzed. Results based on a sample size of 3,594, including unrated
men and those in 11 critical ratings, indicate that "economic, psycho.
logical and personal characteristic variables all contribute to the pre-
diction ofreenlistment decision,, attitudinal as well as economic and
biographical ",ariables must be taken into consideration in maximiz-
ing the prediction of reenlistment intent" (Lockman et al., 1972, p. 38).
However, the most important predictor of reenlistment decision was
intent to reenlist.

Performance is also an important criterion in considering reten-
tion of quality personnel. Stoloff (1971) classified performance pre-
dictors on the basis of job content and job context variables, using the
theoretical approach of Herzberg, Mausner, and Snyderman (1959).
He found that reenlistment intent was predicted primarily by job
context variables and reenlistment decision by reenlistment intent and
job context variables. He also found that performance was primarily
predicted by job content variables. Performance is also related to orga-
nizational practices, which have been found to be related to retention
(Bowers, 1973; Drexler and Bowers. 1973). Job content, job context,
and organizational practices need to be taken into consideration in the
prediction of reenlistment of quality personnel.

The relationship between reenlistment intent and reenlistment
decision was investigated by Holoter et al. (1974), using two reenlist.
ment criteria, 12-month and 24-month increases in the date set for end
of active obligated service. The 12-month criterion permitted compari-
son with results of an earlier study (Holoter et al., 1973); the 24-month
criterion permitted comparison with official Navy statistics. As shown
in Table 1, intent was a fairly good predictor of reenlistment for those
who had made a decision about reenlistment. For those who were
undecided, intent was a less effective predictor. The Phase 1 and Phase
2 samples were independent samples of Navy personnel serving in
their first term of enlistment. Reenlistment intent was measured using
responses of personnel on a career counseling survey, and reenlist-
ment decisions of these personnel were determined through examina-
tion of records on the Navy Enlisted Master Tape.

As might be expected, the 24-month criterion lowered Phase 1
reenlistment rates for the three intent groups. For example, using a
12-month criterion, 94.1% of those who said Yes actually stayed In the
Navy; using the 24-month criterion, 85.3% stayed. The decline in rate
was greatest for the Undecided group.

The type of decision of primary interest to the Navy is the decision
to reenlist. Figure 3, which compares intents of those who decided to
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Table 1

COMPARISONS OF REXNLISTMENT DEISownS WITH INTENT
FOR INDEPENDENT PHASE 1 AND PHASE 2 SAMPLES

OF FlRsT-TERM ENLISTED PERSONNEL
(In percent)

Reenlistment Intent Criteria

Renitet12 24 12 24 12 24
Decision Phase months months months months months months

Stay In Navy 1 94.1 88,11 65.1I 35.3 9.5 3.7
2 92.9 57.6 4.1

Leave Navy 1 5.9 14.7 3411 64.5 9015 96.3
2 7,1 42.4 95.9

NOTE i The Initial Phase I sample N - 527 Increased to N - 627 a year lateri the Phase 2
sample was N *218,

Reenlistment
Intent

100 ~~

MMUndecided

50

25 /

STAY STAY STAY
PhnI Phase I Phase 2

(N-102) (N-66) (N-39)

CRITERION: 12 months 24 months 24 months

REENLISTMENT 19.4% 1016% 17.9%

RATE: (N-527) (N-627) (N-218)

Fig. 3-Relationship between reenlistment decision and intent
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stay in the Navy, shows that percentages vary. Using the 12-month
criterion for the Phase 1 sample, the largest percentage (42.2%) of
those who stayed in the Navy had an intent of No; using the 24.month
criterion for the Phase 1 sample, the largest percentage (43,9%) had
an intent of Yes. For the Phase 2 sample, the largest percentage
(48.7%) were undecided. Jn all three cases the actual gain in manpow-
or was less from those ;. ýio said Yes than from the combined group of
those who said No or were undecided, This finding indicates that
techniques to increase retention should be designed to affect all enlist.
ed personnel positively, regardless of their expressed intent,

TECHNIQUES TO INCREASE RETENTION

Several techniques to increase retention in the Navy have been
implemented or are under development. The Navy Career Counseling
Program is a major effort that is already under way. Research in
support of this program conducted under the Navy Manpower R&D
Program has resulted in the development of additional techniques,

Navy Career Counseling Program

The Navy Career Counseling Program is designed to obtain, on a
long-term basis, a maximum number of highly qualified enlisted per-
sonnel for the Regular Navy. Emphasis is placed on obtaining person-
nel who are trained in occupations of critical importance, as well as
those who have demonstrated proficiency in leadership and other oc-
cupations, regardless of criticality, This program forms a communica-
tions system designed to stimulate interest in the Navy, increase ca-
reer motivation, encourage participation, and develop personal in-
volvement that recognizes the potential, worth, and dignity of every
individual in the Navy, Objectives are (1) to inform all personnel
properly and adequately, (2) to provide effective career guidance that
encourages individuals to make best use of their talents while in the
Navy, (3) to increase goodwill and respect for the Navy toward the end
of providing "ambassadors" for the Navy in the civilian community,
(4) to encourage active participation in the Naval Reserve on separa-
tion, and (5) to aid in the identification and correction of problems at
the local level.

The program is carried out through the Bureau of Naval Person-
nel, Fleet and Type Commands, and at the unit command level. To
assist commanding officers in the execution of the program, primary
duty career counselor billets were established at a ratio of one counsel.
or per 750 members in each shore command with 400 or more mere-
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bers. Full-time, Bureau-controlled career counselors were assigned to
most sea commands with 200 or more members, with additional billets
assigned for each additional 750 members. These counselors are
trained in BuPers-controlled Career Information and Counseling
Course schools on the East and West Coasts. Training for collateral
duty part-time counselors is also provided at Tycom Career Informa-
tion Schools. Commands are encouraged to implement Command Re-
tention Teams at the unit level to ensure active support and participa-
tion in the program and to increase awareness and involvement
throughout the command.

To ensure that all personnel are counseled, three interviews are
required under this program, First is the Reporting Interview, which
is to be held within 30 days of reporting aboard and which includes
counseling of wives or husbands, as appropriate. Second is the Reten-
tion Programs Incentive Interview, which is to be scheduled for the
time frame of Active Duty Base Date plus 18 months. And third is the
Incentives Program Interview, which is to be conducted 10 months
prior to EAOS (End of Active Obligated Service) or PRD (Projected
Rotatlon Date), These three required interviews are cnducted with
groups of enlisted personnel and are followed up by pa, sonal inter-
views to handle matters specific to individuals. Centrally provided
support for the program includes a computerized monthly report de.
signed to identify those personnel approaching EAOS or PRD who
should attend the Incentives Programv Interview. Other centrally pro-
duced aids are the Career Reenlistment Objectives list, which groups
ratings on the basis of overpopulation, undermanning, or adequate
supply, and the Rating Health and Welfare Report. ,

In addition, and as part of the program, the Navy has begun a
retention advertising campaign, which includes a series of advertise-
ments in the Navy Times and local Navy papers, coordinated with
billboards placed at strategic locations near large Navy installations,
Multimedia presentations have been developed for use in group inter.
views and with Navy wives, and a film has been prepared for use at
the command level.

SDC's Research on Career Counseling

System Development Corporation conducted research in support
of the Navy Career Counseling Program beginning in 1972. In Phase1, the counseling process was analyzed (Meshi et al., 1972) and a

survey was made of a sample made up primarily of first-term enlisted
personnel, using a questionnaire especially designed for this purpose
(Holoter et al., 1973). The sample was drawn from Navy units sta-
"tioned in California, Virginia, and Hawaii. In Phase 2, the survey was

- *-'.. . . . . . . .



<1

234 Grace

administered to a sample of enlisted personnel in all terms of enlist.
ment drawn from Navy units stationed at the same three locations
(Holoter et al,, 1974), Survey data from the first phase were rea-
nalyzed and a technique for identifying target populations of Navy
enlisted personnel receptive to reenlistment was also developed, In
Phase 3, this technique was refined and factors influencing retention
were identified (Grace et al., 1976).

Identification of Factors Influencing Retention. A quasi-ex.
perimental method was used to develop a technique to identify factors
influencing retention. Hypotheses concerning reenlistment were gen.
orated and experimental tests, validations, and crossvalidations were
performed using independeat samples of Navy enlisted personnel.

Samples were drawn from personnel surveyed in earlier phases of
research (Holoter et al,, 1974). In Phase 1, a sample of 1,711 first- and
second-term enlisted personnel were surveyed in the fall of 1972, using
a 253,item questionnaire especially designed for this purpose, This
sample included 550 first-.erm personnel within six months of a reen-
listment decision. In Phase 2, during the fall of 1973, the research was
expanded to Include a survey of 2,744 personnel in all terms of enlist.
Mont. Of these, 1,760 had served less than four years, Navy personnel
records for these samples were obtained from Enlisted Master Tapes
(EMTs) compiled in June of the years preceding and following each of

the surveys, Records on these tapes were used to determine actual
reenlistment decisions and to obtain information relative to hypothe.
sea that had been generated.

Two independent samples, composed of first-term personnel who
had the opportunity to make a reenlistment decision and for whom
evidence of decision was available, were drawn from the personnel
surveyed in Phase 1 and Phase 2. Separate data bases were built for
each of these samples. The third independent sample, composed of
Phase 2 personnel in terms of enlistment other than the first term and
for whom the same evidence was available, was also drawn. A total of
898 personnel were included in these three samples. The actual reen-
listment decision was determined by comparing the EAOS dates on
two consecutive EMTs. Individuals for whom this date was

increased by at least two years were considered to have reenlisted.
Individuals for whom EMT data were not available on a post-survey
tape were considered to have left the service. These criteria followed
established Navy policy. Thus it was possible to identify Stay (N = 142)
and Leave (N = 756) groups, which together made up the set used to
conduct this research.

Survey questionnaires and Navy personnel records were exam.
ined and seven categories of hypotheses were developed. The catego.
ries were Job, Vital Statistics and Economics, Self-Worth/Esteem and

"~'
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Recognition, Growth and Expectancy, Family, Career Counseling and
Information, and Recruiter/Retention, Hypotheses predictive of con-
ditions under which individuals would be more or less likely to reenlist
were generated for each of these categories, using prior research
findings and experiencn with the Navy as the basis for generation. The
procedure has been deerr!bed in detail by Grace et al. (1976),

For each of the hyptheses generated, predicted reenlistment deci-
sion was compared agair actual reenlistment decision, The Phase 1
sample of first.term rcriionnel (Nf=f627) was used for experimental
testing of hypotheke&. Findings were validated using the Phase 2 sam-
ple of first-term personnel (N f 218), Fourfold tables were constructed
and phi coefficients computed to determine degree, direction, and sig.
nificance of relationships. The chi-square was used to test significance
of the three-category intent-to-reenlist hypothesis,

Predictive power of groups of hypotheses was also determined.
Distributions across categories were examined and like hypotheses
combined to determine the ability of combined categories to differenti.
ate between Stay and Leave groups. Category and total means for the
Phase 1 and Phase 2 samples of first-term personnel were computed,
compared, and cross-validated, using the sample of Phase 2 personnel
In terms of enlistment other than the first term (N=53). One-way
analyses of variance were computed to determine the significance of
differences between means.

Results of the experimental test and validation of individual hy.
potheses that were confirmed (p < .01) are presented in Table 2. Hy.
potheses are identified by abbreviated short titles In this table, A
prediction of more likely to stay in the Navy was made for all hypothe.
ses except those followed by the word Leave in parentheses, For cer.
tain hypotheses, an Importance and Satisfaction (1/S) variable was
created by combining extremes on these two measures. Percentages
shown in the Stay and Leave columns reflect frequencies in the correctassociation diagonals of the fourfold tables, Over 150 hypotheses were

generated and 32 were found to be significant predictors of reenlist-
ment (p < .01).

Each hypothesis found to be a significant predictor identified an
influencer of retention. Categories combined significant hypotheses
Into factors that Influenced retention of first-term personnel. In de-
wcending order of number of significant predictors, these factors were
Self-Worth/Esteem and Recognition, Job, Family, Career Counseling
and Information, Economics, and Recruiter/Retention. Intent to reen-
list was found to be the best single predictor of reenlistment, Growth
and Expectancy did not appear to be a factor predictive of reenlist.
ment of first-term personnel, using the criteria described above.

Category and total scores were obtained and compared across the
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Table 2

COMPARISON OF PERCENTAGES or CORRECT ASSOCIATION AND PHI
COEFFICIENTS SIGNIFICANT AT THE .01 LEVEL OF CONFIDENCE

Dy HYPOTHESIS CATEGORIES

Phase I Expetimental Teat Phase 0 Validation
Hypotheseis stay Leave Buay Leave
category HypothesisafShort Tite (N-66) (N-661) Phi1 (N-89) (N-176) Phi

.Job (N-6) Praeant joblinteresting 58 72 .193 40 '73 .192
Likis being In Navy 59 87 .367 81 91 .427
Pool@ abilities iiould be

bettor utlizeed In al-
vilian job (Leave) 48 82 .211 67 ~ 77 .357

Likes Navy last ala
month$ as so .286 46 84 .287

No to Navel Reearvosa
through with Navy
(Leave) do 67 .302 82 64 .353

Dlisaaitlsfed with pres-
ant job assignment
(Leave) 79 42 .129 87 40 .210

Economics Receiving VRB 70 68 .289 so 89 .214
IN.41) Incentives most attrac-

tive ard Pro-Pay and
VHO 68 e .128 51 '73 .9

Receiving VRtO would
Influence decision to
reenlist 74 69 .279 85 130 .845

1/9 with amount of
cash would receive
u reenlistment bonu&4 71 88 16 02 64 .197

8eif-Worthi Treated fairly in Navy as s0 .131 38 84 .213
KEteam end Treated as individual
Recognition human baing 23 91 .134 33 as .220
(N-8i) Pool* treated as person

worthy of respect as Mis .181 33 88 .920
Wite not proud to be

Navy (Leave) 44 H6 .245 40 77 .201
* i Good use of abilities In

preecnt lob assignment 3M 77 10 44 78 .191
118 with exatent fools use.

fulIn job 64 (18 .113 79 58 .288
1/8 with recognition for

doingeagood job 68 83 .171s 67 58 .186
118 with attitude of

aupervisor toward
self and otherm 61 59 .124 72 84 .198

MINIMU 11131
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Table 2-continued

Phaa i xperimenste Test Phase 2 Validation

Hypothesls Stay Leave stay Leave
Category Hypothiesi Short Title (N-ee) (N-661) Phi (N-89) (N-179) Phi

Family Parents' (guardlanl') feel.
(N-6) Inp about Navy nega-

tive (Leave) 91 28 .104 97 25 .212
One or more dependents 88 65 .118 a7 64 241
Spoaut feelings about

Navy would Influence
reenlistment decision 80 75 .172 49 74 .187

Accompanied by spouse 47 86 .184 51 78 .248
Spouse most liks retire-

Ment benefits, riepen.
dent medical benefits,
and Nitshahlge and
Commissary smricre 88 70 .158 49 74 .157

Spouse laut likes family
separation, amount of
money made, and
changes of station
(Leave) 44 82 -,153 46 30 -. 196

Career Career Counseling Pro,
Counseling and gvAm felt valuable go 80 .188 87 48 ,138
Information Chats often with career
(N-.•) counselor other than

In interview 21 92 .183 81 so ,221
Career counselor help.

ful In providing
information 74 57 .19A g 9 s8 .278

During lot interview
discuesed Information
of interee 68 68 .17 6 64 12 .292

Il/ with attitude of
career counselor 68 81 .118 79 44 11

[Reruiter/ Would encourage person

IRetention to join Navy or point(N-3) out pros and cons 77 81 .17(t 79 47 .208
Intends to reenlist

Yes 58 15 08 7
Undecided I5 65 260 ,54h 58 42 111,26h
No 4 96~ df-2 4 98) df-2

Would reenlist if had to

make decision today 48 9t .649 44 96 ,416

aoIl stands for Important and Satisfied.
bOhi-Square,

4
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three samples. Hypotheses reaching the .05 level of significance using
the one-tailed test were grouped tbr purposes of these comparisons. All
differences between Stay and Leave group means were significant (p
< .01) for the two samples of first-term enlisted personnel. Results
were cross-validated using the Phase 2 sample of personnel in terms
of enlistment other than the first term. Categories found to cross-
validate were Recruiter/Retention (F - 50.397, p < .01), Job (F
12,805, p F .01), Economics, including vital statistics (F = 5.138, p <
.05), and Self-Worth/Esteem and Recognition (F = 4.007, p < .10).
Total score, which refiect3 overall career satisfaction, was found to
cross-validate (F = 7.298, p < .01). Strength of feeling was also signifi-
cant (F = 7.922, p < .01). These results indicate that intent to reenlist
is the best predictor of reenlistment and that job, economics, feelings
of self-worth/esteem and recognition, and overall career satisfaction
are factors that importantly influence retention of Navy enlisted per.
sonnel.

These results suggest a number of possible tactics for positively
influencing the reenlistment decision of undecided personnel. For ex.
ample, techniques to increase satisfaction with job assignment, such
as lateral transfer, job redesign, or job enrichment, could be expected
to positively influence retention. In support of this suggestion, Haber,
Ireland, and Solomon (1974) found that having a current billet differ-
ent from the primary billet increased the probability of reenlistment
among Marine Corps personnel, With regard to economics, receiving
VRB was found to have a positive effect on reenlistment. The work of
Haber and Stewart (1975) supports this finding. Stoloff et al. (1972) and
Haber, Ireland, and Solomon (1974) also found that pay grade was a
significant predictor of retention. Lu Rocco, Gunderson, and Pugh
(1975) found that promotion to pay grade E-4 In a two-year enlistment
or to E-5 in a four-year enlistment was a good predictor of reenlist-
ment. Promotion rate and pay grade not only have economic implica.
tions, they provide status, which tends to increase feelings of self-
worth/esteem and recognition among personnel, Haber and Stewart
(1975) contrasted first-term enlistees' pay and promotion differentials
among Navy occupations with those in civilian occupations and con-
cluded that reenlistment mix could be improved by allocating a larger
percentage of the higher ranks to those ratings with severe shortages
of personnel.

Wives' attitudes toward the Navy are also a factor influencing
retention of enlisted personnel (Lockman et al., 1972; Stoloff et al.,
1972; Braunstein, 1972; and Holoter et al., 1973). Wives tend to favor
reenlistment. In Phase 2 of this research, Holoter et al, (1974) found
that 63.4% of the Navy wives surveyed were willing for their hus-
bands to reenlist at the end of their terms of enlistment, and 69.9%

Y-
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would encourage their husbands to reenlist if the decision had to be
made immediately. In Phase 3, 53,4% were willing and 61.6% said Yes
(Grace et aL., 1976). These findings suggest the need to develop tech-
niques that take advantage of the positive influence that wives' atti-
tudes may have on husbands' reenlistment decisions. The importance
of maintaining effective Navy Personal or Family Services Offices is
also highlighted by these results.

With regard to career counseling, people appeared to be likely to
reenlist If they felt that the Navy Career Counseling Program was of
value to them, If they chatted frequently with career counselors other
than in interviews, if career counselors were helpful in providing
information and had recently discussed information of interest, and if
the career counselor's attitude was felt to be important and was satis-
factory. Therefore, techniques designed to assist counselors in discuss.
Ing topics of interest to counselees might be expected to positively
influence retention. The importance of ensuring that counselors mas-
ter the necessary counseling skills also emerges from these findings,

In summary, techniques that favorably affect the reenlistment
decision could probably improve retention of enlisted personnel. Many
of these techniques could be carried out through existing channels at
little or no additional cost to the Navy.

Techniques Under Development. As part of Phase 3 of SDC's
research on career counseling, three techniques designed to assist in
increasing the retention of Navy enlisted personnel were developed.
Included were a Target Population Package, Command Retention
Team Evaluation profiles, and a Navy Wives Contact Model. The Tar-
get Population Package was designed to identity enlisted personnel
likely to reenlist. Career counselors using the package will ask each
enlisted person to complete a questionnaire containing items found to
be associated significantly with reenlistment decision. To ensure confi-
dentiality, counselors will score the form in the presence of the enlist-
ed person. Only a few aggregate scores will be retained by the counsel-
or, and the questionnaire will then be given to the subject for his own
use or destruction. This procedure is designed to prevent disclosure of
personal information and to make sure that enlisted personnel filling
out the form retain complete control over their own answers, Results
will be discussed as soon as the form is scored, and additional inter-
views will be scheduled if the enlisted person so desires.

Command Retention Team Evaluation profiles were developed on
the basis of interview and survey data and an analysis of records, The
purpose of these profiles is-to provide individual commands with in-
creased capability to assess the effectiveness of their own retention
efforts. Navy Human Resource Management Survey data were also
found to be useful for assessment, Ownership of results resides with

i
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the command, and higher echelons within the Navy do not have access
to findings unless the command wishes to send them forward. This
procedure is designed to ensure confidentiality, to encourage open and
honest address of problems, and to assist in the rapid solution of any
problems within the command.

The Navy Wives Contact Model was designed to assist the Navy
in providing wives with career information and assistance. Career
counselors, members of the Command Retention Team, Personal and
Family Services Offices, Housing Offices, Navy Wives organizations,
and other Navy activities such as Navy Wives Information Schools
were considered in developing this model. Largely as a result of re-
search which led to development of the model, the Navy has placed
increased emphasis on the importance of the family for retention, By
making contacts such as those suggested by the model, the Navy hopes
to take advantage of the positive influence that wives' attitudes may
have on their husbands' reenlistment decisions and to increase overall
satisfaction of all Navy personnel, including wives and families,

Additional Techniques for Consideration i
' i Career Self-Development Model. Enl13ted personnel who are

career-motivated, in the general sense of the word career, appear to
be more likely than others to reenlist. Although the cost of a full-scale
program staffed by professional counselors would be too great to con.
eider, a career self-development model designed to assist personnel inexamining their own capabilities and career aspirations might well befeasible, A wide variety of counseling resources already exists within

the Navy. If personnel could be motivated to make better independent
use of these resources--for example, if they could be trained to work
together in pairs-career motivation might be increased. If the Navy
were to launch such a program, the very fact that the Navy officially
encouraged life-long career self-development could be expected to in.
crease morale and motivation of those participating in the program,
Several types of career self-development programs are being carried
out in the civilian world, some of which could probably be adapted for
use in the Navy.

Command Retention Team Workshops. Supervisory recogni-
tion and command support for retention emerge as factors that have
important effects on reenlistment. Workshops designed to assist Com-
mand Retention Team members in increasing their team-building
skills and in improving organizational climate could be carried out
through the Navy's Organization Development and Management Pro-
gram, which is already in operation, The fact that the Division Officer
is a key member of the Command Retention Team increases the proba-

".. . ~It
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bility that skills acquired would positively influence retention, because
this officer is a member of the chain of command at a level close to the
enlisted person. Additional workshops designed to improve interper-
sonal interaction and increase interviewing skills should also assist in
increasing retention, These skills are addressed in the Career Informa-
tion Counseling Course schools and reinforced by the command struc-
ture, However, refresher training and practice at the command level
are still needed to ensure that adequate numbers of quality personnel
reenlist. Workshops not currently in the inventory could be developed
by Human Resource Specialists on a Navywide basis at minimal addi-
tional cost to the Navy.

Job Deuign/Enrlchment. Feelings that personnel are doing use-
Il and meaningful work also provide important motivation for reen-

listment, Job design and job enrichment techniques already in civilian
use might well be adapted for use in the Navy, These techniques could
increase productivity, expand the scope of work performed, and in.
crease the effectiveness with which it is performed. In addition, in.
volvement in work tends to lead to greater individual commitment to
organizational goals. This, in turn, would assist the Navy in accom.
plishing its overall mission.

Altruirn/Patriotium Model. Feelings of personal worth and
dignity were found to be positively associated with reenlistment. Such
feelings also promote self-respect and commitment to the Navy as a
whole. Traces of the highly negative attitudes toward the military
common in the 1960s undoubtedly remain in the minds of enlisted
personnel. An informational model stressing the altruistic and patriot.
ic aspects of a Navy career could be developed as a part of the Navy's
Organization Development and Management Program. This model
would stress episodes in which Naval personnel and organizations
behaved in a highly altruistic and patriotic manner that benefited
other military personnel, civilians, and the nation as a whole, By
placing emphasis on pride in the Navy as expressed through the per-
sonal sphere of individuals' lives, this model could assist in counteract.
ing negative feelings about a military career.

Family Sponsor Program. Wives' attitudes clearly influence
reenlistment. The concept of a Family Sponsor Program" is designed
to influence junior wives' attitudes positively toward the Navy, It
would involve the pairing of a senior Navy family with one or more
junior families to provide the reinforcement and personal support that
are present when such families live close to their relatives, Frequent
moves to locations populated by strangers are characteristic of Navy

'This concept diff•rs from the existing Sponsor Program for transferring personnel
in that flimiltes would be involved on a continuing basis.

? -: :i•i' ii~'"";-:"i,•,..........7ii ......
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life. This life style is very different from that experienced by young
families in the civilian world. Navy WIfeline and other wives' organi-
zations attempt to fill this gap. However, these resources are external I
to the Navy chain of command, and it is difficult to muster them on
any basis other than a request for assistance. By developing a formal
Family Sponsor Program authorized through the chain of command,

personal satisfaction of junior enlisted families could probably be im.
proved and in turn could be expected to serve as a positive influence
on reenlistment.

Wives' Education/Training. Navy wives, particularly wives of
junior personnel, often need or want additional education or training.
For the Navy to carry out an educational program for wives single.
handedly would be very costly; however, other fairly economical tech-
niques are possible. For example, courses at local high schoolA, junior
,olleges, and other institutions of higher education could be made
available to wives at very low cost. Using t."e Navy Wives Contact
Model, career counselors and other Navy personnel could encourage
wives to take advantage of such opportunities. Extension courses deal.
ing with homemaking, child care, and family fnance couid be sched-
ulced at Navy locations and wives could be similarly encouraged to
attend. These latter courses might be extremely beneficial to yuanger
Navy wives, many of whom are setting up housekeeping for the first
time, often at great distances from their fri,.,ads and family. And fine!
ly, where there are Navy schoolrooms, it might be useful to explore
the possibility of making empty seats available at a nominal cost to
Navy wives living in the area. All o,^ these techniques are possible
ways to increase personal satisfaction of Navy wives who are interest-
ed in furthering their education or training.

Increased Travel and Houuirg Benefits for Farailies of Ju-
nior Enlisted Personnel. Navy travel und housing regulations tend
to favor the families of enlisted persorriel in pay grades E-4 and above.
This falls in the area of Navy policy and has financial implications.
However, junior enlisted personnel are more likely to reenlist when
they can be accompanied by wives. Altho'lig, study would be required
before possible changes could be identified and carried out, it might be
useful for the Navy to consider changing these regulations, especially
for personnel in critical specialties or whose quality is such that the
Navy would like to retain them as career members of ,he service.

Improved Housing for Unmarried Enlisted Men. The group
of enlisted personnel most dissatisfied with Navy life and least likely
to reenlist is that of single men in the lower pay grades. Married
personnel of equivalent pay grade have their incomes augmented
through allowances. This augmentation creates a pay differential be-
tween groups performing essentially the same work, which seldom if
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ever exists in the civilian work world. In essence, N&vy personnel are
paid on the basis offamily size rather than strictly on the basis of work
performed. The economic factor has an important influence on reen-
listmfnt and motivation on the job. Receiving money for reasons other
than work performed tends to be a disincentive for those not entitled
to receive it-in this case, the single enlisted man, Having shipboard
quarters as their only home while on sea duty also tends to demotivate
unmarried enlisted men. An alternative might be to provide single
enlisted men assigned to sea duty with nousing on shore when they
are in port, Although this also falls in the i.rea of Navy policy and has
financial implications, It deserves serious censideration because of the
large numbers of first-term single men who separate from the Navy
each year.
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THE RELATIONSHIP BETWEEN AIR FORCE
ACADEMY CADET PERFORMANCE

AND OFFICER PERFORMANCE1

Major Michael J. O'Connell'
Office of Admissions and Registrar
United States Air Force Academy

A batteo, of predictors are compared with retention and various offlcer
performance criteria for officers who graduated ftom the Air Force Academy
in 1964 and 1965, Three main categories of predictive meauree are studied:
(1) high.school academic, athletic, and leadership perfornmance; (2) four years
of Academy academic and militaty performance, and (8) various personality
measures collected during the offlcere'first year at the Academy, Officer perfor.
mance measures studied are (1) below-the-sone promotions, (2) awards and
decorations, (3) officer effectiveness ratings, and (4) flying training grades,
where applicable,

This study assesses the relative predictive validity of the various sets of
predictors and, for the class of 1965, the relative validity ofpeer and superiors'
ratings of performance during the final year at the Academy, Statistical tech-
niques used in this study include regression analysis and the Automatic In.
teraction Detector,

'This research was made possible through the efiorts of a number of people, whose
contributions are gratefully acknowledged: Captain John Gardner, for extensive pro.
gramming assistance; Betty Roth, Betty Branum, Dolores Thomas, and Lillian Anaya,
for tireless data reduction and compilation. The original data from this study would not
have been collected and saved without the leadership and foresight of Rim Weston and
Lt, Col. Cary Thompson.

The author is on active duty. Views expressed in this paper are hii own and do not
necessarily reflect those of the Department of Defense, the United States Air Force, or
the United States Air Force Academy,
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INTRODUCTION

Managing the officer force requires careflul attention to both reten-
tion on active duty and job.related performance. Although graduates
of the Air Force Academy constitute only a small portion of the Air
Force officer force, they are increasing in numbers and beginning to
hold jobs of greater responsibility, Because of the cost of producing
graduates and because of the role they will assume in Air Force leader-
ship, their retention and their performance on active duty are of
considerable interest to Air Force personnel managers, This paper
focuses on these two aspects and seeks to understand which character-
istics of young men entering the Academy in 1960 and 1961 are related
to their performance In the Air Force. The ultimate criterion for as-
sessing the effectiveness of service academy training efforts is not
performance of young men while at the Academy but their service on
active duty after graduation. It Is hoped, of course, that there Is a
relationship between good performance at the Academy and good
performance In the Air Force.

In many respects, this study is similar to others that have
analyzed the relationships among occupational mobility, job perfor.
mance, and leadership and prior measures of academic ability, ex-
tracurricular activities, athletic activities, and personality variables,
Research in this area emanates from two diverse groups, personnel
and management researchers Interested in predicting managerial per.
formance, and labor economists analyzing various aspects of human
capital theory. In the former group, Harrell (1961, 1969), Cummings
(1966), Mahoney, Jerdee, and Nash (1960), and Kraut (1975) are repre-
sentative of the managerial or behavioral approach. Korman (1968)
provides a comprehensive review of most studies using this approach,
Economists interested in the returns of human-capital investment are
well represented by the research of Gintis (1971), Griliches and Mason
(1972), and Wise (1975).

Studies on military populations are few. Janowitz (1960) analyzed
the socioeconomic background of military leaders as well as the vari-
ous motivations that direct a person toward a military career. Zald
and Simon (1964) also studied the factors associated with commitment
to a military career. Ewing and Alvord (1965) and Kaapke, Tupes, and
Alvord (1965) analyzed Air Force officer career attitudes and the back.
ground and motivational factors most closely related to career intent.
Norman (1971) compared the attitudes and backgrounds of Army offic-
ere who stayed on active duty with those of officers who had left active
duty and were serving in reserve units. Hollander (1965) assessed the
relationship between peer nominations during Officer Candidate
School and performance ratings of Naval officers who had been on
active duty at least three years.

L,
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The training finction of military academies is well known. Closely
related to training is the socialization function, Socialization refers to
the process by which e new member of an organization learns the
attitudes and values relevant to the organization he is entering
(Schein, 1967), Lovell (1964) studied aspects of the socialization pro-
cess at the United States Military Academy, though he did not relate
socialization to subsequent performance on active duty, Both the
training and socialization processes that academies ronduct are in-
tended to produce good officers. A basic premise is that those who are
effectively integrated into the Academy environment are more likely
to stay on active duty and perform at higher levels in their active
service. Effective socialization into the Academy is first a function of *,

the background and abilities, both academic and leadership, that a
young man brings to the Academy from high school. Second, socializa-
tion can be Inferred from a cadet's performance In academics and
military duties while at the Academy, This performance is continually
evaluated, and it is rewarded when it exceeds certain levels.

The basic hypothesis guiding this research is that effective sociali-
zation into the Academy environment as measured by the person's
performance at the Academy is directly related to subsequent reten-
tion on active duty and performance in his Air Force duties. Korman
(1968) reviews several studies conducted on graduates of the Military
and Naval Academies in the 1950s. Detailed studies have not been
conducted to test this hypothesis for Air Force Academy graduates,
but such studies are appropriate to validate the Academy's training
philosophy, procedures, and reward system, and to gain insight into
possible modifications of current training programs at the Academy.

METHODOLOGY

Population

To assess the factors that best predict officer retention and perfor-
mance, the classes that graduated In 1964 and 1965 were selected for
detailed study. These classes were selected because both had sufficient
history since graduation (11 and 10 years) for retention and perfor.
mance behavior to stabilize, both were fairly large classes (499 and 517
graduates),' and extensive data on high school and Academy perfor-
mance were readily available. Table I summarizes key statistics on
these two classes. Only those graduates commissioned in the Air Force
are Included in this study.

'Fewer than 300 people graduated from each of the first four Academy clasees (1959
to 1962),



[1

248 O'Connell

Table 1

SUMMARY DATA ON CLASSES OF 1964 AND 1965

Student Status Class of 1964 Clue of 1965

Entered Academy 780 801
Left Academy before graduation 281 284
Total graduated 499 517
Commiuioned in the Air Forces 495 507
Left active duty 207 210
Still on active duty (u of 1 Sept, 7•) 288 297

eSorse graduates were not commissioned in the Air Force because they
were not medically qualified or because they were commissioned in other
services,

Independent Variables
While these two classes were at the Academy, a large number of "

variables were developed and retained that could be possible pre-

categories of predictor variables are summarized below,

1, High school academic performance measured by:

a, Grade point average (GPA) broken out by science and
nonscience, freshman-sophomore, junior-senior, and
four-year cumulative,4

2. telection scores for entrance to the Academy:
a. Four College Entrance Examination Board scores.
b. Measures of leadership potential-physical aptitude ex-

amination, athletic activities index, and nonathletic ac-
tivities index,'

All grade point averages in this research are computed by dividing total quality
points by total credit hours where A, B, C, D, and F grades are wo, th 4, 3, 2, 1, end 0
points, respectively.

"I The physical aptitude examination was administered to Academy candidates as
part of the admission process, For the clamss of 1964 and 1965. scores an five event*--hurdle run, medicine ball throw, chin-ups, 300-yard shuttle run, and vertical jump-

were aggregated to form this variable. The athletic activities index was based on candi-
date-supplied data concerning participation in high school athletics. Higher scores are
assigned on this index to the extent that the person participates in organized sports and
team contact sports, is captain or co-captain of a team, or receives All-State or All.
Conference recognition, The nonathletic activities index, constructed in a similar man.
nor, is higher to the extent that the person was elected to high achool student govern-
ment or class offices, held an office in student clubs and activities, or participated in high
school and community activities and clubs.
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3. Scores from Graduate Record Examinations taken each year
at the Academy (four years for class of 1965-12 scores; three
years for class of 1964-9 scores),

4. Academic performance at the Academy measured by:
a. Academic standing for each of four years at the Acade-

my.6
b .Science, nonscience, and total GPA for each of four years

at the Academy and four-year cumulative science, non-
science, and total GPA,

c. Cumulative GPAs for courses in each of 15 academic

departments and each of four major academic divisions

(engineering sciences, basic sciences, humanities, and so.
cial sciences).

5, Military perfbrmance at the Academy measured by:
a. Extracurricular activities score and military rating score

In each of four years at the Academy (classes of 1964 and1 9 6 5 ) , ",'

b. Peer rating average, Air Officer Commanding (AOC) rat.
ing, extracurricular activities score, physical fitness test
score, and conduct score in fall and spring semesters of
senior year (class of 1965 orily).,

Academic standing was determined by aggregating academic quality points,
weighted 75 percent, and acadamic grade point average, weighted 25 percent, Both were
converted to a standard score with a mean of 500 and a standard deviation of 100 before
aggregationh p i c

SThe extracurricular activities score was based on the cadet' s participation In cadet

ciubs and committees, varsity, junior varsity, freshmar athletics, cadet choirs, and the
deLate team. The military rating for the four years that the class of 1984 and the first
three years that the clau of 1905 attended the Academy was based on the evaluation

of the officer in charge of each cadet squadron, the Air Officer Commanding (AOC), The
AOC rank orderings of cadets In each squadron were then merged across ail squadrons
to determine the class militar order of merit, The scores used in this research for both
extracurricular activitie endmilitary order of merit are standard scores with a 500
mean and 100 standard deviation,

"In the class of 1965 senior year, the military rating system was modified to include
several components:

1. Peer rating average, Every cadet rank-ordered his peers on a scale from 1
to 60, with 1 being the best score, These ratings were then averaged for each
cadet,

2, AOC rating, Each AOC rank-ordered the cadets in each class in his squadron
on a scale of I to 60, with 1 being the best score.

3. Extracurricular activities, A score was developed on each cadet in a manner
similar to Lhat described in footnote 7,

4. Physical fitness. Each cadet was tested by the Physical Education Depart.
ment with his scores on chin-ups, sit-ups, push-u pa, standing long Jump, and
600-yard run aggre ated to fbrm a composite physical fitness soore.
scored and transformed to reflect higher scores as indicative of better con.5, Condu~ct. The nubrof demerits received by each cadet was standard

duct or fewer demerits.
The standard scores for each component were then combined to form the military order
of merit, In this rerearch, only the five components are analyzed.

.!1
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Dependent Variables

Three dependent variables were studied. The first is loss rate from
active duty as of September 1975. All losses from active duty are coded
as a 1, with graduates still on active duty being coded a 0. Different
types of losses are not differentiated in this analysis. Approximately
79 percent of all active duty losses for these two classes were voluntary
resignations. The remaining losses were involuntary separations,
medical retirements, and deaths.

For those still on active duty, two performance measures were
analyzed. One is based on the officer's last five effectiveness ratings.'
The standard Officer Effectiveness Rating (OER) mean covering the
last ten ratings was not readily available. Because the distribution of
effectiveness ratings is very skewed, with many people receiving the
maximum performance rating of 9 on a scale of 0 to 9, there is little
variance in these data across officers, Therefore, performance data
were transformed to a binary variable using the following rule: If an
officer had a 9 for each of his last five ratings, he was assigned a 1. If
he had at least one rating less than 9, he was assigned a 0,10

The second performance measure is based on early selection to the
rank of major. Officers promoted earlier than the modal promotion
date for their peers were assigned a 1; all other officers were assigned
a 0,

Statistical Method

A number of statistical analysis techniques were considered. Be-
cause it was expected that the relationships might be quite complex
and because there was no a priori model describing the relationships,
we used the Automatic Interaction Detector (AID), a multivariate
technique developed by Sonquist and Morgan (1964), to explore the
data described above, This technique (see also Morgan and Sonquist,
1963) has been used in a variety of research (e.g., Taylor and Wilsted,
1974; Utterback, 1975) where interaction and curvilinear effects might
be expected and where the many independent variables may be mea.
sured on only nominal or ordinal scales. As Sonquist and Morgan
(1964, pp. 1, 4) explain the procedure:

The Officer Effectiveneu Rating (OER) in the annual performance report completed
on each active duty officer by his immediate supervisor. Although a number of specific
job behaviors are rated by the supervisor, only the composite rating on a scale of 0 to
9 was available for use in this research,

"" When an officer had training reports (reports imsued in lieu of a performance rating
when an officer Is in school) one or more times for the last five reporting periods, the
same rule was used. Thus, some officers were assigned a 1 with less than yive 9s so long
as the other ratings were training reports, J

.1,1

.... ... .... ... .... ... .... ... .... ...
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Linearity and additivity assumptions inherent in conventional
multiple regresion techniques are not required.... The pro.
gram divides the sample, through a series of binary splts, ito
a mutually exolusive series of subgroups, Every observation is
a member of exactly one of these subgroups, They are chosen
so that at each step in the procedure, their moans account for
more of the total sum of squares (reduce the predictive error)
than the means of any other equal (number] of subgroups.

Several options are available for selecting groups to split, for di.
viding a predictor into two nonoverlapping subgroups, and for stop.
ping the splitting process. In the analysis reported here, the following
rules were used: A group did not become a candidate for splitting
unless the total sum of squares for that group around its own mean
was larger than 1 percent of the original total sum of squares around
the grand mean and the group contained more than 30 observations,
To minimize the proliferation of splits and the creation of groups that
may be simply artifacts of random variation in the data, the splitting
process was terminated when 25 groups wero created. Where data are
missing on any one variable entered in the analysis, the program
deletes the observation,

A limitation of the program is that an independent variable3 cannot
have more than 63 values. Thus, It was necessary to collapse a number
of the predictors Into subcategories. To ensure that the size of sub-
categories did not get too small, most predictor variables were col.
lapsed into five subcategories, Table 2 summarizes the rules used in
thee transformations. The intervals in Table 2 were chosen to distrib-
ute the total population across the five categories in roughly equal
numbers. Since the distribution in each subgroup changes after each

Table 2

COLLAPSING OF INDEPENDENT VARIABLES INTO CATEGORIES'

Catogory

Variable 1 2 3 4 6

Entranam asores and GREa 200.474 475-549 550-.94 625.699 700.800
CGrade point averuge 0.1.99 2,00.2,49 2,50-2.99 3.00.3.49 3,50.4.00
Military and aaadmio

performanuc standard
scores (000 mean & 100
standard deviation) 100.399 400-474 475-549 550.624 625.950

Peer ratings and AOC rating -li 12.23 24.35 96-47 48-60
50n all variable, except peer and AOC ratings, higher ,eores indicate better or organizatilonaly

preferred performatAe, abilsties, or aptitude,
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step in the splitting process, it was considered unnecessary to establish
rigorous intervals for each variable to ensure a uniform distribution
for only the first oplit. Although no sensitivity analyses were undertak.
en in this research, the splitting process may be sensitive to the actual
intervals used,

There are several alternatives available for displaying the results
of the analysis, This research uses tree diagrams that trace the splits
made on each group. These diagrams assist in visually following the
splitting process and tracing backward to each subgroup's origination.
Final groups that were not split ftrther are indicated with an asterisk.

FINDINGS AND ANALYSES

Because of the large number of possible predictor variables, the
analysis of the data proceeded through several stages, the first being
a search for those variables that appeared to be the best predictors of
the dependent variables. For each of the three dependent variables
using data from the class of 1965, the AID was used to search each of
six subsets of independent variables, which were identified on the
basis of the type of performance being measured or the type of Instru-
ment used to measure the ability or aptitude. These subsets corre-
spond to the five major categories of independent variables, with
Academy academic performance identified by yearly GPAa and de-
partmental OPAs. Variables in each subset that accounted for 1 per-
cent or more of the total variation in the dependent variable are listed
in Table 3. Also shown in Table 3 is the multiple correlation coefficient
for each of the analyses.

There is some indication of the relative predictive strength of each
set of independent variables. High school academic performance mea-
sured by GPAs is only weakly related to active duty loss rates and
early promotions and not related at all to effectiveness ratings. Scores
used in the Academy admission process are not related to lops rates,
weakly related to effectiveness ratings, and fairly strongly related to
early promotions. Graduate Record Examination scores and military
performance at the Academy are weakly related to loss rates but more
strongly related to effectiveness ratings and early promotion, Academ-
ic performance at the Academy measured by yearly and departmental
GPAs is fairly strongly related to all three criteria, though the strong-
est relations occur for officer effectiveness ratings.

The analyses summarized in Table 3 helped identify the key vari-
ables in each subset. These variables from each subset were then
entered in a composite analysis to further explore the relative impor.
tance of each variable as well as the interactive pattern across the
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Table 3

SUMMARY OF MAIN PREDICTORS oF RururzIoN AND PERFORMANCE
WITHIN SUBSETS OF INDEPENDENT VARIABLES: ACADEMY

CLASS OF 1965

Dependent Variableo
Indopendent

Variable Sublet Loss Rates Effeativeniesa Rating Rarly Promotion

HighS scooltalk in . class No predictors Rank In H.S. clue
QrA# llttaOPA H.S. Frsshman'Iooi

(r -. 15) totalOPA
H.S. Proahmian*Ioph

nnscstacnce OPA

Academy No predictors OHIO English OXEN Er.gllsh comp
Entrance composition calls math achievement
worses r*. Athletic actiriti. Index

Nonethletic activities Index
(r a.4

Cradusute ORE quanit (Jr yr) ORE soc eel (Soph yr) ORE soc eel (Frv p)
Record Exiam ORE soc =sI (Soph yr) ORE not adl (Sopht Pr) ORE humanities (soph yr)
scoral ORE humanities (Sr yr) OilS engineer (Jr yr) OR% humanities (Sr yr)

ORE soc eci (Or yr) ORB nat eel (Or yr) ORE goc Sol (Sr yr)
(r -. ,26) ORE humanities (at yr) (r * .44)

It* 49
[IAcademy Physical Iltnem Mil, rating (Fr yr) Mil. rating (Fr)

military (or spring) Pear rating (Or feil) Poet rating (Or falli
Performance Conduct smore Conduct score (Or spring) Conduct rating (fir fall)

(Br spring) physical fitness (or spring) Pder rating (ir soving)
sxcuar activities Leadership joiuposito (Ar) Officer rating (Sr spring)

(Sr rail) (r -. 49) Ored order of merit
Conduct score (Sr fail) (r".)
Grad order of meritU (r" - 7)

Academy Aurdemic standing (Ori Total CPA iSr) Acadiemic standing (Sr)
Academic Science# PA-totsl Academic standing (Or) Academic standing (Jr)iiPerformance, Academic standing (Fr) 'lotai OPA (Boph) Nrnioncisce OPA (Jr)
Pert t..yesrly Baienre OPA (Fr) Total OPACI(rI (r - .31)
OPAo (r -. 36) Notiecience CPA (Fr)

(r - .43)
Academy OPA foreign lang OPA English CPA military train

Academic CPA isw OPA physical ed CIPA aera
Performanre, CPA behavioral Wci CPA chemistry CPA Englisht
Part 11sidepsrt- CPA military train OPA physcsl CPA physics

mental OPAa CPA engineerisg (r - .48) (r - .88)
sciences

CPA chemistry
CPA humanities"

NOTMi Br - Uenordr Jr - Junior Sph Sophomore; Pr - Freshman, Numbers In parentheses ar*
multiple correlstion coefficienrts. Thio number squared Indicatas the portion of the total variance of the
dependent variable that Is explained by the groups generatedi by the AID. Additional details on each of
the ill analyses summarised In this table can be obtained from the suthor.

apivisional OPAs for ali courses hi the particular academic division,
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various subsets of variables. Those variables used in the composite
analysis for the class of 1965 were also used with the class of 1964 to
test the generalizability of the class of 1965 resultsI"

Because some of the variables used for the class of 1965 were not
available for the class of 1964, it was not possible to conduct a true
cross-validation of the model developed on the class of 1965, Rather,
the pattern of interactions from the 1964 analysis was judgmentally
compared with the pattern from the 1965 analysis, The comparison of
the two classes focused on the early splits and on which types of
variables tended to be dominant,

There are other reasons why the tree diagrams for the two classes
may differ: (1) With small sample sizes, as used in this research, there
is a likelihood of sampling Instability producing what Sonquist and
Morgan (1964) call Idiosyncratic splits. Such splits are more likely to
occur toward the end of the splitting process. (2) Differences between
the two classes may simply be due to the composition of the classes,
different training received at the Academy, and different experiences
and assignments on active duty, including exposure to the Vietnam
conflict. In assessments of the generalizability of the findings, results
are more reliable when the same variable or type of variable occurs
In early splits for both classes and, where splits are made, the means
of the new groups have similar relationships to one another in both
classes.

The remainder of this discussion summarizes the composite analy-
sis for each of the three dependent variables for the classes of 1964 and
1965,

Prediction of Losu Rates

"The results of the composite analysis of loss rates are presented in
Fig. 1 for the class of 1966, and Fig. 2 for the class of 1964. These figures
show the splits that were made on each group, starting with the total
group, Shown for each group are the variables on which it was split,
the subcategories of the variable that forms the two new groups, the
mean loss rate, and the population for each of the two new groups, All
the variables in the analysis are shown in Table A,1 of the Appendix.

The information in Fig, 1 can be used for a brief description of the
algorithm used by the AID, The total group of 451 graduates having
no missing data on the variables included in the composite analysis
was first searched over all predictors to find a split of the total sample
to maximize the between-group sum of squnres for the two new

For the most part, the same data base existed for the two classes, the main
exception being militar performance data for the officers' senior year at the Academy,
See footnotes 7 and 8 or details on differences in military performance data.

............. . ........ i ---'°" '" -........... 1. .
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groups. A split was not made if the maximum between-group sum of
squares was less than 1 percent of the total sample's total sum of
squares, if the group to be split had less than 30 observations, or if 25
groups had already been generated. In the analysis shown in Fig, 1,
of all possible splits of all predictor variables, splitting the total group
into those who had less than and those who had more than a 3.50 law
GPA produced the maximum between-group sum of squares on the
dependent variable, the loss rate. The number in each group aud th3ir
average loss rate are shown in boxes 2 and 3 of Fig. 1.

Next, the subgroup with the largest total sum of squares was
selected for possible fuirther splitting-in this example, those whose
law GPA was less than 3.50. Again a search was made across all
possible splits of all predictor variables to find the split that maximizes
the between-group sum of squares subject to the constraints noted
above. The next split, in this case, divided those with less than a 3.50

law GPA into two groups, those having more and those having less
than a 2,80 behavioral science GPA.

The process continued until no further splits were possible. When
the splitting was completed, the total sample had been subdivided into
13 mutually exclusive terminal groups, where the best estimate for the
loss rate of each group is given by the average loss rate for the termi-
nal group. The defining characteristics for each terminal group are
found by tracing backward from each terminal group to those groups
from which it was previously split. For instance, group 8 with a loss
rate of .629 is composed of all graduates who had less than a 2.50
engineering science GPA, greater than a 2.50 behavioral science GPA,
less than a 3.50 foreign language GPA, and less than a 3.50 law GPA.
If a subject did not fit all these criteria, he is not included in group 8.

Because the interactions beyond the third split are quite com-
plicated, the interpretation of Figs, 1 and 2 is somewhat complex, but
several general observations can be made. For both classes, the first
two or three splits tend to be made on academic variables (GPAs or
GRE scores), suggesting that for the total population such variables
are better predictors of loss rates, Academic performance appears to
have a differential effect on losses, Higher grades in law, behavioral
science, and humanities tend to be related to higher loss rates, while
higher grades in foreign language, engineering science, and chemistry
tend to be related to lower loss rates. Those with higher GRE social
science scores tend to have higher loss rates. However, the group in
the class of 1964 with high humanities and behavioral science GPAs
and high GRE quantitative scores has a high loss rate also.

Military performance also interacts in a complex way with the
other variable. Where military performance variables (military rat-
ing, physical fitness score, military training GPA, conduct score, and
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extracurricular activities score) split another variable, there is a ten-
dency for those with poorer military performance to have higher loss
rates and those with better military performance to have lower loss
rates, Exceptions occur in the class of 1965, where those with higher
freshman and sophomore extracurricular activities scores tend to
have higher loss rates,

The data in Figs. 1 and 2 indicate that those with higher grades
in humanities and social science courses or lower military perfor-
mance tend to have higher loss rates. Those with higher grades in
science and engineering or higher military performance tend to have
lower lons rates.

Prediction of Officer Effectiveness Ratings

The analyses of OERs for the two classes are shown in Figs. 3 and
4, using the same format as Figs. 1 and 2, Only officers who were still
on active duty in September 1975 are included in these analyses, Each
box in Figs, 3 and 4 shows the percentage of officers in that particular
group who received all 9g in their last five effectiveness reports. All the
variables in the AID composite analysis are shown in Table A.2 of the
Appendix.

For both classes, those who received more 9 effectiveness ratings

tended to have high military performance at the Academy as mea.
sured by peer ratings for the class of 1965 and junior military ratings
for the class of 1964. For those in the class of 1964 who had low
military ratings as juniors, participation in extracurricular activities
as sophomores tended to be associated with low officer ratings, but
participation In extracurricular activities as seniors tended to be as.
sociated with high officer ratings, For the class of 1966, those who had
good peer ratings (leas than 36) and high natural science GRE scores
as sophomores tended to have better officer ratings if they also had
high physical fitness scores as seniors, However, those who had poor
peer ratings (greater than 36) tended to have better officer ratings if I
they also had a GRE humanities score in their senior year of less than

625 and a GPA in physical education courses lower than 2.50. This
"latter finding may be due to idiosyncratic splits of the data or it may
mean that these particular individuals were effectively working in Air
Force duties that required few interpersonal relations skills and little
aptitude in the humanitieo and physical activities,

The manner in which academic performance, measured by GRE
scores or GPAs, interacts with military performance is complicated. In

the class of 1964, those with higher military ratings tended to have
even higher effectiveness ratings if they had a freshman nonscience

GPA above 2.00. In the class of 1965, those with good peer ratings had
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even better effectiveness ratings if their sophomore GRE natural
science score was less than 700. However, this relationship is reversed
when the senior GRE natural science score is introduced. Those with
good peer ratings and sophomore and senior GRE scores above 700
tended to have very good effectiveness ratings, Also, in the clan of
1965, having a high physical education and physics GPA tended to
offlset the negative effects of low peer ratings.

In summary, Academy military performance appears to be more
predictive of OERs than academic performance. Where academic vari-
ables did operate to split groups, there is no consistent indication that
high academic performance is associated with higher effectiveness
ratings,

Prediction of Early Promotion to Major

The analyses of early promotions for the two classes are shown in
Figs. 5 and 6, Only officers who were still on active duty in September
1975 are included in these analyses. Each box in Figs, 5 and 6 shows
the percentage of officers in that particular group who were promoted
to major earlier than their contemporaries, All the variables in the
AID composite analysis are shown in Table A.3 of the Appendix,

In the class of 1965, those performing in the top 10 percent as
measured by senior year academic standing were four times more
likely to be promoted earlier than the remainder of the class. Those
with lower senior year academic standing improved their chance of
early promotion if they had high peer ratings and if they had lower
social science GRE scores in their senior year. If the latter scores were
high, then chances for promotion improved if the person also had a
high nonscience GPA in his junior year, Those with a lower academic
standing in their senior year and low peer ratings tended to improve
their chances for promotion if they had low humanities GRE scores in
their senior year and a high military training GPA.

The patterns of Interactions that emerged from the analysis of the
class of 1964 did not closely match those of the class of 1965. The
primary predictor for the class of 1964 was freshman military rating,
with those having high ratings being three times more likely to be
promoted early. Those with low freshman military ratings improved
their chances for early promotion if they had high extracurricular
activities scores as seniors. Those with high freshman military ratings
tended to have lower chances for early promotion if they had an
English GPA greater than 2.50, low junior and senior year military
ratings, and a low athletic activities index in high school.

In summary, either high academic standing or good peer ratings
were predictive of early promotion for the class of 1965. However, for
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264 O'Connell

the class of 1864, early promotion was primarily related to good mili-
tary performance, For this class, academic performance was not a key
predictor of early promotion. The difference between the best pre-
dictors for the two classes may be the result of using somewhat diffor-
ent variables in the two analyses. Another factor may be that almost
twice as many from the class of 1964 (72) were promoted early as from
the class of 1965 (38).

CONCLUSIONS

There are no simple summary statements relating Academy cadet
performance to subsequent officer retention and performance, De-
pending on the criterion used to measure active duty performance, the
class analyzed, and the variables that are included as possible pre-
dictors, different conclusions and interpretations emerge.

The statistical procedure used in this study enhances the probabil.
ity of uncovering interactive effects, Certainly, a number of complex
interactions occur in this study. Because of the small sample sizes,
some of these interactions may be due to sample instability and ran.
dom variation in the data. The strong interactions that occur in both
classes suggest that it may be difficult to assess which is the "best"
predictor. The predictive power of a variable often depends on the
levels of other variables, Cadets who perform at a low level in one
area-say, military performance--may be able to compensate by high.
er performance in other areas--say, academics,

The analysis revealed that some measures of military and academ-
ic performance are probably better than others in predicting active
duty behavior. Consistent with other research (Korman, 1968), cadet
peer ratings are better predictors than officer ratings of cadet perfor-
mance. Physics and foreign language GPAs appear to be better pre-
dictors than other GPAs, such as mechanics and economics, whereas
in several analyses GRE scores were better predictors than GPA.
However, it should be remembered that the AID picks the "best"
variable for splitting a group to maximize the between-groups sum of
squares. The variables not picked may be almost as good or fairly poor;
the analysis presented here does not address how good the second and
third best variables are.

,. While most performance rewarded at the Academy is positively
related to retention ard performance on active duty, the findings also
suggest that not all "good" performance at the Academy is associated
with "good" performance in the Air Force. There is a tendency for
those who do well in humanities and social sciences to incur higher
active duty loss rates, A similar pattern is seen in some of the OER and

...................
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early promotion splits, though the tendency is not as dominant, How-
ever, there is some indication for the class of 1965 that doing well in
academics as a whole enhances the opportunity for early promotion.

Variables reflecting high school performance and criteria used in
the Academy selection process did not enter the prediction tree for
active duty loss rates and OERa, High school athletic and nonathletic
activities and the CEEB (College Entrance Examination Board) En-
glish Composition score played a minor role in the prediction of early
promotions,

Clearly, data collected on cadets after they enter the Academy are
more strongly related to their behavior in the Air Force than data
collected before they enter the Academy. This may be true for aeveral
reasons. More variables measuring cadet performance were included
in the data base, Many of these variables deal with behaviors and
abilities that have direct relevance and application in Air Force jobs.
Second, data collected on cadets at the Academy are subject to greater
control, standardization, and refinement than high school data from a
variety of sources. Academy data may be of higher quality and may
more effectively discriminate between individuals than pre-Academy
data, Last, being more recent, Academy data may more accurately

i I reflect the degree of maturation, skill development, and cognitive
learning the graduate possesses on active duty,

The analyses reported here do not completely explain graduates'
retention and performance. Only between 15 and 32 percent of the
total vnrlation In the criterion variables Is explained by the terminal
groups generated by the AID. A complete model describing graduate
performance and retention would include a number of factors not
considered In this study. At a minimum, an expanded model should

•:1 include training and work experience in the Air Force, leadership and
management practices to which the graduate was exposed during
active duty, alternative employment opportunities, and personality
and socioeconomic background characteristics, Conceivably, all these
factors could interact with Academy performance data, The relation-
ship between cadet performance and officer performance, in fact, may
be moderated by the training, duties, and management of the gradu-
ate on active duty,

This study has focused only on that subset of variables that are
* Idirectly under the control of Air Force Academy policymakers. While

the study provides additional insight, it does not suggest definitive
conclusions and prescriptions for changing the Academy's training
philosophy and procedures. The findings of this study are qualified and
tentative. As noted earlier, although the AID is appropriate for identi-
•ying interactions and complicated relationships, for small sample
sizes its results may be adversely affected by sampling instability,

........................I..I.II I1. 11-,,.... ..... .. ,.. i .



266 O'Connell

Also, the Academy has changed a number of policies and procedures
since the officers considered in this study graduated. Until more com-
plete knowledge of the relationship between Academy performance
and officer performance is developed, including an understanding of
how post-Academy experiences affect the officer's performance, it is
premature to suggest changes in Academy programs,

Appendix

VARIABLES INTRODUCED AS POSSIBLE
PREDICTORS OF LOSS RATES, OERe,

AND EARLY PROMOTIONS

Table A.1

VARIABLES INTRODUCED AS POSSIBLE PREDICTORS OF Loss RATES,
COMPOSITE ANALYSIS

Cla" of 1966 clam of 1964

High school total OPA High school total OPA
High school rank in class High school rank in caiu
OHS social science (sophomore yr) OfE social science (sophomore yr)
(IRS quantitative (junior yr) ORE quantitative (junior yr)
ORO humanities (senior yr) GRE humanities (senior yr)
Academic standing (freshman yr) Academia standing (freshman yr)
Graduation order of merit Extracurricular activities (freshman yr),
Sciewtoe GPA (freshman yr) Military rating (freshman yr)a
Science UPA (4 yr cumulative) Extracurricular activities (sophomore yr)a
OPA military training .Military rating (sopihomore yr)a
OPA chemistry Extracurricular activities (Junior yr)a
OPA behvioral seciencs Military rating (junior yr)A
OPA foreign language Extracurricular activities (Halor yr)a
GPA law Military rating (senior yr)
OPA enginseeing science div Graduation order of merit
OPA humanities div Science OPA (freshman yr)
Extracurricular activities (senior yr-fail) Science GPA (4 yr cumulative)
Conduct score (senior yr-fall) OPA military trainlng
Physical fitness test (senior yr-spring) CPA chemistry
Conduct stiore (senior yr--npring) CPA behavioral science

OPA foreign language
GPA law
OPA engineering science div
GPA humanities dly

'Those variables were added to the class of 1964 analysis to compensate for the fact

that the last fouk variables in the class of 1965 list were not available for the clams of 1964,
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Table A.2

VARIABLES INTRODUCED AS POSSIBLE PREDICTORS OF OFFICER
EFFECTIVENESS RATINGS, COMPOSITE ANALYSIS

Clasm of 1965 Class of 1964
High school rank In class High school rank In alue
CEEB English composition CEIDE English composition
ORE social scienue (sophomore yr) GRS social science (sophomore yr)
ORE natural mscien (sophomno~e yr) ORtE natural science (sophomore yr)
ORE adi. engineering (junior yr) GRE adv, engineering (junior yr)
ORE humanities (senior yr) ORE humanities (senior yr)FORE natural science (senior yr) ORE natural science (senlor yr)
Military rating (freshman yy) Extracurricular activities (freshman yrla
Academric atanding (senior yr) Military rating (freshman yc)a
Naonscience GPA (freshman yr) Extracurricular activities (sophomore yr)5
Total OPA (freshman yr) Military rating (sophomore YOR)
Total CPA (sophomore yr) Extracurricular activities (unior yr)A
Total CIPA (senior yr) Military rating (Junior yr)a,
OPA physical ed. Academic standing (senior yr)
CPA chemistry Extracurricular activities (snior yr)l
OPA physics Military rating (senior yr)a
CPA English Nonaciencta PA (freshman yr)
Peer rating (senior yr--fall) Total OPA (freshman yr)
Physical fitness test (senioar y"r-ping) Total OPA (sophomore yr)
Conduct score (senior yr-pring) Total CPA (senior yr)
Leadership composite (senior yr) CPA physical ad.

CPA chemistry
CPA physics
OPA English

&Thee* variables waes added to the class of 1964 analysis to conipensata for the fact
that the last four variabrles In the clams of 1965 were not availabie for the laiss of 1964.

Table A.3

VARIABLES INTRODUCED AS POSSIBLE PREDICTORS OF
EARLY PROMOTIONS, COMPOSITE ANALYSIS

Class of 1965 Class of 1464
High school rank in class High school rank in class
CHEE English composition CEED English composition
CNEE math achievement CHEE math achievement
High school athletic act, Index High achool athletic act, Index
High school nonathletic act, Index High act aol nonathletic sot, index
ORE humanities (sophomore yr) ORE humanities (sophomore yr)
ORE social sciences (senior yr) ORS social sciences (senior yrl
GRE humanities (senior yr) ORE humanities (senior yr)
Military rating (freshman yr) Extracurricular activities (freshman yr)a
Academic standing (junior yr) Military rating (freshman yr)
Academic standing (senior yr) Extracurricular activities (sophomore yr)5
Graduation order of merit Military rating; (sophomore yr)s
Nonsceonce CPA (junior yr) Academic standing (junior yr)

V(IPA military training Extracurricular activities (unior yr)'
OPA aero Military rating (junior yr)v
CPA physics Academic standing (senior yr)
OPA English Extracurricular activities (senior yr) A
Poer rating (senior yr-fsli) Military rating (senior yr)a
Conduct score (senior yr-tall) Graduation order of nmerit
Peer rating (senior yr-pring) Nonscience (IPA (junior yr)
Officer rating (senior yr-pring) UPA military training

OPA aero
CPA physics
(IPA English

aThes. variables were added to the class of 1964 analysis to compensate for the fart
that the last four variables In the class of 1965 were not eavalable for the clam of 1964,

... . .....



268 O'Connell

BIBLIOGRAPHY

Cummings, L, L,, "Managerial Effectiveness I: Formulating a Re-
search Strategy," Academy of Management Journal, Vol. 9,1966,
pp. 29.42.

Ewing, F,, and R, W. Alvord, USAF Officer Career Decisions: Predicta-
bility of Initial Career Intent, Personnel Research Laboratory,
Air Force Systems Command, Lackland Air Force Base, PRL-TR-
65-2, DDC Document AD-613 333, February 1965.

Gintis, H., "Education, Technology, and the Characteristics of Worker
Productivity," American Economic Review Proceedings, Vol. 41,
1971, pp. 266-279.

Griliches, A., and W, M. Mason, "Education, Income, and Ability,"
Journal of Political Economy, Supplement, Vol, 80, 1972, pp.
S74-S103.

:4 Harrell, T. W., Managers' Performance and Personality, South-West.
'1 ern Publishing Company, Cincinnati, 1961.

- ,"The Personality of High Earning MBA's in Big Business," Per.
sonnel Psychology, Vol. 22, 1969, pp, 457.463.

Hollander, E, P., "Validity of Peer Nominations in Predicting a Distant
Performance Criterion," Journal of Applied Psychology, Vol. 49,
1965, pp. 434-438.

Janowitz, M,, The Professional Soldier, The Free Press, New York,
1960.

Kaapke, L. D,, E. C. Tupes, and R, W. Alvord, A Multiple Linear
Regression Analysis of Officer Career Attitudes, Personnel Re.
search Laboratory, Air Force Systems Command, Lackland Air
Force Base, PRL-TR.65.16, DDC Document AD.627 651, October
1965.

Korman, A, K., "The Prediction of Managerial Performance: A
Review," Personnel Psychology, Vol. 21, 1968, pp. 295-322.

Kraut, A. I., "Prediction of Managerial Success by Peer and Training-
"Staff Ratings," Journal of Applied Psychology, Vol. 60, 1975, pp.
14-19.

Lovell, J. P., "The Professional Socialization of the West Point Cadet,"
in M. Janowitz (ed.), The New Military, John Wiley and Sons,
Inc., New York, 1964.

Mahoney, T. A., T. H. Jerdee, and A. N. Nash, "Predicting Managerial
Effectiveness," Personnel Psychology, Vol. 13, 1960, pp. 147-163.

Morgan, J. N., and J. A. Sonquist, "Problems in the Analysis of Survey
Data, and a Proposal," Journal of the American Statistical As-
sociation, Vol. 58, 1963, pp. 415-435,

'1
- . . ....... ..... .... . .... ,...- -



Cadet Performance and Officer Performance 269

Norman, W, L., "Determining Characteristics of Career Military Offic- .1
era," Personnel Psychology, Vol. 24, 1971, pp. 13-33.

Schein, E. H., "Attitude Change During Management Education,"
Administrative Science Quarterly, Vol. 11, 1967, pp. 601-628.

Sonquist, J. A., and J. N, Morgan, The Detection of Interaction Effects,
Monograph No. 35, Institute for Social Research, University of
Michigan, Ann Arbor, 1964.

Taylor, R. L., and W. D. Wilsted, "Capturing Judgment Policies: A
Field Study of Performance Appraisal," Academy of Manage.
ment Jou~rnal, Vol. 17, 1974, pp, 440.450.

Utterback, J. M., "Successfal Industrial Innovations: A Multivariate
Analysis," Decision Sciences, Vol, 6,1978, pp. 65.77.

Wise, D. A., "Academic Achievement and Job Performance," Ameri-
can Economic Review, Vol, 65, 1975, pp. 350-366.

Zald, M, N., and W, Simon, "Career Opportunities and Commitments
Among Officers," in M, Janowitz (ed.), The New Military, John
Wiley and Sons, Inc., New York, 1964,

• I I I I



270

'i
'1

A DYNAMIC MODEL FOR OPTIMAL BONUS
MANAGEMENT

Patricia Munch
The Rand Corporation

The bonus provides an exceptionally powerful personnel management tool

for the military services-and an exceptionally difficult management problem.
Current criteria for awarding bonuse are rather crude and tend to be baud
on the deviution between the actual and the desired inventory by years of
service, Attention in not explicitly paid to training coats, civilian substitutabili-
ty, skill criticality, or other factors related to the military specialty. The
"'desired" inventory is baud chiefly on achieving the minimum number of
supervisory-grade personnel required.

A study of the bonus management problem, undertaken to suggest bonus
policies and bonus criteria for prorioting the efficient use of bonuses within
the DoD is described. A dynamic model of optimum bonus awards based on
the principle of optimal control of a military specialty, which operates over a
medium-term planining horizon of 10 to 15 years and includes 20 YOS groups,
is described. The objective function is to maximize the integral of the value of
the production from that specialty less the costs of manning that specialty, The
output gives the values of thie bonus awards to that specialty over the planning
horizon, One of the benefits of the model is the ability to determine the effects
of the initial inventory levels in the specialty on bonus policy.

Results are expected in three different areas' (1) the development of bonusguidelines and criteria that will aid in the year-to-year management of the
bonus prograw,; (2) an understanding of the dynamics of manpower and per.
sonnel management, given an initial inventory, a target inventory, the costs
of deviation from the target, and the bonus comts of adjusting the inventory;
and (3) a method for integrating short-term management practices in the form
of Sonus, accession, and retention policies with long-term management objec-
ti~es, Tr. t results, it is hoped, will extend beyond bonus management to areas
such as grude managnement, which are also integral :o long-term manpower
and personnel management of military furces.
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INTRODUCTION

This paper provides an economic appruach to the problem of
managing the military bonus program. The bonus program was de-
signed to prov .ie the Department of Defense (DoD) with a flexible
form of compensation that could be used to stimulate enlistment and
retention of enlisted personnel in particular specialties. The great
advantage ofbonuses is that they can be targeted at specific specialties
or year groups within specialties that are experiencing shortages for
variable lengths of time. Because bonuses can be applied selectively,
they are potentially a much more cost-effective form of compensation
than basic pay, which varies by grade and years of service but is
uniform across specialties. If basic pay were the only policy tool avail-
able, rents would have to be paid in attractive specialties in order to
eliminate shortages in unattractive specialties.

Administration of the bonus program has suffered from the lack
of a framework for determining where bonuses should be paid, The
manpower distributions genorated by the services' objective force
models are adopted as targets, and bonuses are considered where
necessary to attain these targets. However, because of budget con-
straints, not all targets can be achieved and the practical problem is
one of trading off between bonus costs and shortages. In determining
bonus levels, consideration is given to such factors as shortages or
surpluses in year groups other than the one immediately eligible for
a bonus; the cost of training a new recruit relative to the cost of
retraining a flaily trained man; whether the specialty experiences per-
sistent shortages in the career force or is merely understrength in
particular cohorts; and the criticality of the specialty in the overall
defense mission,

In practice, bonuses are used both to introduce permanent in-
terspecialty pay differentials, necessitated by underlying differences
in supply and demand, and to reduce temporary or cohort-specific
shortaglcs resulting from past or present fluctuations in supply or
demand. The criteria currently applied reflect this dual role of
bonuses. But the several criteria are not integrated into a single
framework that yields a single optimal set of bonuses for a given
specialty after weighing both steady-state and short-run considera-
tions.The purpose of this paper is to provide such a framework. Bonus

management is formulated as an economic problem with the tradeoffs
that have been made implicitly being made explicit. The solution is
separated conceptually into two phases. In the first phase, the optilzal
normal or steady-state set of bonus levels for a particular specialty is
determined simultaneously with the optimal or target manpower dis-
tribution. First-term training cost is a prime determinant of optimal
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retention, hence of the optimal steady-state reenlistment bonus. In the
second phase, the optimal temporary deviations from the normal
bonus set are determined, given the initial inventory and the con-
straint that the target inventory be attained within a fixed number of
periods. The steady-state model developed by Jaquette and Nelson
(1974) can be used for the first phase, This paper presents a dynamic
adjustment model of the second phase. The larger question of allocat-
ing a fixed bonus budget among specialties is not addressed.

Overall specialty strength Is measured by a production flunction,
which Is essentially a weighted aggregation function of men in differ-
ent years of service, This function formally structures the notion that
the importance of a shortage in one year group depends on manning
levels in other year groups and on substitutability between them,
Deviations of specialty strength around the target level are evaluated
using a domand function. The elasticity of demand is chosen to reflect
the criticality of the specialty, which depends on the availability of
men with similar skills in other specialties. The interval supply struc-
ture of a military specialty, in which the stock of future senior men
is determined by the rate of retention of current junior men, is embod.
ied in the supply function.

Because the optimal bonus for any year group depends on present
strength within that and other year groups and on the effect of current
policy on future strengths, optimal bonus levels for all eligible year
groups at all points in the time horizon are determined simultaneous-
ly. The optimal structure of bonuses over time is defined as that which
maximizes net benefits, subject to the constraint that the arbitrarily
chosen starting manpower inventory reach the desired inventory
within the number of periods assigned, Maximization of net benefits
is shown to be equivalent to minimizing the sum of the two sources of
cost-the bonus cost incurred to reduce shortages and the penalty cost
associated with deviating from target strength.

The solution methodology and some illustrative results of the com-
puter simulation model are presented, The total cost of following the
optimal bonus policy derived from the model is compared with the cost
of strict year-group managemont, iLe., paying the bonus necessary to
achieve target strength in each year group in each year, and with a
policy of paying no bonuses but simply setting the accession rate at the
steady-state level and waiting for these optimal size cohorts to flow
through the system. With two alternative sets of parameter values,
the cost of year-group management exceeds the cost of the optimal
policy by between 30 and 70 percent and both policies show large
savings over a no-bonus policy.

In its present form, the computer simulation model accommodates
eight year groups and two bonuses, an enlistment and a reenlistment
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bonus. It could, in principle, be expanded to handle a more realistic

representation of a military specialty, and modifications necessary to
include training as an alternative policy tool to bonuses are described
in the Appendix. In its present form, it illustrates the viability of this
framework for managing bonuses. It demonstrates that a flexible
policy, which takes into account conditions of substitutability, supply,
and criticality, achieves substantial savings compared with a rigid
policy of year-group management.

INSTITUTIONAL BACKGROUND
Bonuses are one of the major forms of incentive pay for enlisted

personnel, They are intended to be used to bring manpower up to
desired levels in specialties experiencing shortages, Under current
authorization,' bonuses can be awarded at three levels in a specialty
to stimulate accessions and retention: (1) an enlistment bonus, payable
on completion of training, of up to $3,500; (2) a selective reenlistment
bonus (SRB Zone A), at first reenlistment, between two and six years
of service, of up to $12,000;1 and, (3) a second selective reenlistment A
bonus (SRB Zone B), at six to ten years of service, of up to $10,000.

The bonus program gives the DoD an important means of intro-
ducing flexibility into the rigid basic compensation structure. In con-
trast to basic pay, which admits variation by grade and years of ser-
vice (YOS) but is uniform across specialties and can be revised only by
an Act of Congress, bonus levels vary across specialties and are adjust-
ed biannually. In the absence of bonuses, rigidity of the pay structure
results in shortages and surpluses in different specialties, because
supply and demand conditions vary across specialties at any one time
and may vary over time within any one specialty. If basic pay were
the only policy tool available, substantial rents would have to be paid
in attractive specialties in order to eliminate shortages in unattractive
specialties. The flexibility of bonuses thus makes them a relatively
efficient form of compensation.

The bonus program has confronted the services with the need to
justify their bonus requests and the DoD with the need to define
consistent criteria by which to evaluate these requests. The services
base their requests on their existing objective force (steady-state) and
projection models, heavily supplemented by judgment,s The Army,

P.L. 93-277.
$16,000 maximum for nuclear-trained personnel,

'The description of ervice practices draws on a report on meetings with representa-
tives of the serviees on December 19 and 20, 1974, to obtain information on procedures
used In awarding bonuses (Nelson and Enns).

i.I
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Navy, and Air Force have objective force models that generate desired
distributions of men by YOS, 4 Manpower projection models are then
used to predict shortages or surpluses relative to desired manning
levels. Bonus requests are based on the predicted shortages. The Navy
looks at shortages over zones of two YOS groups (5 to 7 YOS for SRB
Zone A, 8 to 10 YOS for SRB Zone B). One-step adjustments upward
or downward from steady-state bonus levels are made for deviations
of greater than 10 percent from desired levels. The Air Force focuses
on projected shortages in the single year group affected by the bonus
and "will normally consider paying a bonus if there is an anticipated
shortage of more than 10 percent."' Overall manning in the specialty
and training costs relative to bonus costs are also considered.' The
Army as yet has no systematic formula to derive bonus requests from
projected shortages. The Marine Corps has no formal objective force
or projection models but considers training costs, manning levels, and
past bonus levels to determine requests.

As guidelines for evaluating service requests, a recent DoD in-
struction on the subject lists the following characteristics as qualifying
a specialty for SRB Zone A:'

1. Serious undermanning in a substantial Dumber of adjacent
career years (three or more) which can be affected by the
bonus.

2. Chronic and persistent shortages in total career manning.
3. High first-term replacement costs, including training costs.
4. Relative unattractiveness of the skill compared to other mili-

tary skills or civilian alternatives.
5. Necessity of the skill for the accomplishment of defense mis-

sions.

The instruction fuirther states that "even if the foregoing criteria are
not completely satisfied, the SRB level will not be reduced by more
than two increments in a given fiscal year." The precise level of
bonuses to be awarded are based on a "balanced evaluation" of these
criteria.$

The proliferation of criteria for awarding bonuses and the difficul-
ty in reconciling them in practice reflect the fact that bonuses aro

The Navy's ADSTAP system of models also solves for steady.state bonus award
levels by rating. These models are discussed in detail in Jaquette, Nelson, and Smith
(1977).

* OASD (M&RA) Staff Recommendations (1974), p. 2.
s Ibid.

DoD Instruction 1304,22 (1975).
Ibid.
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being used to attain two conceptually distinct goals of specialty man-
agement:

1. To obtain the desired steady-state distribution of manpower by
YOS. In this context, bonuses would be a permanent feature of the
pay system in some specialties. Such differentials may be necessary,
because supply conditions vary even if desired retention rates (de-
mand) are uniform across specialties, For example, in the absence of
second-term pay .ifferentials, actual retention will be negatively re-
lated to first.term training content if military training has value in the
civilian sector, The effects of supply-induced persistent shortages in
highly trained specialties will be magnified if; as dictated by cost-
effectiveness considerations, desired retention rates are positively re-
lated to first-term training.'

2. To eliminate temporary shortages. The existing manpower
inventory reflects policies of the previous thirty years and may thus
be very different from the desired distribution in all YOS groups.
Actual manning levels may, therefore, suggest paying bonuses either
larger or smaller than steady-state levels, For example, even if the
projected number of first-term reenlistments is equal to the desirednumber with a low-level SRB, it may be optimal to pay a higher.'evel

bonus and temporarily overshoot if there is a shortage in more senior
year groups or, conversely, to pay no bonus and undershoot if there
is a surplus of qenfor careerists.

In addition to these considerations of long. and short-run manning
levels, a third consideration, at least in the DoD criteria, is efficient
budget allocation. Given a projected shortage, either temporary or
permanent, the cost of paying a bonus is to be weighed against its
effectiveness in reducing the shortage, and against the cost effective-
ness of such alternatives as retraining.

The common feature underlying the criteria used by the services
and the DoD in determining bonus policy is deviation of actual from
desired strength, in various YOS groups. In addition, the DoD consid-
ers the cost effectiveness of the bonus relative to alternative policies.
Either implicitly or explicitly, most of the considerations that arise if
bonus management is viewed as a strictly economic problem are taken
into account in these criteria. What is lacking is a systematic way of
reconciling conflicts between the indications of the several criteria and
determining precise bonus levels. This task has been relegated to

SThe use of bonuses for steady.state objectives is likely to become moro prevalent
with the phasing out of Shortage Specialty Proficiency Pay. To the extent that they are
viewed by enlistees as uncertain, being reviewed biannually, bonuses are an inefficient
form of permanent compensation, since expected bonus payments will be discounted by
the recipient, asuming risk aversion,
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judgment. When decisions are based on judgment, consistency across
specialties, within and between services, is difficult to achieve and
even more difficult to prove.

The approach taken In this paper is to formulate the bonus man.
agement problem as an economic problem, integrating the several
relevant considerations into a single framework and explicitly stating
the tradeofTr that must be made, and have been made implicitly, by
decisionmakers, Judgment is not eliminated but is structured as the
explicit selection of the values of the parameters of the model.

ECONOMIC FORMULATION OF THE BONUS
MANAGEMENT PROBLEM

ýj Assuming that bonuses will continue to be used to manage both
persistent (steady-state) and temporary shortages, the optimal bonus
policy for a particular specialty over time may be determined in two
stages:

1. The optimal steady-state level of bonuses may be derived from
a static optimization model. In the static model, the problem is to find
the cost-minimizing distribution of men by YOS and the corresponding
structure of steady-state wages necessary to attain the desired man-
ning levels, subject to a nonstraint on the overall strength of the ape-
cialty.10 The model developed by Jaquette and Nelson (1974) is a proto-
type of this sort. Once optimal steady-state wages are determined, `3
optimal steady-state bonuses are the difference between optimal and
constrained actual wages. Note that the usefulness of the concept of
steady-state bonuses does not require the force to attain a steady state,
which it obviously never does. A steady-state bonus is simply the
bonus that will normally have to be paid if supply and demand condi-
tions are expected to remain stable for several years and basic pay is
fixed.

2. The optimal temporary or transition-phase structure of bonuses
may then be determined from the dynamic adjustment model, which
also yields the optimal path of manpower from the starting inventory 4
to the steady utate. This Is the model discussed here. Bonuses in this
model are to be interpreted as deviations, positive or negative, from
steady-state wages. To avoid confusion, the term "wage" will be used
to refer to steady-state wages, which may in practice include a bonus

• If steady.-tate wages are considered not variable for some year groups, for exam-
ple, those beyond eligibility fbr Zone B SRB, the model can be estimated subject to thisi' crinstraint,

I'I

!I
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component. The term "bonus" will refer to deviations from steady-.
state wages. Thus, in the adjustment model, when no bonus is being
paid, it is understood that the level of compensation is equal to the
steady.state wage.

In both models, optimization entails setting wages or bonuses such
that for each year group, the marginal cost of an additional man is
equal to his marginal product or contribution to output. In the steady-
state model, marginal cost is determined by steady-state supply condi-
tions, with supply at each YOS depending on expected earnings over
the entire future career. Marginal product, measured net of training
costs, is evaluated at the constrained steady-state level of output.

In the adjustment model, marginal cost is determined by the bonus
cost necessary to induce reenlistments at other than the steady-state
rate. Marginal product is measured in terms of the reduction in the

penalty assigned to deviating from the target level of output in each
year of the transition period. Because the cost of adjustment to the
desired inventory increases with the speed of adjustment, It is typical.
ly not optimal to attempt to attain the target inventory immediately.'1
For example, a shortage in the junior career force may be reduced by
increasing the accession rate to the specialty, which would be less
expensive than using a reenlistment bonus to raise retention from
existing smaller cohorts. However, the former policy will not elimi.
nate the shortage for several years. The optimal bonus policy requires
weighing the cost, in terms of bonus payments, against the benefits of
eliminating the shortage more rapidly, The cost depends on the elas-

ticity of the short-run supply function in response to a bonus. The
benefits depend on shortages and surpluses in other year groups with.
in the same specialty, and substitution possibilities between them and
the year groups with shortages; on the criticality (for the overall
defense mission) of a shortage in this specialty; and on the implications
of current manning for future shortages or surpluses, given the limit-
ed ability to add or discharge men at more senior YOS levels. Thus,
optimization over the transition from the current to the target in-
ventory requires simultaneous determination of bonus policy for all
three bonuses at each point of the transition period,

"Viewed as a problem of finding the optimal adjustment path between current and
long-run equilibrium inventories, bonus management is closely analogous to the prob.
lem of disequilibrium factor demand addressed by Eisner and Strotz (1963), Lucas
(1967), and Nadiri and Rosen (1973). The model is complicated in the military context
by the internal labor supply characteristics of a military specii Ily and the absence of
a market price of output at which to evaluate the costs of deviations from desired output
levels.

L,
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A DYNAMIC OPTIMIZATION MODEL OF BONUS!;i MANAGEMENT

Overview of the Model

Given an initial inventory of men by YOS and a target inventory

to be attained within a specified time period, the models solves for the
pattern of bonuses over time that maximizes net benefits over the
period. Net benefits are defined as the difference between the (social)
value of output and its (social) cost. The quantity of output is calculat.
ed using a production function that aggregates men in the different
productivity categories into an overall measure of specialty strength.
In the simplest form of the model, productivity categories correspond
to YOS groupings. To convert output to dollar units for comparison
with costs, output is evaluated according to a demand function. The
value per unit of output at the target or equilibrium value of output
is set equal to marginal cost."2 The value per unit of output at other
levels of output is then determined using a constant-elasticity demand
function. The elasticity-oftdemand parameter is chosen to reflect the
criticality of the specialty, which depends on its role in the defense
mission and the availability of substitutes from other military special-
ties or from the civilian sector.

Cost is measured by wages plus bonuses minus Inframarginal
rents. On the assumption that military compensation is equal to the
supply price of the marginal recruit, and that this is equal to his
potential civilian wage, which measures his social value in the civilian
sector, this measure of costs corresponds to social opportunity cost.
"The supply functions of men in year groups eligible for a bonus incor-
porate steady-state reenlistment rates plus a linear response to the
bonus. For a year group not amenable to control by a bonus, the supply
function simply reflects steady-state continuation from the previous
year group,

The objective function to be maximized is the sum of net benefits
over the transition period. Bonuses are chosen to maximize this func.
tion, subject to attaining the desired inventory at the terminal time,
T. The objective function reduces to a quadratic loss function in devia-
tions of actual from desired input levels, with the penalties assigned
to deviations from target being derived from the parameters of the
demand, production, and supply functions. Thus considerations cur-
rently used in an ad hoc manner by bonus managers---criticality of
specialty, substitution possibilities between year groups in the special-

"Marginal cost is equal to the value or the Lagrange multiplier obtained by solving
the steady.state problem of finding the cost.minimlzing input mix, subject to an output
constraint.

_ _ _
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ty, and the effectiveness of a bonus in reducing a shortage-are sys-
tematically related in the model. Outputs of the model include optimal
bonuses, distribution of men by years of service, penalty costs, and
bonus coats in each year. In addition, the solution methodology gener-
ates the shadow value of men in each year group, which indicates
where other control policies, such as cross-training or early separa-
tions, might be used to reduce total costs,

The following sections discuss the components of the model-the
production function, the demand function, the supply function, and
the overall objective function-for the simplest case, in which bonuses
are the only policy tool. Modifications necessary to take account of
alternative policy options such as accelerated within-specialty train-
ing and cross-training are discussed in Munch (1977). The solution
methodology and illustrative results of the computer simulation
model are presented and compared with the costs of a strict year-
group management policy and a no-bound policy.

Production Function

In the absence of a measurable output, potential output must be
measured as some function of the total number of men. Simple aggre-
gation is inappropriate because individuals differ in productivity
through factors such as Innate ability, formal training, and experi-
ence. Therefore, the service models disaggregate men by YOS or skill
level and derive individual target-strength levels for each of these
"input categories." The problem with using this type of model to mea-
sure overall specialty strength is that men within a category are im-
plicitly assumed to be homogeneous, hence perfect substitutes,
whereas substitutability between categories is zero. The former as-
sumption may be tenable if the categories are sufficiently disaggregat-
ed to distinguish the main determinants of productivity. The latter
assumption, of zero substitutability between categories, is obviously
unrealistic.18 An aggregation function, with weights reflecting relative
productivity of men in different categories and the substitution pos-
sibilities among them, is needed to relate overall military effectiveness
to the number of men in each productivity category. The production
function is such a weighted aggregation function.

The production function used is a nested constant elasticity of
substitution (CES) function of the general form:14

The problem arises partly because many of the models are designed to describe
personnel flows and promotion opportunities, where substitutability in not an issue,

"14 Sato (1967),

I

L'
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where Z asecialty output,
N composite input,

[j jth basic input in ith composite,

8 distribution parameter,
p substitution parameter,
) returns to scale parameter, and
a = elasticity of substitution.

Overall specialty output, Z, is a CES function in IX], and X1, in turn,
CES function in (LI]. Hence, Z is a two-tier CES function in the

basic input IL], The intragroup elasticity of substitution within the ith

tier or composite input is denoted by oa,. Intragroup elasticities may
differ across the X1. The intergroup elasticity of substitution among
the composite inputs, denoted o', is constant, The advantage of this
multi-tier formulation is that it permits variation in the elasticity of
substitution between pairs of basic inputs." To illustrate the appli-
cation of this production function to a military specialty, [L] may
denote the set of basic inputs within which individuals are perfect
substitutes, such as YOS, and [X] may denote terms of service. Thus,

"a 1, the direct partial elasticity of substitution between basic inputs in the ith
composite, is given by

R log (Lj/Lk) ',

.' ,Mxj
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Ls denotes number of men in the second year of the first term, and
X, denotes number of quality adjusted man-years in the first term, The
two.tier formulation permits a specification that, say, men in different
year groups in the third terms are better substitutes for each other
than men in different year groups in the first term, and men in differ.
ent terms are poorer substitutes than men in different year groups
within the same term. If substitution within each term is perfect, pi

1 and the function collapses to a single.tier function in men distin-
guished solely by term of service. Alternatively, [XI may denote skill
levels or grades, if these are considered better measures of productiv-
ity than term of service,

The 5 are distribution parameters, They reflect the relative pro.
ductivity of the different inputs. For example, if 8a - 8. then the
marginal productivity of second- and third-termers is equal at the
point where the number of second. and third-termers is equal. A is the
returns-to-scale parameter. Returns to scale are diminishing, constant,
or increasing as t1. The basic model assumes .t < 1, since the
effectiveness of a specialty depends on inputs other than manning
levels; in particular, it depends on capital in this specialty and man-
power and capital in other specialties,"1 If these complementary fac-
tors are regarded as fixed for the purposes of planning bonuses in a
particular specialty, returns to labor alone in that specialty will be
diminishing.

The simplest formulation groups men by YOS for the basic input
categories, [L], and by terms of service for the composite inputs catego-
ries, iX]." This implies that experience on the job is the sole determi-
nant of productivity. Individual productivity may vary across in-
dividuals within a year group, but the average is constant and inde-
pendent of the number of individuals in the year group, their pre.
military training, their training in the military, and their consequent
skill and grade distributions. Possible modifications of the model to
reflect the more realistic but more complex determinants of productiv-
ity are discussed in Munch (1977), together with the appropriate
modifications of the supply and objective functions,

Selection of the parameters of the production function is largely
a matter of judgment rather than empirical evidence. The techniques
used to estimate substitution parameters of private sector production
functions fr-om either time series or cross-sectional response to

' Suppresing other optimal inputs from the production function In a model to
determine the optimal distribution of men by YOS presupposes that the relative produc-
tivity of different labor categories is independent of the availability of capital.

Measuring inputs as stwke rather than flows of services ignores the possibility of
varying output from a given stock by varying rates of utilization, In the absence of
overtime pay, this may be less feasible in the military than in the civilian sector.

LJ
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changes in relative factor prices are inappropriate for the military, In
addition to the problem that technology and other factor inputs cannot
be assumed constant across specialties or time periods, the basic as-
sumption underlying the procedure, that the input mix is designed to
minimize costs, is untenable for the military, at least without allowing
for lags of unknown length. The parameters are therefore estimated
subjectively, and the model is programmed to facilitate sensitivity
analysis of the outcome with respect to all input parameters,

Supply Function ,:
The supply function relates the units of the production function to

the control variables. In the simple model, with inputs defined as YOS
groups unadjusted for quality, the supply function for the ith element
of the vector of basic inputs is of the form:

Lit - (xi- 1 Li-i,t-1 + 0i Bit +K1, (1)K

where Ll,t = number of men in the ijh YOS in the specialty in I
year t,

al-I = continuation rate from YOS- 1. at steady-state
wage levels (zero bonus),

Bi,t = bonus for reenlistment into YOSI in year t, and
KI = steady-state lateral entry flow into YOSI. For i

1, KI may be zero.

The assumption underlying this short-run supply function is that
reenlistments Into YOSi in the year t are affected only by bonus pay-
ments for which they are currently eligible, Bit. This contrasts with
the supply specification of the steady-state model, in which the reen-
listment decision is based on expected earnings over the entire mili-
tary career, not just the immediate term of service.1' The dichotomy
is appropriate because, by definition, steady-state wages correspond to
long-run average pay and hence provide a rational basis for calculat-
ing expected career earnings. Bonuses, interpreted strictly as transito-
ry deviations from steady-state pay, will be perceived to vary from
year to year, It would be irrational to base expectations of future
bonuses at more senior YOS on current bonuses at those YOS. Given
this uncertainty as to future bonuses, transitory deviations from
steady-state supply to a particular term of service are likely to be

" See Jaquette and Nelson (1974).

il ' .
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dominated by current bonus payments for that term, as specified in
Eq. (1),1

In the discrete formulation of the supply function, all reenlist-
ments occur at the beginning of an accounting period, in response to
the bonus set in that period, The term of commitment is the same for
everyone in a particular YQS'0 and is constant over the time horizon,
The possibility of using variation in term of commitment across in-
dividuals or early-out programs in conjunction with bonus policies,
solving endogenously for the optimal term of service, possibly with
variation over the time horizon, is precluded."' The estimated costs of 41
an optimal bonus policy under this constraint will be an upper bound
on costs if bonuses are used in conjunction with flexibility in term of
commitment. Reenlistments occur only at the end of a term of service,
in response to the current bonus level. Early reenlistments and exten-
siona are not permitted,. .

The parameters of the supply function,al and 8i, are assumed to
be independent of the size of the cohort eligible for reenlistment, This
is defensible only in terms of computational simplicity. If civilian op-
portunities or tastes for the military are positively correlated across
individuals at all points in the career, then it is likely that marginal
continuation rates will be less than average continuation rates; that S
is, the average continuation rate, a, will be inversely related to the size
of the eligible cohort. Conversely, the absolute response to a given
level of bonus award, fi, is likely to be positively related to the size
of the eligible cohort. Thus, the correct specification presumably lies 9
somewhere between a constant proportionate response [Lit/Li - ,t--,

II• ai + PIBi,t] and a constant absolute response [Lit = ai + (lBii,d. The
specification used here incorporates biases in offsetting directions,
with an overestimate of the continuation rate and an underestimate
of the bonus effect in the case of an abnormally large cohort, and
"conversely in the case of a below-average size cohort.23

• The specification assumes that bonuses are paid in a lump sum at the reenlistment
point. The current method of payment in installments over the term can, in principle,be modeled, but it adds complexity because of the dichotomy introduced between cost

to DoD and value to the recipient, This problem Is handled in the steady-state context
in the Jaquette.Nelson model. Ignoring it Is less serious In the case of a bonus payment,
extending typically only over a four-year term, than it would be fbr an entire career
earnings stream.

", The five terms of service may be of diflfrent lengths.
" A comparison of the costs of different lengths of commitment can be made only

by running the model under alternative speelfications and comparing costs,
"In practice, the possibillty of early reenlistments and extensions makes the supply

response at any one time a function of current bonus levels, relative to peast and expected
fiNture bonus levels.

' The notion that the (absolute and relative) response to a bonus is inversely related
to the no-bonus reenlilatment rate, which is embodied in the DoD improvement Factor
tables, may be incorporated by varying fi inversely with al in running the model for
different specialties.
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A further implication of the supply specification adopted is that
supply to a particular year group derives primarily from ccntinua-
tions or reenlistments from the previous year group within the same
specialty. Within a term, the previous year group is the exclusive
source of supply. However, the response to the bonus is not con-
strained in the simple model. This formulation may be modified to
correspond to varying degrees of lateral entry. For example, con.
straints could be Imposed on the model to represent the case where the
previous year group within the specialty or a feeder specialty is the
exclusive pool of potential reenlistments. At the other extreme, if
lateral entry Is unrestricted and no more costly than drawing from
within the specialty, and firing within a term is costless,14 this can be
modeled by omitting the reenlistment term and specifying a positive
steady-state flow of lateral entrants:

Li't = Ki + P1Bi, t.

Demand Function

The role of the demand function is to assign a dollar value to
deviations from the target level of output to weigh the benefits of
moving closer to target against the costs in the form of bonus pay-
mentis. The demand function states the value placed on an additional
unit of specialty output, This marginal value, or price, is postulated to
vary inversely with the absolute level of specialty output. The func-
tional form used has the property of constant elasticity:

P = a Z-('/'),

where P = price of specialty oatput,
a = a scale parameter, and
e = elasticity of quantity with respect to price.2s

The elasticity parameter, c, is a crude measure of the criticality of
the specialty. It depends on manning levels and supply elasticities in
related specialties, both substitutes and complements. For example,

24 Introducing the possibility ofearly.out programs would require modification of the
supply functions of both the steady-state and adjustment models. Risk.averse individu.
als will attach a positive value (hence, accept lower per-period wages) to a commitment
of guaranteed employment for a fixed term from the employer, but attach a negative
value (hence, require higher wages) to committing themsulves to serve for a fixed term:
Thus, the net Weffc of a mutual obligation to a fixed term of service Is uncertain a priori
and may vary with the length of the term. However, if the obligation is relaxed on the
employer's sidw only, as implied by making early-out programs a policy variable, the
supply curve would shift to the left.

"11 The discussion is in terms of c, the elasticity of quantity with respect to price, to
conform to the conventional deflnition of the elasticity of demand,

,- A
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for a combat arms specialty that is crucial to the defense mission and
has no close substitutes, the elasticity of demand will be lo,, A given
percentage deviation of actual fom desired manning levels induces a
more than proportionate response in the marginal value per unit of
output. Conversely, a specialty with readily available substitutes is
likely to have a high elasticity of demand, other things being equal.
In principle, the range of possible substitutes extends over different
specialties within one service, as well as across services and to civil-
ians. The demand elastirity is likely to be lower if the model is applied
to a career manning field (CMF), rather than specialty by specialty
within a CMF.

The constant elasticity assumption implies an equiproportionate
response of price to shortages and surpluses. This is appropriate if
substitution possibilities between specialties are symmetric. In other
words, if the availability of substitutes to perform the functions of
specialty A, in the case of a shortage in A, is highly correlated with
tho availability of alternative and equally valuable cases of men
trained in A, in the case of a surplus in A, the constant elasticity
assumption is reasonable for small deviations around the steady-state
level of output."

The value of the parameter a is found by equating price to margin-
al cost at the steady-state level of output and solving the demand
equation for a."

Objective Function and Solution Methodology

The objective is to maximize the sum of net benefits-i.e., benefits
minus costs-over the transition period. Benefits and costs are defined
in terms of social rather than private values.38 Thus if the DoD is
viewed as a producer of defense output, it is assumed to maximize
social welfare rather than "private" profit. These differ because both
demand and supply functions are assumed to be less than perfectly
elastic,." Maximization of private net benefits, in the absence of price

"The demand function is not used to determine the steady.state level of output. This
is discussed in the appendix to this paper.

I,

Pa(Z.) = aZ.-(/111 - X(Z.),
where A - marginal cost. Marginal cost is given by the value of the Lagrange multiplier
obtained by solving the steady.state model for the input mix that minimizes cost, subject
to producing the output level Z,.

"This is the formulation commonly used in the public utility liternture. It assumes
that the DoD demand curve reflects the value placed by society on defense output end
that the supply price of labor to the DoD reflects its civilian opportunity cost.

" If perfect price discrimination is exercised in both product and factor markets,
social and private benefits and costs converge, Thus, the formulation of the model can

-. . . .-. .D.. 2J~...=LaJ~..L-.--..~.&& LLL~i2~...I W~flav I t~: . .............!..
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discrimination, would imply exploitation of monopsony and monopoly
power by the DoD in purchasing labor services and "selling" output
to the public, yielding wage rates less than the value of marginal
product of labor and levels of output at which marginal social value
exceeds marginal social cost,

An implication of maximizing social rather than private net be-
nefits is that the model generates an optimal labor force mix that does
not minimize DoD budget cost for a given level of output.' 0 This
results forom treating inframarginal rents as a transfer payment, not
as a cost of production. Therefore, the optimal factor mix contains
more of the factors in relatively inelastic supply than would the factor
mix that minimizes budget cost. In any case, maximization of social
rather than private benefits is a particular specification, not a neces-
sary feature of the model. The private benefits-maximizing formula.
tion is given in Munch (1977).

Social benefit (SB) is measured as total "revenue" (price times
quantity) plus consumer's surplus:

T 
Z

SB If [fZtPt(Zt(Lt)) dZt] ,
t=l 0 •z(

where P(Z) = demand function for specialty output,

L = n - dimensional vector of labor inputs, and
T = terminal time of planning horizon.

Social cost (C) is measured as total budget cost less inframarginal rent,
or social opportunity cost:

T n JLi,tdC = F, ZSi(Li,t) dit
t-1 i-1 0

where Si(L1) = supply function of ith labor category. The objective
function is therefore

SB - C.

Taking a second-order Taylor expansion and eliminating terms,
the objective function reduces to

be interpreted am maximizing private benefits with perfect price discrimination, Bonus
awards in practice are multip lea of individual base pay, which differs by grade, so it in
not uniform acrou individuals in the same YOS group, To the extent that this variation
in military pay is positively correlated with variation in supply price across individuals,
there is some degree of price discrimination in practice,

"0 With perfect price discrimination, social cost minimization coincides with DoD
budget minimization.
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1 T ,LtZ• F Lt- Bt' UBt,

where Lt = vector of deviations of actual from steady-state
input levels,

Bt = vector of bonuses,
F = matrix of second partial derivatives of benefits

function, and
U = matrix of second partial derivatives of inverted

supply function.

The objective function is simply a quadratic loss function in the
deviations of actual from steady-state input and wage levels, Lt and Bt.
The penalties assigned to these deviations, the matrices F and U, are
derived from the parameters of the demand, production, and supply
functionss"

The problem is to choose the time paths of the control variables,
the three bonuses, that maximize the objective function, subject to the .1
constraints of the supply conditions and of attaining the target vector
by the terminal period. Applying Pontryagin's maximum principle, I
define the Hamiltonian function, H, by adjoining the supply function,

.1 S(L,B), to the objective function with the vector multiplier function, V;.,

Ht=[L't FLt"- Bt' U Bt) + Xt+l [S(Lt, Bt)] '"

Here, X is a vector of costate variables that are the dynamic,
equivalents of the Lagrange multipliers of static problems involving
maximization subject to constraints, Each costate variable may be
interprted as the shadow price of the associated state variable.

First-order necessary conditions for a maximum are

SHt

i - o(2 )

't These matrices are derived as follows:

12SBP D Z 2+
F11 ) -2 ifZz

and I'
% __

1  . .1

LI Ii
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Lit = i-1 Li-l,t + fil 131t + Ki (3)

ýHb
it "L-" t (4)

In Eq, (2), the control variables are chosen to maximize the objec-
tive function, subject to the supply constraints of Eq, (3). In Eq. (4), the
shadow price of each input is equated to its marginal contribution to
the objective function,

The first-order conditions indicate the nature of the solution. Ex-
panding Eq. (2) for the first component:

O , 2B = F11 B1 + Bi 2 F11 L- Is B lt +I al A2t+1 " 0.

A .1 n
Blt (1 - , 1  [=1 2 Fli Lit + al A2 t+1] (2.1)

1!2

Alt, the optimal enlistment bonus in year t, is determined by the
contribution of an L, to output in year t, as measured by the summa.
tion of the own and cross partial derivatives of the gross benefits
function, weighted by the manning levels in each labor category, plus
the shadow value of an L2 in year t + 1, A,,t+l, weighted by the
probability of continuing from the first to the second YOS, al.

From Eq, (4),

n. F2 i Lit + ,3 '3t+1
'2,t - L2 t 14 1

X231 the shadow value of an Lg at time t, is equal to its contribution
to output in year t plus its expected shadow value as an LO in year
t+ 1, which in turn incorporates productivity as an Le plus expected
shadow value the next period, and so on. Thus, the expected value of
the jih input throughout its future career is reflected in its shadow
price at time t, This in turn affects the optimal bonus paid to that input
category at time t.

The effect on the optimal bonus of substitution possibilities be-
tween input categories and of shortages and surpluses is also evident
from these first-order conditiqns. Since Fl1 < 0, the denominator in Eq.
(2.1) is positive, the effect onBit efa shortage in the ith input category
(Li.t < 0) is positive if Li and Ll are substitutes (Flj < 0), negative if
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they are c mplements (F1 i > 0). Conversely, a surplus of substitutes

decreases BCt. Similarly, the effect of future shortages and surpluses
is embodied in the X2t,1 term. If all inputs are at target levels, all
shadow prices and bonuses are equal to zero.

The first-order conditions yield a set of 2n - 2 difference equations
in the n input categories and their corresponding costate variables,"
and m equations for the m control variables. Particular solutions are
defined by the boundary conditions on the state variables, with L(O)

corresponding to the initial inventory and L(T) to the target inventory.

Results

Tables 1 through 5 present results obtained from the computer
simulation model.

In this simplified version of the model there are eight basic input
categories, corresponding to men in YOS 1 through YOS 8, and two
composite input categories, corresponding to the first and second term.
An enlistment bonus can be paid to YOS 1 and a reenlistment bonus
to YOS 5. The elasticity of substitution between men in different year
groups within the same term is Infinite (a1 = a3 = em). The elasticity
of substitution between men in different terms is high In Case I (a- =
10), low in Case II (a- = 25). Continuation rates (a) between year
groups are ,95 within the first term, 1.0 within the second term. The
no-bonus reenlistment rate from the first to the second term is .72., The
supply elaetic!ty of both first- and second-termers in response to a

bonus is 210. The demand elasticity is high (2,0) in Case I, low (.15) in
Case II.

Tables 1 and 3 show the manpower inventories for the two cases
under the optimal bonus policy derived from the model and under a
year-group management policy in which bonuses are set to achieve the
target inventories in YOS 1 and YOS 5 in each year, regardless of
manning levels in other year groups. The model is constrained to
reach the target inventory in the ninth year. The starting inventory
is given by the first row, except that L, and Ll are determined endoge-
nously by bonus policy. In the absence of a bonus, L, would be equal
to the steady-state reenlistment rate (323), and L, would be 160, by
assumption. Thus, the initial condition is one of shortage in all year
groups except L,, which is in equilibrium, and Ls, which has a surplus.

Tables 2 and 4 present the bonus levels and bonus, penalty, and
total costs for each year under the alternative policies. In addition, the

Equations for LI and X, are excluded because the supply equation for L, can
simply be incorporated Into the objective function, dispensing with the need for adding
this supply equation as a constraint. This simpliflcation cannot be adopted for the other
input categories whose supply includes continuation from previous year groups.

.*qt•'.l.•. ... . . . . .



I290 Munch[N ININI
LI4

C04 RC'0 4 R4 R

a U N
eol

0 0 -s0

o t O~f 0 W

to ,r4 S- 00J1



OplimaL Bonus Management 291

ODA oo0 000 eo

u0 0 00a00

~q tý 0 00em

to-1 4 0 0 j I
00"

CLW NOI

II

to Into I ucl n FI



292 Munch

~C4

Coco

M 11

E-~

0 00

044 11
a.c4 C~q 0 C

04~ m 00

I-~ Go 0 m 0 LO

-O V 14N C
m m C4 3 m m 9 Ln m L



II

Optimal Bonus Manaigement 293

14 M

oo0oW040000

IIt

tI

fla Ilk

9 L 9 a

K~ 44

IM"1



294 Munch

Table 5

SUMMARY OF COSTS
(In dollars)

Coo@ I Caoe II
Category B~onus Cost Penalty Cost Total Cost ]lionum Coot PvhAlty Cost Total Cosot .

Optimal
bonuA (1) 242,520 175,504 418,084 860,897 252,724 813,621

tranagement.j

(2Y 435,250 120,972 860g222 436,20 1,008,405 1:443,655No bonwm (3q) 0 1,1 14,.520 Ili14,520 0 16,537,000 1.6,5S17,000 i
Not gain or loss•

(2) -0() 1 02,730 -54,5'92 138,138 - 190i,847 75,8,081 6 30,034

(M1-U -1 242,}5'20 938,96,6 696,436 -660,89•7 16,2814,276 18,723l•,379'

penalty cost that would be incurred if no bonuses were paid is calculat- Z"
ed to provide an alternative benchmark against which to measure the
gains from following an optimal bonus policy. Comparing the optimum

,,j with year-group management, the main conclusion to be drawn is that,
because of its inflexibility, year-group management results in paying
excessive bonuses in Case I, where substitutability is high and the
specialty is not critical (E = 2), and insufficient bonuses in Case II,
where low substitutability and inelastic demand make it optimal to
overshoot the year-group targets initially to compensate for shortages
in other year groups, These conclusions are summarized in Table 5. In
Case I, the optimal policy generates savings on bonus costs that more
than offset the higher penalty costs, to give a net gain of $138,138 over
year-group management. In other words, year-group management re-
suits in total costs that are roughly 33 percent higher than those under
the optimal policy. Conversely, in Case I, the optimal policy incurs
higher bonus costs in order to reduce penalty costs. The total excess
costs of year-group management are $830,034, or 77 percent higher
than those of the optimal policy. But both policies show huge savings
over a no-bonus policy.

CONCLUSION

The criteria currently used by the DoD in managing the bonus
program reflect steady-state and short-run considerations, since, given
the rigidity of the basic pay structure, bonuses are the only policy tool
available to introduce either permanent or temporary pay differen-
tials across specialties to counter uneven conditions of shortage and
surplus. This paper shows how the multiple factors that must be con-

jr
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sidered in managing bonuses efficiently can be integrated into a
unified framework.

The problem is simplified by distinguishing two phases. Optimal
steady-state bonuses are determined by permanent features of the
specialty such as training costs, attractiveness of job content, etc. Opti.
mal temporary deviations from the steady state are determined by
differences between the actual and the desired steady-state inventory,
Since the cost of bringing the actual inventory up to desired strength
depends on the speed of this adjustment, the optimal policy over the
transition phase requires weighing the bonus costs of eliminating a
shortage against the penalty costs of tolerating the shortage tem-
porarily. Bonus costs depend on the predicted no.bonus shortage and
the elasticity of supply in response to a bonus. Penalty costs depend
on the availability of substitutes for the year groups in shortage, both
from within the particular specialty and in other specialties. These
considerations can be quantified by appropriate selection of the
parameters of the model.

The usefulness of this approach is illustrated by the computer
simulation model. The optimal policy derived from the model achieves
substantial savings, relative to a policy of strict year-group manage.-
ment. Year-group management pays the bonus necessary to attain
target strength in each year group, without regard to conditions of
oversupply or undersupply in other year groups or specialties and
substitution possibilities between them. The optimal policy pays lower
bonuses than year-group management when the specialty is not cru.
cial, and concentrates the bonus effort on year groups that can be
Increased at relatively low cost. These bonus savings more than offset
the higher penalty costs associated with the larger shortage. Con-
versely, in the case of a highly critical specialty, with shortages in
senior year groups that cannot be affected by bonus policy, year-group
management tends to pay inadequate bonuses and thus to incur high
penalties and higher total costs than the optimal policy.

Ap~pendix

RELATION BETWEEN STEADY-STATE AND
ADJUSTMENT MODELS

In principle, given the parameters of the demand function, the
long-run supply function and short-run adjustment costs, and the pro.
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ILduction function, a singe model may be specified that solves simul.
taneously for the long-run equilibrium values of the input, output, and
wage variables and the optimal adjustment path to that point from the
initial point. This is the approach adopted in the economic literature
(Eisner and Strotz, 1963; Lucas, 1967; Nadiri and Rosen, 1973). Simul-
taneous solution of the steady-state and adjustment problem is less
appropriate for the military analyst. Because of the problems of mea-
suring and evaluating output, it is not desirable to make the steady-
state level of output depend on a necessarily arbitrary demand func-
tion. The steady-state problem is better formulated as one of cost
minimization subject to an output constraint, where the constrained
level of output is that obtained by applying the production function to
the service target input levels. Such a model yields optimal input and
wage levels, and the Lagrange multiplier gives the marginal cost per
unit of output at the equilibrium level. The equilibrium input and
wage values are the target values in the adjustment model, and the
Lagrange multiplier is the equilibrium price. The arbitrary demand
function is then used only for evaluating small deviations of output
around this equilibrium level. It seems reasonable to treat the level of
output (and budget) as unconstrained for the small range of options
relevant to the adjustment between current and target inventory,
making net benefit maximization an appropriaLe specification for this
problem.8 1

A full steady-state optimum is derived from a model that treats all
inputs and wage levels as variable, subject only to the constraints of
the supply function. The Jaquette-Nelson model is of this type and
may be modified to generate the steady-state data required by the
dynamic adjustment model presented here.

In the absence of an operational steady-state model, the first-order
conditions of such a model may be used to generate a reasonable set
of data. The services' desired inventory is assumed to be optimal, and
one wage level, Wj, is taken as given and assumed equal to the value
of the marginal product. Then the optimal steady-state wages for the
other labor categories can be determined from the first-order condi-
tions (assuming perfectly elastic supply):

W-i. = •_i I•,1+,•i

wj 6j G

" In practice, the sum of optimal unconstrained bonuses for all specialties may
exceed the allowed budget. The problem of optimal allocation of a fixed bonus budget
among competing specialties is not addres'ed.
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Obviously, steady-state wage parameters generated by this short
cut are purely illustrative and not necessarily feasible or optimal. The
equilibrium output price, X, is obtained hom the assumption that Wj
is equal to the value of the marginal product:

Wjfi ,6j( L
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ENLISTED WOMEN IN THE MILITARY'
Patricia J. Thomas

Navy Personnel Research and Developrnent Center

The increased utilization of women by the military has created unique 1
problems in procurement, training, and management, Some of these problems
are engendered by the basic incompatibilities between the traditionally mascu.
line services and the values of American women, others arise when military
men are required to interface with women as supervisors, peers, and subordi.-
nates. 'Prior to the 1970%, the number of actiuesduty women never exceeded 2

percent of the total military force. Therefore, the services are not prepared to
deal with either the 100 percent increase in womanpower achieved in 1975 or
the impact that the passage of the Equal Rights Amendment portends for the
future.

The experiences of foreign services and certain civilian rommunlties (e.g,,
oceanographic research) are examined for policy considerationA concerning A
the integration of women. In addition, case histories of military commands are
developed to investigate how organizational and personal conflicts are re.
solved when women are introduced into a previously all-male environment,

INTRODUCTION

Being male has historically been a prerequisite for certain occupa.
tions in our culture, In big business, politics, religion, higher educa-
tion, law, medicine, and the military, men work together and make

Eoiroa's NoTr: It is important to recognize that many of the specific policies and

practices discussed herein have undergone reexamination (and some have been or are
likely to be changed) since this paper was first written. Nevertheless, this paper offers
valuable insights into the historical use of women in the military, and most of the basic
issues and principles are still valid.

_j
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critical decisions in a female-free environment. Only recently have
changes in social attitudes and civil rights legislation forced a reexami.
nation of the barriers that have kept most women out of the "action."
The military services, however, have regulations and the sanction of
federal law to maintain restrictions that prevent the assignment of
women to some job specialties and greatly limit their numbers and
duties in others. Army Regulation 600.200 excludes women from bil-
lets that are combat-oriented; Sections 6015 and 8549 of Title 10 of the
United States Code, which apply to the Navy, Marine Corps, and Air
Force, prohibit the assignment of women to aircraft having a combat
mision and to duty on Navy vessels other than hospital ships or
transports. These rulings have been interpreted in such a way as to

prevent the assignment of women to billets that might be deployed in
a military emergency. In the Navy, for example, this means that a
woman may not be assigned for duty to a naval vessel for even a
24-hour period and may not participate in certain ship's operations.

The policies of the American military services are not very differ-
ent from those of other nations. Nearly every country currently ex.
cludes women from combat-related billets, although some provide
them with combat training. These policies have evolved despite
demonstrations of courage and effectiveness on the part of military
women during periods of national crisis or in insurgent movements
when they fought side by side with men. There appears to be a histori.
cal protection of women that permeates diverse cultures and has obvi-
ous survival value.

MILITARY POLICIES AND THEIR EFFECTS

Women in the Israeli Defense Force

Modern Israel has some unique policies concerning military
women that have promoted an image of equal treatment of the sexes.
This is a misconception. Although Israel practices universal conscrip-
tion of 18-year-olds, men and women have very different experiences
after completing their basic military training.

Women in the Israeli Defense Force (IDF) belong to a separate
corps called the CHEN, an acronym that in translation means charm.
Young women are drafted fbr only 20 months, while men must serve
for 3 years, but women remain in the reserve until their mid-40s. Their
military experience is looked upon as a phase of young adulthood and
is not incompatible with traditional femininity. This philosophy leads
to the following practices, which are unlike those of the American
military (Dickerson, 1974):

................. .......... ..............-
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1. Women are overtly treated differently from men and no
effort is made to make them fit a masculine mold. For exam-
ple, CHEN women may go home to their families every night
rather than live in military quarters, if they wish to do so.

2. Women rarely receive advanced training in a military spe-
cialty. Because the period of conscription for women is only
20 months, it is felt that funds for extensive training are
better spent on men.

3. Women are not encouraged to remain in the IDF because
there is a constant supply of new conscripts. Thus, the mii-.
tary is not looked upon as a career field for women, and little
attention is given to their opportunities for advancement.

4. Women serve solely to release men for combat and, to date,
there has been no movement within CHEN to achieve equal.
ity of opportunity with men in the IDF.

However, Israeli women can be assigned to any ground unit as non.
combatants and, unlike American military women, they follow their
units into combat, often coming under gunfire. They also may fulfill
their military duty in teaching units or in the Nahal, the fighting
pioneer youth who establish border settlements in hostile territory.

Status of American Military Women

The history of American women in the military begins in 1901,
when the Army Nurse Corps was formed to care for the wounded of
the Spanish-American War. Before World War II, the only use of
women in nonnursing roles occurred briefly in 1918.1919 when the
Yeoman (F) rating was created to free more men for sea duty (Butler,
1967). Yeoman (F) women worked as clerks, stenographers, typists,
and telephone operators and represented the first time in our history
that women were admitted to full military status. During an era when
women were not permitted to vote, this was quite an accomplishment.

The women's services of today first came into being in May 1942,
when the WAAC (Women Army Auxiliary Corps) was formed (Corson,
1942). Congresswoman Edith Rogers, who sponsored the bill creating
the WAAC, attempted to gain full military status for Army women but
was forced to compromise on an auxiliary corps, Two months later,
however, the WAVES (Women Accepted for Voluntary Emergency
Service) was created. This time, by law, women were designated as
serving in rather than with the Navy, This was an important die-
tinction in status and probably came about because of the mobilization
pressures caused by Japanese successes during the early years of
World War II. In the spring of 1943, the extra "A" was dropped from
the title of the WAC, and Army women achieved military status sepa-

U
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rate from, but not equal to, that of men. This move was motivated by
the findings of a study that a million and a half women could be
effectively used in the Army but probably could not be recruited under
auxiliary status. Two other wartime women's services, the Marine
Corps Women's Reserve and the SPAR (from Semper Paratus, Always
Ready) of the Coast Guard, also were formed in the early years of
World War II.

Military women, like their civilian sisters, were used in a wide
variety of jobs during World War II. Almost half of the enlisted WAC
were assigned to administrative and office work, but others worked as
bombsight maintenancea specialists and Link trainer instructors. They
were deployed overseas and were found in every major Army com-
mand. WAVES did not receive authorization to serve outside of the j
continental United States until September 1944. During the war years,
over 55 percent of the uniformed Navy in Washington, D.C., was
female (Corson, 1972). In addition, WAVES worked in all of the nonsly.
ing ratings of naval aviation, Table 1 shows the populations of the four
women's services at the peak of mobilization in 1945, Creation of these
groups was a wartime measure and was intended to be short-lived.
"However, in 1948, President Truman signed the Women's Armed Ser-
vices Integration Act (PL, 625) authorizing women in the regular
Army, Navy, Air Force, and Marine Corps, Public Law 625 gave legal
sanction to inequities between the sexes, including the following:

1. No person shall be enlisted who has not attained the age of
18 years; and farther, no person under the age of 21 years
shall be enlisted In such corps without the written consent of
her parents or guardians,

2. The number of enlisted women shall not exceed 2 percent of
enlisted strength and women officers shall not exceed 10 per-
cent of enlisted female strength.

3, Women officers may not have a permanent commissioned
grade above Commander (Navy) or Lieutenant Colonel
(Army, Air Force, or Marine Corps).

4. Children of military women shall not be considered depend-
ents unless their father is dead or their mother is their chief
support.

Despite the demonstrated usefulness of military women, their rep-
resentation in the services has remained low. In 1945, females in
uniform represented only 2.18 percent of the armed forces. Five years
later, in the 1950s, the percentage of women was down to 1.5 percent
(Corson, 1972). It wasn't until 1967 (P.L. 90-130), during the Vietnam
war buildup, that Congress removed the 2 percent limit on military
women that had been set in 1948, Now the Secretary of each service

N
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Table 1

NUMBER OF MILITARY WOMEN DURING
PEAK MOBILIZATION IN 1945'

Service Officer Enlisted Total

WAC 5,746 93,542 99,288
WAVES 7,055 78,946 86,000
Women Marines 831 17,578 18,409
SPAR 918 8,912 9,830

Total 14,550 198,977 213,527

eThese figures exclude women officers in the
healing arts.

determines the maximum number of women in his force. Women in
the Marine Corps, for example, were limited to 1 percent of the enlist.
ed force until 1973, when this quota was lifted, Today there are about
3,100 women in the corps, representing 1.6 percent of USMC person-
nel. The Navy has established a ceiling of 20,000 women, excluding
officers. This goal represents 4 percent of the enlisted strength. The Air
Force has 32,000 enlisted women, Their quota is 15 percent of their
forces, rather than an absolute ceiling. General Jeanne Holm, former
Director of the WAF, stated in 1972 that women, under present law,
could make up 70 percent of the enlisted strength of the Air Force
(Corson, 1972), The Army now has 45,000 women, represc'nting 6 per-
cent of their total forces. Thus, while the absolute number of women
in uniform is about half that in 1945, their proportion has doubled. In
spite of this, they still make up a much smaller minority group than
blacks. To longtime military men, both officer and enlisted, women are
far more of an enigma than are ethnic or racial minorities. To some,
they are anathema.

Since 1970, the status of women in the military has greatly
changed. For the most part, this change has been brought about by
social and political forces acting upon the services. The progress of
women has had its ups and downs, however, because of the inertia of
the system and the reluctance of many of its members to transform
what is often looked upon as the last bastion of male supremacy, Some
changes have been painfully slow, eventually coming to pass only after
court rulings upon discrimination suits brought by military women, as
with the abolishment of pregnancy as grounds for mandatory dis-
charge, Occasionally, by flat, sweeping changes have occurred, as in
August of 1972 when Adm. Elmo Zumwalt promulgated Z-Gram 116,
which
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1. Authorized limited entry of women into all Navy enlisted
ratings.

2. Established a pilot program aboard USS SANCTUARY (AH.
17) for evaluating use of women at sea and immediately as-
signed a limited number of female officers and enlisted per-
sonnel to the crew.

3. Suspended restrictions on women succeeding to command
ashore.

4. Opened the Chaplain and Civil Engineer Corps to women
officers,

6. Opened college NROTC programs to women and expanded
the opportunities of women line officers.

6. Permitted women to achieve flag rank within the managerial
and technical spectrum.

The actual changes in the status of Navy women that have oc-
curred in the 3½ years since Z-Gram 116 highlight the disappointing
disparity sometimes found between policy and practice:

1. USS SANCTUARY received its first complement of women
in November 1972 and was decommissioned in March 1975,
Although this pilot program was deemed succesfIl (Com.
manding Officer, USS SANCTUARY), in that women gener-
ally performed at a high level and committed fewer disciplin.
ary offenses than their male cohorts, the women-at-sea pro-
gram ended and there are no plans to reinstate it at this time.

2. A total of nine women have succeeded to command ashore,
and five are currently serving as COB.

3. There are now six female chaplains and four female civil
engineer officers.

4. About 65 women are now attending college under the Navy
ROTC scholarship program. The Secretary of the Navy re-
cently approved a goal of 55 ROTC scholarships reserved for
women each year.

5. There are no women flag officers except In the Nurse Corps,
as before Z-Gram 116. However, two women are currently
being considered by the Admiral Selection Board. (One was
selected after this paper was written.)6. Enlisted women never gained access to certain ratings, even

to a limited degree. Currently, all enlisted ratings are clas-
sified into three categories, representing closed, controlled,
and open jobs for women. Table 2 shows that the 15 ratings
closed to women, the majority of which are performed only
aboard ships, represent only 6 percent of all Navy rated bil-
lets. The last category, the open ratings, is somewhat mis-

, .. .. .... . .. ...... .. . .. .. ........ ,i/
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named, since quotas are applied here, too, For example, in FY

1975, there were only two openings for women into the Gun-
ner's Mate rating. The table also points out the maldistribu-
tion of women, in that almost 80 percent are confined to jobs
that represent 56 percent of the rated billets.

Table 2

RATING CONTROL OF NAVY WOMEN'

Percentage of Percentage of
N Rated Billets Rated Women

Closed 15 6.0 0.0
Controlled 44 38.3 20.8
Open 43 55.7 79.2

Total 102 1.00.0 100.0

aBased on 1975 requirements for 294,715 rated
personnel,

As the opportunities for women opened, new patterns of use began
to emerge in the services. Table 3 shows the shift observed in the WAC
between December 1978 and December 1974 (Savell, Woelfel, and
Collins, 1975), A traditional Army Military Occupational Specialty
(MOS) was defined in the analysis as a job to which at least 3 percent
of the WAC not in basic training were assigned, These data show that
the proportion of women in traditional MOSs dropped 9 percentage
points in one year, The majority (3.7 percent) of women have gone into
law enforcement. Of the Army's 451 MOSs, 415 are now open to enlist-
ed women. Army personnel have expressed disappointment, however,
in what is seen as women's lack of interest in pursuing some of these
opportunities, Military women respond that many of these newly inte.
grated jobs are unappealing and are generally filled by male enlistees
who fail to qualify for technical training,

The Navy, which has determined that no more than 20,000 women
can be used without disturbing sea and shore rotations for men, gives
a different picture, Table 4 presents data that parallel the Army statis.
tics except that they are based on the fiscal year, The 1973 data reflect
the status of women before Z.Gram 116 (August 1972), which opened
so many opportunities for women, By June 1974, only nine months
later, there appears to be a shift of almost 6 percentage points away A
from the traditional ratings, However, by March of 1975, a reversal

i i has occurred. This finding is probably due to the 35 percent increase
in rated women and the limited number of permanent shore-based

.I
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Table 3

PERCENTAGE OF ARMY ENLISTED WOMEN
IN TRADITIONAL CAREER FIELDS

1973 1974 I
Career Field (N - 11,173) (N - 17,085)

Medical 31 25
Administration 35 33
Communication 11 9
Supply 5 6

Data Procesuing 3 3
Total 85 76
SOURCE: Savell, Woelfe), and Collins (1975).

Table 4
PIxxcNTAos or' NAVY ENLISTED WOMEN

IN TRADITIONAL CAREER FIRLDS

1973 1974 1975

Career Field (N - 4835) (N H 7332) (N - 9597)

Medicine 38 32 32
Administration 29 26 27
Communication 9 13 16
Supply 9 8 9
Data Processing 4 4 3

Total 89 83 87

SOURCE: Navy Military Personnel Statistlis: Quarterly
Reports, 30 June 1973, 30 June 1974, and 31 March 1975.

nontraditional billets, If this hypothesis is valid, the traditional fields
of medicine, administration, communications, and supply may be ex-
pected to become more feminized until the law prohibiting women on
ships is repealed or reinterpreted.

Attitudes of Military Men Toward Women

It has been hypothesized that men seek all-male groups and form
bonds that are resistant to female intrusion. Therefore, the reaction
of male personnel to the shifting pattern of use of women has been of
concern to the services because of the obvious implications for person-
nel effectiveness.
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The Army conducted a survey of 721 soldiers, both male and
female, in 1974 to determine their sex-role attitudes (Savell and Col-
lins, 1975). Part of the study involved categorizing the respondents as
traditional or contemporary on the basis of which of the following
statements they agreed with: 'j

1. Under ordinary circumstances, women belong in the home,

caring for children and carrying out domestic duties,
whereas men should be responsible for financial support of
the family.

2. Relationships between men and women are ideally equal and
husbands and wives should share domestic, child rearing,
and financial responsibilities.

The subjects were also asked to indicate how they thought specified
individuals and groups (i.e, the majority of men in the Army, the
majority of women in the Army, their best friend of the opposite sex,
and their best friend of the same sex) would respond. Table 6, which
presents the results of this survey, indicates that respondents felt that
women in the Army hold the most contemporary view (as indeed they
do) and men the most traditional view (far more traditional than these
men actually see themselves). This difference is striking, leading to the
suspicion that the men privately held traditional views and willingly
attributed these views to the majority of men in the Army. However,
because they presumed their peers held a contemporary view, they
were unwilling to describe themselves in unpopular terms, Both men
and women considered themselves to be more contemporary in their
attitudes toward female roles than their best friend of the same sex.

Table 5

PERCENTAGE A'I'TRIBUTING CONTEMPORARY
SEX-ROLE ATTITUDE TO SPECIFIED

INDIVIDUALS AND GROUPS

Overall Men Women
Referent (N - 721) (N - 540) (N 181)

Women in the Army 85 83 84
Self 78 66 92
Opposite sex friend 70 71 63
Same sex friend 63 56 83
Men in the Army 29 37 22

SOURCE: Savell and Collins (1975).

II
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Army researchers interpret this last finding to indicate that social
value is placed on holding contemporary views of women's roles and
that attitudes may be expected to become more consistent with this
value with time,

Along with questioning attitudes toward women's place in society,
the strength of job-relevant stereotypes of women held by Navy men
was investigated by researchers at the Navy Personnel Research and
Development Center. The concern is that such stereotypes are ex-
pressed as behaviors that affect the job satisfaction and retention of
Navy women. Table 6 presents an analysis of the responses of 890 male
recruits questioned in 1975. The five-point scale used in the question-
naire has been collapsed for simplicity of presentation, and the "unde.
cided" response category is not included in the table. The chi square
was computed for five response categories (4 D.F.), and all of the
distributions of responses are significantly different from each other
at the ,01 level, The considerable number of young men (mean age -
19.6) who subscribe to these beliefs about women was unexpected.
Such preconceptions as that women are more emotional than men and
have less leadership ability could affect their fuiture relationships with
female supervisors and the types of duties and amount of responsibil-
ity given any women they might supervise. Yet, when this same group
of recruits was asked three questions about equality of treatment in
the areas of acquisition, training, and promotion, less than 10 percent
stated that men and women should be treated differently,

An additional concern of the military is the reaction of men and
civilians to the possible use of women in combat. Table 7 paraphrases
the questions asked the groups but permits comparisons across sey-

Table 6

ATTRIBUTES OF WOMEN AS SEEN nY NAVY RECRUITS"
(Percent)

Attribute of Women Agree Disagree

Women more sickly 15 37
Women more emotional 66 13
Women less logical 14 46
Women less decisive 21 44
Women less stable 36 33
Women less leadership ability 37 31
Women more easily influenced 30 31
Women less coordinated 8 68

RChi squares are significant at the .01 level wit" ', F.

.I,
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oral samples. As shown, the group most resistant to placing women in
a combat situation is the civilian sector. Army personnel are almost
evenly split on the question (Segal, Kinzer, and Woelfel, 1975). Navy
personnel exhibit two viewpoints, depending upon the identity of the
sample, The recruits are indistinguishable from the 1973 civilian sam-
ple, despite their youth and the recency of the questionnaire, Fleet
personnel, however, hold a more positive opinion of women's ability

to perform in combat.

Table 7

ACCzPTANCE OF WOMEN IN COMBAT
(Percent)

Agree Disagree

1973 Civiliana Only men should bear arms 74 26
(N_- 560)

1974 Armya Women would be good 48 50
(N - 724) combat soldiers

1973 Navy-fleet I would want to be in 62 35
(N - 860) combat with a woman

1975 Navy-recruits I would want to be In 24 75
(N - 888) combat with a woman

aTaken from Segal, Klnzer, and Woelfel (1975).

Research Findings for Navy Enlisted Women
The Navy currently is investigating the characteristics of females

who enlist and their experiences in the male-oriented environment
they encounter. Demographic data for almost 1,000 newly enlisted
women were recently gathered as part of a longitudinal study
(Thomas, 1976).

A profile of the compcsite female seaman recruit of 1975 shows
that she is about 20 years old, comes from a city of less than 20,000
population, belongs to a family with four or more children, and rates
her home as "happy most of the time." The typical female recruit lived
at home until enlisting and feels that her parents' discipline and de-
mands upon her were fair. Her decision to join the Navy was entirely
her own and was firmly supported by her father, mother, and siblings,
while her peers were evenly divided on whether she should join or not.

The three most important factors in her decision to enlist were (1)
to make something out of her life, (2) to learn a new skill, and (3) to
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travel and meet people. The two least important factors were to help
her family financially and to get away from home. She has no female
friends in any of the services and admits to knowing very little about
the military, but firmly subscribes to the statement, "In the Navy it
is important to conform to the group wishes for the good of all."

Contrasts between the occupational goals of the sexes In the civil.
ian literature indicate that in the world of work, males tend to be more
interested in challenge and getting ahead, whereas females value
friendly coworkers ard pleasant surroundings. The Navy women who
participated in the survey were asked to indicate from a list of 39 job
factors those that wire most important to them in making an occupa.
tional choice. Table 8 shows which factors the composite female con-
siders essential or very important to her. The work values of a sample
of approximately 1,000 male recruits, also surveyed in 1975, are in-
cluded for comparison purposes (Thomas, 1976).

Table 8
WORK VALUES OF FEMALE AND MALE RECRUiTS

(Percent)

Women (N = 997) Men (N- 1,041)

Provides a cheerful, clean work Teaches a new skill or further develops
environment .............. 67 one I already have ............... 60

Gives me a foeling of really doing Gives me a feeling of really doing
something important ......... 63 something important ............. 58

Teaches a new skill or further Guarantees periodic raises, paid
develops one I already have ... 62 vacations, and sick leave .......... 57

Includes a supervisor who cares Provides the opportunity to advance
about the worker's problems .... 59 to a supervisory position ........... 55

"Helps others or in some way makes Includes a supervisor who cares about
the world a little better place .... 57 the worker's problems ............ 54

The first item shows that, like her civilian counterpart, the female
Navy recruit highly values a cheerful, clean work environment. While
it may be consistent with her image of the Navy's use of women, this
value will cause her to experience Alismonance if she is assigned to a
nontraditional job, The second item shows that she values self-actuali.
zation to an even greater extent than do her male peers. Both sexes
feel that learning a new skill and having a supervisor who cares abcut
their problems are of considerable importance. The fifth item rein.
forces the picture of a young woman with traditional female values.

.. . ........ m ii
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"These findings may explain some of the reluctance often noted on the
part of military women to go into newly opened nontraditional job
specialties. The profile of female recruits described above does not
paint a picture of contemporary young women who are eager to enter

new fields and compete with men. If such young women are indeed
wanted, the Navy will have to make a conscious effort to recruit them.

The work values held by the 1975 male recruit seem to indicate
that he is looking for basic security, which is probably a reflection of
the high unemployment rate of his civilian contemporaries. However,
he considers a supervisor who cares as important as guaranteed be-
nefits, a finding that has important implications for military leader-
ship.

The Navy's Human Resource Management Survey yields data
that permit comparisons between the ways that male and female per-
sonnel perceive the military organization. In general, women react
more positively than men to Navy management practices (Durning
and Mumford, 1976). However, with increasing exposure and work
experience, women become disproportionately disillusioned in the
peer area, where a consistently positive trend is exhibited by men as
they increase In pay grade, Figure 1 illustrates the pattern for Peer
Work Facilitation, one of the four indexes under peer leadership in the
survey. This index is composed of such items as, "To what extent do
members in your work group help you find ways to improve your
performance?" As shown, nonrated women are more positive than
nonrated men on these items. However, they drop off slightly at the
E.4 level, while there is no change in the attitudes of their male coun-
terparts. Between E-4 and E-5, when the decision to reenlist usually
occurs, the men who choose to stay predictably have more positive
attitudes, whereas attitudes of women have leveled off. By E-6,
women's perceptions of the organization have dropped well below
those of men, who are showing a steady upswing. The data indicate
that women at the E-6 level feel more isolated from the work group
than those at lower pay grades, while men have an increased sense of
team solidarity. This figure is representative of all four of the indexes
in the peer leadership dimension. In every case, the line for men
originates below that of women, crosses over, and climbs steeply. The
"analyses were based on 1,900 enlisted women and 22,000 men from all
shore installations that have women and that have been surveyed.

As noted earlier, the absolute number of women in nontraditional
military jobs has increased. Common sense would lead us to suspect
that a certain amount of organizational and individual growing pains
has accompanied this change. Accordingly, the Navy is investigating
the problems that arise when women are assigned to formerly all-male
work groups. On-site visits are being made by senior chief petty offic-
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Fig, 1-Sex by pay-grade interaction, Peer Work Facilitation index A

ers to selected commands to conduct interviews, to observe working
and living conditions, and to determine what problems already have
been resolved. To date, case histories have been developed for two air
squadrons, an amphibious battalion, a harbor craft unit, and a subma-
rine support facility, Althougn this project has not been completed,
certain patterns are emerging.

When a command receives its first nondesignated women to re-
place nonrated men being rotated out, the initial reaction is to assign
as many women as possible to traditional jobs--ie., to the administra-
tion office or to the galley, When these options are exhausted, women
have to be integrated into male work groups performing tasks that
contribute to the primary mission of the command.

The men in these work groups typically respond in two ways.
First, they engage in behavior designed to attract the attention of the
opposite sex-i.e,, they whistle, stare, and make sexist comments.
Second, they assume that the women are incompetent. One woman
reported being handed a paintbrush and bucket with explicit instruc-

tions as to which end you grasp and which end you dip. Once women
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make it clear that they do not intend to be viewed solely as sex objects
and have as much familiarity with the task as a new nonrated male,
the interaction within the work group typically changes to one of
competition.

Competition between men and women can be very productive if it

leads to cooperation, At the command in which the paintbrush inci-
dent occurred, which was primarily involved with physical labor out
of doors, the women picked up the gauntlet. They became determined
to demonstrate their capability and were fortunate enough to be sup-
ported by supervisory personnel all the way up the chain of command.
If something was too heavy for one of them to lift, two of them did it.
They learned new tasks quickly and well, displaying a high level of
conscientiousness and competence, The methods developed by the
women to compensate for their limited physical strength were adopt.
ed by the men, and the morale and productivity of the command
increased.

Unfortunately, this scenario is not typical of the five case histories
so far developed, At another command the research team visited, the
rising competition between men and women was thwarted by unequal
job assignments, Part of the unequal treatment was a result of the
environment in which the command was located. Because berthing
space for women was not available, it was exceedingly inconvenient
for them to stand after-hours watches, and such watches were consid-
ered dangerous as there was a large number of transients on the base.
This kind of inequity could have been dealt with if those in charge had
exhibited a positive attitude toward using women in these duties. The
officer in charge, however, was convinced that such assignments were

inappropriate for women and that they could not perform at a satisfac.
tory level, His chiefs were told to assign women to jobs they could
handle and to make sure none of them damaged or were injured by
Navy equipment, The women became dissatisfied with the restric.
tions, and their male peers started grumbling about the extra work
and watch load. Fortunately, another officer, one with the attitude
that women can and shall be used to the Nll extent of their abilities,
has stepped into the picture and changes are occurring,

The behavior and attitudeb of'enlisted supervisory personnel who
have never before had women working for them also Js of interest,
Several patterns are emerging, First, there are those chiefs who devel-
op a paternalistic attitude, giving women any job they want to do and
seeing that they are out of harm's way whenever a potentially danger.
ous activity is undertaken, Next, there are the supervisors who are
dedicated to the concept that men and women are equal, They ask
women to move 80-pound chains and mark their performance down if
they are unable to do so. This kind of supervisor also frowns on women
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undertaking heavy jobs in pairs, since that takes one of them away
from her assigned duties. The third type of supervisor seems to think
that females in male jobs are a temporary phenomenon that he need
not be concerned with. The good supervisor realizes that fairness is
more important than equality when dealing with a wide range of
human abilities. He follows the chain of command and resists the
convenience of using a senior woman as an informal ombudsman,
Most important, he recognizes that good leadership and management
practices apply to women as well as to men.

The officers in the units in which women have been placed have
had to make some difficult decisions, Women as a minority are distinct
firom racial or ethnic minorities because of real physiological differ-
ences and legal restrictions on their use. Moreover, the environment
in which they have been thrust is totally male-oriented. Thus, a policy
of sex-blind equality is generally acknowledged to be ill.advised and
unrealistic, This raises the question of what types of sexual inequality
should be considered fair. Further, to what degree should the inequal.
ity sanctioned by legislation and military regulations be considered
unfair and open to arbitration?

One problem involves after-hour duty watches, Some watches re-
quire a berthing area for those on duty, but frequently there is none
for women. Other watches require that areas in which personnel are
sleeping be checked, which is against regulations for members of the
opposite sex.

One unit handled the problem by using the separate-but-equal
philosophy. Women could stand work area watches that secured by
2000, but late night and early morning watches were performed at a
nearby women's barracks.

Another problem is discipline. Military women are rarely involved
is the more serious violations of the Uniform Code of Military Justice,
but some habitually report in late to work. Supervisors admit to being
more lenient with women who are charged with unauthorized absence
'han they are with men. Commanding officers also admit to sexual bias
in the area of discipline, They are familiar with and can counter the
games men play at Captain's Mast, but women play by different rules.

The successful integration of women into nontraditional military
billets is not simply a thnction of the attitudes of those involved. All
of the services, but most particularly the Navy, are restricted from
using women in the same manner as men. For the most part, newly
desegregated jobs are related to combat activities, which was the
rationale for segregating them originally. This often means that
women may never fuilly participate with their unit, even in peacetime.
These prohibitions against full use of women affect the dynamics with-
in the work group and place a burden of understaffing on the corn-
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mand, For instance, women are assigned to an amphibious battalion
in the Navy whose primary mission is assembling portable causeways
and cranes to oflioad equipment from ships when a beach is being
taken. Periodically, these units participate in naval operations to pro.
vide the fuall.scale practice needed for a quick-response capability.
Since by definition beach landings occur from a ship, women may not
participate in these operations. This situation leaves their work group
shorthanded, sometimes to the extent that six men must perform the
work of ten under simulated battle conditions. Thus, even commands
that are quick to praise the women assigned to them do not want any
more females while current restrictions are in effect.

CONCLUSIONS
What, then, does the future hold for military women? Only minor

changes are expected until the Equal Rights Amendment (ERA)
passes or the United States Code and relevant regulations are amend.I• ed, The Army Is within 15 percent of its 1980 goal of 50,000 WAC. The
Navy has almost rnached its goal of the 20,000 women that its planners

consider the maximum tolerable under current restrictions on female
use, Some grumbling already is being heard from male personnel that
women are taking up the stateside billets and extending the foreign
or sea duty for men, Although the presence of women probably has not
affected normal rotation as much as civilianization of military Jobs, it
is true that if there were not as many women, men would be spending
more time in the United States.

Three changes in the status of military women are imminent.
First, the military academies will have women In the class of 1080 and
subsequent classes. Second, the Air Force is following the Navy's lead
and making preparations for the acceptance of women into noncombat
flying jobs in the Military Airlift Command (MAC). Third, the Army
will disestablish the WAC as a separate corps within the next two
years. Also, female recruits will soon be receiving 50 to 70 hours of
combat weapons training, in addition to the 20 hours of defensive
weapons training currently required.

How will the passage of the ERA benefit military women? The
services already have an exemplary record of job security and equal
pay for all occupying the same rung on a career ladder, factors that
are seen as very attractive to women in low-paying civilian jobs, More.
over, there are regulations designed to protect women from duties
considered too dangerous, too arduous, or unacceptable by contempo.
rary standards that will obviously be voided, as will other rulings that
favor women, The possible loss of these protective rulings is spurring

"Iiii i i i i,
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resistance to the equal-rights movement, uoth in and out of the mili-
tary,

The major inequities between the sexes that are the target of
social activists are in access to jobs and advancement to real leader-
ship or decisionmaking positions. Because women cannot serve on
ships, fly in most aircraft, or be asigned to combat units, their use is
confined primarily to support billets. Passage of the ERA would
remove all the restrictions, lift all the quotas, and void all the regula..
tions applying to only one sex unless physical characteristics unique
to one sex are relevant (The Equal Rights Amendment, 1973),

The changes will be far more involved than simple neutering of the
language in regulations. Equality may be achieved by applying the
standards for one sex across the board or developing new nonsexist
standards, Whichever means is chosen, there may be far-reaching
implications, For example, the military will have to decide whether to
lower aptitude and educational standards for women or raise those of
men, If supply and demand permit, raising the requirements for men
would improve the quality of input to the military, However, how will
the civilian economy employ the thousands of underage, lower-apti-
tude youth whom the services will be turning away?

Neutered job qualifications will have to be developed. Anthropom.
etric standards will have to be established for many military special-
tics, Any standard that prevents the access of numerous members of
one sex to a job will be open to legal challenge, Additionally, sexual
biah in testing will become a far bigger equal-opportunity issue than
racial bias, In January 1976, the services adopted a common set of
recruit classification tests called the Armed Services Vocational Apti.
tude Battery (ASVAB). Familiarity with male-orlented subjects is
needed to pass at least one-third of the subtests in the battery, such
as the Electronics Information Test, the Shop Information rest, and
the Automotive Information Test.

From the human resource management perspective, the resis-
tance to these changes is difficult to understand. Women are acknowl-
edged to be our greatest untapped and underused talent pool, Yet, to
many in the military, they are anathema-not only because they
threaten the cult of masculinity deemed necessary to forge a fighting
force, hut also because of the difficult problems that have to be solved
before the armed services can be fully integrated. Until the laws and
regulations are repealed, the dissonance experienced by military
women will continue. It is a dissonance caused by being trained in
skills they are prevented from using; by always being compared with
the male norm and having to prove themselves by being better than
a man; by having to be school.eligible in order to enlist but not being
able to get into a school because the female quota is filled; and most

......... .. ....
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of all, by conflicting policies that profess a military service based on
equal opportunity for all but that discriminate against women in selec-
tion, classification, assignment, and advancement.
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THE EFFECT OF MILITARY EXPERIENCE ON
POSTSERVICE EARNINGS

WITHOUT THE DRAFT'
Charles B. Knapp

University of Texas at Austin

A study has been made to determine the impact of military experience an
post .service earnings in the absenre of a draft, Previous studies of the effect of
military service on veterans' earnings have concentrated on either the total
population of veterans, who are said in four studies to be negligibly affected,
or draftees only, who are said in three studies to be o'iogatively affected. Al.
though such results cannot be used directly to calculate earnings effects In the
f1uture, when all emerging veterans will be nondraftees, 'hey do suggest that
nondraftees may In the aggregate gain from military exposure, This is consis.
tent with the notion that at least some nondraftees are "in,,estars" who enlist 

01

in the hope of acquiring skills that will be transferable to civilian employ-

The human-capital methodology previously developed by the author is used
to, investigate the determinants, if any, of gains or losses in voterans' earnings
resulting from a all-volunteer military and to assess the snesitivity of these
results to military and training opportunities.

INTRODUCTION

This paper examines the effect of military axperience on postser-
vice earnings in the absence of consc,'iption. Since the suspension of

The author is an Assistant Prtfessor of Economics, University or TeNx& at Austin.
The research support of the University ofTexas Population Research Center it gratefial-
ly acknowledged. W. Lee Hansen and Eva Norrblom made helpful comments on earlier
versions of the paper. The conclusions, however, are the sole responsibility of the
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the draft in 1971, the issue of how military service affects subsequent
civilian earnings has taken on additional importance, It has become
necessary for the military to attract first-term servicemen solely on
the basis of perceived present and future benefits of enlistment. If the
earnings of nondrafted veterans (hereinafter called enlistees), exceed
those of comparable nonveterans by enough to make military service
a profitable investment, this would be an important inducement to
potential enlistees. Heretofore, this question has not been adequately
investigated,

Previous studies of the effect of military service on the earnings
of veterans have concentrated on either the total population of veter.
ans, who are said to be negligibly aflbcted (Browning, Lapreato, and
Poston, 1973; Jurkowitz, 1968; Mason, 1970), or draftees only, who are
said to be negatively affected (Cutright, 1973; Knapp, 1973; Miller and
Tollison, 1971). Such results cannot be used to make direct inferences
about earnings effects in the fature, when all emerging veterans will
be enlistees, since the populations sampled and the methodologies
employed vary widely; however, they do suggest that enlistees may in
the aggregate gain from military exposure. Such gains would be con.
sistent with the notion that at least some enlistees are investors who
enter the service in the hope of acquiring skills transferable to civilian
employment,

I The next section presents a general model that represents military
enlistment as an investment (or disinvestment) in human capital.
Then the data and the methodology used in estimating the model for
the case of enlistees are described, Empirical results are discussed in
the following section, and the paper concludes with a summary.

A HUMAN-CAPITAL MODEL OF MILITARY SERVICE

Let the earnings Yt that an individual expects to receive in year
t of his (civilian) working life be a function of his education experience
E up to year t, his military experience M up to year t, and a set of
personal characteristics X. The individual's expected earnings at
experience level t are

Yt = Y(E, M, t, X). (.)

In principle, the education experience variable E and the military
experience variable M can each be thought of as binary variables, one

This includes officers as well as nonofficers, Since the overwhelming majority of'
veterans are nonofficers (96,8 percent In the sample used in this study), little accuracy
Is sacrificed In labellng the whole group as enlistees.

.... .. ..................................
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for each year up to t, that indicate whether the individual was in
school or in the military in that year. The variables E and M together
describe an individual's "military-education experience," The per-
sonal characteristics set X represents the features of an individual
that may affect earnings independently of education and military ser-
vice at t.

In the population of enlistees, the earnings function, Eq, (1), allows
representation of the change in the present value of future earnings
attributable to military service. Let

E,-- the 1th educational experience (i = 1, .. n),
Mj = the jth military experience C 0, 1 ... , m),
Ma - no military experience, and
Xe = the etli' set of personal characteristics (e = -, ,,., p),

An enlistee with educational experience El, military experience Mj
(lasting q years), and a set of personal characteristics X, expects an
earnings change because of military service to occur in year t of his
working life; this change is equal to what he would have earned had
he not served (that is, had he undergone the "no military experience"
Me) and what he earns after undergoing military experience Mj. The
difference may be represented by

1Yt - Y(]•, Mj, t, X.) - Y(E1, Me, t 4 q, Xj)

Calculating the present value of AYt at t = -q (the beginning of
military service) as t -q, -q+ 1, . .. , 0, 1,. .. R (where R is the last
experience level for which AYt #0) yields the change in present value
due to military service:'

R
APV = 2; [(AYt)/(1 + r) t + q], (2)

t--q
where r is a known discount rate, independent of time, and APV can
be interpreted as the change in human capital resulting from military
service. The experience levels for which AYt < 0 can be thought of as
periods of human investment, and the experience levels for which AYt
> 0 represent the returns to that investment.

Although on a conceptual level this type of model is well suited for
investigating the effects of military service, on a practical level there
are important difficulties centering on the problem of whether compar-
able groups of veterans and nonveterans can be isolated, Two issues
have been raised in this regard,

First, the earnings of veterans who leave the service may not be
representative of the potential civilian earnings of veterans with

I'! '• Ift < 0 fbr enlstees (Oxe., duririg service), Yt is set ut military pity levels (see footnote
14).
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seemingly identical military experiences who choose to remain in the
military, One reason people may be drawn out of service is because
they expect higher earnings in the civilian sector, Those who remain
in service can thus be expected to have, on the average, lower civilian
reservation prices.' Hence, the earnings of veterans may overstate the
potential effect of the military on postservice earnings for all those
who serve. This problem is known as selection bias (Grounau, 1973;
Massell and Nelson, 1974),

Second, there is a question as to how precisely the variables in the
earnings function (El, Mj, t, and X.) can be specified. No matter how
careful the specification, some variance in individual earnings will
remain. Investigators can only attempt to capture, as well as possible,
the deterministic portion of the earnings generation process and argue
that the remaining variation in earnings is random,

The resolution of the selection bias problem also requires that the
variables in the earnings function be specified as completely as possi.
ble. If the factors that determine whether or not military experience
raises an individual's civilian opportunity cost enough to draw him out
of the service are included in Eq,(1), then the earnings function can be
viewed as a "reduced.form" equation that already accounts for the
possibility of selection bias,

DATA AND METHOD

The data for this study are from a 1964 cross.section survey of
3,045 veterans and 6,548 nonveterans conducted for the Assistant
Secretary of Defense for Manpower.' The veteran sample is a random
sample of discharged servicemen aged 18 to 32, and the nonveterhn
sample is a random sample of men of the same ages who have never
served. One attractive feature of the survey is that it specifically iden.
tifles draftees and nondraftees within the veteran sample. Veterans
were asked if they would have entered the military in the absence of
conscription. For purposes of this study, enlistees are defined as those
who responded, "Yes, probably," "Yes, definitely," or "No idea" to this
question, The total sample used in this study is composed of 6,964
observations--1,749 enlistees, and 5,215 nonveterans,"

The survey also has two serious shortcomings: First, the data are

This assumes that veterans are, oi the average, correct In their estimates of their
civilian opportunity costs.

See Klagmen (1966) for a more complete description of' the data.
The size of the veteran sample is reduced principally because of Lih omission of'

drafted veterans The size of the nonveteran sample Is reduced mainly because of
missing variables.
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from a 1964 cross-section. Since we are concerned with what happens
to the earnings of enlistees over time, it is necessary to use the data
as if they were longitudnal. It is assumed, for example, that after he
has gained ten years of experience, an enlistee with five years of
experience in 1964 will earn the same amount that an enlistee with ten
years of experience (and identical othe.: characteristics) earned in
1964. Use of cross-section data in this manner can introduce "cohort
bias" (David, 1969; Stoikov, 1975), since it is unlikely that the earnings
of everyone in the sample are independent of the year in which educa-
tion or military or civilian training was received. Although this will
cause some bias in the estimates of the experience.earnings profiles for
both enlistees and nonveterans, no correction is undertaken, since our
main interest is in difference in earnings rather than absolute earn-
ings level. The biases introduced are less important in this case.'

Second, the survey includes veterans and nonveterans aged 18 to
32. No direct observations are available on the earnings of enlistees
and nonveterans with otherwise identical earnings characteristics but
whose age is greater than 32.' This, of course, represents an important
constraint because if it is established that the earnings of the two
groups differ, there is no reason to believe a priori that such differ-
ences will disappear befbre age 32. This problem is discussed further
below.

To derive estimates of the earnings diff'3rences attributable to

military service, it is necessary to estimate experience-earnings pro.
files for each of the military-education subgroups under consideration.', ~The equation used to estimate these profiles is.,

LNYt = b+ bI(VNV?) + b3 t + b4 t 2 + b4 [(t)(VNV?) ]

+ b6 [(t2 )(VNV?)I .b 6 (RACE) + b7 (UR?) (3) '

+ b8 (MAR?) + b9 (ME) + ut

where LN Yt - the natural logarithm of earnings in year t of
the working lifc,,9

If the experience-earnings profiles are considered in dollar terms, the estimates of
the earnings difference will not be affected if both enlistee and dollar profiles are biased
by the same dollar amount, If the experience.earnings profiles are considered in loga-
rithmic terms, the estimates will be unaffected if both profiles are biased by the same
percentage amounts.

"The data contain some earnings observations to age 34, but the number of enlistees
from age 32 to 34 is so small that estimation in this range is unreliable, See Knapp (1973)
for further discussion.

9 Experience is calculated as age minus education minus length of military service
minus five.
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VNV? = a binary variable = I if an enlistee and 0 if a
nonveteran,

RACE = a binary variable = 1 if white and 0 otherwise,
UR? = a binary variable = 1 if rural and 0 otherwise,1"

MAR? = a binary variable = 1 if married and 0
otherwise,

ME - a binary-coded complex" representing the
respondent's military-education experience, and

ut != a random disturbance term with zero mean and
constant variance,

Some discussion of Eq. (3) is in order. The VNV? variable is in-
cluded to reflect potential differences in earnings between comparable
enlistees and nonveterans, The experience (t) and experience-squared
(t0) variables are designed to capture the influence of the civilian
postschool investment process and allow estimation of the relevant
age-earnings profiles, Interaction terms between each of the experi-
ence variables and VNV? are included to allow for differences between
the slopes of the experience-earnings profiles of enlistees and those of
nonveterans.

Three socioeconomic background variables are incorporated in
Eq. (3), The RACE variable is designed to standardize for the quality
of the opportunities available to the respondent. It is hypothesized
that the opportunities available to whites are superior to those avail-
able to nonwhites, with respect to both formal and informal training.
Respondents currently residing in urban areas are expected to have
higher earnings because of the genrally higher wages in urban areas,
It is expected that married respondents will have higher earnings
because of the additional effort required to support a family.

Although it is desirable to specify the earnings function as com-
pletely as possible, including more variables in the set of personal
characteristics is unlikely to add much explanatory power to the equa-
tion. Furthermore, since the other 3ocioeconomic variables available
irn the survey are highly correlated with each other and with the three
variables discussed above, their inclusion could cause serious statisti-
cal estimation problems, namely multicollinearity, The three vari-
ables selected represent the resolution of competing objectives. They
are assumed to be generally independent of each other and to ade.
quately represent the characteristics that affect earnings outside of
experience, military service, and education,

ag Rural is defined as all nonincorporated places and incorporated places with leas
than 2500 inhabitants,

" I A blnary.coded complex Is a set of binary variables representing a set of possible
events with a finite number of alternatives.

{ . . .. . . . . . . . .. . .. :I
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The ME variable is a binary-coded complex that depicts the re-
spondent's military-education experience. The form taken on by the
ME variable will depend on which of two potentially interesting hy-
potheses concerning the effect of military service and formal educa.
tion on earnings is under consideration. To test such hypotheses it will
be necessary to compare estimations of Eq, (3) under alternative ape.
cifications of ME. For example, to test whether it matters if education
is received before or after military service, Eq. (3) must be estimated
with and without this factor being accounted for.

EMPIRICAL RESULTS
Regression estimates for three alternadve specifications of Eq, (3)

are presented in Table 1, Consideration of these three specifications is
necessary to determine which form of the ME variable (the military.
education binary-coded complex) best represents, in as simple a man-
ner as possible, the joint effect of education and military service on
earnings. The following hypotheses were tested:

a, Whether an enlistee's education is completed before or after
-service is not a statistically significant determinant of earn-

ings,
b. The difference between the effect of education on earnings

for enlistees and that for nonveterans is not statistically sig-
nificant.

In regression (3a) of Table 1, binary variables are included to
represent the eight military-education categories indicated. The base
case category is nonveterans with a high-school education or less. Is In
Eq. (3b), the number of binary variablea is reduced to five by eliminat-
ing differences in the timing of education, also shown in Table 1. To
test hypothesis a, an F-statistic is calculated using the error sums of
squares in Eqs. (3a) and (3b). Similarly, hypothesis b is tested by
deletion of binary variables as illustrated in regression estimates (3c)
of Table 1.

The results of these F-tests are reported in Table 2. As can be seen,
at both the .01 and .05 significance levels, hypothesis a is accepted,
while hypothesis b is rejected. This Is evidence that Eq. (3b) of Table
1 is the most appropriate specification of the joint effect of education
and military service on earnings. Whether education is completed
before or after service is not a statistically significant determinant of

'• The offect of the three socioeconomic binary variables is also included in the
equation's intercept term.



328 Knapp

Table 1
REcnwBstoN ESTIMATES(Dependent variable =,Ln Yt, standard errors in parentheses)

betiffloIng 9quatoIndependent Variuhiua 01 (S) 1.
Uonitant 60626 o02 7Y A7VNVI 4:1,461 ,626" .94630*(1270) (A1279) (.0609)

.2:1266"6 .22570* .23 0 0e

(VV)(.0003)" (.0003) ('0003)(t)VNI)-.15640 -. 1551** -.152900a
02I) (VNV7) (.0140) (.0140) (.0141).0050"' .00601ke 1009#0(0007)" (.0007) (.0007)RAC :2390 *2633*0 .2596"*

(08) ('0286) ('0287)

MA?(.0180) (0180)* (0161)
?WCAW* .633" .603cc .6624*0

(0228) (.0228) (.09281
ME..quation 3)
NVIr-COt.L .6431"
NVHT.GIIAD (21

HNLT-H/COL (.061)
VNLT-Hs/aHO -. 2077

(2131)

ENLT-COLLJORAID .73*
(12182)I3NLT.C1RAD/0HAD .16030*
(.1432)

NVEI\.UOLL . 8 .424*0
NVETGRAD(.0211)

IIN4T-148 (.0308)
I1NIA'-COLL ., 11631

(.1131

RNLT1RAD(.1213)

MEuquadtn" (30)COLL 
.. 704" 

4GRAD (.0191)O~lAD1.0591'*

11 690 6964 (.0324)
694 96 6964.6896 .6692 .6042

No t, 4 atnIlon the8 .03 leveIt "* - ignifloAnt at the0110:01.
Ph it.Velbias in the ME Isivow.cadacl uumplee should be Inter-Fieted am raonow. The rival form doriotvA either a nurnvotursn or

Inr. vvcvsluded the term sun the lieft Side denoteS .u0aio ut
,rii. v It' (30) only gducationie leveS ll conid ad~rod,
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Table 2

TESTS OF HYPOTHESES

Hypothesis a:

H.: Whether education Is completed before or after
service is not a statistically significant determinant
of earnings

=,• Ha: Not Ho

Calculated F P 1.68 F 948 (,01) -8,78 Acoept Ho
F39 48 (,05) - 2,60 Accept Ho

Hypothesis b:
H.: The difference In the effect of education on earn-

ings between enlistees and nonveterans in not
statistieally significant

Ha: Not Ho
Calculated F a 27,79 F!g61(.01) = 3.78 Reject HO

3F39(.05) a 2,60 Reject H0

earnings, but the effect of education on earnings is different for enlis.
tees and for nonveterans.

The acceptance of hypothesis a is in contrast to previous results,
which established that, other things being equal, there is a gain in
future earnings for draftees who continue their education after ser.
vice over those of comparable draftees with the same final education
attainment who complete their education before service (Knapp,
1973), Apparently, for these people the induction process enhances the
value of additional years of education, The contrasting result for enlis-
tees may be due to differences in the types of military training re-
ceived by the two groups, Normally, the training of draftees is of only
general civilian applicability, Draftees are said to learn such nebulous
qualities as discipline, ability to get along with others, and good citi-
zenship. Such general training is of less value when it follows the more
specific training of formal education. The military training of enlls-
tees, however, tends to be more specific. The order in which military
training and formal education occur for enlistees may therefore be
inconsequential.

The rejection of hypothesis b indicates that the effect of education
on earnings is sensitive to whether the individual is an enlistee or a
nonveteran. Taking this result in conjunction with the statistical sig-
nificance of the estimated coefficient on the VNV? variable, it is possi-

IJ
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ble to conclude that, overall, enlistment is a statistically significant
determinant of earnings."0 Although it is tempting to add the esti-
mated coefficient on the VNV? variable (+ 1,486) to each of the esti-
mated coefficients on the enlistee military-education binary variables
and label this as the joint effect of enlistment and education on earn-
ings, it is impossible to make such an interpretation independently of
the interaction of enlistment with experience in the equation. Only
when the estimates of the age-earnings profiles for enlistees and non-
veterans by educational groups are derived below will a straightfor.
ward interpretation of the full effect of enlistment be posible,

An attempt was made, in a regression not reported here, to decom.
pose the VNV? variable into five separate binary variables represent.
ing the various service branches (Army, Navy, Air Force, Marines,
and Coast Guard) to investigate whether this part of the estimated
effect of enlistment varies by branch, The hypothesis that branch is
not a statistically significant determinant of earnings was accepted at
the .01 significance level.

The other estimated coefficients in Eq. (3) are consistent with ex.
pectations. The estimated coefficients on the three socioeconomic vari-
ables each have the expected signs and are statistically significant, The
estimated coefficients on the four experience-related variables a, o also
statistically significant, but again it is difficult to givw, them any mean-
ingful interpretation that is independent of the estimated age-earn.
Ings profiles, Let us now turn to the estimation of those profiles. 14

The estimated age-earnings profiles derived from Eq. (3b) are
shown (in absolute dollar terms) In Fig, 1,.' Age-earnings profiles were
calculated for enlistees and nonveterans for each of the three educa.
tional categories, HS, COLL, and GRAD, as defined in Table 1, The
nonveteran profiles were calculated using the mean values of the
socioeconomic variables for enlistees within each educational catego-

' The statistical significance of the enlistment-related experience variables also
supports this conclusion.

"14 Age.earnings rather than experience-earnings profiles are used to compare enlist-
ed and nonveteran earnings, since enlistees and nonveterans of the same age will have
experience levels differing by the length of military service. The method for calculating
the age-earnings profiles Is discussed In footnote 15,

"15 Nonveterans with HS, COLL, and GRAD educational levels are assumed to start
work at ages 18, 20, and 22, Enlistees are assumed to enter the service after education
and remain in the military for the average number of years calculated within each
educational category, These averages were 2.4, 2.8, and 2,7 for the HS, COLL, and
GRAD educational classifications, respectively, Enlistee earnings are assumed equal to
the weighted average of officers' and nonoi~cers' earnings within each educational
category. Earnings for officers and nonoflcers were set at the 1964 levels of approxi-
mately $4800 per year for officers and $2400 per year for nonofficers, Military earnings
are now higher in real terms,

L•
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Fig. 1-Age-earnings profiles for enlistees and nonveterans
by educational category



332 Knapp

ry, since differences in the estimated profiles should reflect the effect
of enlistment and not that more enlistees than comparable nonveter-
ans are white, urban, and married,

Before the dollar effect of enlistment within educational catego-
ries can be estimated, it Is necessarv c,' deal with the problems present.
ed by the limited rang, of the age variable (see the discussion above),
Casual investigation of the profiles depicted in Fig, 1 shows little
tendency toward conv&'r-g;ence, except perhaps in the highest educa-
tional category (GRA D)). There is empirical evidence to support this
conclusion. In reg.rtessions not reported here, the hypothesis that earn-
ings are equal for enlistees and nonveterans was tested for three age
levels (less than 25, 25 to 30, and greater than 30), In all cases the
equality hypothesis was rejected at both the .01 and .05 significance
levels. It is especially noteworthy that the hypothesis was rejected for
the highest age level, since this implies that the profiles had not con-
verged before age 32.

Although the profiles for the lower two educational categories
considered in Fig. 1 (HS and COLL) show some tendency to diverge
at later ages, from a theoretical standpoint that is unlikely, Whatever
the relationship is between enlistment and the postschool investment
process, it is unclear why it should lead to an ever-expanding dollar
gap between the profiles, Unfortunately, there Is no way to test this
proposition statistically.

As a compromise solution to this problem, we have assumed that
the dollar earnings gaps within each educational category remain
constant after age 32 at a level equal to the average of the earnings
gap for the previous five years. Since the estimates thus derived of the
gap in earnings past age 32 are clearly less reliable than the estimates
of the gaps before age 32, they are reported separately, In defense of
this technique, it should be noted that at positive discount rates, earn-ings gaps in the older age range will be less important quantitatively

than those before age 32.
Table 3 presents estimates of the APVs (see Eq. (2)) attributable

to enlistment for each of the three educational categories HS, COLL,
and GRAD. The estimates are presented at 0, 5, and 10 percent rates
of discount,"1 The results show that enlistment is profitable for the
lower two educational categories (HS and COLL) in that the APVs are
positive at all rates of discount. The APVs are all negative for the
GRAD educational category. It can consequently be argued that for
the lower two educational categories, enlistment is a good human

"The MAR binary is allowed to vary according to the average value reported for
each value of experience within educational categories.

" All individuals are assumed to retire at age 65,
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Table 3

ESTIMATES 01' THE CHANGE IN NET PIRESE.NT VALUE (APV)
ATTRIBUTABLE TO ENLISTMENT

(In dollars)

Educational Category A PV Before A PV After
(discount rate, %) Age 32 Age ,2 Total

HS
(0 28,195 86,432 114,627

19,135 21,559 40,694
(10) 1,973 6,774 20,747

COLL
(0) 8,436 83,088 41,524
(5) 6,429 9,099 15,528

GRA(10) 4,543 3,111. 7,684
GRAD

(0) -449 -28,704 -29,153
(5) 1,184 -8,704 -7,520
(10) 1,592 -3,298 -1,701

investment when the training received is transferable to civilian life 1
in terms of increased average earnings, This should prove to be a
substantial Inducement to potential enlistees, but the argument can-
not be made for college graduates.

Table 3 also indicates that the profitability of enlistment as a
human investment declines with education, This is not surprising. It
is problematic whether the gain in enlistees' earnings comes from
training for specific job skills that are transferable to civilian employ-
ment or from more general training opportunities, but in either case
the process would be of less value as the individual's education in-
creases. With respect to specific training, the job skills usually taught
in the military (e.g., electronics, mechanics) are not normally thought
of as complementary to a college education, With respect to general
training, the desired qualities (e.g., leadership) may be obtainable
directly by attending college without enlistment,

SUMMARY

This paper has examined the effect of military experience on post-
service earnings in the absence of a draft. A theoretical model Is
proposed where the civilian earnings of enlistees are compared with

r . ..................
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those of otherwise comparable nonveterans, The regression estimates
of the model imply that although the stage at which education is
completed-i.e., before or after service-is not a statistically signifi.
cant determinant of earnings, the effect of education on earnings is
sensitive to enlistment. Taking this result together with the statistical
significance of the estimated coefficients on other enlistment-related
variables, it is possible to reach the general conclusion that enlistment
is a statistically significant determinant of earnings,

Estimated age-earnings profiles are subsequently used to calculate
the change in the net present value of future earnings attributable to
enlistment, This change is positive for enlistees without college at all
discount rates considered, but negative for enlistees with college de.
grees, The profitability of enlistment as a human investment declines
uniformly as education increases,

Ilid
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MILITARY OCCUPATION, GI BILL TRAINING,
AND HUMAN CAPITAL

Dave M. O'Neill, Sue Goetz Ross, and John T. Warner
Center for Naval Analyses

A unique data file has been assembled to focus on the effects of both milli.
tary training and 01 Bill training on post.service earnings capacity. Data flies
from the DoD, the Veterans Administration, and the Social Security Adminis.
tration are merged, producing a micro.dataset containing longitudinal earn.
ingsprofiles (covering the period 1955.1974) for about 70,000 enlisted men who
separated from active duty during FY 1969, It also contains detailed informna.
tion for each individual an personal characteristics and in.service and poet.
service experiences, including detalli of participation in the GI Bill, A prelimi.
nary cross.tabulation analysis of the net elfects of military training and GI
Bill training on lifetime earnings capacity, both in the aggregate and for
various subgroups of interest is presented.

INTRODUCTION AND SUMMARY OF FINDINGS

The economic relationship between the military and civilian sec-
tors of a society has been a topic of long-standing interest both to
economists and to the general public. Historically, most of the atten-
tion has been focused on very broad magnitudes, such as the choice
between "guns and butter," but recently the more subtle relationships
are coming under scrutiny. In the debate over the move to an all-
volunteer force, the subtle "tax in kind" that a system of conscription
imposes on draftees played an important role in the decision to end the
draft.

In this paper we examine perhaps the most subtle relationship
between the military and civilian sectors of our society: Through the
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GI Bill program and in-service occupational training, the military
sector may be able to make significant alterations in the size and
composition of the stock of human capital available to the civilian
sector. By human-capital formation, economists mean all those activi.
ties that improve future earning capaeity,,

The GI Bill educational entitlements program and the very large
program of in-service occupational training given to first-term enlisted .-T
personnel are the two most important military-related activities that
affect the size and composition of the stock of civilian sector human
capital, The GI Bill subsidy has enabled millions of veterans to partici-
pate in a variety of postsecondary education or training programs.
The three major types of programs are college, vocational and techni-
cal (voc-tech) training, and on-the-job training (OJT).

Analysis of the human-capital effects of these two military-related
activities is particularly timely. The premises underlying the GI Bill
program-large-scale conscription and Involvement in war-are no
longer pertinent. Pressures are building to end the program; President
Ford has recommended its elimination, [EDITOR'S NOTE: Since this
paper was originally written, the GI Bill has been changed by the
passage of Public Law 94-502, but not eliminated, From the viewpoint
of the discussion here, the most importaut change was the introduc.
tion of a cost.sharing arrangement between the Department of De.
fense and the service member for future educational benefits. The
basic points in this paper nevertheless remain valid.] Knowledge of
the effects of the program is therefore particularly important. Will the
end of the Bill lead to a decline in Lhe rate of human-capital formation?
Will human capital become more or less equally distributed? What
effect will elimination of the Bill have on the military recruiting effort?
Analysis of the contribution of in-service occupational training to
earning capacity is useful here. Information on the extent to which
veterans use in-service occupational training in the civilian sector and
the return to using this training is highly relevant to a post-GI Bill
environment.

This study uses a unique longitudinal data file on approximately
70,000 first-term enlisted men who separated from active duty in FY
1969. Data from the Department of Defense (DoD), the Veterans Ad-
ministration, and the Social Security Administration were merged to
create a file containing, for each individual, a host of personal char-
acteristics, military experience information, details of GI Bill partici.

'The findings presented in this paper on the GI Bill are excerpted firom atn ongoing
study by O'Neill and Ross flinded by the US. Department ol' Labor,

For the seminal work on human capital, see Becker (1964).
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pation, and annual earnings covered by Social Security for each year
from 1951 to 1974,0

Using these data and supplementary data from the Veterans Ad-ministration and from the Manpower Resources Data Analysis Center

(MARDAC), the next section focuses on trends in use of the GI Bill, the
socioeconomic characteristics of users of the Vietnam-era Bill, and the
earnings effects from use of the Bill for voc-tech training and OJT,
Next, we analyze the propensity of nonusers of the GI Bill to use their
military occupational training after service and the effect of use of
military training on posteervice earnings.Participation in the GI Bill program since World War HI has been

rising, and participation in the Vietnam-era program will ultimately
be considerably higher than participation during the programs of ear.
lier war eras. Further, different socioeconomic groups of veterans
have different propensities to participate In the program; and the type
of training for which these groups use their benefits varies considers-
bly, Most Important, black veterans have a higher participation rate
than nonblack veterans in the same education and AFQT score catego-
ry, and a higher perce~tage of blacks than nonblacks use their benefits
for college attendance,

Among those individuals, the choice between not using the GI Billand using it for OJT or voc-tech training depends upon the job opportu.
nities open when the person leaves the service, Those with good job
opportunities either do not use the G1 Bill or use it for OJT, Those with
poor opportunities use it for full-time voc-tech training, Among the
veterans with poor job opportunities, use of the 01 Bill for voc-tech
training was found to add to earning capacity.

When the effect of the GI Bill on differences in earnings by race
was examined, voc-tech training was found to add more to the earning
capacity of blacks than to that of nonblacks; OJT added at least as
much to the earning capacity of blacks as of nonblacks.

A tentative conclusion is that the GI Bill program may have impor-
tant distributional consequences, A full evaluation will require analy-
sis of the effect of college training on the earning capacity of people
with different characteristics. But the findings in this paper indicate
that noncollege uses of the GI Bill, especially voc-tech use, have a
greater positive effect on the earning capacity of veterans with poorer
personal characteristics and poorer postservice job opportunities than
on that of other veterans. Those charged with deciding on the elimina-
tion of noncollege uses of' the GI Bill will have to deal with this fect.

Analysis of the occupational choices and postservice earnings of
veterans who did not use the GI Bill yields several important findings.

"For it description (f these data. see O'Neill end Ross (1975).
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First, those trained in the higher-skilled military occupation catego-
ries (e.g., Electronics Equipment Repair) are more likely to go into
civilian occupations related to their military occupation than individu,
als trained in the lower-skilled categories (e.g., 5Supply/Service Han-
dlers). Second, in some categories, military occupational training ap.
pears to add substantially to earnings capacities, Those trained in four
high-skilled occupation categories who went into related civilian occu-
pations after service were found to earn 7.1 to 12.5 percent more than
those trained in the same occupation categories who went into unrelat-
ed civilian occupations. In the lower-skilled occupations, use of occupa.
tional training In the civili.rn sector was not associated w;ti higher
earnings. It is evident that certain types of military occupatlotral train-
ing may be close substitutes for occupational training obtained under
the GI Bill.

THE GI BILL

The GI Bill provides a sizable subsidy to human capital fo'.nmation,
One important policy issue is whether this subsidy, when vie%,•d as
a social investment, has a payoff, Does it enlhance an indtvid-.al's
earning capacity? Our earnings data will not allow us to address this
question for college use of the GI Bill, but we ctnt address it for noncol-
lege uses.

An equally vital policy issue deals with the distributional implica-
tions of the GI Bill. Does It benefit gi onps who would have had high
earnings anyway, or are less advantajd gro apJ the primary benefici-
aries? The Bill may differentially benefit different socioeconomic
groups to the extent that (1) groups have different participation rates
in the GI Bill program, or (2) education or training obtained under the
Bill adds differentially to the earnings capocities of the differAnt
groups.

Participation Since World War II

Since the end of World War II there have been three GI Bills. The
World War II Bill began in June 1944 and covered veterans who had
served between September 1940 and July 1947. The Korerni Conflict
Bill began in August 1952 and covered veterans who had served on
active duty betwe-,n June 1950 and January 1955 The current Post-
Korean Bill began in June 1966 and covers veterai.s who served on
active duty betwoen January 1955 and August 1964 and Vietnam-era
veterans who served on active duty after August 1964. The latest Bill
is still in force (1976) and is applicable to all individuals entering the

S ..... i ... . -- -, . .. -, "i .......... --T--
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armed services. [EDITOR'S NOTE: Individuals entering after December
31, 1976, are covered by the GI Bill represented in Public Law 94-502.]
Except for the three years following World War II (July 1947 to June

1950), then, active duty service in the military has carried with it the
opportunity to obtain postservice educational or training benefits.

The data in Table 1 show the number and percent of military
personnel participation in each of the three Bills and the distribution
of participants among the types of training subsidized by the Bills.
Two trends are apparent: The first is a rising overall rate of participa-
tion in the program. The percentage of veterans eligible for the Viet-
nam-era Bill who have used their entitlements is 59.3. This percentage
is somewhat higher than those for earlier eras. More important, the
percentage difference in participation rates of Vietnam-era veterans
and veterans of other eras will widen ih- the future. The programs of
other eras have terminated, but the W-year period of entitlement
,ligibility has not expired for any Vietnam-era veterans. When it
expires, considerably more than 59.3 percent will have used their
benefit entitlements. ,1

Tlb second trend is the change in the way entitlements are used.
College use of the Bill has been rising. Most of this change occurred
between the World War II and Korean War bills, but the percentage .1
using the Bill for college has continued to rise since the Korean Con-
"flict Bill.

Table 1

COMPARISON OF CUMULATIVE PARTICIPATION RATES AND
TYPoS or TRAINING SELECTED UNDER THREE GI BILLS

'paaoetlme&
8  !,,

Participation and Korean Post-Koreall Vietnam a Poet-Korean
Type of Trainlng World War II Conflict Conflict Era Only Only

T'ota veteran .-
population 15,440,000 5,509,000 10,689,000 7,597,000 3,092,000

Percent ever In
training 60.5% 43.4% ,.1,1, 59.3% 41.4%

Total erve in
training 8,000,000 2,391,000 5,785,648 4,505.933 1,261,715

Percent distribution
by Type 100.0% 100.0% 100.0% 100.0% 100.0%

College 28.6 Olv,7 83.5 54.2 51,0

Other shoaila 44.6 36.0 37.9 36.4 43.1 I
On-the-job training 17.,9 .3 8.0 8,9 4.7
Fami trainees 11.8 4.0 10. .1

SOURCE: Inornrmation Bulletin, Dept. of Veterana Benefits, Veterans Administration, DVB
IR 20-75.9, June 1975, Appendix B, Table 11, p. 49."Th,,e two columns ire a decompultIm.n rlt,.. "'.m . ,"..'. p h.. . , ,,,Co.. r ..
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Participation in the Vietnam Era

Participation in the GI Bill program by various subgroups of Viet-
nam-era veterans has been analyzed to provide some clues about the
distributional consequences of the program, Table 2 presents the per-
centage of participants when veterans are cross-classified by race,
education level, and Armed Forces Qualification Test (AFQT) score.
The data in Table 2 are for enlisted personnel who left the service after
July 1968 and used the benefits before March 1974.' Table 2 presents
the first known racial breakdown of GI Bill participation,

The findings in Table 2 are surprising. Although blacks and non.
blacks have about the same overall participation rate, a higher per-
centage of blacks participate in the program in every education and
AFQT score cell. Depending upon the category chosen for comparison,
4.5 to 9.9 percent more blacks than nonblacks use their GI Bill entitle-
ments.

The data in Table 2 also indicate that those with higher education
and AFQT scores are more likely to use their entitlements than those
with lower education and AFQT score, Use of GI Bill entitlements to: add to one's human-capital stock Is positively related to the stock one

already has. There are no overall racial differences in participation,
even though there are differences within cells because proportionately
more nonblacks are in the higher-education and AFQT score cells
where participation rates are higher,

In addition to the participation rate, another dimension of use is: the amount of entitlement used by different subgroups. Table 3
presents the median number of months of entitlement for the various
subgroups.' Racial differences are not quite as evident here as in the
participation data. However, among those with 12 years of education,
blacks have more months of use than nonblacks with similar AFQT
scores. In other education and AFQT score cells, blacks and nonblacks
generally have similar months of use.

The median months of use rise with education level and AFQT
score. Again, those with a large initial human-capital stock appear to
have a higher rate of participation in the GI Bill program and draw
benefits for longer periods of time than those with smaller initial
stocks,

Table 4 presents, for the various subgroups, the distribution of
participants by type of training activity. Significant differences among

The overall percentage of participants is lower in Table 2 than in Table I primarily
because Table 1 runs through June 1978.

The median months of use understate how long individuals will ultimately d'i-,k
benefits, Some people were still drawing hwpo -n _-1 ,dh ij 4; any may draw more
h•nlf. ,. I" h:z, f 0 dihcy have not exhausted their benefit entitleiient.
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Table 2

CUMULATIVE PERCENT EVER PARTICIPATING IN GI BILL TRAINING AS OF
MARCH 1974, VIETNAM.ERA VETIRANS WHO SEPARATED FROM ACTIVE DUTY

ArrER JUNE 1968, BY COLOR, SCHOOLING, AND AFQT SCORE
(Number of observations in parentheses)

AFQT Score
By schoollngm

Education <31 31.46 47 + and for all
Blacks

Nongrada 38.7 43.2 45,1 40.2
(41,700) (9,899) (3,392) (03,146)

HIgh-school
grads or more 48.1 abl 61.8 53.9

(120,012) (50,247) (40,384) (230,646)
All 50,9

(298,792)
Nonbiacks

Nongrada 29.5 33.3 38.8 33.6
(145,609) (84,908) (87,602) (360,732)

High-school
grids or more 38.9 45,4 56.8 53.1

(228,337) (340,208) (1,591,455) (2.349,124)
All 50.5

(2,709,856)

SOURCHI Crnisatabulatlons provided by MARDAC, Office of the Assistant
Secietary of Defense for Manpower and Reserve Affairs,

a The overall percentages Include IndIviduals with unknown AFQT acorem.

Table 3

MEDIAN NUMBER Or BENEFIT MONTHS USED AS OF MARCH 1974 AMONG A
10 PERCENT SAMPLE OF GI BILL PARTICIPANTS SEPARATED FROM

ACTIvE DUTY DURING FY 1969,. By RACE, SCHOOLING, AND AFQT SCORE
(Number of observations in parentheses)

Noninlck Black

SArQrI SN'eor, AFQT Scor

7.8IlirII III.
E(Il~lt~l ":|I 1 161 '.16 "3:1 : 1 " 'A I t __. 4 (I

12 .1. 1 -. 0.I 7.H• 1.1 "1.6 5,2

(SOO) (01M7) (7.13;) (221) (I1O ) (37)

12 D1.61 1.9 Wl.f5 1t1.2 16.2 19.8
(11783) (:4,8 o) (I,71 ) (I,215) (710() (31(8)

1:1-,15 17.7 I 1,.I 20. (1 17ý. I IG.M 20.4,
(71) (2.171 (3(.01) (82) (li) (891

Iflo ii I(). l 12 2 1 I, 18,3
(1I1 7 -1) (II)) (23) 0 11

aTui or ri.wvr ,i(,,,rvi(hil,,s,
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the subgroups are evident. For example, at all AFQT score levels,
blacks are more likely than nonblacks to use the GI Bill for college.
level training, They are also more likely than nonblacks to Use the Bill
for voc-tech training, but less likely to use it for OJT. It is also clear
from Table 4 that a higher proportion of individuals with high AFQT
scores use the Bill for college. Those with low education and AFQT
scores are somewhat more likely to use the Bill for voc-tech training.

Earnings Effects of Noncollege Training

Our unique longitudinal data file is used in this section to examine
whether voc-tech training and OJT obtained under the GI Bill have
increased Individuals' earning capacities. Before presenting our
findings, let us examine briefly what the earnings profiles should look
like relative to those of the nonusers, under the hypothesis that users
are making human-capital investments, According to the human.capi.
tal theory (see, e,g,, Mincer, 1974), the earnings of users will lie below
those of nonusers during the years of training and the early years
following training but will overtake and surpass the earnings ofnonus.
ers at some later date. One reason these longitudinal data are so useful
is that the pattern of earnings of users and nonusers can be traced over]°
time, which is impossible with cross-sectional data. If there is a ten-
dency for the earnings profiles of voc-tech and OJT users to lie below,
ovortake, and then surpass the profiles of nonusers, the tendency
should be apparent In these data,

Before we discuss detailed earnings-profile comparisons between
voc-tech and OJT users and nonusers of the GI Bill, we present some
summary earnings profiles for various subgroups in Table 5. The num-
ber of observations on which each yearly earnings average is based is
given in parentheses, The earnings profiles in Table 5 generally con-
form to expectations, Earnings rise with educationi level and AFQT
score and are higher for nonblacks than for blacks. The table also
indicates that nonusers of the GI Bill earn more than all users. There
is a slight tendency toward overtaking: The earnings difference be-
tween users and nonusers is diminishing over time,

The earnings profiles for GI Bill users in Table 5 are for all types
of training. To look at the noncollege types of training, the average
yearly earnings of voc-tech and OJT users were computed for 1970
through 1974, by the year in which a person terminated training.,
Tables 6 and 7 present the average yearly earnings of voc-tech and
OJT users, For convenience, Fig. 1 graphs the earnings profiles of
"several selected user groups as well as the nonuser profile.

It Is too early to examine the earnlnum nf'nhI..n . - , ,Li il scnool
u. ,,V,,rvi iviI, ana thlose who had left were not in the labor market long enough for

any earnings effect of thdir education to show up.

. . . .. . . .. . .....
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Table 5

ESTIMATED LONGITUDINAL ANNUAL EARNINGS PROFILES
FOR VARIOUS SUBGROUPS IN THE VzT-MiRGE FILE

(1968.1974)

Subgroup 1968 1969 1970 1971 1972 1973 1974
By Participation Statur
(26,795) All tiUe 2,596 4,196 5,011 8,682 6,611 7,817 8,410
(18,209) Users (term. only4) 2,576 4,089 4,865 8,458 6,707 8,256 9,085
(26,067) All nonusers 2,673 5,805 6,831 7,231 8,292 9,480 9,878

By Color
(8,091) All blacks 2,417 4,147 5,059 5,513 6,410 7,270 7,878
(50,978) All nonblacka 2,640 4,792 5,807 6,598 7,440 8,628 9,139
(3,877) Blacks (term, only) .9,409 4,148 5,066 5,567 0,548 7,550 7,745
(43,317) Nonblacka (term, only) 2,645 4,8654 5,892 6,533 '7,641 8,941 9,510

Nonusers by education, AFQT,dnd color

ED <12
AFQT <31

Black (4 06 b) 2,174 3,725 4,568 8,088 5,921 6,794 6,486
Nonblack (2,108) 2,292 4,393 5,349 8,911 6,827 7,852 8,035

AFQT 31-46
Black (110) 9,3860 8,863 4,844 5,381 6,314 6,989 7,862
Nonblack (1,273) 2,561 4,528 5,804 6,234 6,973 8,136 8,401

AFQT47+
Black (23) 2,363 3,949 4,983 5,306 6,859 7,484 6,451
Nonblack (1,019) 2,628 4,870 5,759 6,364 7,300 8,332 8,734

8D - 12
AVQT <81

Black (942) 2,374 4,872 5,017 8,289 7,292 8,240 8,242
Nonblack (2,488) 2,524 5,075 6,802 6,962 7,990 9,115 9,399

AFQT 31-46
Black (391) 2,892 4,893 5,7150 0,451 7,588 8,700 8,788
Nonblack (3,685) 2,700 8,329 6,480 7,213 8,258 9,340 9,711

AFQT 4'+
Black (928) 2,859 5,279 6,467 7,280 8,568 9,648 10,084
Nonblack (10,3582) 2,826 5,645 6,881 7,590 8,709 9,901 10,404

)D >12
AFQT <31

Black (63) 9,324 4,902 6,410 6,951 8,349 8,965 9,499
Nonblack (98) 2,889 5,183 7,015 7,463 8,677 10,085 10,371AFQT 81-46
Black (45) 9,4683 4,600 6,055 0,4683 7,108 8,419 8,408
Nonblack (241) 2,5869 5,597 7,374 8,206 9,490 10,726 11,517

AFQT 47 +
Blaik (89) 2,876 6,096 7,740 8,071 8,658 10,085 11,43P
Nonblack (2,588) 2,769 6,144 7,691 8,781 9,994 11,484 12,399

a Excludes thou users who were still enrolled In training a of March 1974.
bNumber of veterans used in calculated mean earnings,

k'rdT T ~~.. ..... -r... ".... '"' ......... - "I I I li ii
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Table 6

ANNUAL EARNINGS PROFILES OF Voc-TECH USERS AND SELECTED
NONUSER GROUPS BY YEAR OF TERMINATION FROM TRAINING

(In dollars)

Voc-Tsch Users

Year Terminated
-All nonusers

Earnings year 1970 1971 1972 1978 (observed)

1970 8,197 1,908 8,869 3,674 6,531
1971 7,075 4,157 2,523 8,588 7,231
1972 7,699 7,602 4,517 4,297 8,298
1978 9,798 8,851 7,638 5,014 9,450
1974 10,195 9,119 9,014 7,727 9,878

na13 n-60 nw43 nw20 nw26,067

Notei All are users who started before 1970, participated
continuously, and used 19+ months of entitlement; n u the number
of individuals in the sample for that subgroup,

Table 7

ANNUAL EARNINGS PROVILES Or OJT USERS
BY YFAR or TERMINATION FROM TRAINING

(In dollars)

Year terminated
Earnings year 1970 1971 1972 1973

1970 7,921 7,6ý0 6,984 4,884

1971 8,974 8,703 8,385 6,122
1972 10,787 10,221 10,282 8,369
1973 12,811 11,787 12,198 10,606
1974 13,118 12,110 12,987 11,797

n-85 nw421 n=604 n-189

Note: All are users who started before 1970,
participated contlnuouely, and used 19+ months
of entitlement; n - the number of Individuals in
the sample for that subgroup.

.. • .. . . . ........ -: ... /_,....... -•......................... ... ... . .. ..._•4
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Fig. 1-Annual earnings for selected user and nonuser groups
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Two patterns are evident in Fig, 1. First., the earnings profile of the
selected OJT group, the one that t0rminated training in 1970, does not
conform to the human-capital model at all-the earnings of the OJT
users never lie below those of the nonusers. Part of this difference may
be due to differences in personal characteristics, but, as will be seen
below, a striking difference remains even when personal character-
istics are taken into account, The earnings behavior of the OJT user
is a puzzle.

The earnings profile of one group of voc-toch users, those who
terminated training in 1970, appears to behave according to the
theory. The earnings of this group lie below the earnings of nonusers
until 1973, but then overtake them. However, the profiles of those who
terminated training after 1970 are somewhat "discouraging." Al-
though the earnings of these voc-tech users jump dramatically during
the year after termination from training, their profiles lie below and
are approximately parallel to those of the nonusers in later years.

Two problems are apparent in these earnings comparisons. For
one, the personal characteristics of the different groups have not been
held constant. As seen above, the voc-tech users have lower average
education levels and AFQT scores than OJT users and nonusera, and
a higher percentage are black. These differences in personal char.
acteristics will bias earnings comparisons. Further, the earnings of
different groups will depend upon the job opportunities available to
them upon leaving active duty, We hypothesize that among the veter-
ans who do not plan to attend college, participation in the GI Bill
program and the type of training acquired are determined by the job
opportunities open to them when they leave active duty. Those with
the best job opportunities either do not participate in the program or
use the GI Bill for OJT, Those with the worst job opportunities use it.
to participate in full.time voc-tech training programs; those with "in-
termediate" opportunities use it for part-time training,

Determination of the contribution of voc-tech training and OJT to
earnings capacities requires comparison of each group of users with
a control group of nonusers who have the same personal character-
istics and similar job opportunities upon leaving active duty, but who,
for one reason or another, did not use the GI Bill. The Social Security
data contain a quarterly reporting pattern variable that indicated for
each calendar quarter whether the individual earned less than $50.
We used this quarterly pattern indicator to construct a measure of the
lob opportunities open to individuals.

To develop an adequate control group of nonusers, we regressed
the yearly earnings of the nonusers on education level, AFQT score,
other personal characteristics, and two variables that measure job
opportunities--the number of quarters with less than $50 of earnings
during the first year after separation front service, and the number of

• • t w m~m m •lt tra = = ============ ======= tmm:: :=• .-:-I
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quarters with less than $60 of earnings during the second year after
separation from service. Regressions were fitted to the nonuser earn-
ings data for each of the years 1970 through 1974. To obtain estimates
of yearly earnings with which to compare the voc-tech (OJT) users, we
inserted the average education level, AFQT score, etc., of the voc-tech
(OJT) users into the estimated regressions to give the predicted earn-
ings of nonusers who have the same attributes as voc-tech (OJT) users.

Table 8 gives the estimated earnings of nonuser groups who have
the same personal attributes as the voc-tech and OJT user groups,
under various assumptions about the earnings patterns during the
first two years after separation from the service. Two conclusions are
evident from the comparisons in Table 8: The first is that if we accept
the nonusers who had two quarters with less than $50 of earnings
during each of the first two years after service as the adequate control
group, voc-tech training is improving earning capacity, The training
does appear to be benefiting those who have very poor job opportu.
nities immediately upon leaving service, at least for those voc-tech
users who terminated training in 1970 and 1971. Also, 1974 was a
recession year, and it is likely that the earnings growth for the voc-
tuch user group would have been greater if 1974 had been a normal
year. The voc-tech users had less job seniority than the nonusers and
were therefore more susceptible to layoffis

The other finding is that the earnings difference between OJT
users and nonusers cannot be explained by differences In personal
characteristics. OJT users still earn considerably more than similar

nonusers, even those who had perfectly stable earnings patterns dur-
ing their first two years after service.'Our earnings analysis also attempted to determine whether voc-

tech and OJT experience had a larger effect on the earning capaicities
of blacks or on that of nonblacks. Other factors held constant, black
nonusers of the GI Bill were found in the 1974 earnings regression to
have earned an average of $920 less than nonblack nonusers. The 1974
earnings of voc-tech users who terminated training before 1974 were
analyzed; 1974 earnings of voc-tech users were regressed on education
level, AFQT score, race, length of voc-tech training, length of time
since termination from training, and other variables. The 1974 earn-
ings of blacks were estimated to be $250 more than those of nonblacks,
although the difference was not statistically significant. Since among
the nonusers, blacks earn considerably less than nonblacks, while
among the voc-tech users, blacks earn the same amount or slightly
more, voc-tech training is apparently enhancing the earnings capacity
of blacks more than Lhat of nonblacks,

Part ot'our continuing Investigation Is to determine why the earnings of OJT users
lie uniformly above those of nonusers. Because we have no firm results to report on this
question, we leave it as a puzzle,

I,i ,
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Table 8

ACTUAL EARNINGS OF SELECTED USER GROUPS" AND
ESTIMATED EARNINGS OF NoNussis ADJUSTED FOR
PERSONAL CHARAOTERISTICS, BY ASSUMED NONUSER

EMPLOYMENT STABILITY PATTERN, YEAR USER
TERMINATED TRAINING, AND TYPE OF TRAINING

(In dollars)

Nonuser
Employment Stability Assumption User

Actual Year Training Terminated
Nonuser

Year Mean 1 ,1 b 2,2 1970 1971 1972

Voc.Tech

1971 7,289 6,505 5,325 7,075 4,157 2,528
1972 8,057 7,862 6,366 7,699 7,602 4,517
1973 9,417 8,794 7,851 9,795 8,851 7,638
1974 9,902 9,219 8,184 10,195 9,119 9,014

(n - 13) (n - 60) (n w 43)

0,0 OJT

1971 7,408 7,810 8,974 8,703 8,385
1972 8,503 8,854 10,737 10,221 10,282
1973 9,700 10,026 12,811 11,757 12,198
1974 10,057 10,415 13,118 12,110 12,987

(n - 85)(n -421)(n- 604)

"All users started before 1970, participated continuously, and ased 19+ months
of entitlement; n - number of Individuals in thn sample for that terminee subgroup,

bTho first number is the number of quarters with less than $50 earnings In the
first year; and the second, that in the second year,
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The 1974 earnings of OJT users were analyzed in a similar fashion.
Black OJT users were estimated to earn $650 less in 1974 than non-
black OJT users. Since the 1974 racial earnings difference among
nonusers was $920, OJT is improving the earnings capacity of blacks
at least as much as that of nonblacks.

THE EFFECTS OF IN-SERVICE TRAINING

The goal of this section is to investigate in-service occupational
training. First, what factors are related to the probability that a vet-
eran will use his in.service occupational training when he returns to
the civilian sector? Second, what contribution does in-service occupa-
tional training make to civilian earnings? There are two issues here;
Does the type of occupational training received in the military explain
any of the postservice variation in earnings (whether or not the train-
Ing is used)? And, Is there a positive earnings effect due to use of
in-service occupational training in the civilian sector?

Several previous studies have looked at the extent to which skills
acquired in the military are used in the civilian sector and whether use
of this training enhances earnings.' Generally speaking, these studies
find a rather low extent of use of military-acquired skills in the civilian
sector,' and they fail to find any increase in ea';nings due to the use
of training.2 0 The hypothesis that military training makes a substan-
tial contribution to the civilian sector human-capital stock has not
received affirmation in these studies. We reexamined these questions
In the light of our larger and much richer data set,

Determinants of Postservice Occupational Choice

This section briefly reports on the postservice occupational choice
behavior of the nonusers of the GI Bill. The analysis focuses on the
factors that are related to whether or not the veteran chooses a civil.
ian occupation related to his military occupation. The DoD Ten Month

a Studies of postmervice occupational choice behavior include those of Winkler and

rhompson (1971), Richardson (198), Weinstein (1969), and Giesecke (1973). Studies of
the payoff to use of military training include those of Jurkowitz (1969), Massell end
Nelson (1974), and Giesecke (1973).

Exceptions to this rule are the studies of Winkler and Thompson (1971) and Rich-
ardson (1968), Both studies examined Air Force veterans and found that over 60 percent
of the veterans trained in certain technical occupations were in related civilian occupa.
tions.

0 Giesecke found some, although not many, military occupations in which Army
veterans in related occupations were earning more than Army veterans in unrelated
civilian occupations.
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Survey asked each individual for a description of his civilian occupa-
tion. From these responses, the DoD (MARDAC) determined each
individual's three-digit occupation category. Using a cross.classiflca.
tion of DoD and civilian occupation codes, we have determined
whether each individual was in a highly related or somewhat related
civilian occupation."

The postservice occupational choice was viewed as a probabilityprocess. That is, given the individual's military occupation, preservice .

education level, AFQT score, etc,, there is a certain probability that he
will choose a civilian occupation related to his military occupation,
Within this choice framework, we estimated how changes in various I
factors influence this probability.

To make these estimates, we applied two alternative statistical
procedures to the data. The first was to regress a binary dependent
variable for whether or not each individual was in a related civilian

occupation on dummy variables for the various factors thought to
influence this choice, Because of certain econometric difficulties that
this regression procedure entails, the logit procedure was also ap-
plied.1" In the logit procedure, the individuals are grouped Into cells,
the proportion (P) of individuals in related occupations in each cell is
computed, and y. ln(P/(1- P)) is regressed on dummies for the various
explanatory (independent) variables," Table 9 gives the results ob-
tained when these alternative procedures were applied to the data.

For a given variable, the difference in the coefficients for any two 1
levels of the variable represents the estimated difference In the proba.
bility of being in a related civilian occupation, other factors held con.-
stant, Thus, using the binary regression results, the probability of Air
Force veterans being in a related civilian occupation, other things I
being equal, is .050 higher than that of Army veterans and .029 higher

than that of Navy veterans.
Both regression procedures find that the most important determl.

nant of the probability that an individual will be in a related civilian
occupation is his military occupation, The other factors are seen to
have much smaller influences on this probability.

Once other factors are controlled for, the probability of being in a
related civilian occupation does vary somewhat by branch of service,
being highest for Air Force veterans and second highest for Navy

" A list of related military and civilian occupations is available upon request.
" Kmenta (1971, pp. 42•5428) provides a good discussion of regression on a binary

dependent variable and problems with the procedure, The two inherent difficulties are
(1) the regression mtoy predict a probability outside the bounds of'0 and 1, and (2) the
error term is heteroskedastic and therefore the parameter estimates may be inefficient,

"I- '1 For a discussion of the theory and an empirical example ofethe logit procedures,
see Thoul 11971, pp 632AX6).

"...-- .. . . ~ . ... . . . . , . . . .~tj .q fAA I~I rJrW t .i .b,..r. .;~Au ~ .S. . .. ........ .....
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Table 9

RESPONSE OF THE PROBABILITY OF BEING IN A RELATED
CIVILIAN OCCUPATION TO CHANGES IN VARIOUS FAcToRs,

ESTIMATES FROM Two REGRESSION PROCEDURESa

Binary Logit
Factor Regressiona Regression

Constantc -. 010 ,028

One-Digit Military Occupation
Infantry (omittnd) ....
Electronic Equip. Repair .153(12.70) .189(14.67)
Communications/Intelligenco .024( 2.27) .057( 4.55)
Medical .078( 5,85) .142( .,55)
Other technical .291(15.45) .268(14.89)
Administrative/Clerical .193(23.86) .216(21,99)
Electrical/Mechanical

Equipment Repair .173(21.77) .201(20,41)
Craftsmen .267(22.68) .277(28,30)
Supply/Service Handlers .114(13,94) .161(16.46)

Race
White (omitted) ....
BI'.ck -,088( .86) .031( 2.73)

Reuaon for service
F Draftee (omitted) ....

Enlistee -. 006( .85) ,016( 2.30)
Branch of icrvice

Army (omittedb .I.
Navy, Marine Corps ,021( 2,82) .023( 2.59)
Air Force .050( 4.30) .041( 3,49)

AFQT score
<33 (omitted) ....
33-66 .006( .93) .002( .34)
>66 .025( 3,39) .019( 2.30)

Education level<12 -.....

12 .012( 1.65) .003( .12)
>12 .058( 6,19) .052( 4.88)

Highest pay grade
E4 and below (omitted)
ES and above '030( 5.51) .024( 4.18)

a t-values are in parentheses.
b t-values on variables in the binary regression are only approxi-

mate, since the error term in this regression is not normally distributed,
CThe constant is the predicted probability for individuals who tall

into all the cells omitted from the rcgression,

(~
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veterans, The probability also rises slightly with AFQT score, educa-
tion level, and highest pay grade."

There are two reasons why the probability of being in a related
civilian occupation should be expected to vary from one military occu-
pation category to another. For one, varying proportions of recruits
assigned to different military occupations may have gotten the train.
ing they wanted. Higher proportions of those assigned to certain occu.
pations (e.g., Infantry) might have chosen other military occupations
had they been given a free choice." Proportionately more people
assigned to certain other occupations may have been assigned to their
"desired" occupation. Second, veterans are more likely to enter re-
lated civilian occupations if they can earn more (both now and in the
future) in the related civilian occupation than in an unrelated one, The
desire for a particular type of in-service training is partly dependent
upon the return to that type of training in the civilian sector.

With the advent of the all-volunteer force, the military is paying
more attention to recruits' preferences in determining their military
occupations. In the fiture, the likelihood that veterans will choose
related civilian occupations should be expected to rise in all military
occupation categories (and it should become more similar across mill-
tary occupation categories).

In-Service Occupational Training and Postservice Earnings

The analysis of the effect of military occupational training on
postservice earnings followed several steps, In the first step, the yearly
earnings of all nonusers were regressed on variables expected to influ-
ence earnings (education, AFQT score, etc.), including dunimy vari-
ables for the individual's one-digit military occupation category and
whether the individual was in a related civilian occupation. The coeffi-
cient on the dummy variables for occupational relatedness gives the
average earnings effect due to being in a related civilian occupation.

Second, since the earnings effect due to being in a related civilian
occupation may depend upon the military occupation the individual
was trained in, we reestimated the overall regression described above
to include interactions between one-digit military occupation category

"1 It is interesting to compare the logit and binary regression results. The results are
fairly consistent on all variables except race and reasons for service. The inconsistent
results have not yet been reconciled, However, even though the lgt tprocedure doesindicate statistically significant differences between blacks and nonbiacke and draftees

and enlistees, the differences are not very great,
"1 Fred Sufih of the Office of Manpower and Reserve Affairs pointed out after the

conference that military occupational assignments were not generally made on the basis
of recruit preferences in this era, but were made on the basis of test scores and educa.
tional background. Further, this held true for both enlistees and draftees.

I.
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and occupational relatedness. In this specification of the earnings
regression, the earnings effect due to being in a related civilian occupa.
tion depends upon the military occupation the individual was trained
In, If the payoff to using training depends upon the type of training
received, there will be significant differences between military occupa-
tion categories in the earnings effect due to being in a related civilian
occupation,

Table 10 reports the estimated earnings differences between mili-
tary occupation categories and the earnings effect due to being in a
related civilian occupation when the first procedure described above
was applied to the data,

One problem in comparing the 1970 and 1974 regression is that the
inflation between 1970 and 1974 tends to widen estimated earnings
differences, even though real earnings differences are unchanged, To
correct for the inflation problem, each coefficient in the 1974 regres.
sion is deflated by a GNP implicit price deflator (125.78, based on 1970
dollars) to make the 1970 and 1974 earnings differences comparable
in real terms. The third column of Table 10 presents 1974 differences
in 1970 dollars,

Table 10

CIVILIAN SEcCTOR EARNINGS DIrIRExNczs ATTRIBUTABLE TO
MILITARY OCCUPATION CATEGORY AND RELATEDNESS OF

CIVILIAN AND MILITARY OCCUPATIONS8

1974 (1970

1970 1974 Dollars)

One-Digit Military Occupation

Categoryb

Infantry (omitted) ..
"Elec. Equip, Repair 385(3.50) 724(3,64) 575
Comm,/Intell. -33( .45) 205(1.20) 162
Medical -169(1.69) -374(1.59) -297
Other Tech. 410(3,13) 53( .17) 42
Admin/Cler, 91(1.58) 111( .82) 88
Elec,/Mec, Equip, Repair 201(3.57) 295(2.24) 234
Craftsmen 347(4,21) 617(3.19) 490
Supply/Service 96(1.68) 27( .20) 21

In a Related Civilian Occupation

Yes 355(7.24) 303(2.63) 240

at-value associated with estimated earnings difference is in parentheses.
bEach occupation category coefficient representa the earnings effect

due to training in the occupation rather than the infantry,
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First, those who were it related civilian jobs in 1970 earned, on the
average, $355 more than those who were not. In 1974, the difference
was $303 in 1974 dollars, or $240 in 1970 dollars. Although the earn-
ings difference between those in related and unrelated occupations
appears to diminish over time, the difference (real as well as nominal)
is widening in some military occupations.

Second, it is evident from Table 10 that there are significant differ-
ences in postservice earnings according to the military occupational
category the individual was trained in, And the real as well as nominal
difference between those trained in the Infantry and those trained in
certain other occupations (Electronics Equipment Repair, Communi.
cations/Intelligence, Administrative/Clerical, and Craftsmen) is in-
creasing over time, These earnings differences appear even for in.
dividuals who are not in related civilian occupations, The possible
reasons for the appearance of these differences even for those in un.
related occupations merit some discussion,

There are at least two possible reasons: First, different types of
in-service occupational training may add different amounts to "gen.
eral" human capital. That is, different types of in-service occupational
training differentially improve an individual's ability to perform a
wide variety of tasks in the civilian sector.

An alternative explanation is that the occupational earnings diff.
erences measure differences in ability or background that are not
captured by other variables (e.g,, AFQT score and educational level).
This explanation Implies that the occupational earnings differences
are not measuring differences in the contribution of alternative types
of military training to general productive skills but are measuring
something else, While it cannot be "proved" which explanation is
correct, we belive the former explanation is more likely.

Next, to test whether the earnings effect due to being in a related
civilian occupation depends upon the military occupational category
the individual is trained in, the overall earnings regression was rees-
timated to include interactions between occupational relatedness and
occupational category, Table 11 reports the results, Coefficients on the
other variables (education, etc.) were unchanged when these interac-
tions were added to the regression,

In Table 11, the es ;mated earnings differences between military
occupational rategories are changed somewhat from the estimates in
Table 10, but not dramatically. However, it is evident in Table 11 that
the earnings effect due to use of nilitary occupational training in the
civilian sector varies considerably from one military occupation cate-
gory to another. Those individuals trained as Electronics Equipment
Repairmen who went into related civilian occupations earned $651
more in 1970 and $614 more in 1974 than individuals trained in that

-. - -* ,. . ,. .. . ., . ... - ... .... ta ...........~.It~. nus
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category who went into unrelated occupations after service. The earn-
ings difference in the Electronics category between those who do
($355) and those who do not ($240) use their military training in the
civilian sector is considerably larger than the 1970 and 1974 differ-
ences for all occupations combined.

Between 1970 and 1974, the real as well as nominal earnings differ-
ence between those in related and those in unrelated occupations rose
for those trained as Communications/Intelligence Specialists, Ad.
minlstrative/Clerical Specialists, and Craftsmen. In 1974, these three
occupational categories and the Electronics Equipment Repair catego.
ry showed the largest earnings effect from being in a related civilian
occupation. Since these are, generally speaking, the four most highly
skilled military occupation categories, the finding that there are Pig-
nificant, positive earnings effects due to using skills acquired in these
military occupations in the civilian sector is quite believable.

Consistent with these findings is the fact that except for Communi-
cations/Intelligence, these occupational categories have the highest
proportion of veterans in related civilian occupations., As argued
previously, the decision to use military training in the civilian sector
and the payoff to doing so are clearly related, Those who received
training in these four highly skilled occupations and went into related
civilian occupations earned between 7.1 percent and 125 percent more
than otherwise similar individuals who received the same training but
went into unrelated civilian occupations after service,

For individuals trained in the four other military occupations, theearnings difference in Table 11 between those in related and those in

unrelated civilian occupations diminished between 1970 and 1974.
There are three cases where those in related civilian occupations are
estimated to have earned less in 1974 than those in unrelated occupa.
tions.The interrelation between the decision to use military training

and the return from doing so is again evident. The Supply/Service
Handlers and Medical occupations show the largest negative return to
being in a related civilian occupation, and those occupations have

"The small percentage of Communications/Intelligence Specialists in related civil.
Ian jobs is a puzzle, as there are a significant number of related civilian occupations,
These are high-skilled occupations, however, so the low percentage may reflect some
occupational entry barriers in the civilian labor market.

• The lower earnings ofthose in the Medical category who went into related civilian
occupations is a puzzle. These lower earnings may be explained on the grounds of taste
differences (people are willing to go into these occupations even though they pay poorly)
or on the grounds that individuals are still receiving substantial OJT (see Mincer, 1974).
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lower percentages of veterans in related civilian occupations than do
the occupations with a higher payoff,."

In Table 11, the earnings differences associated with use or nonuse
of a given type of military occupational training in the civilian sector
are, in most cases, much larger than the earnings differences associat-
ed with alternative types of training (for those who do not use train-
ing). We may infer that the value of alternative types of military
occupational training depends primarily upon whether the training is
used in the civilian sector. The military occupation a person is trained
in is not terribly important if he does not go into a related occupation
after service, but receipt of certain types of training can be very valu-
able if the training is used after service.
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POSTSCRIPT

By most measures, the Rand Conference on Defense Manpower
would have to be judged a success. More than 150 papers were orig-
inally submitted for consideration, and these covered a broad array of
subjects, The Conference was attended by more than 100 persons (in
fact, attendance had to be limited to about 110 persons because of
space limitations at the Rand conference facilities). These participants
and attendees represented a very broad cross.section of individuals
concerned about defense manpower policy, including a number of
senior officials of the Defense Department (both then and now), (A list
of attendees and their affiliations is given in Appendix B.) The agencies
and organizations represented included the Office of the Secretary of
Defense, the individual military services, other Federal agencies, in-
house defense research facilities, civilian contractors working for the
Department of Defense, and universities and colleges,

I know that I-and I am sure that the other participants and
attendees as well--got a great deal out of the Conference, not only
from the papers presented formally, but also from the informal discus-
sions that took place throughout the three days of the Conference,
"Indeed, perhaps the greatest benefit of the Conference was the inter-
change of information and ideas among the participants and atten.
dees.

The significant attention given to manpower requirements, a topic
long ignored by the research and personnel communities, was clearly
a positive sign. This attention was reflected not only in the four papers
presented in Part I of this volume, but also in other papers not pub-
lished in these proceedings and in the frequent mention of require-
ments Issues throughout the three-day period. Another key issue, the
importance of manpower supply in an all-volunteer environment, was
addressed in depth, as illustrated by the several papers dealing

.3
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directly and indirectly with this policy problem, And other papers
dealing with such specific military personnel issues as retention, per-
formance on the job, and long-term effects of military training indi-
cated the awakening of much-needed interest in these important
areas,

For all these positive signs, however, the Conference had its dis-
couraging aspects as well, not so much in terms of what was presented
or discussed, but rather in what was not. There was a notable lack in
such important areas as the reserve forces (clearly one of the most
significant problems today), medical issues, compensation policy,
training and education, and attrition, among others, Issues related to
wartime manpower problems, especially the dynamics of moving from
a peacetime to a wartime environment and back again, remained
virtually unaddressed, as did some of the key issues and problems
concerning military/civil relations.

In addition to these specific, substantive shortcomings, the Confer-
ence revealed several other more general problems. For example,
there was little involvement by academic disciplines such as political
science, psychology, and sociology, In fact, academic institutions in
general were underrepresented, At a broader level of concern, discus-
sion about ways of meaningfully integrating the various pieces of the
manpower problem was also missing. As a result, there was little
discussion about future manpower problems and, hence, about priori.
ties for future manpower research.

Yet in most ways, these problems, both specific and general, are
less a reflection of the shortcomings of the Conference than they are
an indication of the weaknesses and problems inherent in the defense i
manpower research and policy communities in general. Indeed, per.
haps the most disturbing problem raised during the course of the
Conference concerned the relative lack of communication among the
various sectors of the defense manpower community. In many ways,
though, these problems should not be surprising, given the relatively
recent attention that has been afforded to defense manpower policy
problems. With the exception of the draft debate which surfaced in the
1960s (and which se'ved to bring many individuals into the defense
manpower community), defense manpower has really been perceived
as a major policy problem only since the early 1970s,

Thus, part of the problem is clearly that defense manpower is a
new field, and it has been experiencing the growing pains associated
with that newness, In fact, there has been significant progress in
understanding the defense manpower problem during the two years
since the Conference was held, The beginnings of improved coordina-
tion among reseachers and policymakers are evident, and both groups
have begun to focus on establishing research priorities.
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In conclusion, although there were some problems, the Conference
proved to be a valuable experienco. It clearly served its principal
purpose. namely, to bring together a group of reseachers and policy.
makers to discuss important defense manpower policy problems. The
papers themselves highlighted some key policy problems and pointed
toward some potential solutions. Moreover, the fact that the problems
discussed above were raised must really be viewed as a positive sign,
since it points to ways of improving the defense manpower commu-
nity. More certainly needs to be done, and conferences of this sort can
prove a valuable tool both for highlighting problem areas and for
suggesting possible courses of action,

II
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Appendix A

CONFERENCE AGENDA

CONFERENCE PROGRAM*

February 4, WednesdayI
9:00 -9:30 WELCOME

Dr, Richard V. L. Cooper, Conference Chairman
The Rand Corporation

Dr. Robert Young, Director
Human Resources Research Office
Defense Advanced Research Projects Agency

9:30 - 12:00 SESSION I
MANPOWER PROCUREMENT

12:00-- 1:30 LUNCHEON

KEYNOTE ADDRESS

The Honorabie William K. Brehm
Assistant Secretary of Defense
(Manpower and Reserve Affairs)

2:00 - 5:00 SESSION 11
MANPOWER TRAINING

*Al~thRough the Conference agenda proceeded as
shown, It was felt that the Proceedings volume would
he more appropriately organized as shown on the Table
of Contents (pp. vii-viii).
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February 5, Thursday

8:30 - 12:00 SESSION III
MANPOWER MANAGEMENT

12:00- 1:30 LUNCHEON

1:30 - 5:00 SESSION IV
MANPOWER REQUIREMENTS

February 6, Friday

9:00 - 11:30 SESSION V

MANPOWER AND SOCIAL POLICY

11:30 - 12:00 CONCLUDING REMARKS

12:00 ADJOURN
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PROGRAM AND PAPERS

SESSION I
MANPOWER PROCUREMENT

Chairman:
Brigadier General Phillip Kaplan
United States Army

Discussant:
Dr. Bernard Rostker
The Rand Corporation

The Supply of Enlisted Volunteers in the
Post-Draft Environment, Mr. Alan Fechter
(General Research Corporation), Dr. David
Grisimer (General Research Corporation)*

Enlisted First-Term Attrition Analyses,
Mr. Robert F. Lockman (Center for Naval
Analyses), Mr. Christopher Jehn (Center for
Naval Analyses), Mr. William F. Shughart, III
(Texas A&M)**

A Simultaneous Paid Radio Test in Support
of Military Recruiting, Experimental Design
and Test Results, Dr. Albert Martin (Office,
Assistant Secretary of Defense, Manpower
and Reserve Affairs), Mr. Charles Overholzer
(Haley, Overholzer and Associates), Mr.
Daniel F. Huck (General Research Corporation)

International Comparisons in Manpower Supply,
Dr. Glenn Withers (Institute of Advanced
Studies, The Australian National University)

- rOlgin•wy presented as one paper, the Feohter end
;Griumer papers are presented in this Proceedings vol-

it urn. as two papers.
**Originally presented as one paper, the (1) Lockman

and (2) Jehn and Shughart papers are presented In this
Proceedings volume as two papers.
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SESSION [1
MANPOWER TRAINING

* * * *o* . * .0 *4 • .. , .

Chairman:
Dr. Howard McFann
Human Resources Research Organization

Discussant:
Dr. Wallace Sinaikc

Office of Naval Research

A Longitudinal Assessment of Organizational
Effectiveness, Mr. William E. Alley (Air Force
Human Resources Laboratory, Lackland Air
Force Base, Texas)

Measuring On-The-Job Performance of
First-Term Enlisted Personnel, Dr. Robert M.
Gay (The Rand Corporation), Mr. Mark J.
Albrecht (The Rand Corporation)

The Optimal Timing and Amount of Training
by the Military, Dr. Daniel S. Hamermesh
(Michigan State University)

The Impact of Advanced Instructional
Technology on Qualitative and Quantitative
Military Manpower Requirements, Dr.
Marty R. Rockway (Air Force Human
Relations Laboratory, Lowry Air Force
Base, Colorad.)

Job Proficiency: Performance Tests and
Attractive Alternatives, Dr. Robert Vineberg
(Human Resources Research Organization),
Dr. Elaine N. Taylor (Humen Pesources
Research Organization)

.............................
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SESSION III
MANPOWER MANAGEMENT

Chairman:
Dr. John P. White
The Rand Corporation

Discussant:
.Mr. Richard Kuzmack
Defense Manpower Commission

A1

Applicaliont; of Occupational Survey Data to
Personnel Management, Dr. Raymond E.Christal (Air Force Human Relations
Laboratory, Brooks Air Force Base, Texas)

The Army 'sg Aggregate Personnel Management
Information System (BLIM.COMPLIP), Major
W. ACuts(Department ofteArmy)

Techniques for Increasing Retention of
Jl'nhisted Personnel, Dr. Gloria L. Grace
(System Development Corporation)

rhe Closed System Transition of Man power,
Planning, Mr. Michael P. Letsky (Office, Chief
of Naval Operations)

A Dynamic Model for Optimal BonusManagement, Dr. Patricia Munch ýThe Rand
Corporation)

Air Force Academy Graduate Re'tentlion andPerformnan ce: A Ten Year Predictive Study,Major Michael J. O'Connell (U.8. Air Force
Academy)
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SESSION IV
MANPOWER REQUIREMENTS

Chairman:
Mr. John Runal
Office of the Assitant Secretary of Defense
(Program Analysis and Evaluation)

Discussant:
Dr. Charles Robert Roll, Jr.
The Rand Corporation

Capital/Labor Ratios in a Military Service --
A Putty/Clay Application, Commander Rolf
Clark (Operations Study Group, U.S. Navy
and the University of Massachusetts)

Maintenance Personnel Effectiveness Study,
Mr. Stanley Horowitz (Center for Naval
Analyses), Lieutenant Commmider Allan
Sherman (Center for Naval Analyses)

Optimal Composition of the DOD Military!
Civilian Labor Force, Mr. Thomas P. Hasbrouck
(Department of the Air Force)

A Dynamic Model for Planning Manpower
Requirements, Dr. David Jaquette (The Rand
Corporation)

The Peacetime Demand for Military Manpower,
I I Dr. John F. O'Connell (College of the Holy

Cross)

Economic Cost as a Military Esseiitiality
Criterion, Captain Roy E. Smoker (Department
of the Air Force)
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SESSION V
MANPOWER AND SOCIAL POLICY

Chairman: I
Dr, Austin Kibler

Discussant:
Professor Vincent Davis
University of Kentucky

Military Manpower Policy and Social Structure:
Selected Issues, Dr. James E. Katz (Rutgers
University)

The Impact of Military Experience on
* Post.Service Earnings Without the Draft,

Dr. Charles B. Knapp (University of Texas
at Austin)

The Effect of Military Training and 01 Bill
Training on Civilian Earnings: Evidence from
the Post.Service Experience of Vietnam Era
Veterans, Dr. Dave M. O'Neill (Center for
Naval Analyses), Dr. Sue Goetz Ross (Center
for Naval Analyses)

Utilization of Enlisted Women in the Military,
Mrs. Patricia J. Thomas (Navy Personnel
Research and De.velopment Center, San Diego,
California)
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1 Vi

Mr, Mark J, Albrecht
I The Rand Corporation

Mr. William Albright
The Rand Corporation

Mr. William E. Alley

Air Force Human Resources Laboratory

Lieutenant Colonel Shirley J. Bach
The Brookings Institution

Lieutenant Commander Stephen J. Balut•:•: Center for Naval Analyses

Mr. Chauncey Bell
The Rand Corporation

Colonel Donald D. Binford
Headquarters UISAFRS/CV

Mr. Robert E. Boynton
Naval Postgraduate School

i 'The affiliations given in this appendix are those that were current at the time of
the Conference. They do not necessarily reflect the situation at the time of publication
Sof this volume.
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The Honorable William K. Brehm
Assistant Secretary of Defense

(Manpower and Reserve Affairs)
Department of Defense

Dr, L, A. Broedling
Navy Personnel Research and Development

Center

Dr. Ralph R. Canter
U.S. Army Research Institute of the

Behavioral and Social Sciences

Dr. David S.C. Chu
The Rand Corporation

Commander Rolf Clark, USN
University of Massachusetts

Dr. Richard V. L, Cooper (Conference Chairman)The Rand Corporation

Major W. A, Curtis
U,S. Army Research Institute of the

Behavioral and Social Sciences

Professor Vincent Davis
The University of Kentucky

Dr. Emerson Emory
Dallas, Texas

Mr. Alan Fechter
General Research Corporation
Mrs. Jeanne Fites
Manpower Research and Data Center,

Department of Defense

Mr. Eli Flyer
Manpower Research and Data Center,

Department of Defense

Mr. Craig Foch
The Rand Corporation

Major General R. G. Gard, Jr.
Commander, Military Personnel Center
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Dr. Robert M. Gay
The Rand Corporation

Mr. Glenn Gotz
The Rand Corporation

Mrs. Karen Goudreau
Center for Naval Analyses
Mr. Kenneth A, Goudreau
Center for Naval Analyses

Dr. Gloria L. Grace
System Development Corporation

Mr, I. M. GreenbergOffice, Assistant Secretary of Defense
(Manpower and Reserve Affairs)

Department of Defense
Dr. David W. Grissmer
General Research Corporation
Dr. Gus Haggstrom
The Rand Corporation

Mr. Robert F, Hale
Congressional Budget Office

Mr. Russell I. Haloy
Haley, Overholser and Associates
Dr. Daniel S, Hamermesh
Michigan State University

Mr. Thomas Hasbrouck
Headquarters United States Air Force

Major Robert 0. Heavner
United States Air Force Academy
Mr. Stanley A, Horowitz
Center for Naval Analyses

Mr. Daniel F, Huck
General Research Corporation
Dr. David Jaquette
The Rand Corporation
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Mr. Christopher Jehn
Center for Naval Analyses

Lieutenant Colonel John D. Johnston
Office, Assistant Secretary of Defense

(Manpower and Reserve Affairs)
Department of Defense

Mr. Milton Kamins
The Rand Corporation

Dr, Herschel E, Kanter
Center for Naval Analyses

Brigadier General Phillip Kaplan
Deputy Director of Military Personnel Management
Office, Deputy Chief of Staff for Personnel
Department of the Army

Dr. James E, Katz
Rutgers University

Dr, Austin W. Kibler
Falls Church, Virginia
Commander I. N. Kiland

Office, Assistant Secretary of the Navy
(Manpower and Reserve Affairs)

Department of the Navy

Mr, Samuel Kleinman
Center for Naval Analyses

Professor Charles B. Knapp
The University of Texas

Mr. Richard Kuzmack
Defense Manpower Commission

Mr. M. Letsky
Office, Deputy Chief of Naval Operations

(Manpower)
Department of the Navy

Dr. Robert Lockman
Center for Naval Analyses
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Dr. Albert Martin
Office, Assistant Secretary of Defense

(Manpower and Reserve Affairs)
Department of Defense

Dr. Gordon C. McMeekin
Springfield, Virginia

Mr. James H. Miller
Presearch

Dr. Patricia Munch
The Rand Corporation

Mr. Robert J. Murray
Office, Assistant Secretary of Defense

(Manpower and Reserve Affairs)
Department of Defense

Dr. Gary Nelson
Congressional Budget Office

Mr. Richard J, NiehausDepartment of the Navy

Ms. Eva Norrblom
The Rand Corporation

Professor John F. O'Connell
College of the Holy Cross

Major Michael J, O'Connell
Superintendent, United States Air Force Academy

Professor Walter Y. Oi
University of Rochester

Dr, Dave O'Neill
Center for Naval Analyses

Mr. Thomas O'Sullivan
Science Applications, Inc.

Mr. Charles Overholser
Haley, Overholser and Associates

Dr. Howard L. Parris
Air Force Human Resources Laboratory
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Colonel Wilson PetefIsh
Director of Manpower, Headquarters,

Air Training Command

Dr. Michael Polich
The Rand Corporation

Major Ralph B. Praeger
Department of Defense .,

Dr, Marty Rockway
Air Force Human Resnurces Laboratory

Dr. Charles Robert Roll, Jr.
The Rand Corporation

Dr. Sue Goetz Ross
The Public Research Institute
Center for Naval Analyses

Dr. Bernard Rostker
The Rand Corporation

Mr, John Rural
Office, Assistant Secretary of Defense

(Program Analysis and Evaluation)
Department of Defense

Ms. Laura Sammis
The Rand Corporation

Dr. Francis W, Scanland
Chief of Naval Education and Training

4' Department of the Navy

Mr, John R. Schmid
B-K Dynamics, Inc.

Lieutenant Commander Allan Sherman
Center for Naval Analyses

Mr. William F. Shughart
Texas A&M University

Mr. Herbert Shukiar J
The Rand Corporation
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Dr. Wallace Sinaiko
Office of Naval Research
Department of the Navy

Ms. Roberta Smith
The Rand Corporation

Captain Roy E, Smoker
Office, Deputy Chief of Staff

(Programs and Resources)
Headquarters United States Air Force

Professor Judith Stiehm
University of Southern California
Mr, Frederick W. Suflfa

Office, Assistant Secretary of Defense
(Manpower and Reserve Affairs)

Department of Defonse

Dr. Elaine N. Taylor
Human Resources Research Organization

Mrs. Patricia Thomas
Navy Personnel Research and Development

Center

Mr. Edmund D. Thomas
Navy Personnel Research and DevelopmentCener

Colonel Robert Valentine
Headquarters, United States Air Force
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Dr, Robert Vineberg
Human Resources Research Organization

Ms. Geraldine Walter
The Rand Corporation

Mr, John T. Warner
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Mr, Henry S. Weigel
General Research Corporation
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The Rand Corporation



380 Appendk B

Mr. Herman L, Williams
Navy Personnel Research and Development

Center

Mr. Martin F. Wiskoff
Commanding Officer, Navy Personnel

Research and Development Center

Dr. Glenn Withers
Institute of Advanced Studies
The Australian National University

Dr. Robert Young
Director. Human Resources Research Office
Defense Advanced Research Projects Agency

CIj


