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ECONOMICS OF ON-THE-JOB TRAINING: ANNOTATED
BIBLIOGRAPHY AND LITERATURE REVIEW

1. INTRODUCTION

The project’s objective was to thoroughly review the literature on analytic techniques of on-the-job
training, inclusive through mid-1976. In 1974, Hq USAF requested a cost analysis of on-the-job training
(OJT) in the Air Force. The results of the present report are to be used in the development and validation
of a cost analytic model for Air Force OJT, under a follow-on contractor work unit.

A review of direct and indirect methods of cost analysis related to OJT was made to assure coverage
of all relevant materials. Five major areas were examined. They were:

1. Theoretical economic issues.

2. Cost analysis, cost-benefit analysis, and systems analysis.
3. Models, simulations, and games.

4. The all-volunteer force.

5. The economics of education and training.

The primary focus of this review was on the last area.

This report is organized into four sections: First is a narrative section which details the literature
directly impacting this study. The second section takes broader aim, looking at the theoretical areas which
directly affect the study. This section also addresses analytical techniques related to the objective of this
work unit. Section 3 of this report provides an annotated bibliography on all the literature reviewed during
this effort. Section 4 contains a listing of additional references.

il. THE LITERATURE ON THE COSTS OF OJT

To date, the literature concerning OJT and its costs has been sparse. Theoretical treatment of
education and its efficiency began over two hundred years ago with Adam Smith’s Wealth of Nations. These
expositions were called “studies of human capital.” However, this term is of relatively recent origin. In
1966, Kiker published a review of the history of human capital, including its theory and practice, up
through Walsh in the 1930s. Of particular concern to the present review is that portion of literature dealing
with manpower programs and their costs.

Studies dealing with manpower programs and their costs have usually defined relevant cost as the cost
of the program to the individual. In general, this approach has not been useful in the present context of this
review. The total “social cost™ of a program was of interest; not just the cost to the individual or company.
Examples of such studies abound in the literature, and for this reason, an exhaustive list is not provided in
the annotated bibliography ; however, a representative sample has been included.

Two approaches have been taken to determine relevant costs. The first approach is to take a
company’s training program, tabulating the company’s cost in salaries (either of the employees in training
or of those temporarily hired to replace them while training is in process), tuition/fees. books, plus other
direct costs. This tabulation is used to determine overall program costs. Returns have usually been
calculated on the basis of increased productivity from the trainees, measured in terms of salaries paid to
similarly trained employees, from which the salaries of the trainees are subtracted after training. If the
difference (retumn) is greater than the costs, over the fong run, the program is termed a success. The second
approach, which might be called the individual approach, calculates the costs to the individual incurred by
entering a training program, completing it, and then receiving a higher salary in the futurc. Individual costs




(foregone income or leisure) are subtracted from the increase in salary expected as a result of his increased
human capital. As in the previous approach, if the index is positive, then the program is termed a success.
The difficulty of these two approaches is that neither internalizes all the costs/returns of the program. For
present purposes, the first approach may be more appropriate; however, military personnel are not replaced
or eliminated during training. They are kept at their jobs, and this impacts duty time and supervisory time
during training. The real difference is that the aforementioned approaches deal with formal, “resident™
training programs rather than on-the-job training.

The literature of education economics has been similar to the literature of OJT. However, greater
emphasis has been placed on the examination of costs and returns to the individual . This concept has been
used for the examination and evaluation of economic issues ranging from growth to individual planning,
with growth studies being analogous to the institutional approach previously discussed, and individual
investment studies analogous to the individual approach to OJT. Bowman (1969) and the UNESCO (1962).
show the importance of fitting education into the growth schedules of developing economies.

The material of central interest to those studying the economics of OJT probably began with the
book by Becker (1964). Although its title includes a reference to education in general, there was a specific
treatment of on-the-job training. Studies by Mincer (1962) and others clarified the theoretical background.
while military analysts followed with studies of their respective service training programs. Analysis of
military OJT was performed by Arzigian (1967) for the Navy, and Dunham (1972) and Gay and Nelson
(1974) for the Air Force.

Becker (1964) divided OJT into two types, general and specific. General training prepared a person
for an occupation (he used machinist training as an example). General training was usually paid for by the
trainee, largely because the investing firm had no guarantee that it would reccive any return from its
investment. Usually. the trainee paid in the form of decreased wages over a period of time. Specific training
was training counsidered to be at least partially useful to the specific operations or processes of the
employer. The military was cited as providing many examples of specific OJT: such as that for astronauts.
fighter pilots, and missilemen. This list could also include infantrymen, mortarmen, bomb loaders. and
weapon mechanics. The extensive specific OJT in the military has had few secondary effects in the form of
social benefits, while general training has had greater implications to the civilian economy. These gencral
training benefits stem from the provision of militarily trained manpower such as warchousemen. cooks. and
clerks who may continue working in these jobs after they have been discharged from the military.

General-trained civilians are paid less during their apprenticeship than afterwards in an attempt by the
firm to get them to pay for their training. Specific-trained individuals are paid their full wages (as the
employer reaps most of the benefit). It could be said that the military student in specific training should be
paid more during training than the individual in gencral training is paid. This. however, has not been the
case. In the military. all personnel have been paid a vniform wage. The military has provided proficiency
pay as a means to pay more over the long run to an individual in specific training. Such pay was given on
the basis of occupational field in the Air Force. Thus. while civilians have benefited from gencral training in
delayed form. military personnel have been paid for specific training in delayed form. This has allowed
military individuals, who reccive universally valuable training, to avoid the payment (in wage differences
relative to their peers) of the investment costs paid for training by their civilian counterparts. However,
with respect to the military the results are similar to the end result in a civilian cconomy:

Rational tirms pay gencrally trained employees the same wage and specifically trained employees a

higher wage than they could get elsewhere. .. lirms are not oo concerned about the turover of

cmployees with general training and have no incentive to offer them a premium above wages elsew here

because the cost of such training is borne entirely by the employvees. Firms are concerned with the

turnover of employees with speaific traming and a premum is offered 1o reduce their turnover because

firms pay part of their taming costs (Becker, 1964, P24y
So. the Air Force approach of paying proficiency pay incentives to its specific-trained personnel can work
economically when properly used.
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Mincer (1962) considered what should be wnchuded as the cost of performng Q3T He asked what part
of a firm's outlay should be added to foregone worker income to define the total cost of QFT. His answer
was “none,” if all of the firm's outlay was covered by weduced worker income. He also noted that “ Adding
a finn’s outlays in this case would constitute double counting”™ (Mincer, p. 52). He added that when
workers did not shoulder the whole cost in reduced wages, the firm expected to recoup the difference later
in the form of a dispanty between wage and marginal product of the worker. He concluded that, it s
impossible to estinate how large a fraction of firm outlays are costs borne by the firm™ (Mincer, p. 52)

Mincer’s approach 10 estimating the costs of VT in terms of foregone income would be to compare a
group of individuals who engaged in OJT with a similar group that did not. He would expect that the
age/eamings profile tor the fust group would be higher than that for the second, the difterence being
rellected e the returns 1o OJT at later stages and the costs at earlier stages. He stated that such a
companison is, unfortunately, empincally impossible due to the inability o appropriately classity workers.
He cited an exception provided by the Conswmer Union Panel from a sample taken i 1959, which
wndicated that the larger the diftference at the ealy stage, the greater the difference lateriie., that a greater
mvestiment yielded a greater retum.

Since he did not have exactly the data needed, he used an altemative method to estimate the costs
and ietums of OIT. He compared the income expetiences of college graduates with those of high school
graduates

He assumed that opportunity costs of collepe attendance were approximated by the mcome of
comparable groups to the college students who worked instead of attending college. There were some biases
n the procedure which Mincer enumetated, among which were the problems of using cross-sectional data
with secular changes in the earings streams, and the probable selt-selection of nonhigh school graduates
with respect to race, occupation, and 1Q. Farm workers and minorities were haghly wepresented in the caidy
dropouts, and thetr prospects for income and retum to human capital mvestiment were probably different
from white, nontarm dropouts

In estimating traiming costs. Mincer noted that the figures he worked with included only fiims which
had formal traming programs. Therefore the estimate of total costs “nusses all costs incurred montormal
trmming. which s the typical sitwation: only 162 percent of fioms in New Jesey had formal traming
programs™ (Mincer, 1902, po 63). The military equavalent of these tormal programs s called the technical
school, which amounts 1o a condensed form of specific trainmg done at a mulitary techmeal g cente
Military traiming was included in Mincer's total, and it was estimated at $1.6 bilhon i 1959 His data
included military schools and training programs, but excluded basie depreciation of equipment (Mincer,
1962, p. 63). Bltz (noted by Mincer) estimated this data, which also appeared to have excluded most forms
of OJT. The only part of OIT included wm that aggregation was the creation and distiibution of caeer
development comse (CDC) matenals, as those were the only relevant data wadily available at the time of
Mincer's paper

Arzigian (1967) made an attempt to analy z¢ the costs of QT for the Navy. Some very anteresting
stimplifying assumptions were made which may be feasible for future studies i the same arca

1. The length of time it took o attam jouney man level (equivalent to the Ssskill level m the USAT)
was dependent on the specialty's membeship i one of fom categones distingished by type ot
employ ment (funchion) of the tramee

Y Each category had a difterent time span between exit from the recnntment/basic tranmng phase
and attanment of jouneyman levels, vangimg from 12 1o 36 months, depending on the complexity ol the
specialty .

3 Attainment of this level mphed @ capabihity 10 do work n the specalty: waithout close
SUPETVISION

4 A man's eftectiveness mereased lincaly from the time of is exit from basie traming through the
completion of QFT 1o joumey man fevel

—




This final assumption implied that by the end of a formal school, the person’s value had increased
without cost to the OJT system (all costs having been absorbed by the formal course) and that this level of
effectiveness was the one at which he started his OJT. Further, this implied that this rate of learning
continues essentially forever (at least through the journeyman level). A further assumption was that the

I supervisor spent five percent of his time with the trainee and was of the E6/E7 rank.

While none of these assumptions would likely yield an exact and accurate estimator of cost at any
one time, in the aggregate, each was probably a fair estimate. For instance, it was unlikely that the
incremental utility of the trainee increased linearly. It was more likely that there were decreasing
incremental returns. By the same token, it was likely that learning took place less rapidly on the job than it
did in school. The sum effect of these two nonlinear functions might be approximated by the straight line
function Arzigian posited. Note Figure 1, area A, under the straight line. This represents a hypothetical
recent graduate’s utility, starting with his critical low productivity in terms of the mission and his rapid
adjustment and increasing utility, which finally intersects the projected utility sometime after his arrival.
Area B represents the excess of actual utility over estimated utility through the attainment of journeyman
status. To some extent, area A offsets area B and tends to make {(x) a reasonable approximation of u(x).
The same analysis applies to the use of a constant five percent time investment by the supervisor, with the
early investment heavier, and the late investment lighter than the constant rate.

\ Value

A - imitial utitity ulx) is tess than the estimator, f(x)
B - Later utility, ulx), greater than the estimator, f(x)

;; f(x)

( u(x)

— Time

Figure I.  Technical utility and its estimator. (from Arzigian, 1967)




For application to the Air Force, this analysis feads to difticulty in determining the length of time 1t
takes to reach the joumeyman level. While Arzigian divided the Navy personnel into tour categones
(Technician, Mechanic, Operations, Support) with ditferent times to proficiency, trom {2 to 36 months,
there is no comparable alignment for USAE personnel. The four categones used to separate Air Foree
career fields would have internally divergent levels of difficulty, and so are not susceptible to casy
generalization.

Carpenter (1970) described the Air Force traiming program, its use of skill levels and various training
wethads, and the problem of matching training needs 10 training programs. Occupational surveys and they
use in designing curticula were included in the analysis. Questions of the cost of designing courses with
trainee attibutes in mind arose when deciding whether to include subjects in a techmeal school or in OFT
and where neither may be appropuate.

The A Foree is at a senous disadvantage in approaching this question because the costs of O3 and
other traming i a )b setting are not known In ket may well be that the bulk ot traming costs ae
hidden in the operating budgets ot the magor commands, with the esults that the greatest ettort 1o

achieve traiming efficiency s tocused on A Frainmg Command (ATC) merely because ity cost s
wentitiable as traming cost (Carpenter, 1970, po 19)

Dotlar cost should not be the swole dewermmnant of trammy mode, however m these thazardous
tramming) cases the question of dollar cost becomes that ot determning how to simulate the amount of
realinm needad tor minmum dollar cost (Carpenter, 1970, p. 200
The actual cost of doing dangerous taining on the job is high when the costs of life, property, and
personal service are explicitly included. Lowering the risks associted with job performance has a
substantial history of economic rather than humanitarian causes, and this case is no ditferent. The
government is responsible for the care of injured personnel. and it is better business to pay to prevent
accidents than to pav to heal the injured. Carpenter (1970, p. 20) also asserted that high-devel supervisors
were not rewarded or rated tor their performance as tramers. On the contrary, their peiformance
maintaining and improving the proficiency of their subordinates is very definitely a part of their assigned
duties. It is very apparent that their primary job, completing their mission, is quite dependent upon the skill
of their workers.
Regarding the generality of instruction and its applicability to the same tasks in changing settings,
Carpenter said,
Perhaps the best way to develop the trainee's abality (0 generatize without ovemencratizing would be
to give him opportunities to perform the same task under widely varying conditions, and thas can be
accomplished most readity i formal traming. For example, ditferent commands may have ditterent

requirements for documentation, ditterent amounts of tme may be allotted 1o the task, or ditterent
mines of shitls may be used i carry g it out (p. 281

From the standpoint of efficiency, however, it appears that there is a decreasing return on investment
as trainees are tailor-made for specific jobs. When the additional burden of keeping the school curent has
been added to the expense of tailoring instruction, the increased productivity of graduates has failed to
justify the costs of the tailored program. A graduate’s familiarization time at his tirst assignment might he
slightly reduced if the precise conditions to be met were included in alternative formats used i the school.
Otherwise, the only training used on the job is the specific skill (manual or otherwise) learned plus some
degree of job familiarity resulting from the multiple training. {t is likely that the repeated wstruction
proposed (typically handson training) is most efficiently done on-thesjob, where a one-to-one
correspondence exists between what is taught and what is needed. There should be no loss of efficiency 1t
there is a direct correspondence between trainee performance in school and what the trainee is expected to
perform on the job. However, the one-to-one instructor/student ratio which appears to be inetticient on the
job would have to be duplicated in the classroom if good results were 1o be obtained.

The next point made was that training should be aimed toward performance of job-related tasks
rather than general knowledge. Carpenter suggested limiting the delivery of general background formation
and theory to that required to summarize general principles and 10 teach the jargon of the tiade. She

presented the view that training may be too task-oriented to provide the general understanding ot
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“principles of job performance™ (rules of thumb) used by journeymen. She observed that, “These are often
quite unrelated to the theory of mechanics and other subjects that pass as ‘fundamentals’ in much of formal
training.” (Carpenter, 1970, p. 22). In other words, presenting inappropriate background information is no
better, and probably worse, than presenting none at all.

The main problem in matching training programs to the needs of the Air Force was that there were
no mechanisms for automatic adjustment of course content and instructional methods of changing student
populations and training requirements. According to Carpenter, “Usually, however, until the mismatches
become too severe, individual traming programs slowly drift toward less-and-less-efficient matches with the
job requirements™ (Carpenter, 1970, p. 23).

The report concluded with a section of future directions for research. Areas of needed research
included job descriptions, measurement of traince attributes, determination of course content, whether
training should be done in a resident school or on the job, and possible institutional changes tor enchancing
the efficiency of upgrading the skill level of airmen.

Cooper and Roll (1974) addressed the nterchangeability of capital and labor in the production of
defense. The authors desired a more efficient allocation of resources in the military sector. They suggested
that the Department of Detense (DOD), by not putting the necessary effort nto including costs in early
planning, was penny-wise and pound-foolish. The framework the authors used was a standard economic
tool. the production function, Q=RK,L) where output (Q) is a function of capital (K) and labor (L). They
then pointed out several standard observations about the capital-labor ratio, the impact of technological
innovation, and the implications of changes in payments to capital and labor. The result was a simple
recommended approach to the problem of resource allocation of DOD.

However, the authors overlooked a pertinent side issue which confounded the analytical process:
mvestment in humans. Such investment is actually a capital expense, but it appeared in their analysis only
as a personnel (fabor) cost. This factor, left unconsidered, leads to a higher real capital-labor ratio than the
state of the economy actually warrants.

In addition to the human capital aspect. there was another problem in the analysis. A simpler method
ol arriving at an optimal resource allocation was to adjust the capital-labor ratio (i.c.. adjust additional
spending on each factor) until the marginal productivity of the expenditure for each was equal. Following
this procedure, with increasing wage rates, investment in capital may be made and labor quantities may be
cut, until the ratio of the marginal productivity of capital to the marginal productivity of labor is equal to
the ratio of their prices. This, in turn. implies that the contribution to output of the last dollar expended on
cach factor equals the total derivative of output with respect to cost. The result of this approach, however,
is the same as that of Cooper and Roll: an increase in the relative cost of one factor should lead to a
substitution of the relatively cheaper factor for the other at the margin. A confusing clement introduced
nto the analysis was inflation, where the price of cach factor rose. Instead the assumption should have been
that the factor changing most slowly was constant, with the other factor expressed as a function of the
numeraire. This would adequately adjust their relative rates, implying a shift in resource allocation, rathet
than using an arbitrary across-the-board adjustment in spending on each factor. This would not have
changed any conclusions reached in their paper. however.

The authors included an empirical test of their approach, and demonstrated that the cost of the labor
factor has risen faster than the cost of the capital factor, at least in this country over the past 1S years. The
umplication was that resource allocation should have shifted to a more capital-intensive orientation.

The conclusions of their paper were: (a) that a more capital-intensive allocation of resources was
probably necessary then and in the future, and (b) that the nature of the budgetary process in government
and in the services did not promote trade-offs between capital and labor.

Maultsby, Ellis. and Fulton (1969) defined a structure for classifying cost models. Each category was
treated by describing the characteristics of its models, a method for deriving such models, and an analysis of
a model from each category. The authors described the elements of cost models and defined the problem of
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cost model classification as a set of questicas to be addressed by their rescarch. A classification system was
chosen which was based upon function and structure ot the models. The categonies were called hardware,
system, foree structure, and special purpose. They were discussed individually and example analyses were
described. The categories corresponded roughly to civilian ideas of equipment, fim, economic sector. and
special purpose program (models). The hardware model presented had been developed by ARINC Research
Corporation in 1967 and applied to shipboard electronic equipment. The system model (which for the
DOD included ntial traning as an operating, rather than an wvestment, cost) divided costs into thiee
phases, research ind development (R&D). mvestment, and operations. The model specified that system
costs do not become really clear until the R&D phase has reached the contract definition stage. At that
pont, i no further technological breakthroughs are wequired, good cost estimates are possible, but
infrequently prepared, because of a shortage of quahfied industrial engineers 1o prepare estimates
Uncertainty is large until all the technical advances have been made. This is because too little good histore
cost data on other R&D efforts exist. During the investment phase, large elements of the total cost of a
system become more detimte and predictable, and with the commencement of the operations phase, all
costs are Known (or at least determinable).

The model chosen as representative of the system model was the tactical support atreraft cost model
of the Acronautical Systems Division. The authors found that the model contormed closely to the Rand
(Novick, 1963) method of analyzing costs of R&D, investment, and operations, except in the inclusion of
traming costs in the operation category rather than in the mvestment category, and the climination of
command support operating costs.

The authors mentioned the use of time-phased system cost models and the difference between them
and static models. Largely. that difference is reflected i DODE 7041 (implemented wm AFR 172-2)
requiring  the weighing of costs and benefits of alternative investments. The authors explained the
comparison of alternatives by discounting of all benefits and costs to a common time using a ten percent
mterest rate.

The third category discussed was the force structure category. An amalgamation of all costs involved
at the haghest level of decision-making, a torce structure model uses system models in the same way that
system models use hardware models as the basic input. Force structure models treat existing manpower,
facthties, and equipment as given and demonstrate the additional cost of a change (net change) or they
compare the total costs of different asset configurations. Foree structure models consider time explicitly | as
do the tme-phased system models, and consider items outside specific systems (e.g.. nussion support) in the
total In essence, the foree structure model analy zes svstem and overhead costs in total. The example model
used by the authors was the Navy Program Evaluation Procedure (NAVPEP) developed by the General
Electric Corporation. Using planning  factors, foree  structutes and  exogenous vanables,  called
“throughputs.” the model yielded the total cost to the Navy, with only minor omissions.

The fourth category defined by the authors was special purpose models. These were models which
neither fit the other categones nor were part of other models. Examples of special purpose models were a
personnel model developed tor the Navy, and a mamtenance cost model developed by Rand for the Ai
Foree. The Navy model was a fairly logical framework for detemining level of repair for ¢quipment. Of the
two. the maintenance model has received more attention

UL THE GENFRAL LITERATURE
This section covers several penpheral arcas not included in educational cost analy sis. in a broader and

more superticial review. These arcas relate to this study as background material. The main areas of interest
are weltare theory, human capital, and joint production.




8
g
3
3
]

5

e S A SR o

o S

i
1
X
|

T i T STt LA e . . =

Theoretical Issues

Central to the discussion of the economics of education are two areas of economic theory, welfar
and human capital. Welfare theory is pertinent because it provides a framework for considering the effects
of economic externalities. Education and training produce their output largely in a form external to the
“firm™ which is doing the production. The firm involved here, DOD, is collective in nature, suffering from
the disadvantage of producing an output, the demand for which is not subject to normal supply/demand
interactions. The theory of human capital is the second area of economic theory comprising this review. Its
importance is fairly obvious, as education/training is one of two major forms of investment in human
capital; health is the other form.

Welfare. 1t has been assumed by most bodies of conventional economic theory that an individual
attempts to maximize his own welfare. Within a capitalist free enterprise system, there is no welfare which
does not eventually accrue to an individual. Thus, total social welfare is essentially the sum of all individual
welfare. Systems, organizations, governments, etc., do not have a welfare function of and by themselves,
and they are valuable only insofar as they add to the welfare of individuals.

Public Enterprise. A public enterprise is one which is collectively owned by the populace. However,
the people have not directly purchased it and cannot sell it. The people’s share of the enterprise is
indeterminate, and the benefits they reap from it may or may not be measurable. In general, consumption
of the product of an enterprise is relatively elastic, with one individual’s consumption not affecting the
product’s availability to another, or its price. There arc many cxceptions to this rule, often due to the
effects of congestion, as in the use of public roads. This constraint does not operate in the enterprise under
discussion, the Department of Defense. Its product is defense for the entire population. and implicitly, for
the individual. The consumption of defense by an individual does not affect consumption by others, and is
unrelated to its cost. “Defense™ has no price, so the normal equation of cost and price at the margin does
not regulate its production level. This leads to problems when the question of further investment arises.
Investment normally takes place when price is higher than marginal cost, at least in a competitive situation.
and continues until cither the cost rises to meet the demand price (by virtue of decreasing marginal returns)
or the increased output forces the demand price down to the marginal cost. This adjustment process is in
the very nature of the marketplace and is the essence of the “invisible hand.” What happens when there is
no price to determine marginal return? In reality, the problem has been solved by the political process.
which is a substitute for the marketplace. The Department of Defense receives an allocation theoretically
based on the public’s desire as expressed through their votes. In other words, we have a primitive points
rationing scheme which should work, if grossly, to allocate public resources.

If the public enterprise wishes to make an optimal investment, by definition that investment must be
such that it maximizes social welfare (the combined utility for the total population). Obviously, this does
not necessarily occur automatically, as there is no price mechanism at work. Because of this, some
assumptions must be made about the capital rationing system. One assumption which is possible and
perhaps necessary is that the good of the society is served by the good of the Department, within a budget
constraint. The budget constraint operates both to allocate capital and to avoid inter-departmental
comparisons of utility, essentially by declaring them solved. The problem is reduced to deciding between
alternative investment possibilities within the Department. Another assumption is that of all the alternatives
available to the DOD, the choices made are at least locally optimal in the mathematical sense. This might
result in an approximation of a second-best solution. For investment opportunities, A, B, and C; | =
Investment; U = Utility:

U(A) > U(B) > ()
A B ¢
A+C=B=1I

where U(B)>U(A+C). In this case A and C will be chosen from a list ordered by marginal utility
although B would be a superior choice.

In order for the DOD to make a decision between opportunities, pecuniary results must be
predictable and external effects must also be taken into accovni. While treatments of externality usually
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assume an externality imposed upon a Pareto optimal situation (Dolbear, 1967), the present situation must
assume less than Pareto optimality to start. Within a lage centralized orgamzation, it would be surprising i
marginal conditions were seriously considered, much less met. The only cconomic criterion considered s
the effectiveness of the eatire unit, since the budget constrains, and actually dehines, total cost. There i
little attempt to reduce actual annual expenditures below the budget, because any economy which would
do so would be forced inumediately into tncreasing some performance critenon. There is no attempt 1o
equate the marginal productivities of departments, since the departments have somewhat ditferent tunding
situations. A short note at this point may give the flavor of the setting: Enthoven and Rown (1961) spoke
of the Department of Defense as an anomaly of sorts:

The detense cconomy v more ike the cconomy of g colfepe student bemy supported by fas father,

than like the cconomy of g houschold tyving 1o altocate s expenduures etticiently within a tined st

ol mcome possibilitios. The collepe boy may ecenve a st allowancee (o cover nummal living o

operating expenses, but beyvond that he must persuade his father of the value ot a particular project he

wants financial support for One day he may want a new set of law books, another day o new

automobile. How much he pets will depend on how muoch he asks tor, how he plans to spend at, and

also on how he has spent his money in the past. The important charactenstic of s cconomy i that he

does not attempt o allocate optimally within a tined budpet constraint. Because the typical tather

considers umselt to be the mocal puardin of s son, badpet level and allocation are mseparably tied

topether, and it would not be rational tor the son to ignore this
ln most cases, this eftect has been in operation only at the highest levels of budgeting, whete the eal
expenditures are tar removed from the budgeters. In general, the DOD decision makers have tried to
maximize eflectiveness and ignore marginal cost-return equality. After all, the decision maker who actually
forces optimality in a purely competitive situation is the individual consumer who adjusts his demand
among various goods. Such atomistic adjustment can hardly be made in the case of a large pubhic entity like
the Department of Detense. Instead, the consumer’s preferences have been filtered through elected officials
who, in order to remain in office, have to satisty only a majority of their constituents. It has been in
response to the demands of Congress for “more defense™ that the Department of Defense has increased
production. It 1s unlikely that the expenditures are large enough to achieve a social optimum for the
Department as a whole, as the situation is so far from free competition. However, cconomic externalities
occur in this situation and must be examined.

Bator (1958) defined externalities as the relationships that exist outside the price system which cause
a divergence between social and private cost-benefit calculation. Since very little of the price system has
survived the bureaucratization of DOD, much of what goes into the production of defense can be treated as
an externality. The technique used to evaluate expenditures i the face ot significant external effects i
called cost-benefit analysis. It should suftice as a definmtion that cost-benefit analysis is the comparison of
total costs to society with returns to society, ncluding i their entirety both monetanly measuable and
montarily nonmeasurable items, and weighting tor reliability and immediacy.

The concept of externality is relevant at two levels to the consideration of DOD jnvestment. At the
gross level, defense output is a lage ingredient in any visk calculations pertaining to ndividual weltare
functions. Thus, the efficiency of DOD investments is a large part of the total welfare function. The
Department’s investment has a great effect on the distribution of national meome, and lesser matters such
as the distribution of population around instaltations, have an etfect on the real income of individuats. Both
effects have remained unmeasured to a large extent. At a finer level, much of DOD'S investment has been ot
such a natare that the real effects of the investinent on society were neither detense related nor reliabh
measured. For instance, efforts to improve the performance of a serviceman may have side eftects which
have a signiticant impact on society, while providing tangible (tinancial) results for the investing agency
(This area will be further examined in the section on human capital.) The extemal effects could casily result
in a significant alteration of the portfolio ol an organization when the retums to marginal investments and
proposed investment are estimated with some reasonable degree of accuracy. (Marginal investment means
the investment with the lowest rate of return. It is assumed that imvestments are rank ordered by ate ol
return, and investment choice is a comparison of potential and extant projects based on yield.) Without
consideration of external effects, it is possible for an investment to exist with a nominal return which is less
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than the retum of the worst existing case, but with a total retumn greater than the total return to the worst
existing investiment. In such a case, neglect of the external effects has a definitely negative effect on the
overall quality of the investment porttolio.

Showing the external effects of an investment with a term such as r (e) (return to an economic
externality) has lent a comforting, if false, sense of precision to the discussion. It gives the impression that
there is some ascertainable interest rate which can be discovered when examining external effects. Except in
unusual circumstances, this has been quite untrue. There is a whole range of utility loss or gain associated
with most torms of externality. For example, not only is it impossible to tell whether the odor from a
refinery is more harmful to individual A's welfare than to individual B's, but it is also uncertain whether the
signs of the quantities are the same. Maybe the odor is an asset, in that it drives down the cost of one's
dwelling and is not all that unplatable. The same could be said of a deaf person living over a bowling alley.
It is often misleading to use mathematical notation without some disclaimer regarding the implied accuracy
of statements so made.

Davis and Whinston (1962) categorized externalities as cither economic or noneconomic in nature.
They further divided economic (or “technological™) externalities into “separable’™ and “nonseparable.”
Most analysis of externality has considered economic externalities, since the marginal costs of the affected
products are involved with marginal returns, and MR = MC = price. This makes the analysis somewhat more
attractive, i€ only mathematically. If a technological extemality is separable, then it has no real effect on
the allocation of resources unless such an effect occurs throwsh the forced closing of firms. If this is the

0

case. then the finm closes because its long-run marginal cost is above its long-run marginal return (price) due
to the externality: that is, the extemnality is nonseparable in the long run (Wellisz, 1964). A nonoptimal
redistribution of resources can be avoided cither by way of a unit tax on an offender transferred to the
mjured firm, it the extemality is a function of the offender’s output, or a lat tax if it is not a function of
output. In this way, long-term redistributional effects can be corrected. It is not clear, however, whether
this techmique would lead to an optimal position. First, the tax could not be instituted free of cost, and
second, there is no guarantee that a tax could be generated which would vield a position closer to an
optimzzm than the untaxed position. Davis and Whinston (1962) point out that technological changes which
alfect a fum'’s production function would necessitate recalculation of taxes/subsidies. whereas even an
imperfect market makes its adjustments automatically .

Wellisz expressed confidence that the injured party would extract as damage less than the penalty
which would shut down the offending firm or foree it to relocate. For example, he said. *Farmers adversely
alfected by smoke are better off if they receive a steady stream of compensation from the factory. . . than
they are af the factory is foweed to move away™ (Wellisz, 1964). By implication, the farmer's profit is
greater wath the externality and transfer than it is without it. Clearly this does not imply a socially optimal
allocation of resources. To obtain a social optimum would require the farmer's output to be the same as
without externalities: the offending firm’s costs would have to include its effects on others. When the
external cffects to others outweigh the firm’s profits (a rough measure of its value to society). the i
would close down or move. Thus, a social optimum requires that the farmer’s output be the same in both
cases. I the firm creating the externality is forced to shut down because it is forced to pay the farmer's
damages via a tax, we would not know it the shutdown is socially optimal. unless we know whether the tax
by itselt would force the closing after damages are paid. Actually, a profit function might be defined such
that

mq) = pg o Clg) (L d

where: g output
p price
t = transler payment (tax)
dt the admimistrative cost ol a transter

"

C(q) = the variable cost at output “q




Given that a firm is shut down because m(q)< 0 with dt >0, then two situations may exist: (a) I #(q)<0
when dt = 0, then the firm should be shut down. (b) If m(q)>0 when dt = 0, then the effect of the tax is to
drive a socially acceptable firm out of business because of the administrative cost (load) of the tax. This
wmight be the case if the injured firm sued, and the oftender had to pay damages plus court costs o1 a
penalty. As Wellisz said, “Externalities may well be permitted to persist if the administrative action absorbs
more resources than are lost through a deviation from a Pareto optimum™ (Wellisz, 1964).

Human Capital. Capital is a stock of something used in the production of goods, services, or more
captial. Investment is the net change in that stock over time. A dollar figure attached to either may or may
not be comparable, but the qualities of the two are always different. Capital, in dollar terms, describes
state of being, a pile of objects or wealth which exists at a given instant. Investment, on the other hand, is
the rate of change of that pile over time. As such, investment may be positive, negative (enlarging or
curtailing manufacturing operations, for example) or zero, while capital may be positive or zero

Capital produces nothing by itsell and needs a labor input, it only i the form of w<tuctions, to
produce anything. Thus, a stock of capital plus a quantity of labor combines to form a production tunction
in a form such as:

q = f(xy) = Axy 1=
where A is a positive constant and 0 < u < |, with x and y being factors of production (e, capital and
labor). This, the Cobb-Douglas produciion function, is the simpler of the two common forms of the
production tunction. The other form, the constant elasticity of substitution (CES) function, is given by

Q=Cfax eaoay v}
where (t = 1/u)i (u> - 1iand ¢ d, and u are constants (Ferguson, 1969). The output, q, is a function of the

two inputs, capital and labor, and a change in one of the inputs necessarily implies a change in production
(output).

The stock of capital has usually been measured i money temms, as a value placed upon productive
equipment. Similarly, the labor input has been measured in money terms, though it may be more
informative in terms of time. Humans comprise the labor input entirely, and since the stock of capital is
known, any change in the capital stock (investment) must be explained by capital input. Following this
reasoning one step further, any change of product due to the fabor input, and not explained by an increased
number of hours worked, must be due to an improvement in the quality of the labor force. Like capital,
which exhibits improvement in quality called technological change. labor can change qualitatively as well as
quantitatively. One takes advantage of improving technology by investing (in capital); similarly, many
cconomists feel that one can take advantage of potential quality change in the labor torce by another tvpe
of investment, investment in “human capital.”

History of Human Capital. The concept of human capital and the economic value inherent in humans
goes back several centuries, at least to Sir William Petty, who evaluated laborers as a part of national wealth
estimates (Kiker, 1966). He estimated the economic effects of war, migration and death.

A need for a quantitative estimation of the value of a person to lis nation, to his family . and to
himself arose in the insurance industry. As a result, some effort was expended to place a real cardinal value
on people as individuals. Investigation was undertaken o determine the worth ol people thiough
accounting techniques. In 1853, William Farr devised what Kiker called the first traly scientific procedure
for estimating the value of a human. It consisted of caleulating of present value of net future carmimgs ol an
individual. Unfortunately, Farr suggested taxing individuals in the same manner used for taxing capital. This
implies depreciation over time, whereas human capital typically increases over time, makine Fan's tax Ve
TCRICSsive.

Engel, in 1883, took the position that the monetary value of an individual should be his production
cost. Kiker represented his formula for human value as

Kn(nt 1)
LIS ‘h{"\' . }
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where C, = total cost of producing an individual (excluding interest, depreciation, and maintenance)
through age x; ¢o = prenatal costs; and k = annual increase in cost (as a percent of the previous year). While
it may not be appropriate to assume that the cost of producing an item is measure of the item’s value, the
formula may be a guide to ascertaining costs along the way. Cohn (1970) suggested changing the
dependence from ¢o to ¢, (from the prenatal year to the first year after birth) and using Cy = ¢, k* ' or
Cy = ¢, x* (1< x <n). He then used data to test his expressions against Engel’s tormula. Cohn's results
implied that the use of ¢, in place of ¢y was preferable, but the geometric progression was not statistically
superior to arithmetic progression.

Kiker reports that in the thirties, Dublin and Lotka wished to ascertain the economic value of a man
to his family. They derived an equation:

V=3 vwP, (yiEx —¢y)
x=0

where V is the value of an individual; v is the present value of $1 after X years, P is the probability of living
to age X, y is yearly camings, E is employment among people of age x, and ¢ is the cost of living
(maintenance) for a year at age X. They modified their formula to find the value at a particular age, a,

o
V, =(Py/P,) Tvx-aP (yg Ey el
X=a

and used C, =V, ~V,/P,v, to estimate the cost of producing an individual up to age a (Kiker, 1966).

Recent  Treatments. Schultz (1960, 1961) utilized the concept of human capital to analyze
investment in education. The concept of human capital and investment appears to have been generally
incorporated into the structurg of economics. Attributing much of the growth of U.S. output to something
besides changes in the capitalabor ratio, Arrow (1962) surmised that something besides time should be
used as an explanatory variable. He stated that trend projections “are not policy variables™ (p. 155) and
suggested that there was some relationship between production and knowledge. Quoting Lundberg’s study
of the Horndal iron works, where productivity grew at 2 percent per annum despite constant capital over a
period of 1S years, Arrow advanced the hypothesis that “technical change in gneral can be ascribed to
experience. The very activity of production gives rise to problems for which favorable responses are selected
over time™ (p. 156). He created a mathematical model in which learning took place as a by-product of
ordinary production, and was embodied in the capital goods used in production. The model ignored
education and research, a point mentioned in his concluding remarks.

Miscellaneous Theoretical Points

Joint Production. It a firm produces two or more outputs, usually in varying proportions, with one
production process, then the products are called joint products. An example of such a process is the
production of beef and leather. The slaughtering of a steer produces a certain amount of meat and a certain
amount of leather. The ratio of these two products varies according to the roundness of the animal, and
might be changed somewhat to fit prevailing prices by feeding or starving the animal. There is no way to
produce a given quantity of one product without a certain amount of the other. In terms of the production
function in which we are currently interested -producing a military operation while at the same time
producing trained individuals - some potential operational work is foregone in the process of providing
instruction or experience. Repetition of a task which is only needed once, in order to provide training for
an individual, is such a trade off. The practice could be sacrificed; however, the first task is operational and
therefore could not be eliminated. In this instance, training and the accomplishment of a portion of the
mission are joint products at the “bare bones™ level of the production function; neither would be traded tor
more of the other under most circunstances. During times of war, this sort of training has occasionally been




the only type available. For example, when experienced fighter pilots were lost or rotated out of combat,
inexperienced ones would replace them in a “sink or swim”™ situation. This particular substitution is
expensive, although it reduces the cost of on-the-job training and increases the amount of mission output, it
leads to a rather rapid depreciation of human capital. (While this situation is occasionally required by
circumstances, it is avoided where possible.) ;

Henderson and Quandt’s analysis (1958) of joint products seems to be the most succinct. Given an
input, X, and joint outputs Q, and Q, there is an implicit production function: H(q,, q2, X) =0, where
Q1, q2, and X are quantities of Q,, Q; and X. Solving for the input gives x = h(q,, qz), where the cost of
production of the outputs is given in terms of X.

If X is fixed, then there is a “‘product transformation curve” xo = H(q,, q; ) which gives altemate
combinations of Q, and Q, which can be produced from X,. There is a rate at which foregone Q, can be
transformed into additonal Q; : it is the negative of the slope of the transformation curve, or —dq, /dq,.
Taking the total differential of the explicit production function, X = h(q,, q2), gives dx = h, +h,dq; . Since
X is unchanged along any one transformation curve (input is fixed at some value of x), dx = 0.

h|d(]| "‘hzd({g =0
h,dq. e ~hde1
hy/h; = —dq,/dq,

Thus, the rate of product transformation is equal to the ratio of the marginal cost of q; to the
marginal cost of q; (both in terms x) at that point.

Optimization behavior implies that one minimizes the input to achieve a desired revenue from the
two outputs. In most operational settings this implies that:

1. The “revenue” desired is the sum of the two outputs;

2. the ratio of the two outputs yields the rate of product transformation. which is itself a negative
inverse of the price ratio;

3. the optimization occurs when the transformation curve (and the input X) is tangent to the
isorevenue (fixed revenue) line;

4. this gives minimum X with the desired ratio of the two outputs.

In an operational sense, strictly mathematical analysis rests on assumptions about the total input (x)
available, minima in either or both of the outputs, or, when there is no certain way to determine demands
for the products, marginal revenue figures which must come from management. This is often the case with
bureaucratic and governmental functions which do not deal with physical products. This means that
management must make some assumptions, and management is almost certain to make more useful
assumptions when it understands their importance. Intuition alone is insufficient in a complex society.

Time. Time is a nonrenewable resource which is often misunderstood, misused, or wasted. It will be
considered at it relates to interest rates and to its use in queuing.

An interest rate is an important variable in any economic calculation. It is a derivative—the rate of
change of principle with respect to time. Since an interest rate is a derivative, it really is not a controllable
entity, and is more of a parameter which is given by a situation. That an interest rate exists implies that an
item available at different times is a different item, and that its value is different also. This leads to the idea
of present value. The only way to compare items of known cost at different times is to adjust the costs to a
comparable time period.

Adjusting to the present period is a common technique and is often referred to as discounting,
because the items are usually in the future, and their values must be discounted due to their unavailability.
The present value of a future amount. A, is:

P=A/(1+1/Q)"" or P=Ax(l+r/q) "
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With continuous discounting (i.e., q = =) the formula becomes:

P = Ae" where t = the number of years.

The opportunity costs associated with the use of time for a given activity determine its value to an
individual. One of the largest items involved in the cost of schooling or training is the time of the students
and what their time is worth in alternative uses. For an organization which pays students to go to school at
the same rate at which they are paid to work, the opportunity cost is the value of the output of the
unschooled person for the length of time he is in school. Wolf (1973) suggested that time spent learning
may not be totally unproductive in an economic sense. On-the-job experience could turn a 40-hour week
into 30 hours worth of physical product and the equivalent of 25 hours of instruction, essentially a S5-hour
week for the price of a 40-hour week. This he called “double duty time” through joint production. Wolf
remarked that it is efficient for several reasons, inlcuding the enhancement of earnings of students in
apprenticeship programs rather than schools, and the market-affecting fact that scales of remuneration to
apprentices may be good guides to their later (journeyman) remuneration; hence the price signals work
more immediately than signals several years removed. In addition, the economic value of the 30 hours of
productive work done implies that in every four years, three years of production is done, and one year is
lost to training. However, at the 25-hour rate mentioned previously, it takes only 1.6 years to yield a year
of training, and four years give 2.5 years of full-time training. If the apprentice who becomes a journeyman
on the job does as good a job as the person who attends a vocational school, then a breakeven point
between apprenticeship and technical school would be given by T, (1 — R) — T; = 0, where T, is the
number of time units as an apprentice, R is the value of an apprentice relative to that of a journeyman, and
T; is the number of time units required to train a journeyman at a vocational training school. If the
quantity on the left side of the equation is negative, then an apprenticeship program is economically
superior; if it is positive, then a full-time vocational training program is superior. Of course, this simplistic
formulation is marginal, ignoring fixed costs involved in a school, and entirely ignoring instructor costs.

Queuing results when an item is priced below its competitive equilibrium. Since demand at that price
would more than just clear the market, a line forms and time spent waiting becomes a substitute for a price
increase. Queuing raises the real price of goods while leaving the nominal price unchanged. Lines at gas
stations during a price freeze are a recent example of such a situation. In a military technical school, if a
number of students are idle while awaiting the start of new classes, then queuing is increasing the real price
(cost) of training. Queuing must therefore be considered in analyses of this type of situation.

IV. ANNOTATED BIBLIOGRAPHY

Some of the items were referenced in the text of this report.

Allison, S.L. A computer model for estimating resources and costs of an Air Force resident technical
training course. Rand*WN 7044-PR. October, 1970. A working paper for research in progress, this
report discussed the creation and content of a computer model for use in analyzing the costs incurred
in Air Force technical training courses. It included a general description of technical training, the
provision of training in a field of endeavor, and the Air Force breakdown between resident training
and field training, of which the ratio was about two to one. The model did not attempt to address the
subject of resource use in on-the-job training.

Altman, S.H., & Fechter, A.E. The supply of military personnel in the absence of a draft. American
Economic Review, May 1967, 57. Altman sununarized the method used to estimate the costs of
changing from a draft policy to a volunteer force. The costs considered were purely budgetary,
without consideration of the total social costs incurred in such a change. He provided a framework
for considering the costs of personnel actions by the Department of Defense, excluding external
effects upon society.
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Apple, MW. The adequacy of systems management procedures in education. Journal of Education
j Research, September 1972, 66(1). The utility of systems management procedures in education was
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measurable course objectives.
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text.

Arzigian, S. On-thejob training costs: An analysis. Research Memorandum WRM 67-52, AD-656 S81.
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Batchelder, C.A., Boren, HEE,, Jr., Campbell, H.G., DelRossi, J.A., & Large, J.P. An introduction to
equipment cost estimating. Rand RM-6103-SA. December 1969. This memorandum presented a
complete description of equipment cost estimation by statistical methods, including sections dealing
with data collection and adjustment, statistical methods in developing cost estimating relationships
(CERs), the use of CERs, and the learning curve phenomenon and its applications.

Becker, G.S. Human capital, a theoretical and empirical analysis, with special reference to education.
National Bureau of Economic Research, New York, 1964. See text.

Becker, G.S. Investment in human capital: A theoretical analysis. Journal of Political Economics, Vol 70,
Part 2 (Suppl.). reprinted in UNESCO, Readings in the Economics of Education. This material
appeared later in Human Capital (see above). The derivation of the equations for considering
investment in specific and general on-the-job training is covered.

Beltramo, M.N. Considering the cost of DoD personnel: A look at some issues requiring further analysis.
Rand P-5166. January 1974. The author examined the relative costs of civilian and military personnel
to the Department of Defense with emphasis on the possible budgetary effects of substituting
civilians for military personnel. He suggested that the incremental cost of a person in each specialty
be determined so that the transformation from military to civilian can be made “at the margin.”

Benson, C. Teaching methods and their costs. International Social Sciences Journal, 1962, 14, 676684,

Benson discussed public education in the United States and how to approach its costs analytically. No
conclusions were reached, as it was a survey article.

Bishop, R.L. Game-theoretic analyses of bargaining. Quarterly Journal of Economics, November 1963,
77(4). A relatively nontechnical exposition and critique of the bargaining theories applicable to
several economic problems, this article contrasted various bargaining theories, assuming fixed threat
and variable threat contexts.

Blaug, M. Approaches to educational planning. Economic Journal, June 1967, 77(306). A comparison of
three education planning approaches, suggesting that the three are complementary rather than
competitive. The three approaches were planning for “social’” demands, rate of return to investment
in human capital, and manpower forecasts.

Blaug, M. The rate of return on investment in education in Great Britain. Manchester School, 1965, 33(3).
Blaug contrasted the private rate of return to investment in education and the social rate thercof.

Borcherding, T.E. A neglected social cost of a voluntary military. American Economic Review, March 1971,
61(1). The Department of Defense, as a monopsonistic buyer of volunteers’ services, may create as
much of a market disruption as it would in the case of a draft.

Borus, M.E. Cost benefit analysis of effectiveness of retraining the unemployed. Yale Economic Essays, Fall
1964, 4(2). The effectiveness of a manpower retraining program in Connecticut was examined from
the point of view of return to investment. The conclusion drawn was that the program paid for itself
in terms of post-program employment experiences of graduates when compared with non-graduates,
plus the additional benefit to society not included in the calculations of benefits to individuals. §
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Bowles, S. The efficient allocation of resources in education. Quarterly Journal of Economics, May 1967,

81(2). Bowles described a model of an economy addressed to four questions: amount of investment;
distribution of the investment; technologies to be used; and quantity /quality of imported labor. The
model was designed for use in the realm of development/growth economics at the macroeconomic
level. There was some discussion of the application of the model to Northern Nigeria. Unlike Blaug's
approach (1967), Bowles’ model treated all education at a given level as interchangeable between
fields.

Brewer, G.D. An analyst's view of the uses and abuses of modeling for decisionmaking. Rand P-§39§.

January 1975. An analysis of users vs builders of models. Brewer cited the lack of
communication/empathy each for the other and the lack of documentation and flexibility, which
results in disuse or misuse of expensive MSGs (models, simutations, games).

Bridge, R.G. Nonresponse bias in mail surveys: The case of the Department of Defense post-service survey.

Rand R-1501-ARPA. July 1974. Bridge examined the bias which existed in the data accumulated
from the DoD post-service survey, which had been conducted since 1968. He looked at the subgroups
who failed to respond, analyzed their characteristics, and proposed some remedies, primary among
which was weighting. There is a good discussion of the reasons for non-response and the paper
suggested that potential survey users should approach mail surveys with caution.

Brown, L. Methodological approaches to cost-benefit analysis in automated management information

system. AD-772 396. Army War College, Carlisle Barracks, 8 February 1971. Brown's premise was
that the great expense incurred by the Department of Defense in creating automated management
information systems can and should be avoided by better planning and forecasting at the very early
stages of system design and procurement. Cost-benefit analysis could be used to collect and present
qualitative as well as quantitative factors for purposes of aiding decision making and facilitating the
rejection or alteration of projects at a very early, and therefore relatively inexpensive, stage of the
development process.

Carpenter, M.B. Analysis of educational programs. Rand P4576. March 1971. The use of

planning-programming-budgeting systems to analyze education programs is described. PPBS is a
current technique for avoiding the difficulties of cost-benefit analysis. The problem of assessing the
effectiveness of education systems and programs is a thomy one for which solutions are needed, but
not forthcoming. There does not seem to be any prospect for using PPBS to improve the situation
because the basic problem-assessing effectiveness—is not solved. However, PPBS may be a useful
formatting device for placing things in perspective for analysis.

Carpenter, M.B. Maintaining efficient training programs for Air Force specialities. Rand R427-PR.

September 1970. See text.

Carpenter, M.B. Program budgeting as a way to focus on objectives in education. Rand P-4162. September

1969. A precursor of PPBS, program budgeting provided a logical framework within which studies
could be done. Carpenter discussed the use of program budgeting as a tool for the analysis of
educational programs. When resource allocation was done, there was a need for comparing
alternatives, and PPBS and program budgeting merely provided a way of focusing on costs in a
different manner. This paper suggested that when each objective is not being met, then investments
have to be made across the board, rather than concentrated on fewer than all objectives. This assumed
that the solution to the problem was the same when the investment was incremental as it would be if
the investment were made from scratch.

Carpenter, M.B., & Haggart, S.A. Analysis of educational programs within a program budgeting system.

Rand P4195. September 1969. In this exposition of the program budgeting technique, a most
important element of the use of cost-effectiveness in decision making was brought out: cost may not
be minimized at the same time that effectiveness is maximized. The paper explained the steps in
analysis from the definition of program objectives to the measurement of effectiveness and then
provided a case study using fixed cost (variable effectiveness). The case study was a most effective




tool for exposition and provided a better description of the amalytical technique than a straight
description without example.

Constant, DL. From MIS to MBC: An investigation into why one corporation eliminated its
computer-based management information systems. AD-770 §74. AFIT M.S. Thesis, October 1973.
The experiences of the Aerojet General Corporation which led to the abandonment of its automated
management information system.

Cooper, R.V.L. Defense manpower issues: Testimony before the Defense Manpower Commission. Rand
P-5364. January 1975. Cooper commented on the status of the All Volunteer Force and reported
that the Air Force is doing very well.

Correa, H. The economics of human resources. Amsterdam: North-Holland, 1967. This work was one of the
very early attempts to define a theoretical background with which to consider the effects of factors,
such as health and migration, which affect human beings as members of an economy. The emphasis
was on these factors operating in a developing country, and the book is part of the literature of
economic development.

Cox, J.A. Application of a method of evaluating training. Journal of Applied Psychology, 1964, 48(2). The
results of applying a formula for the evaluation of training to specific data gathered from the Ammy
are reported. The formula for this comparison was g =nZ(Py ~ P )R — n(Cy — C.) where g = dollar
gain of one training program over another; n = number of persons studied; Py = proportion of
students in group x reaching criterion; R = the value of a trained man; and C = the cost of training
program X.

Enns, J.H. The effect of the variable reenlistment bonus on reenlistment rates: Empirical results for FY
1971. Rand R-1502-ARPA. June 1975. Enns discussed a new model of the reenlistment rate (second
term pay, personal attributes, civilian earnings attributable to military experience), with second term
pay disaggregated into bonus, proficiency pay, and regular military pay. The results of the empirical
work were: (1) variable reenlistment bonus (VRB) has a very significant influence on reenlistment
rates; (2) VRB is most effective when paid in a lump sum; (3) there were no differences in the effect
of VRB between the military services: and (4) Air Force and Army show that in cases in which the
enlistee has a high level of education, there is less VRB effect.

Fields, D.S. Cost/effectiveness analysis: Its tasks and their interrelation. Operations Research, May June
1966, 14(3). A general description of cost/effectiveness analysis, using as an example the analysis of a
communications system in the context of possible nuclear war.

Fields, G.S., & Hosek, J R. Human investment decisions, labor market choice, and unemployment. Rand
P-5144. November 1973. The authors described a model of human investment in which the pure
analysis of Becker and others was subjected to real constraints such as choice of geographic labor
market, marketable skills, and job search strategy. The prime cause for this refinement is the presence
of the possibility of degrees of unemployment, which varies according to the factors mentioned.

Fiorello, M.R. Getting “real” data for life cycle cost. Rand P-534S5. January 1975, Problems with life cycle
costing data include: (1) many data system products from different data bases; (2) different
nomenclatures across data bases; (3) data quality and completeness; and (4) only 70 percent of
ownership costs are known explicitly. Some improvements were suggested

Fisher, G.H. Cost considerations in systems analysis. Rand R-490-ASD. December 1970. This is a report on
the cost aspects of systems analysis, in which Fisher intentionally did not treat the other side of the
systems analysis coin—effectiveness. Included are chapters on systems analysis in general, economic
issues, military costs analysis, inputs to the equation, cost estimating relationships, cost models, and
special topics, including uncertainty and time. Three examples of systems analyses conclude the
report.
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Fisher, G.H. What is resource analysis? Rand P-4705. September 1971. Resource analysis is cost/benefit

analysis with one measure of costs or benefits: economic resources. The difference between other
analyses and this is the emphasis on collecting all economic cost rather than in collecting only
budgetary costs. In this sense, the analysis might be thought to parellel cost/benefit and economic
analysis quite well.

Fisher, G.H., and the staff of the Rand Cost Analysis Department. Costing methods. In E.S. Quade (Ed.),

Gay,

Analysis for military decisions. Rand R-387-PR, November 1964. Military cost analysis, from the
weapon system level to the force structure level. Cost sensitivity analysis and analytical results are
presented in a manner which facilitates understanding of military cost analysis.

R.M. Estimating the cost of on-the-job training in military occupations: A methodology and pilot
study. Rand R-1351-ARPA. April 1, 1974. Gay (1974) defined OJT and pointed out that the rising
cost of personnel had increased the emphasis placed on the cost of OJT and had affected all other
manpower decisions. Among those decisions he included (1) the capital-labor ratio; (2) the
composition of the force, i.e. the balance between experienced and inexperienced personnel; (3) the
training strategy (resident schools vs OJT); and (4) the assignment of personnel to career fields. Gay
attempted to develop a methodology for the cost analysis of OJT. As bases for his approach, he
reviewed previous military and civilian studies in the field and conducted a pilot study consisting of a
survey of 36 men in a 700-man squadron. He discussed the statistical relationships among the
independent variables in a wide-ranging manner and regressed demographic variables on cost. The
ultimate value of the study lay in its pioneering effort.

Gay, RM., & Nelson, G.R. Cost and efficiency in military specialty training. Rand P-5160. January 1974.

An attempt to formulate a procedure for estimating the cost of on-the-job training, based on a survey
done in one Air Force specialty. The usual framework for valuing investment was used, with training
cost and the ultimate value of the trained individual as the measures of costs and revenues. There
were some problems with the formulation, however. First, the authors stated that a firm will invest if
the resulting income stream (discounted) is greater than the discounted investment. That is not
altogether true, because organizations seek to maximize profits, rather than merely seeking to obtain
a positive profit. As applied to the cost of OJT, this means not only that training must break even or
pay off, but also that it must be better than the alternatives—no training and other means of training.
Second, the authors’ evaluation of the military training situation as it actually exists may be wrong.
They stated that Air Force costs are most easily regarded as being comprised of direct outlays,
pay/allowances of trainees, and the cost of OJT (wage—productivity). Their formula is:

Cost=D+P+ (P -0),
where D = direct outlays, P = pay/allowances, and 0 = output (productivity). The formula reduces to:
Cost =2P+D -0,
which counts pay twice. A more accurate formulation might be:
Cost=D+P-0,

but this still mixes the cost and retum sides of the “profit” picture. The error is in the assumption
that the trainee will have a substantial negative effect on the productivity of the organization. (His
wage may affect the total picture, but that is not the issue). It is more likely that the trainee will have
a zero impact until he starts being productive, since it is unlikely that a supervisor with a mission
which is paramount would take time to train a person until after that mission has been accomplished.
The authors did obtain some useful information with a survey done in a pilot study. The information
was in the form of military supervisors’ subjective opinions as to the amount of time a person is on
the job before his output equals his pay, and the amount of time between his arriving on station until
his productivity equals the productivity lost by those who instruct him. It might be said that a survey
respondent would answer this question with an answer to the real question, “When does a person
begin to be more productive than the loss of productivity of those instructing him?” That
information is useful to those using a slightly different strategy, assuming a linear function describing
the output of the person over and above the output which would occur were he not assigned to the
unit. It seems rational to assume that the person starts with a value of zero, finishes his training with a
value equal to his pay and allowances, and reaches that point in a lincar fashion.




Gillinsky, V. How shall we employ the technically trained? Rand P-4574. February 1971. This paper covers
only those trained at the college level.

Goetz, C.J., & Buchanan, J. External diseconomies in competitive supply. American Economic Review,
December 1971, 61(5). Treatments of the nonoptimality of competition with external diseconomies
are seen as incomplete, ignoring production efficiency while focusing solely on exchange inefficiency.
The authors insisted that policy prescriptions are hopeless in such circumstances: *When the precise
way in which extemalities enter the competitive process is clarified, the deficiencies in the standard
corrective prescriptions such as Pigovian tax schemes become evident.”

Greenberg, D.H. Employers and manpower training programs: data collection and analysis. Rand
RM-5§740-OEOQ. October 1968. Four manpower training programs in the Los Angeles area are
described and compared. As a prime goal of his research, Greenberg explored the relative merit of the
company approach to followup of program graduates. One of the programs concened was QJT.
Greenberg found that the return to the graduates was greater, at least in terms of wages received, for
graduates of OJT programs than for graduates of the other programs, which were normal vocational
training programs.

Haggart, S.A. Program cost analysis in education planning. Rand P-4744. December 1971. Haggart discussed
the concept of cost analysis in education and developed a model for comparing the cost effects of
alternative programs. There was special emphasis on the common use of numbers from cost studies
with the reminder that most studies produced results which were not strictly comparable, though
each may be accurate. The model assumed that existing facilities were sunk costs for each alternative,
and that common factors had common prices, so that system costs may be compared.

Haggstrom, G.W. The foundations of probability and mathematical statistics. Rand P-5394. March 1974,
Taken from the notes of a lecturer in a Rand Graduate Institute course, this paper covered
probability models, random variables, expectation and variance, joint distributions, conditioning,
correlation, sampling theory, and parameter estimation.

Haggstrom, G.M. The pitfalls of manpower experimentation. Rand P-5449. April 1975. An illustration of
how to conduct small-scale pre-initiation field tests of new programs in the manpower area. The paper
dealt with DoD tests of the effects of changes in enlistment periods on recruitment statistics, and gave
examples of how to get reliable results.

Hansen, W.L., & Weisbrod, B.A. Economics of the military draft. Quarterly Journal of Economics, August
1967, 81(3). The effects of the U.S. draft on resource allocation and distribution—the gross national
product—-are discussed, including the implicit income tax on servicemen, which is the result of being
forced to work for less than the market wage rate, and the loss of real output which results from
non-market resource allocation. While no judgments are made, it is noted that such factors must
receive explicit consideration when conscription is under consideration.

Heuston, M.C., & Ogawa, G. Observations on the theoretical basis of cost-effectiveness. Operations
Research, March/April 1966, 14(2). A general discussion of cost/effectiveness analysis, in which the
authors note that there are several common elements in almost all analyses, among them: Problem
definition, development of appropriate arrays, definition of alternatives, development of a cost
model, development of an effectivenss model, and final sysnthesis.

Hirsch, A., & Segelhorst, EW. Incremental income benefits of public education. Review of Economics and
Statistics, November 1965, 47(4). Using the technique of discounting the flow of expenditures and
returns, Hirsch and Segelhorst examined the eftects of schooling on future income. This differs from
the technique of calculating the intemal rate of return to investments in human capital.

Hoehn, W.E. Economic analysis in govemmental decisionmaking. Rand P4222. October 1969. This paper,
in which Hoehn discussed the various components of economic analysis, was presented at a 1969
symposium on financial management. Among the components were the use of interest rates, the




determination of economic lifetime, the identification of alternatives, the asssessment of
nonqualifiable factors, the handling of nsk and uncertainty, and the identification of important
parameters. The use of economic analysis on proposed dams on the Colorado River was covered. He
concluded that better analyses can improve the competence of decision making but cannot relieve the
burden of making a choice among alternatives.

Hoenack, S.A. The efficient allocation of subsidics to college students. American Economic Review, June
1971, 61(3). The subject is the structure of tuition charges that will result in the proper enroliment
and representation of students from various income groups, while holding outside subsidy at the
present rate. Hoenack used the University of California for data, and found that since all students
paid less than the cost of their education, adjusting the amount of implicit subsidy will give all the
adjustment range necessary and an explicit tax is not necessary.

Jones, C.R. A model of a systems analysis study. Report No. NPS55)S9071A, AD-695 427. US Nawal Post
graduate school, July 1969. This report described the geometry of cost-benefit decision making.

Kahn, H., & Mann, 1. Techniques of systems analysis. Rand RM-1829-1-PR. June 1957. This is part one of
three parts of a proposed book on military planning under uncertainty. Various techniques of systems
analysis are discussed. Part three is called “Ten Common Pitfalls™ and is noted below. The authors
drew on the collected works of several Rand lecturers on system analysis. The paper was aimed at the
military analyst in many respects, with sections on design of the defense, design of the oftense, and
the two-sided war, However, the concluding section titled *Evaluation and Criticism™ contained many
observations on analysis which have survived very well the two decades since publication. An example
is that “One can legitimately recommend doing (basic research) on very flimsy evidence. That is, one
shouldn’t have to show that the research being recommended is likely to be usetul, but only that
there is a chance that it may be useful™ (p. 134). The authors stated that development should also be
undertaken on projects less than 100 percent certain of success on grounds that even when
procurement is not indicated for a system studied, the lead time for procurement is considerably
shortened if the world situation changes so as to make the system more desirable. This sectiom implies
that resear 't that leads nowhere is useful, because it eliminates dead ends.

Kahn, H., & Mann, 1. Ten common pitfalls. Rand RM-1937. July 17, 1957. In a very amusing work, the
authors discussed common errors of systems analysts ranging from over-dependence on models to the
introduction of a mistake of mathematics or assumption. The paper was written informally as the
draft of a chapter in a later book.

Massell, A.P. An imputation method for estimating civilian opportunities available to miitary enlisted men.
Rand P-1565-ARPA. July 1975, Veterans' occupational experiences may give an upward bias to
estimates of potential civilian returns facing enlisted peopie.

Massell, AP, & Nelson, G.R. The estimation of training premiums for U.S. military personnel. Rand
P-5250. June 1974. Massell and Nelson dealt with the value of military training to servicemen leaving
the service. The training premiums mentioned in the title refer to the addition to potential civilian
income attributable to the serviceman's training. The paper was a preliminary effort to empirically
discover the value to a person of what is, in essence, the Department of Defense's investment in him.
Statistics used were from surveys of servicemen separated in 1969 and from military records
associated with survey respondents. Infantrymen were used as a control group, since there is no good
civilian equivalent to combat arms. This work falls into the general category of analysis of the value
to the recipient of human capital investment. Inasmuch as that value is measured in terms of money,
and that money is the wage rate, the value to the employer of the additional productivity must at
least equal the “premium™ he pays, or he wouldn't pay it. Therefore, the marginal product of the
training is at least equal to the wage differential, and any surplus is a retum to the investor's
investment in training, with the government as the investor in this case.




Maultsby, W.F., Ellis, RS., & Fulton, D.N. A classification and evaluation of current cost models.
. SLSR-7-69, AD-863 844. Master's thesis for the School of Systems and Logistics, AFIT, Air
; University. August 1969. See text.

McCall, J., & Wallace, N. Training and retention of Air Force airmen: An economic analysis. Rand
i RM-5384PR. August 1967. An analysis of the problem of retaining generally trained electronics
ﬁ, specialists in the Air Force. McCall and Wallace see it as a simple supply and demand problem, with
the pay of the airmen too low to keep them in the service. According to the analysis, a shift trom
proficiency pay to a reenlistment bonus should make a large difference, since the civilian alternatives
faced by the airmen do not pay very much better than the military.
Mincer, J. The distribution of labor incomes: A survey (with special reference to the human capital
3 approach). Jounal of Economic Literature, March 1970, 8(1). The article reviewed the literature on
distribution of income in which the traditional approach was compared with the huma: capital
approach. Econometric attempts to detemmine the effects of investments in human capital were
reviewed and interpreted, and general issues in the area were discussed.
Mincer, J. On-thejob training: Costs, retums, and some implications. Journal of Political Economy,
October 1962, 70. See text.

Morgan, J., & David, M. Education and income. Quarterly Joumal of Economics, August 1963, 77(3).
When the effects of education on income were studied, objections to the use of average annual
camings of groups by age and education were not terribly important to the results. An interesting
observation was that some of the effects of further education on earnings were hidden by those
educated who take their additional income in the form of increased leisure. There is also some impact
on employment statistics by virtue of the same phenomenon.

Nelson, R.R., & Phelps, E.S. Investment in humans, technological diffusion and economic growth. Rand
P-3295. December 196S. In a paper presented at the 1965 meeting of the American Economic
Association, the authors hypothesized that the more educated a manager is, the more likely he is to
try new techniques, and thus the greater the education level of management, the greater will be the
rate of what is called technological diffusion. Preliminary evidence for this hypothesis was taken from
the example of American agriculture. It appeared that the more dynamic the technological adaptation
of an economy, the greater should be the rate of investment in human capital.

Pardee, F.S. Weapon system cost sensitivity analysis as an aid in determining economic resource impact.
Rand P-2021, June 15, 1969. In an carly Rand paper on cost analysis, Pardee discussed the technique
called “sensitivity analysis™ as a tool for evaluating proposed weapon systems before their design and
production. Cost sensitivity analysis is the singling out, from the myrad of cost elements, of those
clements which have the greatest impact on system costs for each percentage of change in factor
input. Often factors which loom large in the total cost of a system do not vary greatly as paramters
change, while less noticeable factors may fluctuate wildly with incremental changes in system
performance characteristics. Sensitivity analysis explicitly addresses the issue of differing cost eftects
for different elements, and of examining the possible effects of those differences on the final results.
Pardee emphasized that cost sensitivity analysis is only a part of a larger study, and that its results
should not be evaluated in isolation. s

Perlman, R. On-the-job training in Milwaukee—Nature, extent, and relationship to vocational education.
ERIC ED-034-161. Center for Studies in Vocational and Technical Education, Industrial Relations |
Research Institute, University of Wisconsin, June 1969. |

Petruschell, R.L., & Chester, J.M. Total system cost analysis-Part 1. Rand RM-3069-PR. January 1963. |
Several aspects of cost analysis are treated in a memorandum designed to be part of an Air Force
Institute of Technology course in cost estimating concepts and techniques. The sections were: the
nature of total system cost analysis, system description, personnel estimating, and estimating mission
equipment. While the topics were oriented to military cost analysis, the points made were general
enough to have relevance for all cost analysis.
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Pincus, J. Policy studies at Rand: Education and human reseur-2« Rand P4721. October 1971. Pincus
reviewed the work underway at Rand in the area of education rescarch, with a short word about
future directions as of 1971. The entire program concerned the evaluation of the costs and
effectiveness of the public school system, with no treatment of general investments in human capital,
i.e., vocational training. The overall conclusion was rather pessimistic; Pincus reported that no
effective conventional or innovative treatment of public school students was being provided, given the
social backgrounds which existed. The implication is that what goes on in the classroom has little
impact on the students.

Quade, E.S. (Ed.). Analysis for military decisions. Rand R-387-PR. November 1964. A collection of essays
on the topic of systems analysis, particularly those presented at Rand courses during the fifties. The
courses were offered to decision makers rather than analysts, and tried to give an appreciation of the
subject. The content was aimed at teaching the interpretation, rather than the performance, of
analyses. This collection was reviewed by F.M. Scherer in the December 1965 issue of the American
Economic Review (see below).

Quade, E.S. Analysis for public policy decisions. Rand P-4863. July 1972. In a paper presented at a seminar
on policies and systems analysis in 1972, the author discussed the increasing acceptance of
quantitative analysis by politicians and called for the future improvement of the accuracy of systems
analysis techniques.

Quade, E.S. Cost-effectiveness: An appreciation. Rand P-3248. October 1965. A definition and exploration
of cost-effectiveness analysis, giving its limitations and its strengths. Quade believed that there was
room for further use of the method, even in the Department of Defense, where its use was usually
greater than elsewhere.

Quade, E.S. Cost-effectiveness: An introduction and overview. Rand P-3134. May 1965. This paper seems
to be a draft of the paper mentioned above, as there is little difference between the two.

Quade, E.S. Pitfalls in military systems analysis. Rand P-2676. November 1962. In a paper presented at a
symposium in 1962, Quade discussed systems analysis as an approach, rather than a method, to look
at complex problems of choice under uncertainty. His subject was two classes of error found in
systems studies—blunders and fallacies. He found that blunders will continue to occur, but that there
was some hope for eradication of fallacies in analyses.

Quade, E.S. Some comments on cost-effectiveness. Rand P-3091. March 1965. According to Quade, the
difference between systems analysis and cost-effectiveness is one of emphasis. Systems analysis is
concerned with assisting decision makers on matters of policy, while cost-effectiveness analysis is
more specifically concerned with the comparison of alternatives from the point of view of cost and
effectiveness. Quade mentioned two specific limitations of analyses—the necessary incompleteness of
cach analysis and the vagueness of effectiveness measures. He discussed two pitfalls mentioned in his
1962 paper-the cherished belief and overeliance on models to make decisions. The main
conclusion is that the design of studies and analyses, the formulation of the basic questions which
need to be asked, is more important than the particular techniques used.

Quade, E.S. Systems analysis techniques for planning-programming-budgeting. Rand P-3322. March 1965.
This paper offers an explanation of systems analysis and a proposal for its use in much wider
applications than weapon system choice. System analysis offers a framework broad enough for most
social issues within government.

Quade, E.S. The systems approach and public policy. Rand P4053. March 1969. In this paper, a Rand
spokesman for systems analysis presented his views of the place systems studgies occupy in the world,
and of the major attributes of such studies. He reported that such analyses have gained acceptance in
industry and government decision making, but that advances must be made in further making systems
studies useful and acceptable. On the part of decision makers, more usc must be made of the
capabilities which exist, and more support must be given to those who implement studics. Quade
discussed modeling as it is generally practiced in systems studies and suggested that models be




extended beyond mere numerical representation to include verbal descriptions of the way things
work. Such models, according to the author, are equally useful so long as they maintain their
predictive abilities. Quade’s definition of a model is “any device that provides a means to predict and
compare the outcomes of alternative actions.” An example of such an extended model is the Delphi
technique developed at Rand for eliciting and refining expert opinion through anonymity in what
would otherwise be an open discussion.

Rostker, B. The Air Reserve forces and the all-volunteer force: A statement before the Defense Manpower

Commission. Rand P-5359. January 1975. Rostker points out that non-prior service airmen’s pay
increased relative to that of the career forces, but there was no change in the utilization patterns of
these two groups (p. 4). The strength of regular forces was satisfactory, but that of the reserves was
falling.

Rostker, B. An econometric model for the evaluation of manpower programs. Rand P4944-1. October

1973. Rostker suggested using a standard national control group for the evaluation of manpower
programs with the aid of a simple econometric model. This technique was used to evaluate the
performance of employment counselors in California.

Scherer, F.M. Review of *“Analysis for Military Decision,” by E.S. Quade, American Economic Review,

December 1965, 55(5). Scherer states that *“. . a recurring theme (of the Quade paper) is the frequent
superiority of rough, commonsense qualitative analysis over high-powered optimization
techniques. . . . A second theme is the need for iteration and feedback in redefining objectives and
devising new, dominant solutions. Also emphasized is the role of ‘sensitivity analysis’ —estimating how
conclusions may be affected if uncertain parameters take on adverse values.”

Schlesinger, J.R. The changing environment for systems analysis. Rand P-3287. December 1965. This paper

presents four factors which have affected the performance of systems studies since the concept was
developed: (1) increased political fluidity, at least in tezms of the major threats which defense policy
must consider; (2) a more sophisticated approach to the conduct and perils of nuclear warfare; (3)
emphasis on specialized weapon systems; and (4) the rising costs of R&D. Schlesinger provided two
examples for illustration and concluded with some observations on what had preceded.

Schlesinger, J.R. On relating non-technical elements to system studies. Rand P-3545. February 1967. In this

paper, a future Secretary of Defense examined the role of what he called “soft” factors in systems
analysis, and he laid much of the blame for policy failures on the exclusion of such factors as the
political environment. As he stated, “In such an environment (that of the government bureaucracy as
decision maker) the excuse that the best laid schemes of mice and men gang aft a-gley is invalid, for
the neglect of the real character of the environment implies that the plans may be the worst laid.”
Studies of the pure resource allocation problem are a good starting point, but feasibility of
implementing the resulting proposals must be of prime concern. Only in that way may *‘second-best™
alternatives be considered, i.e., alternatives which are the best available under the circumstances. In
addition, he made the point that, as Whitehead remarked, the recommendations for the real higher
level decision makers may not be completely susceptible to purely numerical analysis.

Schlesinger, J.R. Systems analysis and the political process. Rand P-3464. June 1967. The use of systems

analysis on public issues, and the difficulties encountered there were examined. The confusion in
civilian agencies between input and output was mentioned (the concern of the Forest Service with
timber rather than lumber, for instance). It is the tendency of in-house research to be so theoretically
pure that it is of little use, and the possibility exists that the analysis may mask political choice as
economic efficiency and therefore interfere with the decision making process.

Schweitzer, $.0. Occupational choice, high school graduation, and investment in human capital. Jounal of

Human Resources, Summer 1971. 6(3). According to this article, it is not always the case that high
school graduation increases lifetime carnings prospects. Specifically, when the student has certain
occupations in mind, “high school graduation does not appear justified on economic grounds, when




past cross-sectional earnings pattems are used to predict the future.” Some of the occupations which
showed a negative return to schooling in this study were electricians, drivers, barbers, and shipping
and receiving clerks. Interestingly, while electricians showed a negative rate of return, the rate for
painters, bricklayers and plumbers, (all closely allied fields of endeavor) were positive by a good
margin. The author concluded that if those workers who wished to join trades with negative retum to
education were perceptive enough to see that their lifetime prospects were not enhanced by further
education and therefore dropped out, the observed high rate of return to high school graduation
would be somewhat the result of the self-selection of those whom it would aid.

Shishko, R. A survey of solution concepts for majority rule games. Rand P-5169. August 1970. (Revised
Janaury 1974.) Shishko provides a mathematical review of the concepts of the core, bargaining sets
and n-person games with side payments and transferable utility.

Smith, R.E. The opportunity cost of participating in a training program. Journal of Human Resources, Fall,
1971. 6(4). Presentation of a model, based upon the characteristics of the participants, for estimating
the foregone income of participants in training programs. The model was developed for use in the
context of programs under the Manpower Development and Training Act.

Strauch, R.E. A critical assessment of quantitative methods of a policy analysis tool. Rand P-5282. August
1974. The application of mathematical methods and models to the spectrum of policy problems was
considered. Strauch looked at the limitations of mathematical methods at the “squishy’’ end of the
spectrum and suggested that there was a tendency fo: the analyst to assume that a problem was
susceptible to accurate description within his framework and proceed uncritically as though that were
the case, getting “good” numerical results and accepting them as real even though the model was not
a very good analogue of the real situation. He stated, “When we look for the answers to complex
social, political, or behavioral problems in computer based models, therefore, we may be retuming
full circle—back to the shaman and the oracle, asking a magical mechanism beyond the range of
human consciousness and understanding to provide us our answers.” (p. 87).

Strauss, W.J. The nature and validity of operations research studies, with emphasis on force composition.
Operations Research, Operations Research, September/October, 1960, 8(5). The composition and
function of operations research studies as of 1960. Much of the subject of this study has been
subsumed by either systems analysis or one of the several forms of economic analysis. The author
assayed the value of operations research studies, and he found that although operations research
cannot guarantee the best decision, it was the best method available. “In the hands of a talented
analyst, it yields believable, useful results with higher reliability than any other method so far
suggested.”

Suraner, G.D. Sampling method: Suggestions for military cost analysis. Rand RM-5779-PR. October 1968.
A general description of sampling, sample design, estimation from sample statistics, and survey
procedures, primarily for the military cost analyst. The paper is basically an instruction package based
on available sources which are listed in its bibliography.

Thompson, V.M., & Thompson, E.A. On the efficiency of a competitive equilibrium with education as a
screening device. Rand P-5356. January 1975. The authors disagreed with eardier models which
showed that there was overinvestment in the education of workers, on the basis that an implicit
assumption was unrealistic. The assumption was that good school performance was communicated to
prospective employers but that poor performance was not. A revision in assumptions showed a
general underinvestment in the education of workers when employers use education as a substitute
for specific knowledge about workers’ productivities.

Weiss, L.W. Concentration and labor earnings. American Economic Review, March 1966, 56(1). The wage
rates of various industries were related to the degree of monopolization in the industries. The article
was not entirely relevant to OJT except that it notes the tendency of laborers to invest in their
human capital at their own expense.
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Weiss, Y. Investment in graduate education. American Economic Review, December 1971, 61(5). Weiss
attempted to link graduate fields and degrees sought to individual potential lifetime incomes. The
study was restricted to a single cross-section of 5,686 of the 242,800 members of the National
Register of Scientific and Technical Personnel in 1966.

Welch, F. Human capital theory: Education, discrimination, and lifecycles. Rand P-5351. January 1976.
This is a short critque of three aspects of human capital theory, with the conclusion that the theory
does not address, much less explain, much of what is at issue in human capital discussions of race
differences in income. The author stated, “Theories of human capital and of discrimination tend to
be associated because both are parts of a comprehensive view of earnings differentials and because
work by Gary Becker serves as a benchmark in each area.”

Weiner, R., & Horowitz, S.A. A production function for trained recruits. Professional Paper No. 84,
AD-734 858. Center for Naval Analyses, November 1971. Derivation of a production function which
can be used to describe the capital and labor input into the production of trained military w orkers.

Whitehead, C.T. Uses and limitations of systems analysis. Rand P-3683. September 1967. This study on the
role of analysis in the decision making process of large organizations focused particular attention on
the Department of Defense. In the decision making process of DoD there are several levels of decision
impact, from information handling through strategic planning. Systems analysis and strategic
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the collective judgment (of the dominant coalition) clearly was not a proper study in their eyes; in
short, decision-makers are to decide, studies are to justify.”
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