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PREFACE

This investigation was sponsored by The RAND Corporation. RAND, =
nén—profit corporation, does most of its research under contract with the
government, but finances additional work on subjects relating to national
security and the public welfare.

This study was stimulated by the question of whether there is now or
hes been in the recent past a "shortage™ of scientists and engineers, and,
if so, in what sense a shortage can exist. To these and allied gquestions,
this study attempts to give partial answers as well as to suggest further
research. It applies economic theory to these problems in a way, it is
hoped, that will be intelligible to economists and non-~economists alike.

The authors are indebted to many ‘RAND colleagues and to officials

at the National Science Foundation for helpful comments.



SUMMARY

Public discussion of the market for the services of engineers and
scientists has been marked by widespread allegations of a Mshortage" of
such services. To appraise these allegations, it is necessary to define
severzl meanings of "shortage." First, there may be chronic vacancies in
the job market, a situztion that persists indefinitely in which mere
engineers and scientists are demanded at going salaries than sre suprlied.
Second, there mzy be such vacancies only temporarily because salary adjust-
ments lag behind a rising market demand, z situation with poiicy implice-~
tioﬁs markedly different from the first. There is considerzbly evidence
that the second situation, a "dynamic shortage," characterized the Americar
economy recently. For the first situation to prevail, however, pervasive
salary controls are required. It has been claimed that the Department of
Defense imposes such controls through regulating salaries pzid by its
contractors. This claim we dispute, although the government may have
.contributed to the lag in salary adjustments and influenced the market for
scientists and engineers in other wzys.

Thirdly, the word "shortage™ is sometimes applied to any situation
where priées or wages rise, with the result that some potential buyers are
;.priced out of the market, although no greater quantity of the com;odity or
service in question is demanded at the new price or wage than is supplied.
-Fourthly, a very different meaning of "shortage™ is that market demzrd is
less than it "ought" to be. This usage can reflect either a misunder-
standing of the workings of a market economy, or an appreciation of the
deficiencies of the market mechanism, or an over-all rejection of the test

-of the market.
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Several specific arguments for seeking a greater supply of scientists
and engineers are discussed: arguments based on comparisons with numbers
in these professions in the Soviet Union, on military rivalry with the
Sovietl Union, and on projections into the future of past relationships
between output and numbers in these professions. The projections are
dubious, and we argue that our principal response to the military-
technological challenge should be increased expenditures for research and
development (R & D) that will generate appropriately incressed supplies.

Four possible defects in the economic system that affect demands for
scientists and engineers are considered. Weak incentives for private R & D
(because many of the rewards of new knowledge cannot be appropriated by the
discoverer) generate a presumption for special government awards. Govern-
ment contracting practices in R & D also pose incentive problems, and it
may be desirable to give contracting officers greater flexibility. Diver-
sion of highly-skilled personnel to lower-skilled jobs has been alleged to
be common in industry, but such practices, which appear to be irrationz1,
are to be discounted. It has also been claimed that the mass buying power
of the government has been used to depress salary levels somewhat, a charge
probably not without substance and one that should be dealt with.

The longer-run problems of the supply of scientists and engineers turn
upon education and rates of entry into these professions. Expectations of
future earnings are important variables, and their influence is appraised
in terms of theory and some available data. Arguments about the efficiency
of our educational system are evaluated, and a case is made for the simple
but highly controversial policy of differential pay for teachers according

to the scarcity of their specialities.
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INTRODUCTION

In the years since 1950, at least until very recently, there has
beer widespread discussion of a "shortege" of scientists and engineers
in the United States. Industriel leaders, public officials, educators,
and scientists and engineers themselves have all voiced concern, end in
some cases advoccted various policies, both publié and private,
designed to alleviste the problemn.

In order to bring out more clearly the issues involved, we have
sought to explain some of the accepted principles of economic theory
that are relevant to the problem. More specificelly, this pzper hes
severel purposes. First, our review of a large number of the public
" statements about the "shortege" has convinced us that a useful
purpose will be served if we can clerify the severeal senses in which the
term "shortege" has been used. Rerely in the course of the public
discussion has the term been clearly defined.

Second, we sttempt to explain how one could determine the exteri to
which there hes in fact been a shortege in any of the senses of thet
term which are susceptible of objective epplication. This assessment
is based only on a rough reeding of the readily available detz and is
therefore of necessity‘qualified. A third end more sigrificant
purpose of our work is a series of suggestions for further researcﬁ

on the supply and demand of scientific end engineering manpower, anc the

— e e g mes o g o Kt et b e e

markets in which their services are bought and sold. These sugresiions

are summarized in Appendix 2.
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For these purposes it is necessary to anzlyze the mechanism of the
merket, and we begin with a brief re-cazpitulation of the standard
anzlysis. An understanding of the market mechznism provides insight not
only into the meaning of & 'shortage™ but alsovinto the social issues
of wret the market for scientists and engineers %Wought' to be. Our

fourth purpecses is to clarify these social issues and male some

corjectures and policy suzgestions about then,
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CHAPTER I

THE CONCEPT OF A _SHORTAGE

There are several different situations that at some time or another
have been called a "shortage." (1) Many people say there is a "shortace"
if firms want to tut cannot hire more engineer-scientists of 2 given
cuzlity at the same salaries they are currently paving: that is, there
are unfilled vacancies in the usual usage of that term. Such a shortece
will result from wage control or other restrictions that prevent prices
from rising: it may also result from sluggishness in market adjustments

when there are rapidly rising demands, as we shall suggest in section 4

below. (2) But some people assert that a shortaze exists when ther mezn
simply that engineer-scientists are more expensive thén they used to te,
absolutely or at least relatively to other salaries or other costs.

(3) still others use the term '"shortage'" tc mean that there are fewer
engineer-scientists than there "ought™ to be, accordins to some criterionf
Wwe will elaborate these meaznings in the following sections, for their

policy implications zre very different. By way of az necessary preamble,

we will sketch quickly the determination of salary levels in the market.

l. Suprly and_Demand};g?the:Determination of Waces

For simplicity of exposition, we will suppose for the moment that
there is only one type and one quality of engineer-scientist. For any
given firm (or the government or any other hiring agency), we will define

demand at a given salary as the number of engineer-scientists it would

choose to hire if it were permitted to hire as many as it wished at that
salary. We assume that the choice by the firm is a2 considered, rationzl

one. That is, at any given instant of time, the firm may have more or
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fewer engineer-scientists than is profitatbtle, but will revise its market
demsnd zccordingly.

The number of engineer-scientists that it would be rationz]l for the
firm tec choose is determined by the relation between the value of an
additional engineer-scientist in increasing the revenue of the firm and
his salary. So long as the revenue that can be obtained from the services
of an additional encgineer-scientist (net of the additional expenses
directly attributable to his work, such as office space and equipment) is
greater than the given salary, it will pay the firm to increase its
erployrent. As more engineer-scientists are hired, the uses thzt the
firm will find for them will be of less and less value, since it will,
of course, putl them first to the more valuable uses. 4 point will
eventually be reached when the value to the firm of an zdditionzl
encineer-scientist will not exceed his salary. The number of engineer-
scientists hired at this point is the demand of the firm at a given salary.

For each given salary level, there will be a corresponding amount
demanded by the firm. The higher the salary level, the less will be the
amount demanded. We can graph all these amounts by puttine price (szlary)
on one axis (the vertical avis has become conventional) and number
demanded (cuantity) on the other, as in Figure 1.

Price

Demand Curve

Quantity

FIGRZ 1
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The relation between price gnd quentity demanded is known as the demend

curve or demand function or demand schedule of the firm.

The merket demend at & given salery (referx"ed to simply as the demand

wher the meaning is clear) is the total of the queantity demanded by ell
the firms in the market. Such a market demand can be found for ezach
given salary; it will decreese as the salary increases. The relation
between market demand and salary can be graphed the same wey as thet
between the demand by the firm and salary; this relation is referred to
es the (market) demand curve or function- and can also be illustrated
bty Figure 1.

The supply at & given ssleary would correspondingly be the number of

individuzls who are willing to take positions as engineer-scientists at
" thet salary: usuelly the higher the salary, the greater the supply.
Since for each salary there is a corresponding supply, the relation

between salary end supply, the supply curve or surply function, cen

‘be represented grephicelly as in Figure 2.

"shortege," the very

In many discussions of the engineer-scientist
concept of a supply curve (relation between supply and price) seems to
be denied. It is often zlleged that because the individual scientist
and engineer, practicing or potential, is motivated more or less
strongly by non-economic forces (e.g., fascinetion of the job, desire
to mzke execiting new discoveries, interest in knowing more for its own
sake, desire to be free of routine) chenges in salaries ceannot be
expected to produce chenges in supply. It is said, for example, thet

many scientists will not leave an intereéting Jjob for =z less-interesting,

better-paying ﬁosition; thet many university scientists refuse to forsake
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the campus for the industriel lseboratory even for substantially grester
pay. Thése peints are intended as a refutation of the relevancy of
arplring the usual types of economic analysis to this market.

This view rests on a misunderstanding. Allrof the sbove factors will
be reflected in the position and shape of the supply function, but
they do not indicate that the function does not exist or cannot be
defined. For exemple, the argument about university scientists, if
velid, implies thet supply of university professor-scientists aveailable
to industry is very unresponsive to price changes. But it is not

true thet there is no level of industriel selearies, no matter how high,
for scientists thst could sttract more professors from the campus. All
that is necessary for the market mechanism to work in such cases is

for changes in the differentials in saleries to cause some shift of
scientists and engineers to jobs thet now psy more. In addition,

while as we shcll see the market mechenism "works" evern if the totdd
currently existing number of people of a specific skill is completely
fixed (uneffected by price changes), an increase in sclaries will cell
forth some increase in supply whenever an increase in supply is
possible. None of this means that minute changes in selaries cause &
vast reshuffling in jobs, that every engineer is always ready to move
regerdless of all other personal end professionel conditions, etc. /11
thet is asserted is thet there are alweys individuels who are "on the
mergin," end for this reason will find the sceles tipped by economic
considerations; in short, that individusls are enticed by sufficientiy
lerge differentiels. Whether or not these individuels are worth ec

much in the new job as to Jjustify such a differentiel is left to the



Judgment of the employer, whose job it is precisely to make these
decisions. (Policy issues affecting supply are considered more fu ly

 in Chepter IV.)

Price

FIGURE 2

Because each level of skill has an associated training pericd,
the effect of a2 change in salary on numbers of engineer-sciesntists will
not be felt immedistely. For simplicity of exposition, we shell ignore
the delay in response for the time being, but will reconsider it lezter.

Consider now the price (wage) designated by P in Figure 2. At this

rice, the market demand is satisfied by and equel To the supply
offered.. If 211 firms hire as meny enéineer-scientists at this pricec
as tney wish, they will in totel hire the number Q. But there will be
precisely Q individuels who wish to work es engineer-scientists. hence
the situation will be in belence, end we will refer to P and § as the

equilibrium price and the equilibrium guantity demanded and supplied,
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respectively. If the price P in facf‘bfé§;{ig”énd each firm and individval
acts as it wishes, there will be no reason for the situation to chzrnge in
the absence of outside forces affecting either the value of an engineer-
scientist's contribution to the revenue of a firm or the willingness of
individuals to become engineer-scientists at any given salary level. On
the other hand, at any price other than the equilibriur price, there will
be tensions somewhere in the market system. Some firms or some individusl
potential engineer-scientists (possibly both) will find that their desires
at the given price are not in fact satisfied.

It is to be expected then that, under ordinary circumstances, the
price preveiling in the market will not stay put at any price other than
the eguilibrium price because of competition among engineer-scientists and
among firms. If there is nc interference with the operations of the market
and its participants, there is a tendency for the actual price at which
transactions take place -- the salary at which engineer-scientists are in
fact hired -- tc zpproximate the equilibrium price at which the supply
of fered equals the amount demanded.

So far we have considered the special case where there is only one
type of engineer-scientist. In the rezl world, of course, there are many.
Even within any one type, first-rate scientists are not the equivalent of
those of lesser ability, and, strictly speaking, should be classified as a
different commodity. Though the essential principles of the preceding
analrsis are not changed, they have a more complicated expression, and the
advantages of graphical presentation are lost.

To illustrate the complications, suppose that we classify chemiczl

engineers into two grades of ability. Then the demend by a firr for
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first-rate chemical engineers at any given salary will not be a single
number but will depend upon the salary to be paid to second-rate chemical
engineers. To see this, consider any position for which the firm has
decided to hire a second-rate engineer. A first-rate engineer in this
position would create a greater return for the firm, but the difference in
returns is not as great as the difference in salaries. Now suppose that
the salary of secﬁnd-rate chemical engineers rises while that of first-rate
chemical engineers remains constant. The difference in salaries then
decreases, and there will usually be some positions for which the salary
difference becomes smaller than the difference in returns, which remains
constant. In these positions, the firm will now wish to hire first-rate
engineers where it formerly hired second-rate ones. Thus the demand for
first-rate chemical engineers at a given salary will increase as the salary
of the second-rate chemical engineers increases.

This means that the demand for first-rate engineers is a function of
the salaries of both first- and second-rate engineers. Of course, the same
is true of the demand fbr second-rate engineers. The supplies of the two
are likely also to depend upon both prices. If a second-class chemical
engineer can make himself into a first-class one by further training, then
he will have an incentive to take the trouble and bear the costs if the
salary difference is sufficiently great but not otherwise. Thus a rise in
‘the galary of second-class chemical engineers relative to the salarr of
first-class engineers will decrease the supply of first-class engineers
and increase that of second-class engineers.

Equilibrium now requires both that the supply of first-rate chemical

engineers equal the demand for them and that the supply of second-rate
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chemical engineers equal their demand. These fﬁo‘condiiionsvmust be

satisfied by the two salaries to constitute an eguilibrium set of prices.
Similarly, we may discuss the determination of equilibrium for any

nurter of related types of engineer-scientists. The general principles

are the same as for a single type. For expository rezsons, we will confine

most of our discussion to the latter case, but it is, of course, understoo:

that in many empirical studies the interrelation of the demards and supplies

for different categories will have to be considered.1

~

2. The Economiste' Use of the Term, "Shortzge!

If an econorist is told that a particular commodity is "short,® he
expects to find, when he looks at the market, that buyers wish to buy more

of the commodity at the going market price than is being supplied at that

price. In other words, the price is such that the amount demanded ics
greater than the amount supplied. This situation can persist only if there
is some obstacle preventins the market price from rising to the eocuilibriu-

i

price where the quantity demanded equals that supplied. 4 shortze

m
[WH
"

represented in Figure 2. If for any reason the price stars at some level
such as Pl’ insteed of rising to P, the amount supplied will be less than

that demanded. One can s2y that "supply is short of demand" —- that there

o+

ie 2 Mshortage." Or one cen say that demand is in excess of supply ~-- thst
there is Yexcess™" demand. The two expressions denote exactly the sarme thin-.
What could prevent the price from being bid up to where the amourt

the buyers would want to buy is just equzl to the amount offered? in

obvious case occurs when a government imposes a price ceiling. As wrs seen

1 see X. J. Arrow, "Price-Guantity Adjustments in Multiple Markets with
Rising Demands,™ The RAND Corporation, P-1364-RC, 7 May 1958, Santa Monic:,
California.



during World War II, if such ceilings are to be successfully maintained it

is usually necessary to accompany them by a rationing system so that the

supply, inadequate to satisfy the demand at the price fixed, can be allo-

cated. Prices and income no longer are allowed to do the rationing.

In addition to legalized price control, various private actions may
keep prices artifically low. Possible impediments restiricting prices may
appear on either the demand or supply side of a market. One such imped-
iment is illustrated by the emergence of the M"gray market® for steel after
World War II, even after price controls had been removed. The gray market.
was of course a manifestation of a M"shortage™ situation. Buyers wanted at

quoted prices more steel than was available; hence they were willing to

pay for steel more than the market prices asked by the major steel pro-

_ducers. For reasons not presently germane, the management of the major
steel companies chose not to accept prices which would have cleared the
market. Had they done so, the "excess demand"™ or, in other words, the

"shortage" would have been eliminated.

3. A Special Issue: Government Control Over Research and Development

Salaries

The suggestion has been made that the government, particularly the
Department of Defense, has created a shortage of the kind just described
through its regulations of salaries paid by constractors.2 There are two
types of control that restrict the freedom of contractors with regard to

salaries paid and could conceivably set an upper bound on salaries below

2 James C. DeHaven, "The Nationalization of Research and Development in
the United States,™ The RAND Corporation, P-853, April 30, 1956,
Santa Monica, California.
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the egquilibrium price. In the first place, in all government contracts
there is some measure of control over the costs incurred for particular
purposes; on cost-plus-fixed-fee contracts, which are characteristically
used for research and development work, the government is required to
review and approve all cost elements, including wage and salary schedules.
In the second place, the Air Force, at least, has special regulations that
require explicit approval of any salary in excess of $25,000 and feview of
all salaries above $15,000 on an individual basis.3

The mere existence of such regulations does not prove that the
government is creating a "price control shortage™ but does show that it
has some price control type of power over salaries paid by contractors.

The critical question is whether or not the salaries offered by employer-
contractors to scientists and engineers have been influenced to a signifi-
cant degree by the existence or administration of these regulations.

To our knowledge, there is insufficient evidence to answer this
guestion. That the Department of Defense has never actually turned down
proposed salaries as being too high is not conclusive evidence that the
regulations have had no effect in artificially keeping salaries down and
thereby creating a shortage; the absence of such cases might mean only that
employers have correctly anticipated the limits to which contracting offi-
cers werewilling to let salaries rise. There have been publicly expressed
complaints on the part of industry regarding these regulations, but, as far

as we are aware, they have been directed to a fear that the government is

attempting to usurp management's prerogatives and have not specifically

3 Robert M. Lobelson, American Avistion (Vol. 19, No. 25, 7 Mo+ 1056),
P. 23, '
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suggested that the regulations as administered have in fact repressed
salary levels. In response to these criticisms, Defense Department
officials have vigorously denied any intention to interfere with con-
tractors?' internal management decisions. They have repeatedly asserted
that the only purpose of the regulations is to insure that public funds
are not used to pay artificially inflated salares; in their terms, that
salaries are not Mout of line.™ We have not discovered any precise
definition of this phrase, but presumably the contracting officer is
expected to see that the salary paid to any given engineer or scientist on
a government contract is the same as the salary he would command if he
were employed on other work.

Despite the absence of sufficient information to draw firm conclu-~
Asions{ we suggest that no matter how the government chooses to use its
salary control powers it cannot create in the whole market a true "price
control shortage." The gdvernment, directly and indirectly (through its
contractors), hires only a fraction of the total number of engineers and
scientists employed, though the fraction rises to about half in research
and development. If the government were at all rigid in maintaining price
controls on its contractors, it would find itself losing engineer-
scientists to privately-financed research and development activity. For
example, if the government should decide not to permit salaries to be paid
today above the levels prevailing in, say, 1950, its contractors would
very quickly find that they were unable to obtain personnel. Since there
is no evidence that this has happened, apparently the government has not

pursued the policy, irrational from its point of view,4 of preventing

4 However, apart from the ™shortage™ issue, it is rational from one
point of view for the government to exploit its mass buying power to hold
down salary levels somewhat. See pp. 77-80.
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szlary riseé;w“ﬁérﬁould tentatively suggest from this indirect evidence
that 2t most the administration of these regulations has prevented salaries
paid by government contractors from rising more rapidly than szlaries paid
for work in the private sector. At worst, then, the government mzy have
caused some lag in the adjustment of szlaries to levels appropriate to the
situation of increasing demand.

It would be desiratle to have more evidence bearing on this gquestion.
Among other things that could be undertzken is s program of interviews
with govermment contractors in an effort to find out what, if any, impact
these rerulations have actually had orn their wege and salary policies. Tc
get significant answers, these interviews would have to be very skillfully
conducted because contractors may not themselves be conscious of the effect
of these regulations and their administrastion. Another kind of relevant
information would be a comparison of the rate, magnitude, and timing of
salary increases in the public and private sectors respectively. Such
information should be examined in conjunction with information rercardine
chanres in demand in the two sectors.

5

L. Dvnaric Shortaces

Suppose that the price of a commodity that uses engineers in its pro-
duction has increased. This means that the contribution to value of output

made by engineers is now higher than formerly. Assume further that each

? L. Llchian dissents in questioning the desirability of usinr the
"dynamic shortage" concept of Sections 4 to € as an alternative to the
usuzl analysis, wherein price always equates effective demand and supplr.
In the usual analysis the path of price and quantity adjustments is
explained by market period, short-run and long-run demand and suppl:
shifts; and not by a lagred response to a hypothetical demand and su
that would exist if foresicht were perfect, knowledpse free, and cos:
independent of how cuickly one wants to do something.

molvy
PRt
S
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. firm producing this coﬁmodity wagriﬁ eéuilibrium before the increase in the
cormedity price, thet is, that it had as many engineers as it wishel to
hire at a given selary level. This means that before the price rise ezch
firm chose not to hire another encineer because the net returns attribut-
atle to hiring him were not equzl to his salary. Under the new conditioens,
however, the number of engineers that it would pay the firm to hire =t the
previous salary has gone up. In the terminology introduced in section 2,
the demand by each firm at any given salary has risen and therefore the
market demand has risen. The change from the old situation to the new is
illustrated in Figure 2.

Price

Supply

. Temporary
™ "Shortage" D,

Dy

Quantity
FIGURE 3

‘Here Dl represents the oririnal demand curve for engineers. Curve Do

represents the new demand arising from some change in external conditiqns,
in this instance, the rise in the price of the commodity in whose produc-
tion the engineers are engaged. To avoid misunderstanding, let us recall

.that for present purposes we are defining demand zs the amount vhich the
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firm would choose to buy after esreful ealeulation. At any given moment of
time, the firm mayv not be fully aware of what its demand (in our sense) is
and seek to hire more or fewer engineers. But we do assume that the firm
will gradually become awzre of any such errors and correct them.

In Figure 3, Pl represents the eguilibrium price when the demanZ curve
is Dy. Let us assume that in fact Py was the price prevailing just tefore
the shift in the demand curve. After the demand curve has shifted to Dj, the
price that would brinz supply and demend into equilibrium is Pz. It is
indeed reasonable to suppose that the price or salary level prevasilins on the
market will eventually become P,. But this process typically will take tire.
In this section, we wich to examine what heppens during the intervel.

Consider the situation of a firm just after the shift of the demand
curve to Dy. A comparison of Figures 2 and 3 shows a strong analogy, not to
say identity. At the moment of the shift, the market is experiencing a
shortage, which is in many respects compzrable to what it would face under
price control. Each firm seeks to hire additional engineers at the price it
currently pays, but there are no mere engineers availatle at this price. ¥e
do not assume that each firm recognizes fully its demand, thet is, how many
enrineers it would be best to have under the new conditions. All thst is
required is that each firm realize it wants more engineers than it now hzs.
Then there will be unfilled vacancies so long as the firms do not raise
salaries above what they are currently payinc.

we have sketched the first response of the market to 2 shift in demard,
which is a2 perception by the firm of unfilled vacancies. Before goinz on
with the subsecuent steps in the process by which the salary eventuzlly
rises to its equilibriur level, let us e2sk if there is any evidence of &

_shortage in the sense just described. In view of 2ll the discussion of the
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Bshortage®” problem, it is remarkable how Iittle direct evidence is availztle.

" The National Science Foundation in 1953 asked officials in large companies

whether or not they were experiencing a shortage of engineers and scientists
for research and development purposes.6 As far a2s the reports go, no clear
definition of the term, "shortage,™ was supplied to these officials. It is
plausible to suppose that a respondent to the survey would interpret the

term to mean the existence of unfilled vacancies with salaries egquzl to those
of engineers and scientists now employed by the firm and performings equiva-
lent services. But the survey would have been more useful if the term hed
been given a careful operational definition in the questionnaire. At least
half of the firms reported that they were unable to hire enough research
scientists and engineers to meet their needs, although, except for the air-

craft industry, there was no industry in which all firms reported such a

shortage.

The picture given by the Natiornal Science Foundation study is similar to
that given by Dr. G. W. Beste in a study of the chemical industry.7 Referring
to the Ethyl Corporztion, Dr. Beste states, "We employ 370 chemiczl engineers
today but need an additional 3%. This 39 represent the accumulated deficiency
of the last five years."8 The meaning of the term, "deficiency,™ is not
explained, but it is perhaps fair to assume that it means the inability to

fill vacancies 2t salaries then being paid to employees.

6 See National Science Foundation, Scientific Manpower Bulletin le. £,
August 1, 1955.

7 G. W. Beste, M, Case Study of the Shortage of Scientists and Enrineers
‘in the Chemical Industry,' presented at the second meeting of the National
Comrittee for the Development of Scientists and Engineers, June 21, 1956.

g Actually, this deficiency turns out to be largely the product c¢f the
two years, 1955 and 1956. It is typical of the lack of historical perspec-
tive in the engineer-scientist shortage discussion that such short-run

"phenomena are made the basis for discussion of long-run policies.
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If Dr. Beste and the respondents to the National Science Foundationt's
survey understood the term "shortage™ in this way, there is then fracmen-
tary evidence of a shortage as manifested by unfilled vacancies, tut this
shortage is not large. Such a situation is to be expected when the demand
curve has shifted and the price does not immediately rise to the level
that would equate supply and demand.

We ﬁilimf;;;évgfiefl§ thé’;éqﬁékée of eventé.that will be observed in
the market as a result of the shift in the demand curve from Dy to Dy. At
the moment, any individual firm may not have fully calculated how many more
engineers it could profitably hire, but we may suppose that it will be
aware of wanting more engineers than it now employs. It will begin by
seeking to hire more engineers at the going salary but will find that there
are none to be had. Its advertised vacancies find no takers; its offers
are refused. In any event, the firm becomes aware that in order to hire
additional engineers it must pay higher salaries. The original decision
to hire more personnel must be reconsidered in the light of new informzstion
about the necessary salaries. The firm will have to calculate whether or
not the additional product derivable from additional engineers will be
sufficient to cover the higher level of salaries. In the situation envis-
aged, the firm will indeed eventually decide to hire some additional
engineers at a higher salary, but the decision will take time. First,
there must be recognition of the need for higher salaries, then approval
must be obtained from various echelons of management, and finally orders
must be issued to hire.

Thus the time lag in the firm's reaction is spent partly in learning

about the supply conditions in the market and partly in determining the
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profitability of additional hiring under the new supply conditions. This
however is only one step in the process of adjustment. First of all, the
firm may not yet have fully adjusted to the new demand curve; it has hired
some more engineers than before but possibly not as many as would achieve
maximum profitability. But second, even if the firm had hired as many as
would be profitable at the new salary level, the market as a whole would
still not be in equilibrium, because the firm is now paying a lower salary
to its old employees than to the new ones, and there is really more than
one price being paid for the identical services rendered by different
individuals. The multiplicity of prices is characteristic of disequilib-
riumn situationé, but in any well-developed market it cannot persist
indefinitely. What happens is that other firms, also experiencing short-
.ages, .bid for the services of the engineers belonging to the firm we have
been considering. While old employees will probably have some reluctance
to move, this reluctance is certainly not absolute but can be overcome by
a sufficiently high salary offer. That engineers do change jobs in
sufficient numbers to suggest a responsiveness to market forces has been
shown by Blank and Stigler.9 However, we would again expect a lag in
information. An employed engineer may not be in touch with current salary
offers, and it mayltake some time before he is aware that the salary he is
receiving is below what he might receive elsewhere. We would however
certainly expect that he will become informed eventually, and that the
discrepancy between his actual and his possible salary will tend to be
reduced over time. While some individuals will not be tempted to move

even in the presence of considerable possible salary increases, many would

9 . ) .

7 David M. Blank and George J. Stigler, The Demand and Suvrrlvr of
Scientific Personnel, New York, National Bureau of Econoric Research,
1957, ppo 29-30.
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be willing to do so; either they will in fact move or the hiring fifﬁ,rtor
keep them, will raise their salaries to the competitive level. Thus the
initial tendency within the firm for new employees to enjoy higher salaries
than old ones will gradually be overcome as the salaries of the latter are
raised in response to competition.

Thus; we see that it takes time, on both the demand and supply sides
of the market, to adjust to the new situation created (in our example) by
an increase in demand for the final product whose production requires,
among other things, the services of scientist-engineers. The total time
it takes demand and supply to adjust to the new situation is dependent on
how coétly it is for firms to decide exactly how many more employees they
want at various higher salaries, and how costly it is for the employees to
become aware of higher salary alternatives elsewhere .10

There is another mechanism which will work to eliminate salary

-differences within a firm but at the expense of slowing down the firm's
willingness to raise salary offers for new personnel. Salary differences
within the firm are certain to be a source of morale problems to the extent
that they are known, and clearly complete secrecy is out of the question.
There will be pressure on the firm to increase the sazlaries of all its
employees (in the same category) to the new higher levels. The lag in

adjustment of the salaries of already-employed engineer-scientists is

10 ye might note that in some markets such as the organized exchanges for
securities or commodities information is available very quickly, indeed
almost instantaneously, but this is clearly accomplished only because it
has been found worth while for those who buy and sell on these markets to
pav the costs of the operation of such exchanges. No such exchange exists
for scientists and engineers, and one can understand why: the product is
not homogeneous, and each unit of supply is controlled by a different
owner (i.e., the individual scientist or engineer himself).



- thereby reduced, but on the other hanc the firm is made more reluctant to

increase its salary offers to new employees because it realizes it must incur:
the increased’cost not only for the new employees but also for the old ones.
In effect the additional cost caused by the salary rise is recoznized by the
firm to be much greater if it has to extend the increase to all employees.

The total lag in the response of salaries to a shortage (in sense of an
excess of demand over supply) is then compounded out of the time it takes
the firm to recognize the existence of a shortage at the salary level being
paid, the time it takes to decide upon the need for higher sala;ies and the
number of vacancies at such salaries, and either the time it takes emplovees
to recognize the salary alternatives available and to act upon this inforre-
tion or the time it takes the firm to equalize without outside offers. The
_detai}s of this adjustment process have not been well studied, and they
would form a useful field of research. For many purposes, however, a sirrle
model suffices to bring out the most important implicetions of the abeve
picture for economic analysis and policy.ll

We have thus far been sketching a way of looking at the response of the
market to 2 single shift of the demand curve. We have suggested that the
price will tend to move to the new equilibrium price but with a lec. This
analysis has been preliminary to our main purpose, which is to consider a
situation of continuina‘change in demand (or supply). We suggest that this
"has been the case for engineer-scientists in the period beginnins about 1650.
For example, if the demand curve is rising steadily, then as the market price
rapproaches the equilibrium price, the latter steadily moves awav from it.

There will be a chronic shortage in the sense that as long as the rise in

11 See Appendix 1, Part Io  — oo
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. demand occurs buyers at any given moment will desire more of the commodity
at the average price being paid than is being offered, and the amourt of
the shortagze will not approach zero. The price will increase stesdily and
indefinitely but always remain below the price that would clear the market.
This condition will continue as long as demand is increasing.l2
The discussion to this point has dealt with 2 single market. In the
rez] world there are a number of related markets. Firms in different indus-
tries, in different localities, etc., mey in any given case compete for ths
services of engineer-scientists of certain specified skills. Therefore the
firms in any one industry will find that the supply availatle to ther
depends not only on their own salary offers but on the salary levels in all
industries buying similar skills. In short, the demand for engineer-
sclentists comes from a whole series of interrelated markete. This situsticn
cannot be represented graphically, but the general conclusions just drawn
remain valid.l3
To sum up, in the market for engineer-scientists or for any other
commodity we expect that a steady upward shift in the demand curve over =
period of time will produce a shortage, that is, a situstion in which there
are unfilled vacancies in positions whose salaries are the same as those

being currently paid to others of the same type and quality. Such a shortaze

we will term a dynamic shortare. The magnitude of the dynamic shortars

depends upon the rate of increase in demand, the rezction speed in the

~market, and the responsiveness of supply and demand to price changes. From

12 see Appendix 1, Part II.

13 4 demonstration is presented in a companion paper, Kenneth J. Lrrow,
"Price-Guantity Adjustments in Multiple Markets with Rising Demands,”
P-1364-RC, The RAND Corporation.
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the earlier discussion, the reaction speed may be expected to vary from
imarket to market. It depends bartly on institutional arrangements, such as
those that determine how often prices are changed, i.e., the prevalence of
long-term contracts, and partly on the degree to which information about
salaries, vacancies, and aveilability of personnel becomes generally availaltle
throughout the market. In the case of an organized erchange, such as those
for securities or certein agricultural products, we would expect the infor-
mation to be passed on so rapidly that the reaction speed is virtuall-
infinite and dynamic shortages virtually noﬁ-existent. In the following
section we will advance evidence for the hypothesis that the engineer-
scientist market for the last seven or eight years has shown a dynamic
shortage in the sense just defined.

5 Dynamic Shortzge in the Engineer-Scientist Market

Tﬁe preceding analysis has been very abstract. Though we have referred
to the market for engineer-scientists for the sake of concreteness, actuzllr
everything said would be equally applicable to any other market. We want to
argue here that because of the special character of the engineer-scientist
market and the demands made on it over the last few vears, the magnitude of
the dynamic shortace may well have been sufficient to account for a grezt
proportion of the complaints. It should be made clear fhat we are not
arguing that the mzrket is subject to unusual imperfections. Rather the
very w2y in which the market performs its functions leads to the shortare
in this particular period.

. A dynamic shortage is a possible explanation of the observed tensionc in
the engineer-scientist market because (1) there has been a rapid and stezd:r
rise in demand, (2) the responsiveness of supply to price is low, especially

for short periods, and {3) the reaction speed on the -engineer-scientist
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_market may, for several reasons, be expected to be slow. The hypothesis
“stated in the previous section would imply that under such conditions a
dynaric shortage could be expected. And we believe that such a shortage
would largely explain such reactions as intensified recruiting and attempts
at long-range policy changes observable in the industries affected.

(1) The market on which the tensions seem to be focused is not the
engineer-scientist market in general but the market for engineers and scien-
tists for research and development purposes. It is a2 matter of commer. knowl-

edge that there has been a very rapid increase in demand in this mariet.

During the year 1951 the total number of research engineers and scientists in

H

1L

industry rose from 74,02¢ to $1,585, an increase of 17,557 or 23.7 per cent.
Such an increase is clearly cepable of puttins a strain on the smooth
functioning of zlmost any merket.

The increase in demand is, in turn, to be explained chiefly by the
action of the government in contracting for research and development work ty
private industry. The increase in the number of research engineers and
scientists employed on government contracts during the year 1951 wes

1 . . .
15,547, so that virtually the whole increase in employment of research

N

engineers and scientists was due to government demznd. The importance cof
the increase in government demand as the chief explanation of shortaces hes

also been stressed by some observers, such as Dr. C. B. Jolliffe, of the

1L See U.S. Dept. of Labor, Bureau of Labor Statistics, Scientific
Research and Development in Americen Industry: 4 Study of Menpower and
‘Cosis, Bulletin No. 1148, 1953, Tables C-5 (p. €2) and C-11 (p. é€). This

_source gives the January 1952 employment and the percentage increase; the
other figures were calculated from these two.

15 fable C-13 (p. 70) of B.L.S. Bulletin 1148, ibid., shows that the
number employed on government contracts in Januvary 1652 wss 45,425 and that
this figure was an increase of 52 per cent over that of January 1951. The
figure in the text is calculated from these two.
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Radio Corporation of America.: Dr. Jolliffe also states that the type of

research and development done on military contract is more complicated than
the usual industrial work. This would imply that there is some differen-
tiation between the markets for engineer-scientists in military and in
other research and development, so that the full force of the increased
demand would fall on the former.

(2) While the increase in demand is an essential condition for a
dynamic shortage, its magnitude is also regulated by the responsiveness of
supply tc price and by the reaction speed. We discuss supplv problems at
some length in Chapter IV. To summarize the conclusions relevant here, we
may say that the responsiveness of the supply of engineer-scientists to
price changes may be expected to be small but not zero over short periods
of time, owing to the length of time it takes to train new personnel. Over
longer periods, higher salaries will certainly elicit a greater supply,
though again because of the importance of non-economic factors in choosing
a career and because of the uncertainty of rewards in the distant future,
the responsiveness of supply will be less than for commodities such as
manufactured goods. Hence while it would be totally incorrect to deny the
influence of price on supply, the responsiveness is sufficiently low to add
to the possibility of a dynamic shortage.

(3) There are three reasons why it might be expected that the speed

of reaction in the engineer-scientist market would be slower thar that in

16 .
® C. B. Jolliffe, "Electronics: A Case Study of the Shortage of Scien-

tists and Engineers," delivered to the President's Committee for the
Development of Scientists and Engineers, 21 June 1956. 1In discussing his
own company, Dr. Jolliffe says, "We could use one thousand more right now
without any question. Where could we use them? Mainly ori military con-
tracts because it is here——rather than in consumer and indusirial
electronics-~that the pinch is tightest." (p 6)
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the markets for other commodities, such as manufzctured goods, or even
than in other labor markets. They are the prevalence of long-term
contracts, the influence of the heterogeneity of the market in slowing
the diffusion of information, and the dominance of z relatively small
nurber of firms in research and development.

Typically, for the engineer-scientist already employed by the

government, a university, or 2 private industrizl firm, there will be no

ry he receives even in the face of

wm

instantaneous &d

J

pstment in the szl
demand changes, since contracts are not subject to daily renegotiation.
Even in the absence of specific contractuzl elements of this sort,
reaction is slowed down because of the greater job security which comes
with lonz service with a particular employer. Professorial tenure is ar
extreme and institutionalized form of this phenomenon.

Vie have had several occasions to note that the market for engineer-
scientistes is not a single one. The heterogeneity of the market mev
interfere with the diffusion of information because an individual
engineer-scientist may not know which market he belonss to. He mav be
awzre that an associate is getting a2 higher salary, which mayv sugcest
that he ought to look around for another position. But he mey very
well wonder whether the associate's higher salary is perhaps due to
superior ability or to the fact that somewhat different skills are
teing rewzrded more highly at the moment. Because of his doutts he will
be delayed in ascertaining his alternative opportunities. Thus the

“length of time before he actually does achieve 2 higher salary, either

from another firm or from his own, will be longer, and the reaction spezd
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~will be correspondingly less.

Finally, one special characteristic of the market for engineers and
scientists in research and development is that the typical buyer is larze;
in particular a single buyer, the government, directly and indirectly
accounts for about half of total demand.17 Since the scientist or
engineer bargains as an individual, there is room for the larcer burer
to delay salary rises. A large firm with large competitors has an
incentive to keep szlaries down rather than bid engineer-scientists awa:
from competitors up to a certain point. Any one firm in an industry
dominated by a few large ones will fear that increasing szlaries in order
to attract more scientists and engineers may set off competitive biddingc
that will end up with no substantial change in the distribution of
-scientists and engineers among firms but a considerably higher salary
bill. This is especizlly likely to be the attitude of firﬁs if the
totzl supply of the engineer-scientists for which they are competins is
not likely to change much in response to higher prices.

The desire to avoid competitive bidding sometimes takes the form of
"no-raiding™ agreements, drawn up amons otherwise competinz firms in the
same industry. 3Such a situztion exists to some extent in the electrical

equipment and electronics industries, dominated by Generzl Electric,

“! BuL.S. Bulletin No. 1148 (op. cit., fn. 15) presents some relevari
- ficures for 1951. 1In that year, seven companies spent 26 per cent cof the
. total evpenditures on research and development in industry (p. 21), and

‘the government financed 46.8 per cent of all such expenditures (Tatle L)

in addition to research performed directly by the government.
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Westinghouse, and the Radio Corporation of America, and in aircraft, where

and of output.

But in no case do the large firms dominate the research and development
market to such an extent that "no-raiding™ agreements or other devices to
limit competition in hiring can be effective indefinitely. If nothing else
happens, the competition of smaller firms forces the large firms to match
their offers. There is no evidence that attempts by the large firms to
avoid competitive bidding can in the long run prevent the market price from
reaching its equilibrium level. But they certainly can slow down the speed
with which prices will rise in response to an excess of demand over supply
and so, in accordance with the analysis of the preceding section, increase
and prolong the dynamic shortage.

In short, the very rapid increase in demand for the services of scien-
tists and engineers that this country has experienced ever since World War
II and particularly in the past seven years has led to "shortage! conditions
resulting basically from a failure of the price of such services to adjust
upward as rapidly and by as large an amount as warranted by the increasing
demand, given the supply schedule of such services. This lag in adjustment,
so far as we can see, can be attributed to a significant extent, not to any
successful overt attempt to control prices artificially, but to certain
inherent characteristics of supply and demand conditions and of the opera-
tion of the market. While the relative rigidity of supply in the short run
is unpleasant (from the buyers'! standpoint), and the price rise required to
restore the market to equilibrium may seem to be very great, it is only by

permitting the market to react to the rising demand that, in our view, we
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can have any hope of calling forth the desired increase in supply in the
longer run.

It must be recognized that the theory of a dynamic shortage rests upon
much weaker empirical foundations than other aspects of economic analysis.
The notion of prices adjusting to an excess demand is at best an approxima-
tion to reality. Observations that might provide direct evidence for the
meaning and magnitude of a reaction speed are at best casual. It would be
very useful to study the engineer-scientist market to test the hypothesis
of a dynamic shortage. The following might be studied: (1) the existence
of shortages for individual firms, in the sense that they are ready to hire
but cannot find additional personnel at the same rates they now pay for
comparable work, while they are not at the moment ready to pay higher
salaries; (2) the existence of different salary levels for the same work
'both ;ithin the firm and among different firms; (3) the degree to which
individuals are aware of alternative job opportunities with higher salaries
and the extent to which firms are aware of the saléries necessary to attact
additional personnel; and (4) the details of the process by which firms
actually decide to increase salaries and to hire additional engineer-

scientists.

6. Policy Implications of a Dynamic Shortage

The policy implications of a dynamic shor?age are very different from
those of a shortage due to price control. If we decide that in soﬁe impor-
tant market artificially imposed restrictions either on the demand or on
the supply side are resulting in price rigidity such that in the face of
increased demand, price is prevented from rising sufficiently to restore

the market to a balanced situation, then serious consideration should be



RM-2190-RC
6-6-58

-ZF-

given to removing such artificial restrictions. On the other hand, if we
have a case of "dynamic shortage™ we may ordinarily decide that all that is
involved is a lag in adjusting to new circumstances that are inherent in
the character of the market and the commodity. Only in cases where lags
result in prolonged and serious departure from equilibrium and, at the same
time, where there are workable policy measures to reduce these lags, should
we propose intervention.

If we decide in a given case that we face a "dynamic shortage" what if
anything should we do from a policy standpoint? First, should we take any
action, assuming for the moment that there are measures we can take which
will alleviate the situation? As long as the shortage is merely a symptom
of a lag in adjustment and unless the lag results in a persistent maladjust-
ment over long periods, there does not seem to be particular reason for
concern. As long as the movement of price in response to changes in demand
is in the right direction, then presumably if demand does not continue to
change rapidly, price will eventually adjust to the new situation. If
however, we discovered that price adjustments were so sluggish that there
continued to be an imbalance between supply and demand, then we would have
reason for taking action. This then raises the second issue: if action is
desirable, are there any policy measures available that will improve the
adjustment process in the market without introducing undesiratle inter-
ferences and imperfections in the market mechanism?

The fact is that none of the policy measures that have been advanced
really bears on the movements of salaries in the market. Our analysis has
shown that the elimination of the dynamic shortage can be achieved only by

a rapid rise in salaries. The significant fact about the recent behavior
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in the market for scientists and engineers is that, despite the resistance
to salary raises, they have been rising. If this process continues, and
if demand does not continue to rise more rapidly than salaries, the
dynamic shortage can certainly be eliminated.

Policy propbsals, especially those emanating from employer organiza-
tions, are likely to minimize the role of price increases. Any attempt,
private or public, to resist the called-for salary increases will only
serve to perpetuate and even intensify the shortage. 1In fact such action
might turn the dynamic shortage into one of the price-control variety.
This is not to say, as we indicate below, that we may not wish to supple-
ment the effect of relatively high szlaries in leading to an increzse in
the supply of scientists and engineers in the long run, by variocus measures
designed to improve the flow of information as to the probability that the
demand will continué to be high, or by actions designed, for example, to
increase the potential supply by improving our public schocls.

Why, it may be asked, if short run supply is relatively unaffected by
prices, shopld we permit salaries of scientists and engineers tc rise?

All this does, it may be argued, is to increase the incomes of a specizl
class in our society, and results in boosting our national bill for
research and development. There are two reasons why the M"excess demand"
should be eliminated by the necessary rise in salaries. One we have
already indicated: today'!s salary increases serve as the "signals" which
call forth the increase in supply in the lqng run. If the signals are
prevented from appearing or are obscured by artificial controls, then the
shortage may persist indefinitely. The second is that those using the

services of scientists and engineers should be faced with the "true™ price
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of these services if they are to use them economically. We discuss this

probler at length in the following chapter under the heading "miszlloca-

tion."

7. The Blank-Stigler Definition of a Shortage

In their recent important study of the engineer-scientist market
Blank and Stigler;Baddress the issue raised in this paper: Has there been
a shortage of engineers and scientists? Considering several definitions
of the term "shortage," the authors settle on the following: "A shortage

exists when the number of workers available (the supply) increases less

rapidly than the nurber demanded at the salaries paid in the recent past.

Then salaries will rise, and activities which were once performed by (say)
engineers must ncew be performed by a class of workers less well trained and
less expensive."19 Blank and Stigler rely primarily on a comparison of the
earnings of engineers with the earnings of other professional groups and
wage earners in order to test the hypothesis of a shortage of engineers.

By definition a shortage exists if the relative earnings of engineers have
risen.

The authors look at such data as is available going back to 1929, in
more detail at the period since 1939, and in still greater detail at the
post-World War II period. They say:

We may summarize these pieces of information on engineering
earnings as follows. Since 1929, engineering salaries have declined

substantially relative to earnings of all wage earners and relative
to incomes of independent professional practitioners. Especially

18
Blank and Stigler, op. cit., Chapter II, p 2.

19
Ibid., p 24. Italics by Blank and Stigler.
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since 1939 engineering salaries have declined relative to the wage

or salary income of the entire group of professional, technical and

kindred workers, as well as to the working population as a whole.

After the outbreak of the Korean War there was a minor increase in

the relative salaries of engineers (and of other college trained

workers), but this was hardly more than a minor cross-current in a

tide. Relative to both the working population as a whole and the

professions as a separate class, then, the record of earnings would

suggest that up to at least 1955 there had been no shortage--in

fact an increasingly ample supply-—of engineers.i2

The Blank-Stigler conclusion that there has been no significant short-
age must be viewed not only in the light of their definition but also in
the context of their major concern with long-run trends, not short-run
phenomena. It might be pointed, however, that it is only in the post-Korean
era that there have been any complaints of shortages in this market. There-
fore even if one is primarily concerned with the broad sweep of events, it
seems proper to suggest that the period of real interest as far as possible
- shortage goes is that of the last few years, and with this interest in mind
one may legitimately view "the minor cross-current™ as being significant.
The reason that Blank and Stigler adduce for dismissing the evidence of a
shortage (by their own definition as tested by their own data) in the years
since 1950 is that the relative change in salaries of engineers has been so
slight that the shortage could not have been seriocus. But concluding that
the market is a free, competitively working market, they do not consider
the suggestion put forward here, namely, that even though there may be no
obvious imperfections in the market, there may be a considerable lar in the
adjustment of salaries in response to changes in demand.

It is worth noting just what the Blank-Stigler data do show. By their

definition a shortage exists whenever the price of a given commodity rises.

20
Ibido, pp 28"90
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From 1950 to 1956 they show a rise in aﬁérage stéiﬁing salaries for

college graduates with an engineering degree of 51.5 per cent (Tatle 1k,

P 28). Since increases in starting salaries for college graduates in other
fields have been roughly comparable (though none are quite so high for this
same period), this merely indicates, by their definition, that there has
been a shortage of college graduates in general, i.e., a rise in their
relative wages. (The same table shows that, for the period 1950-1955,
starting engineers! salaries increased by 38.0 per cent compared to an
increase for manufacturing wage earnings of 31.8 per cent.)

Blank and Stigler acknowledge that there has been considerable talk
about a shortage of engineers and scientists, but having concluded that
there has not in fact been a "shortage'" of the price-rise type of any
significance, they make no attempt to explain all the talk except to point
to the use of the word "shortage" as embodying some social criterion. It
may be their hypothesis that the recent complaints of "shortage' have been

based solely on this use of the term.

8. Other Uses of the Term "Shortage"

Even the casual observer is aware that the term "shortage™ has been
used in many weys markedly different from the economist?s. Perhzps
the most common way in which 'shortage™ is used in everyday parlance
is to describe those situations where a significant increase in demznd and/
or decrease in supply has resulted in a major price rise. Then, even if
there is no shortage in the economist!s sense (i.e., even if the price rises
as much as required to clear the market under the new supply-demand condi-
tions), many people who formerly consumed some of the commodity or service

in question and now find the price so high they no longer want as much (or
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any) will describe the situation as one of Mshortage." Actually, this is
merely one way of saying that they can't get the given commodity at its old
price. We can think of many examples of this use of the word Mshortage."
For example, the "servant shortage" during World War II was a case in point.
Those for whom the increase in household servants! wages was more than they
could afford to pay, apparently found it more convenient to describe their
change in circumstances as a result of a "shortage" than to admit baldly
that they just couldn®t afford to keep servants. As we have seen in pre-
vious sections of this chapter, the economist would not describe this change
in the servant market as a shortage, since there is no evidence that prices
did not rise sufficiently to eliminate excess demand.

It seems reasonable to explain a good deal of the current complaint
~about.a shortage of scientists and engineers as a variant of the "servant.
shortage' phenomena. Employers who find themselves losing engineers to
other firms and at the same time find it uneconomic to try to keep these
employees by offering them substantial salary increases may see the situa-~
.tion as a "shortage" rather than recognize that other firms can put these
skills ﬁo more valuable uses.21

Many of the public statements by leading scientists, engineers and
businessmen directed to the "shortage" question seem to have implicit in
them yet another definition of shortage. As we ha#e seen, the economist
défines shortage in relation to the equilibrium of a market; that is, he

assumes the demand and supply functions as Mgivens,™ determined by the

21
While we lack specific evidence, we have the impression that the firms

who have complained most insistently about a "shortage'" have been those
whose demand has not increased or at least not increased as rapidly as that
of other firms in their industry.
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underlying supply of resources, the production possibilities and consumer
wants. Many of those who have expressed concern that our supply of scien-
tists and engineers is insufficient seem really to be saying that the
demand (and therefore the supply) should in their judgment be higher than
it is. They appear to argue that, in their judgment, we need more people
of this training in order to undertake various activities at the proper
level. In other words, they are speaking in the same way as one who points
to a dietary deficiency and says we need such and such an increase in
calories per person in order to have "proper" standards of health. This is
the statement of a physiological "demand,™ not an economic demand. Such
statements are of course perfectly respectable., There can be no objection
to an authority speaking of a *'shortage™ of proper food, nor of his arguing
that there is a "shortage™ of scientists and that something ought to be
done about it.

The only point we wish to make here is that it is not proper to inter-
pret such statements as if the word "shortage" had any direct relation to
a market shortage in the economistts sense of that term. This can be
important, because the economist's prescriptions for removing a shortzge,
such as removing the imperfections preventing price from adjusting to its
equilibrium level, will do nothing to meet the pleas of those using shortage
in this other sense. For what they are saying is that, in their view,
society should be willing to pay more for the services of scientists and
engineers, or, what amounts to the same thing, that the demand (in the
economic sense) should be greater than it is. They may be arguine {(gquite
correctly as we will indicate in Chapter III)that a private enterprise

market economy tends to underestimate the value to the community of the
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activities of scientists and engineers, and that the govermment should
attempt to correct this undervaluation by extending its support of research.
Or they may be arguing that more young people with the necessary ability
and gualifications should pufsue scientific careers for idealistic, non-
economic motives. Finally, they may hold another position, which we will
examine, namely that we need more scientists and engineers in order to '
hold our position Xii\i vis the rest of the world and particularly the
Soviet Union in the battle for technological superiority.

| While anyone may agree or disagree with any of.these positions—-for
example, the view that consumer tastes should be such that there will be &
large enough demand (in the economist!s sense) to call forth, say, twice as
many scientists--such a position is basically unassailable since it rests

. on a personal value judgment. And such statements may be successful in
changing public attitudes sufficiently so that market demand is increased
for the services of scientists and engineers, for example, by public
approval of greater governmentally-supported research and development
activity.

Since these value judgments are not as a rule to be carried out at the
expense of the one making the judgment, it is perhaps not surprising that
some are extravagant bty any sensible standardsf Thus the International
Business Machines Corporation is alleged to have estimated in 1956 that
manning the computers then on order would 'require! 7,500 mathematiclans

22
of whom 1,500 "should" be Ph.D.'s. At that time, the number of Ph.D.'s

22
See, "Remarks of Dr. Alan T. Waterman at the Annual Air Power Sympo-

sium of the Air Force Association,™ press release of the National Science
Foundation, August 3, 1656.
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in mathematics produced annually was approximately 250, of whom the great
majority were not interested in computing. If these requirements are to be
taker seriously, they would indicate a preposterous lack of foresight on
the part of either the International Business Machines Corporation or its
customers, roughly the equivalent of placing a city in the midst of the
Sahara Desert and then complaining of a water shortage. The truth of the
matter, of coufse, is that the computers are and will continue to be manned
by people with lower educational qualifications.

The economist can contribute to the discussion of value in two weys be-
yond his contribution as 2 citizen. First, he can remind us that ordinarilr
we can only get more of one thing by sacrificing somethins else. Ve cartt
increase the supply of scientists without having fewer people with other
types of specialized training. Second, he can point out the significance
of a freely opefating competitive market as a standard for insuring that
resources are used in the most efficient way. This particular contribution
is so important that the next Chapter is devoted to it. The market should
operate so that no shortage in the sense described in Section 1 develops.
But to the extent that institutional obstacles prevent the ideal competitive
market in all its aspects from operating, the economist may find that the
actual supply and demand conditions result, for example, in fewer scientists’
and engineers than the competitive ideal would supply. One might speak of'
this situation as a "shortage,” although this is not the usual language of
econozics. * For example, suppose that entry into the profession were limited
by some type of licensing scheme. In the strict analytic sense, there will
be no shortage, since the supply is constituted by those actually licensed.

But the supply is monopolistically restricted and smaller than it would be
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i entry were free. The econcmist might then affirm that such restrictions
should be removed or reduced in order to improve resource use; or, if the
restrictions or other imperfections of the market cannot be removed, he
might recommend government intervention or other measures to make the
situation closer to what it would have been under perfect competition.
Thus the economist can bring an argument of efficiency to support a looser
argument of fairness. This position is close to the usage of the word
"shortage" in the sense of demand and supply falling short of a standard
set by value judgments, as just described.
We can summarize this section as follows:
(1) Many of those who have complained of a Yshortage" of scientists-
engineers are really complaining that they can no longer afford to hire as
‘many as they used to, or as many as they would like to at the old salary
levels. By the same token; those of us who drive Fords and Chevrolets may
deblore the "shortage'" of Jaguars and Cadillacs.
(2) Many of those who have expressed concern over the existence of
a "shortage,' seem in fact to be saying that the aggregate national demand
for the services of scientists and engineers is less than it oucht to be.
In the language of the economist they are not saying that the supply is too
small, given the existing market demand; they are not asserting that the
market mechanism is failing to work properly so as to "clear' the market.
Instead, they are reproving society for having "too low" a demand. Their
view of what ought to be is based on their personal judgments, which may be
influenced by a variety of factors such as our "technological race" with
the Soviet Union, their view as to the tremendous advances which might be

made if more scientists and engineers were put to work on various challenging
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and important problems in fields rancing from human decease to space

A travel, etc.

(3) With one exception, the economist has no special competience in

discussing these value Judgments, let alone adjudicating amons them. His
role is to remind the community that more scientists and encineers coct
something in the sense that other activities must be reduced if we are to
have more scientists and engineers. The exception, which we deal with
below, is his competence in demonstrating that z privete market econony
may at times operate so that the demand for scientists and engineers does

not fully reflect their vzlue to the community. In this sense he too mew

deplore a "shortar=.“

G. "Surpluses"

It is worth noting that just as some people talk about "shortages,"
others use the word Y“surplus'" to describe the situation where demend has
fallen (or supply increased). The term "surplus" (of supply) to refer to
this situation, though commonly used, is extremely misleadins. Just zs

people who use the term "shortage' are actually sugrestinc that supply

Py ¢

Y

ought to be increased (rather than price beings allowed to rise to adjust
demand to supply), so those who complain of "surpluses" are really sur-~
gesting that supply ought to be reduced in order to keep prices up, rather
than letting prices fall so as to increase the amount of the commodity
-demanded to the point where it matches the supply at the lowver price.
Whatever may motivate the choice of words, the terms "shortage" and
'"surplus" are extremely misleading in that they sugzest policy measures

that may not be justified by the true situation.

For example, there would be much talk about "surpluses" if the supply
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of servants should increase as a result of a fall in demand for their

labor in other occupations. Household maids and chauffeurs would complain
bitterly. But again the question must be asked, "A surplus at what price?”
If at the old price, then this would mean only that people are complaining
that the demand for their services in other occupations is not as great as
it used to be. Rather than admit to the nécessity of taking wages that
reflect their lowered service value, they prefer to complain of a "surplus,"
implying that something is wrong with supply. Again, if demand did not

fall but supply increased, the complaints of "surplus™ would mean only that

at the old higher price, demand was not great enough to employ the larger
supply. At lower prices the amount demanded would be increased until the
number available at a sufficiently low price was fully employed. This kind
~ of complairt about "shortages™ and "surpluses" can be heard about all kinds
of thingé: wheat, butter, milk, servants, engineers, salesmen, paper, etc.,
etc. Talk about "shortages! means that some people, buyers, for exarmple,
are distressed that others are now successful in draining away resources by
offering more for them. Complaints about "surpluses,”™ in turn, mean that
sellers are distressed because new suppliers have so increased supplies as
to enable buyers to get more at lower prices. Unfortunately the policy
action that such complainants geem to demand is that other people be
restrained from bidding away the resources that used to be had af lower
prices or, in the case of surpluses, that competing sellers be prohibited
from entering the market and providing more suppiy at lower prices to
buyers. Actually, no policy changes or action is necessarily called for at
all. Price adjustments in response to demand and supply changes are the

normal working process of a free-price, private-property system.
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CHAPTER II

THE ECONOMIST'S CONCEPT OF MISALIOCATION

The fact that at every moment the total stock of trained engineers
and scientists of various qualities is given raises two inesczpable
problems. First, what allocation among various tasks is a good 2llocation
of theée engineers and scientists? Second, how shall this allocation be
brought atout?

l. The Optimal Allocation

The first gquestion can be made precise only if a "good® zlloczticn
czn be defined. By "goodﬁ the economist means the greatest possitle value
of output that can be obtained, taking into account the willingness to
work. The output of engineer-scientists is not a single thinc but
‘many: - chemicals, airplanes, new idezs, and so on. The values of these
different outputs reflect the desires of consumers, inclu&ing the
government, a collective consumer. Consumers! desires are revealed b:-
their readiness to give up one thing for the sake of gettinc somethin-
else. This sacrifice of goods for the services of engineers is the
exchange ratio that the market expresses as prices and wares.

Given the momentary tastes and preferences -~ no matter how these
are determined or effected —- an optimal allocation of engineer-scientists,
or of any productive resource, is the one that will yield the "highest
blevel of satisfaction” to the members of the community. By highest
" level of satisfaction is meant simply that it is impossible with an:-
other allocation to produce a greater level of satisfaction for anr-

member of society -- unless one hurts someone else in order to do it.
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Poor or inefficient allocetion is one in which it is possible to revise
sllccetions further such that some people ere made still better of?f

without enyone else being hurt. Cleerly, if it is possible to improve

ot

hings ir this sense, then the existing allocation should be changed,
and for this reason the existing arrangement is called "bed" or
"inefficient.” ZEconomics uses the term "efficient" to denote this kind
of goodness, znd "inefficient" to denote its absence.

In time the stock of engineer-scientists can be made bigger or
smaller. But if it is bigger, it is at the expense of fewer people
treined ir other skills, e.g., doctors, lewyers, musiciens, carpenters.
The fact that more scientistis and engireers will result in & greafer

ustify en

Coe

output of their kind of services is not sufficient to
increase in the stock of scientist-engineers. It must be grester then
the sacrificed potentisl output these men would heave yielded hed they
entered other occupetions. Only then can we conclude thet more engineer-
scientists should be treined. Further, trzining new engineer-scientisis
is itself costly. It uses up resources that could be used for other
purposes. These educstionel facilities, for exemple, could be used to-
trein more psychclogists, business menagers, teachers, or skilled

production workers, and these are but affew examples of the alternstives

-
* Ve have spoken end will speek of the satisfection of the commmity's
desires without going into the distribution of those satisfections among
individuels. In evealusating a proposal for social policy, one might object
to one which incresses the averasge level of satisfaction but which effects
some adversely while raising the level of others more than correspondingly.
In considering the engineer-scientist merket, however, we are considering
such z smell part of the economy thet nc policy chenges discussed ere apt
to have & significent effect On totel income distribution. We will
therefore ignore distributionsl effects in subsequent discussion.
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t0 increasing the supply of engineer-scientists. An efficiently
operzting econoric system--in sigraling thet more engineer-scientists
are desired--would simultaneously be meking this comperison of relztive

elternative worths.

2., Optimal Methods of Allocation

Nothing in the preceding discussion suggests how zn efficient
gllocetion of existing engineer-scientists czn be brought about. Lor
does it suggest how the future supply can be modified in the appropricte
directions. What is necessary is & mechenism that will enzble our
desires for the services of engineer-scientists and, indeed, for &ll
other goods in the economic system to be reslized end to function es
controls over the treining and kinds of work that people undertzake.
That4such 2 mechanism exists in the operstiorn of z free econory seems to
heave escaped the awareness of many people who ere complaining sbout ez
engineer shorizge. For example, a2 high-ranking genereal testified before
a Congressionel committee that in the race for the development erd
production of scientific weapons, the Russien form of society hes

"e greect zdventiesge in that they can tell their youth what thsy are

going to do, whether to go into scientific training, or whether tc go
into the army or the air force, and they can with their system mcke

2
and

their services so ettractive thst men want to be part of them.,"
from enother equally high-ranking general, we have the following

testimony offered to Congress: a Russian advantage is that "they can

2“"Study of Airpower,' Hearings before the Subcommittee on Armed Forces,
United States Senate, Eighty-fourth Congress, Second Session, April 16,
20, 1956, Part 1 (GPO, 1956), p. 59.
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disregesrd public opinion, and that they have the power to induce a
yourz men who mey have engineering talent or scientific skill, to pursue
eny line of effort that they want."3

These are bui samples of the cormwon belilef that the Soviel systen
has a more effective and efficient control mechanism than ours. Is it
true that a free economy is weaker in its control technigue or that it
is less able, whatever the level of effectiveness of its control
techniques, to achieve efficiency?h In fact, subject to severeal
quelificetions thet we desl with later, an efficient ellocation of
resources can be obtzined by an economy of competitively determined
prices. But this fact seems to be widely ignored for several reasorns.
The system was not invented by anyone. It works independently of any
common understanding that it has the property of efficiency and
independently of any centrel, directive authority. ¥For these reasons
2 person can easily fell into the trap of concluding thet it lecks
effective and efficient control.

In = competitive system, each individusl is at liberty (2) to
choose whetever kinds of treining and jobs he wishes, given the meorgev
costs znd incentives of getting theat training end of working in those

jobs; (b) to produce whatever goods end services he chooses end (c) to

]

7 Toide, P 9

b We do not discuss a third criterion--thet of the cultural and
socizl milieu within which interpersonal problems are resolved--because
acceptance of the principle of individual end perscnal freedoms and
rights is so widespread es not to require eleboration. An under-
standing that & free privete property individuzl choice system is ¢lso
e very efficient ellocator of productive resources is what seems to be
lacking, hence this is the feeature emphasized in the present
discussion.



consume or exchange them for whatever other goods he wishes at mutuzlly
sgreed exchange rates with other people. Only by offéring incentives in
the form of freely acceptzble or rejectable payments as rewards for
services are individuals induced into certain skills. This mechanism

for letting the tastes of the members of the community shape the allocztion

and supply of resources is termed the free price, private property

system, or "capitalism" for short.

Trite as the foregoing mey seem, it is importent. Cean a person or
& society logicelly say thet it wants or needs more scientists and
engineers then it is willing to pay for? If one says he needs or wants
more scientists than he can get at the amounts he is currently willing
to offer, he is saying, in effect, that as much as he wants or needs
" such skills, he neither wents nor needs them as much as other things
which he wéuld have to give up. It is inconsistent to say that one
needs or wants more of something than he now has at the price he must
pey for it, if he prefers instesd to heve other things. What his
statemernt really means is that he wishes he were richer so that he
could have more of everything.

To be sure, the ability of the price system to insure that
resources are as well directed as possible to the satisfaction of
people's tastes depends on the presence of certzin conditions. (1) The
prices must be such as to meke the amount supplied end the amourt
demznded of any good or service equal. In the engineer-scientist
merket, the saleries must be such that there are neither firms willing
to hire more engineer-scientists at the wages asked by scientist-

engineers than are available nor more engineer-scientists willing to work



RM-2190-KC
6-6-58
46

" than are eble to find jobs. (2) The rewards and costs of any productive
activity, including training, must be reflected in the prices and
incones received and peid by economic agents responsible for that
ectivity. (3) No market price should be controlled by a single sgent
acting either as a seller (monopoly) or as a buyer (m.onopsony).5

If any one of these conditions is not sstisfied, there is
presumptive evidence that the price system is leading to an inefficient
gllocetion of resources. Our subsequent aneglysis in this chapter will
therefore for the most part investigate the possibility that one or

more cf these three conditions is viocleated.

3. Misellocations and Shortages

As we heve pointed out in Chepter I, an inequality between supply
end demend at a quoted price in the engineer-~scientist market takes
the form of a shortsge or, equivalently, of an excess of demand over
supply. We will trace out in some deteil how this kind of shortege of
engineer-scientists is presumptive evidence of a misalloceation of
resources.

First consider the case where firm A has &ll the engineer-
scientists it wishes at the current sslaries while firm B would like to

hire =zt least one more engineer-scientist. We assume that the mearket

- 4 fourth condition which pleyvs a2 role in some contexts, thourh not

especially here, is that there not be important economies of scale in
production.

~ For a more detailed elaboration of the efficiency properties cf 2z
competitive system see, for example, J. E. Meade and C. J. Hitch,
Econoric Anzlysis and Policv, Oxford University Press, New Yorl, 193€,
Part II, or T. Scitovsky, Welfare and Competition, Irwin, Chicsaro, 1951,
Chapters III-VIII.




value of the outputs of the two Tirms reflects social value. (See

' Section 4 that follows.) This means that for firm A the net increzse in
value of the firm's output resulting from.employment of another
encineer-scientist would not exceed his salary. On the other hand,

firm £ would have an increase in output greater than the salar; ¢f =
new engineer-scientist if it employed another one. It follows that the
total value of the output of the two firms would be increased if an
engineer-scientist were transferred from firm A to firm B, for the loss
in output to firm A would be about equal to the going salary rzte

while the increase in output to firm B would be greater than that rate.
Thus if some firms want to employ more engineers at wzzes hirh enougl to
atiract them but are for some reason unable to do so, and if some other
firms are not experiencing such a shortagze, we have clear evidence that
ﬁhe foéal output could be increased by = reallocztion of the existing
supply of engineer-scientists.

When all firms are experiencing shortages, the argument is = little
more complicated. In the preceding paragraph, the essential point wes
that if two firms could get different values of outputs out of an engineer-
scientist, total output would be increased if personnel were transferred
from the low-value-of-output fifm to the high-value-cf-output firm: the
"shortage" or lack of M"shortage® at a given salary was a wzy of
demonstratine the inequality in the productivities of the enrineer-
scientist in the two firms. If all firms are experiencing shoriacec:,
‘then all we can directly infer is that for each firm the output
derivzble from an additional engineer-scientist is greater thar this

salary. But, we would expect that only by sheer accident wculd £irme
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i not differ in the productivity of en edditional engineer-scientist,
end hence even in this generslized situsastion there would be
nisgllocetion.

Only if salaries rise until there is no "shortege" of this type
will this source of misellocation be eliminated. Less efficient firms,
unsble to match higher sslary offers, will be forced to give up
engineer-scientists to more efficient ones. The less efficient firms
like to resist this force by celling it "pirsating," for only in the
gbsence of such "pireting" cen they continue using engineer-scientists
in relatively unproductive weys.

It should be observed that the preceding ergument thet shortages
of this type eare wiped out by competitive salaries does not depend upon
the assumption that the totsal supply of engineer-scientists will be
increased by & salery rise. The argument has rested soiely on using &
given number of engineer-scientists as efficiently as possible. But
as we pointed out in the preceding chepter, salary increases (reletive
to other salaries) will incresse the number of engineer-scientists,
end this effect therefore provides en additionsl Justification for
letting supply and demend govern salaries. This supply argument is
similar to the preceding efficiency analysis, except thal it rests on
competition emong different occupstions for the limited supply of
potentisl entrants rether than among firms for the supply of elresCy
trained personnel.

If there are compleints of a shortege in occupstion A (say,
engineer-scientists) but no complaints of shortage in occupation B, then

exactly the same argument holds, nemely, that totel netionel output



_will be increased if there occurs £ shifting of actuzl or potentizl

:members of occupation B into occupztion A. This shifting will be
greater as time passes because, for one thing, the effects on
students ready to undertake training can be considerable. The
possibilities of such shifting are discussed in greater detzil in
Chapter I’v’.7

L. Diverrcence Betweern Social and Private Rewards and Costc

In a free econory it is prices that conveyr information about the
desires of the people for different products and the alternative uses
of resources. Normelly if a man creates a product or renders 2 service,
the laws of property permit him to charge a price (i.g., exchanre
products) so that he will be motivated to supply those goods or services
“that have the greatest value measured by the price others are willinz
to pay. Similarly, if the producer requires a comrmodity or = éervice
to be supplied by someone else, a price has to be paid, and the
producer will have an incentive to economize on the use of goecds or
services that have.important 2lternative uses or thast involve

considerzble dissatisfaction to the seller.
There are circumstances, however, in which individuslly desiratble

behavior is at variance with this principle. A classic czse is that

7 ihen comparing different occupations or firms, it is rezlly no
neceszary that they have the same salary level, since occupzaticn: ¢
firms may be more or less attractive irrespective of salery. The

-criterion for optimal allocation between occupations or firms is thzt

‘the net gains, counting both income and the satisfaction of the individu=l
in his job, be the same in both. In a free market, the salary differences
automatically -adjust in the direction of offsettinz the differences in
Jjob satisfactions, so thet it remains true that a "shortaze" irn one
occupation but not in another is a signal of misallocation.
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of smoke produced by an industry. An industrisl process often involves
the creztion of a by-product thzt is of considereble disutility to
other people, and for which our legzl structure does not require
compensetion. As far as the net creation of satisfactions to society es
& whole is concerned, the dissatisfaction caused by the smoke should
properly be offset as a cost of the output of the productive enterprise.
But the individusl producer does not teke the effects of the creztion
of smoke Intec account, since he is not required to pey other pecple

for -their loss of clean air. Hence, the industriel ectivity thet
produces smoke will be underteken orn & larger scele than is sociglly
optimel; or, what amounts to the same thing, the enterprise responsible
for this activity cannot be expected voluntarily to &d4 to its costs

by using smoke abatement or elimination techniques. Not all the
rhysicel property deamages thet other people are forced to incur are
charged to the individuszl who causes the damszge.

The resson for this undesirsble behavior is not soms inherernt
defect in the pricing system, nor is it thet free merkets and privete
property distort motives. The source of the difficulty is that priveate
property rights are not widespread encugh--in perticular, properiy

rights in smoke and fresh zir hzve not been estsblished becsause of the

—

reonivitively high cost of deing so. I such righis were feasitvle zxnd

(1

~

coull be chearly enforced, we could then prevent crestors of smciks
Iroz dumping their smoke on our property or from taking awzy our frecsh

ir in exchange for bad. Whsre preperty rights cannot or hzve rct Teen

]
ot

L

esteblighed we cannot expect the voluntary exchange price sysiem to

cperete--1it simply doesn't exist. In this situation a substitute me=ns



RM-21GC-EC
g-6-5¢
—51—

. of control is used, e.g., special laws prohibiting certain kinds of
action or taxes imposed on such esction. Usually these special laws
attermpt to prescribe behavior of a type thet simulates the behavior
that would be observed if property rights were present.

Similer considerations may apply if a productive enterprise
produces benefits for which it is not compensated. We shall argue below
that this is true of reseerch and development work (see III.2). In that
case, the emount of productive activity will be smeller then if the value
of services could be realized by the producer.

The divergence between social and private rewards and benefits is
a ceuse of misallocation quite independent of the "shortages " we
have been discussing. Indeed, these two factors, the "shorteges” end
" the failure of the property system to include all conceivable property
rights, might work in opposite directions, at least for a while.

Thus one possible explanation of the engineer-scientist merket over the
pest decade is the following: the government became swere that the
emount of research and development wes too smsell because of the feilure
of the benefits of reseaerch and development to be adeguately incluled

ir the private property, price system. In an effort to remedy this
situation, it increased research and development expenditures repidly
and thus crested incressed demand ond "shorteges" (see Chepter I,
gbove). Thus the effort to elimincte misallocetions from orne ccuse
might have given rise to "shorteges," which imply other misallocations.
If so, it mey be that the gains from inecreasing reseerch and development

expenditures outweigh the losses due to "shortasges," which in eny case

can be expected to be temporary.
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5. Monopoly and Monopsony Inefficiencies

As the totel rate of output of any product increases, the price at

which it can be sold ordinarily decresses, other things remaining equel.

Q

¥

If there is & seller of the commodity who is sufficiently large to

affect price in this wey, he will teke account of this fact in setting
his rate of output. He will be awsre thet an incresse of say one unit in
the rate of output will incresse his toteal receipts by less thean the
selling price of that one unit, because the price at whichthe entire rete
of output is sold is now lower. This reduction must be subtracted from
the selling price of the new unit of output. This means that the
“"effective" price received by the seller for increeasing his rate of
output’ by one unit is less than the actual selling price. 1In such a
situation there will be & misellocetion of resources, because CONSUMErS
are willing to pey for en additional unit of output more than the
increase in receipts reclized by the seller (who is teking into eccount

the effect of the reduced price on his total receipts). The producer

o

T

bed

u

will spend more money to produce et a higher rete only up

LY

at which extra receipts cover the extra costs. At this point where
exira receipts just equel extra costs, we will find thet his selling
price is higher then the extra receipts, for the reeson Just given.

If price is greater then the extrz costs of increesing output, output
should be increesed, since the selling price measures the consumer's
velue of the increased output. But this seller is looking et hic
increase in receipts, not at price; hegce he is not induced to produce

at as lerge a rate as consumer desire. This meens that resources that

should be used to produce more of the commodity under consideration ere
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;iin fact allowed to be used for production of other less desired goods.
Any seller whose output affects selling price in this way is called 2
monopolist.

| The same considerations apply to a buyer. If a buyer is
sufficiently large in the market, an increase in his demand for what he
is buying causes the purchase price to rise. The effective increase in
total cost of his purchase will be higher than the price of the extra
unit bought. He will curtail his demand below the social optimur.

Buyers who behave in this way are called monopsonists.8

é. Effects of Uncertainty on the Optimal Allocation of Resources

It has been assumed up to now that all economic agents cah predict
the outcomes of their decisions to produce, enter training, take
particular jobs, or consume. In two aspects of the engineer-scientist
market the assumption of certainty conspicuously fails to hold. By its
very nature, the outcome of a research and development study,

especially the former, must be uncertain; if the answers were known,

there would be no need for the research. Further the individual whe

decides to become an engineer-scientist cannot know with certainty

what the salary level will be either at the time he finishes training

or thereafter. However, how uncertainty affects the workings of the
market in general is a’ complicated and by no means thoroughly understood

topic that is peripheral to our main theme. Some specific implicatiens

for the engineer-scientist market are discussed later.

8 See pp. 77-81 for a dicussion of the Government as a monopsonist
in the market for engineer-scientists.
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7. International and Intertemporal Comparisons of Efficiencymecl

Rescurce Allocations

4s we have seen, the efficiency of the price system is subject to
some cualificztions. It would therefore be very useful to supplement
theoretical arguments with empirical observations. Direct measures of

g

misallocations are extremely difficult,” but comparison of resource
allocetions z2nd outputs in different nations or in the same country at
different periods of time might serve the purpose. Some such feelinr as
this lies behind some of the comparisons between the United States and
the Soviet Union as tc the rate of training of engineer-scientists and

also behind some of the demand projections based on pasi experience.

It may indeed be possible to show by observation that one allocation

of resources will lead to a higher level of satisfactions in the community

than another. However such comparisons must be made with exireme care,

since the allocation protlems to be solved by two countries or the same

econoric sreten starts with given basic resources, land, labor suprly,
fzecilities for impartins skills, and capitzl equipment, ard allocstes
ther. so 2g to satisfv the tastes of the communityr. Two situations (twe
nations or twe time periods) may involve two different allocation problens
since either the basic resources are different or the tastes to be satis-

fied are different. The mere fact that resource allocations -~ for

¢ Mention should be made of an ingenious attempt by A. C. Harberrser,
"onopoly and Resource Allocetion," American Economic Review, Vol. LIV
(1954), No. 2, Papers.and Proceedincs, pp. 77-87. This is principally
devoted to the effects of monopoly and does not bear on the diverrence
between social and private rewards and costs which is of more interest in
the engineer-scientist problemn.




. example, the proportions of engineer-scientists in the labor force --

:differ in two situations does not prove that either allocation falls short
of optimality with respect to its availability of resources or its tastes.
If one society has fewer educational facilities than another, we would not
be surprised if it had fewer engineer-scientists relztive to menuzl labor,
and we would not call it inefficient. Similarly, if one society valued
handicrafts more hichly relative to manufactured goods than another, it
would be appropriate for the former to have z smaller proportion of
encineer-scientists and other aids to manufzcturing.

This arcunent does not mean that intertemporzl and internationcl
cormparisons are useless, but it does mean that judegments about
efficiency of allocation have to be made in the light of possible

resource and tzaste differences.
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CHAPTER III

DEM:ND PROBLENMS

4t the beginning of Chapter I we identified three meanings of "shortzge."
Two of these -- unfilled vacancies, and the "servant shortage' where pecple
are merely complzining about the rise in the price of particul:zr services --
were discussed in that Chapter. In the light of the discussion in Section L
of the precedine Chapter, we now return to the third meaning; that is, =
“shortage! is asserted to exist because demand is less than it ought to be
according to the judgment of some group or individuel.

Some people think society is not getting as much scientific-engineerin:
services as it ought to have. It may be that the complainants think that
other people are ignorant and should want or demand more than they do,
perhaps through government service. Another opinion is that there are
certzin defects in the way in which the existing desire for research and
development is transmitted to the market placé via the private property
system. Some defect prevents a full realization in the market place of the
publicts true demand for research and development. The same individusl may
hold both these opinions. But, the two opinions are guite differernt ir

their value judements and in their implications for policy.

1. Differences of Opinion

Differences of opiniqn can arise because of differences in knowledre
about the existins situation or because, with equal knowledze, objectives
iand goals differ. Is there any basis for believing that the degree cf
information or awazreness of the public of the usefulness of research and
development or of engineer-scientists is incomplete or based on inadequate

appreciation of the value of such services?
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1.1 Comparison with Soviet Union

One line of argument asserts that the Russians are producing more
scientists and engineers than we, not only in absolute numbers and quality
but alsc relative to their total labor potentisl. If tney can produce at
so highk & ratio, then we must be inefficient if we are not also producing
an equally large ratio of scientists and engineers.

The number of living graduates in science and engineering in the
Soviet Union is about 70 per cent of that in the United Stetes; but thre

number of new graduates in 1955 was over twice as great. The difference

in resources devoted currently to the production of scientists is especisally

striking in view of the difference in national income levels. This
comparison has suggested to many that we are seriously underestimating
our needs, or, in more meaningful terms, that our allecation of resocurces
in this area 1is currently below the optimal level. The logic of this
international comparison must now be examined in light of our general
discussion of such comparisons in Chapter II.

First we present a few figures. To give more perspective, we add
some fiéures for the United Kingdom, where the resource allocation to the
production of scientist—engineers is again very different, being much

lower than in either of the other two countries.
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GRADUATE SCIENTISTS AND ENGINEERS IN 195k

Country

United States

U.S.S.R.

Great Britain

Pure Science Applied Science
Total Number per Million [[Total Number per Million
Number of Population Number of Population
23,500 14 22,500 1357
12,000 56 60,000 28¢
5,200 105 2,800 57

Source: "New Minds for the New World," New Statesman and Nation, September §,

1956, p. 279.

TABLE 2

SOVIET-AMERICAN COMPARISONS OF SCIENTIFIC PERSONNEL

United States U.S.S.R.
1. Living Graduates in 1,536,000 1,158,000
Science—1955 :
2. Living Engineers—1955 575,000 555,000
3. Science Graduates—1955 59,000 126,002
a. Pure Science 29,000 22,000
b. Engineering 23,000 59,000
¢. Agriculture 7,000 20,000
d. Science Teacher * 25,000
*
Not separated from other categories in United States figures.
Source: National Science Foundation press release,"Comparative Figures on

U. S., U. S. S. R, Scientific Personnel,” August 3, 1956.
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The tbo#e‘figures, in combination with the observation that the rate  *
of growth of national income has been higher in the Soviet Union then in
the United States and higher in the United States than in the United
Kingdom, might suggest that there would be a net economic gain by increasing
the production of engineer—scientists at the expense of other occupations.
However, there are several alternative interpretations of the facts.
(1) The greater rate of production In the Soviet Union relative to their
labor potential carn be interpreted as a catching up fror an initially sub-
optimal ratio. Of course, once the educational institutions needed for this
rapid rate of training have been created one mignt expect them to continue
to be used. But after some time, one could expect the discrepancy to
disappear, apart from continuing differences in consumers'’ desires for
scientists—engineers services and apert from differences in natural
resource endowments. (Z) One country may have a lower rate of production
of engineer—scientists relative to its labor supply because its evaluation
of different kinds of services may differ. That such a difference in sccial
evaluatior can lead to a difference in the number of engineer—scientists
may be seer by & compsrison with British experience. The relatively
swraller number of engineer—scientists may reflect an inadequate appreciation
by British employers of their market value, or it can be & rational adapta-—
tion to a differert set of values and public preferences. It can be seen
fror Table 1 that in Grest Britain in particular engineering is considerably
less prized than pure science by those qualified for 1it, and this sttitude
may be consistent with other aspects of the culture of British university
gradustes. Similarly the Scviet Union clearly puts a greater value orn

economic growth as contrasted with current consumption than eitner we oOr
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the British do.l Such a different evaluation should rationally be
| accompanied by a greater stress on heavy industy and consequently on
erngineers and scientists.

(3) It may be that the country with the larger relative rate of
production is over—producing in the sense that the alternative services
that these trainees could have provided would be more socially valuable,
according to its (possibly suppressed) preferences. In sum there may be
a possibility of using international comparisons to make a Jjudgrent as to
the possible under—valuation of scientist—?ngineers services in a free
economy, but there are teo many imponderables to make these comparisons

currently reliable enough to serve as a basis for policy.

1.2 Military Rivalry

Another line of argument offered in support of the position that the
Ameriéan public ought to want services from engineers and scientists rests
on the Soviet military threat. It has been said that only through advances
in our technology can we continue to pay the price of preserving our
national integrity and international security; that we can afford to see
the Communists' population increase relatively to ours so long as we can
maintain military superio;ity via more efficient technology. Hence we
should place a tremendous value on scientific advance and on the technical
knowledge of our population. The more rapidly Communists progress
scientifically the more rapid must be our own progress to maintain economic
military superiority. Otherwise the costs of military superiority may

exceed our willingness to pay, and we may thereby lose the "war.”

l‘Of course, the social value structure in the Soviet Union is that set
by the ruling group, not by the consumers 8s a whole as in the United
States. The ends of the society are thus not only different but differently
derived.
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This argument is certainly noi without validity, but the jpollcy
implications have to be considered carefully. Let us spell out the
argument in a little more detail. (1) The value to us of any increase in
our military power increases if Soviet and Chinese military power increases.
(2) An increase in the number of Soviet engineer—scientists 1is an increase
in their military power. (3) One way for us to achieve an increase in our
military power is to have more engineer—scientists. It would then follow
that & sensible reaction to & Soviet increase in the number of engineer—
scientists would be an increase in the number of ours.

Step (1) is undeniable; steps (2) and especially (3), however, have
to be made more precise. As far as step (2) is concerned, an increase
in the number of Soviet engineer—scientists implies some presumptior of an
increase in the quality of Soviet military technology. But an increase in
the number of Soviet engineer—scientists might not increase their military
power. Improved military technology is only one possible use for Soviet
engineer—scientists, while they may increase their military power in ways
little related to technical superiority, for example, numerical increase in
the armed forces, or because they may increase the number of engineer—
scientists in military research without increasing the total.

But let us suppose that there is an increase in Soviet military power
due to increased efforts to improve military technology or any other
reason. It could still be argued, from steps (1) and (3) that we should
increase our supply of engineer—scientists. However the obvious point must
be made, in connection with (%), Just as it was in connection with (2),
that it is not the tétal supply of engineer—scientists but the number used

in military research and development that is relevant. That is, if 1t is



R¥=2190-EC
6-6-5¢8
63~

felt for any reason that research and development for eventual military

uses is becoming more valuable, this should be expressed in terms of an
3 e —a -—

increase in the military demend for engineer—scientists. The government

should increase its military research and development budget, and primarily
let the market take care both of the long-run implications for the supply
of engineer—scientists and of the current Jjob allocation of the existing
personnel. To take steps to increase the supply of engineer—scientists
without an increased demand in the military research and development budret
is not a rational response if the Russian danger is evaluated so highlyr.
ind, incidentzlly, to do this alone will be to generate zn increase in
supply that will depress earnings in this field, z prospect thal promoters
of more séientist—engineers should recognize.

In any case the United States' decision with regard to the amount of
resources that should be allocated to military research and developmenti or
to military purposes in general will certainly be influenced by estimates
of changes in Soviet military power, but there is no obvious and direct
connection between this decision and the manner in which the Soviet Union
achieves increases in her relative strength. In short, there is only a
tenuous and indirect sort of infergnce possible for United States policy
to be derived from Soviet policy with regard to the production of engineer—
scientists.

It will be objected that in the short run, at least, the policy
sketched above will involve drawing engineer—scientists from other uses to
military ones, and that a better policy is to increase the total supply
first so no one will suffer. But increasing the total supply also means

draving individuals from other occupations where they are also valuable.
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If the military dﬁngcr is greater, then all other uses of trained personnel
in and out of the engineer—acientist profession must be rated relatively
lower. Not only should potential lawyers and doctors be diverted to the
engineer—scientist profession but also engineer—scientists should be
diverted from consumer goods to militery work. Indeed, 1f time is important,
it is the present uses of engineer-—scientists that will have tc bear the
immediate impact, since turning others into engineers and scientists

involves considerable delesy.

We conclude that the national evaluation of military research and
development should be expressed by an increase of expenditures for that
purpose in the military budget at the expense of other, presumably less
efficient, ways of achieving nationsl security. The government should not
hesitate to bid high for research personnel and to trust to the workings
of the free market system tc distribute the impact among competitive uses
and, in the long run, to draw others into this work.

1.3 Demand Projections

A third line of argument that the American economy is in danger of
not getting as many scientists as 1tlought to want rests on projections of
past observed relationships between the number of scientists and other
economic variables, like gross national output. These almost always show
.that demand will exceed supply by a greater amount a&s time goes on. The
argument then suggests that something drastic or special must be done to
increase the supply.

A sensible demand projection must really be intended as a prediction
of the number of scientist—engineers that would yield a good allocatlon

of our reszurces in view of their alternative use values. The projected
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inequality between demand and supply can be interpreted sensibly only as

an estimate of the extent to which the economy will, if policy measures are
not undertaken, suffer from a non—optimal number of engineer—scientists.
There will not be observed any gap or unfilled vacancies, simply because
the prices and wages will have risen enough to induce employers not to want
to employ any more engineer—scientists than in fact do exist—even if the
number that does exist is in some sense smaller than optimal.

The flaw in these systems of projections is twofold. First, they
assume that the markét price system contains some defect—which it may have,
but which these authors do not reveal. Secondly, the method of projection
is presumed to be a valid indicator of the optimal number of engineer—
scientists. Those who construct such projections attempt to determine the
optimal number of engineer—scientists in the future by a comparison with the
alloc;tion in the present and near past. They seem tp start by assuming
that the present (or at least the recent past) situation is optimal, at
any rate, satisfactory. They do not conclude from this! of course, that
merely continuing the present number of engineer—scientists will maintain
an optimal position. Indeed, they argue that the labor and capitzl
resources of the economy are growing and that the optimal alleccation in the
future will therefore require an increasing number of engineer-scientists.

In effect their procedure is to select some relation between the number
of engineer—scientists and some other variable in the economy observed
over the recent past, and then to assume that this relation must hold in
the future if continued optimality is to be maintained. For exampie, it
might be suggested that the present ratio of engineer—scientists tc the

labor force be held constant for the future. Alternatively, and with
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‘eousl plausibility, it might be the ratio of engineer-scientists to
nation2l income that is to te held constant. Neither of these is ir
fact zssumed by those makinrg the projections, ard neither would lead to a
conclusion that an imbalance will develop between supply and demand,
though the assumptions are as plausible es those actuzlly used.

To take an example, the projection made by the Manufascturinc
Chemists! Association is based on the observation that over the past ten
vesrs, nationzl income has been growing at an average rate of L per cent

per annum while the number of engineer-scientists has been growings at an

e
n

average rate of 6 per cent per annum. Hence, it ergued, to meintezin

[ d

the present rate of growth of national income it is necessary to maintzin

the & per cent rate of growth of engineer-scientists. This rate is then
used to project the '"needed" nurber of engineer-scientists over future

r this

43

vears. The authors of this projection assert that anything less th
nurber of scientists will diminish the growth rzte of national incors.
Obviously there are a great many alternative essumptions upon which
to tase such prcojections, and they lead to widely different conclusicns.
The amount of information about the economy that can be summerized in the

handful of figures used for the projections is & very small fraction of

the total amount dispersed throughout the individual firms in the econory

+)

14 brought together by means of the price system. Even thoush the latter

does nct indeed guarentee optimelity, the dzatz and individuzl decisions te

¢

which it responds are so vast that one must be hesitant indeed to
criticize the resulting allocation on the very narrow basis emploved in

the usuzl demand projection.
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The unreliability of demand projections may.be suggested by the
fact that as recently as 1948 the Bureau of Labor Statistics was fore-
casting a glut in the engineer-scientist market. That such forecasts
are not yet reliable enough to serve as a serious basis for policy
becomes apparent when one considers the general unreliability of economic
forecasts even for a single year, not to mention the startling failure of
the United States population forecasts.2

We do not argue that carefully made projections of demand may not te
of some use. Because of the lonc training period for engineer-scientists,
a forecast of the o§£imum number of engineer-scientists and the resultins
wages would help in inducing the appropriate number of entrants into
engineering and scientific education. Much more effort should be made
to exploit the allocative information that is already available in the
economy. But we should be a lot sﬁrer than we are today that forecasts
have a reasonable degree of accuracy before any serious policy decision
is based on them. And the forecasts must be tested against the past and
for a period in the future before they can be taken seriously.

It is easy to forecast better than, say, the averagze college entrant,
but jt is not nearly good enough to excel this low standard. Persona

forecasts of college entrants can be expected to conflict a good dezl, with

2 L. R. Klein, "4 Post Mortem on Transition Predictions of Nationr:l
. Product,” Journzl of Political Economy, Vol. LIV (1946), pp. 289-20%:
M. Sapir, "Review of Economic Forecasts for the Transition Perio’,™
Studies in Incorme and Wealth, Vol. 11, Nztional Bureau of Econoric
Research, 1949, pp. 275-351.
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extreme forecasts cancelling each other as far as they induce movement

[ 4

toward particular occupations. But if there were an official or qussi-
official forecast, most students might be influenced to move toward
particular occupationé. In these circumstances we would be running &

much greater risk of extreme movements, of "putting all our eggs in one
basket", and hence the standard that an official forecast should meet must

be for higher than simply improving upon the average individual forecast.

2. Possible Defects in Economic System

In addition to the preceding complaints about shortages of scientists
and engineers is still another that rests on the belief that there are
defects in our economic system that prevent the true demands of the public
for scientists from being accurately transmitted to the marketplace so as
to affect market demand and supply. Four such defects in ihe current
property system have been alleged at different times to apply to the
engineer—scientist market. Two defects are presumed to lead to an under-—
statement of the true demand in the marketplace and at least one to an
exaggeration of demand.

2.1 Weakness of Private Incentives for Research and Developmenti

A distinguishing characteristic of research and development is that it
ends up primarily with new knowledge as its product. Knowledge, in turn,
18 a commodity that cannot be owned except in a very imperfect way. Once
it is revealed, knowledge ceases to be private property. Tne man vho buys
it knows that he runs the risk of having his property expropriated, is
reluctant to pay its full value. This effect makes itself felt all the
way back to the inventor or the research man, whose incentive to uncover

new ideas does not fully reflect their potential value simply because ideas
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do not fall in the class of private property. This problem is an example
of the divergence between private and social rewards, along the line des—
cribed in Chapter II.L.

Desirable as it might be to have such value capturable by the
inventor in order to encourage future invention, it would mean necessarily
that the use of new ideas would be restricted. Unlike other commodities,
coal or labor for example, there is no need fé foresake any of the valuable
uses of & new idea, because its use in one place does not preclude its use
in another. This means that nothing is sacrificed currently when new
knovledge is used. Of course the discovery of knowledge ies not costless.
Discovery involvés the use of resources that could be used for other purposes
—that is to say, the sacrifice of the forsaken output—is the real cost of
_ the discovery. Hence in order to get new knowledge these costs must be
met, and they are met in the hope that the use of the discovered knowledge
will enable one to recover the costs. Unfortunately the use value of the
. discovered knowledge is difficult to capture, and, if wve disregard the
incentives for future invention, it is undesirable to restrict its use in
order to be able to charge for its use—simply because its use costs societly
nothing. This dilemma, which does not exist for other commodities, has been
in part resoclved by the granting of limited—life patents, which are intended
to induce discovery and some dissemination of new useful knowledge. The
disadvantage, of course, 1is that a patent restiricts the use of nevwly
discovered ideas. Thus the grant of limited-life patents is a compromise
between the conflicting goals of fullest incentive to discover and fullest
use of discovery.

The difficulty of turning knowledge into private property is one of
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important economic characteristics of research and development. A second

characteristic is the high degree of uncertainty about what knowledge will
result. There is alleged to be so much uncertsinty vis—&-vis other forms
of investment, that private firms value research and development lese than
i{ts true worth to society as & whole, and this even when the knowledge
discovered can be retained and used by the inventor as his exclusive
property. From the point of view of society as a whole, the many losses or
failures can be canceled out against the successes, but & single individual
cannot engage in enough of these independent ventures to secure this
averaging effect. Therefore in view of these imperfecticns—indeterminate
proprietary status of knowledge and the uncertainty of success—it has becn
argued that special consideration should be given to research and development.
Indeed in certalin fields (s.g., medicine, agriculture, aseronautics, ané of
course military research), these considerations have already been strong
enough to lead to government support. In addition to outright grants for
research, prizes are offered for the discovery of new knowledre cr
techniqués. For example, prizes hzve already been awarded for the
invention of the chronometer, the extraction of sugzr from beets, and the
cznnins of fooo.

Because of the incompleteness with which risks can be shifted, it is
likely that there will be some discrimination against more risky activities,
among them research and development. As shown earlier, the non-asppropristle
nature of the product constitutes ancther and probably even more important
cause for undervaluing research and development. Of course, it must be
recognized that neither uncertainty nor non—aeppropriability are peculisr to

research and development, and the degree to which the latter is inhibited
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depends in part on the degree to which alternative uses of resources share
in these properties. Most forms of business investment invelve some risk.
To the extent that they embody new ideas, new products or services, there

is an element of non-eppropriability. lSuccess inevitablbereedécompetitors,
who copy these ideas and soc eat away the profits. If all other uses of
resources were as risky as research and development and if the difficulties
of appropriating the product were as great, there would be no discriminatiorn.
However, on the average, research and development activities belong to the
more riskr class of investment activities, and the difficulties of
"ownership" zre g;eater than in 2t least some other forms of investment.

The degree of the undervaluation of research and development is clearlr
very hard to establish, and it would bewdifficult to assemble relevant

empiricazl evidence. >

2.2 Government Contracting Practices

A second source of demand falsification is alleged to exist in the
government's contracting policies for research and development. For obvicus
reasons the government has increased markedly its emphasis on research and
development of improved weapons during the past few years. This increased
demand for military research and development is expressed through its
contracting procedures with private contractors who carry out the research
and development. The contractual arrangement can in principle take three
different forms.

A cost—plus—fixed—fee contract requires that the contractor engage in

research and development work in a given area for a given period of time,

in return for which the government agrees to pay all costs and 2 fire:

fee up to a tentative maximum, depending upon subsequent developments.
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n a fixed—payment—for—fixed-results contract the government announces a
fixed payment price, independent of what the§9n;ractcrfs'39§§§hap§en te
be, and the payment is made if and only if certain definite results are
l.chieved.3 A third form of contract is the fixed-price~for—fixed—time
contract; here the contractor agrees to perform research and development in
a given area for & given period of time and receives a fee specified in a
advance. The contractor keeps all that he does not spend in performing
the researcn. However, if there is recontracting on the basis of the actusal
costs, as is in fact the case, the fixed-price-for—fixed—time contract
really becomes identical with the cost—plus—fixed-fee contract. BHernce
our three forms of contractual arrangement reduce in current practice to
tvo.

The fixed-payment—for—fixed-results contract gives the contractor every
incentive for efficiency. The cheaper he gets the desired result, the more
he makes; the quicker he gets it, the more he enhances his chance of getting
future contracts. But, of course, the widespread application of this
contractuzl form in research and development is impeded by the exploratory
nature of research and development as distinct from the leter phases of
development and production. The desired result can be specified, if =t
=11, only by constraining the contractor from striving for novel results.
Surely this is the last thing to do when whet we want from explorztery
resesrch and development are truly new and promising idess and ecuipments.

Thie form of contract cannot be drawn when the fixed result cannot 1«

3Tm.s contract is hvpothetlcal as far as military research and develop-
ment work is concerned, but it is, of course, the normz1 form of commercisl

contract and is used by the military in the purchase of ordinary comroditiec.
L fixed price is stated to be paid for an artlcle onlv if it meets the
- specifications laid down in the contract.
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‘-specified. Moreover, even if the desired result were couchediih'Véry o

‘ general terms, acknowledging the inability to specify, the underlying
uncertainty about whether, when, and at what cost the result were possitle
would impose greast risks upon the contractor. For these reasons the fixed-
payment-for-fixed-results contract is usually inapplicable to R and D and
is defective where applicable, which explains the widespread use of the
cost-plus-fixed-fee contract.

If we consider only the contract itself, the incentive effectsof the
cost—plus—~fixed—fee contract are troublesome. The immediate revard does
not vary with the accomplishment, reducing the incentive to do the work
well. However, there are two principal factors beyond the terms or forms of
the contract itself which influence favorably the performence by the

_ cont:gctor. One is the possibility of future contracts with the govermment,
and the other is the effect of research under govermment contract on other
areas of the firm's work. (1) The government rationally allocates its
contracts to those whom it expects to do best, and its expectations 6f
future performance are certainly affected in good measure by the past
performance. Hence even under a cost—plus:contract there is a positive
incentive to maximize the probability of success with given resources.

In addition there is the possibility of research and development contracts
leading to future production contracts on items successfully developed.

This expectation incentive to efficient effort however is diminished by the

uncertainty of this reward. First, success as such is much easier for the
government to judge than the efficiency with which the success is achieved.
Second, the government's contract allocation depends on many other factors

in addition to past performance, and the fields in which the government
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demands research and development may change. (2) Research work in any
part of a firm will incresse the stock of knowledge of the firm, more,
usually, than is actually embodied in the distributed reports. Tois is
true, in particular, of government—financed research. Hence the firm's
rewvard from a government contract will in fact exceed the government's pay-—
ment, since there will be a net spill over effect of the research on other
parts of the firm's activities.

Tre less & contractor is interested in future government contracis,
of course, the greater is his incentive to direct the expenses reimburseblo
under his government contract toward the services that promise to have
the greatest "spill—over" effects upon his non—government work. There then
can be some distortion of his demands for this and other reasons. Because
the prospect of future contracts is uncertein, there will be a bias toward
forms of expenditure that do not involve long—term commitments. For example,
more consultants may be used relative to regular employees because thelr
services can be terminated more quickly and easily. Or, a factor directly
related to the "shortage" of scientist—engineers, advertising may be used
as & partial substitute for higher salaries in attracting persornel. Either
form of experse is currently reimbursable. But the advertising can be
stopped at any time with little embarrassment, in contrast to the peainful
process of reducing salaries;and staff once they have been swollen., Tre

spectacular growth of advertising for scientist—engineers in recent years

.

is directlr related, we conjecture, to the distorting effects of cost-pluc

contractes.

L ; . . . v e
% A study of help-wznted advertisements in The New York Tirmes for thre
yesrs 1940, 1946, 1950, 1956 showed (1) a grezt increase in the spnce

devoted to acvertisements for scientists and engineers; (2) an increase
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It must not, of course, be concluded thét we should replace cost-plus
contracts, for they serve toc lessen the burden to the contractor of the
uncontrollable risks of research and development, i.e., those risks which
would exist even if the contractor were as efficient as possible. Thic is
not the place to expand policy proposals, but the above znzlysis suggests
that it is worthwhile to explore the possibilities of contractural forms
that might reconcile better the rival claims of improved risk-bearing and
improved efficiency. One can imagine a contract that provides for z fixed
fee in any case, plus some percentage of the costs, plus additional
compensation depending on the degree of success in the research work.

Such a feature, known as "coinsurance," is employed in similar circum-
stances, such as insurance against medical costs, where it is desired to
increase the incentive of the individual to economize. This principle is
frequently applied to production contracts, where it is much easier to
implement than in research and development, and it may be possible to
broaden its applicability. But where "success" is so difficult to
apprzise objectively, the payment of additional compensztion by the
government will alwsys be scrutinized suspiciously lest it reflect any

bribery of government contracting officers. Our traditionzl zezl to

in ads for scientists and engineers relative to other types of lator; (3)
the increase occurred in the form of display (institutional) advertisinc:
(4) no significent incre=se in the proportion of the conventional strle

f classified help-wanted zdvertisements for scientists and engineers
occurred after 1946; (5) about 90 per cent of all display advertisinc had
been purchased by government-financed research and development contractors
. (tvpically on cost-plus-fixed-fee contracts). C. A. Mahon and Associztes,
Development Report: The "Shortare' of Scientific and Engineer Menpov:r in
the United States, 1957, ASTIA Document No. 098930, Developrent LRepor:
AFPTRC-TN-57<25, Air Force Personnel and Training Research Center,
Lackland,Air Force Base, Tex2s.
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‘ prevent corruption hence poses z formidatle obstzcle to reforms thet will

allow contractins officers grezater flexibility in giving differentisl rewsrds

2.3 Possible Westeful Utilizetion of Engineer-Scientists

>
+

4 third form of demand falsification which has been very widely alleced
in the discussion of shorizges is the use of engineer-scientists in jeobs

below their full capacity. For example, it is azlleged thet many encineers

}._J
'n
n

are doins work thet is essentizlly drafismen's work. Such wastefu

of trzined personnel is held to contribute to the observed shortige
To the extent that the complzint is valid, it might well be explained

2s part of the misrllocztion due to shortages of the sort discussed in

Chapter II. n z shortage situstion the current market price does nou

reflect the valus of zn enrcineer-scientist in alternstive uses. Hence a

firm mey calculate that an encineer-scientist is being used in an zctivity
where the output attributable to him is at least as great as the s=2lary
being paid to him, and yet from 2 social peint of view he could te used
C
more profitably elsewhere.”
This behavior is rational for z firm thet does not face a shortzre.

Hence, if some firms fzce shortares and others do not, we would expect the

firmes thet do noct face shortages to use their engineer-scientists in =

> In this discussion we zre ienoring a special dynamic problem alleged
to exisi, namely the hozrdin- of scientist-engcineers by some firms, based
on erpectation of future contracts. In a tight market for manpower, it is
rnot surprisins thet some firms should behave this wey, perticuleriy if
“trev must demonstrste the capacity to perform additional work before they
cen successfully btid on a contract. In this situation it would be improper
to describe zs irrationsl a firm that used highly-trained personnel tempo-
rerilr on tasks requiring much less training or evern leaving the: idle.
While this practice may not te irrational from the viewpoint of the indi-
viduzl firm, it can contribute to the appezrence of a shortage which may
not "rezlly" exist from society's point of view.
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manner that would appear wnstéfulrﬁd‘gheqother firms. Hovever, it would
not be rational for a firm facing a shortage to use engineer—scientists in
relatively unskilled uses. For such a firm, the supply of engineer—scientists
avail@ble to it is temporarily fixed. Hence the salary the firm is paying
should be irrelevant to it in deciding where to use engineer—scientists,
since they can all be used in activities that have net outputs attributatle
to engineer—scientists above the actual salary level (otherwise they would
not be said to have a shortage). A firm faced with a shortage therefore nas
a poverful incentive to economize, more so than even the price mechanisr
would provide. It is poesiblé however that such firms may act irrationally,
since their cost accounting methods use the market salaries and do not
consider the scarcity of engineer—scientists to the individual firm.

It may vell be~that the so—called wasteful utilization of engineer—
scientists is like a lot of other cases vhere the engineer sees waste ard
.the economist does not. There must be some reason why firms use engineers
when they could use draftsmen or other lower—paid employees; the practices
complained of seem to antedate the current shortage. After all, there are
great differences in ability among engineers, and it is certainly possible
that those used for inferior purposes are in fact well placed according to
their capacities.

2.4 The Government as Monopsonist

As we have seen in section II.5, the price system can lead to'a
distorted use of our resources if the buyer or seller affects prices by his
rate of purchase or sale. It is certainly true that the government is the
source of over half the expenditures on research and development. Presumably

its demand for inputs is large enough to affect the prices paid for
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scientists and engineers. If so, then as we have shown in section III.5
there will be an incentive for the monopsonist to restrain purchases below
the most desirable level. As we pcinted out above, the government, even

if it has the market power of a monopsonist, need not behave as one. It

ie not a profit-making organization and hence is not under the same impulse
as & private monopsonist to increase its profits. However, it is under
political pressure to reduce its spending, which does give it one incentive
to exercise its monopsony powers., But the government's criterion should
be the welfare of all individuals rather than the desire simply to hold
dowr. its budget by such demend restriction. These two cbjectives will
diverge when the government uses its povers to restrict wages.

It may be asked how it is possible for the government tc act like a
competitor. One alternative, desirable from many points of view, is to
have many decision—-msking units in the government, where choices can be
made as to the.desirability of individual research or development projects.
The individual units will then act like competitors, since no one of thenx
can exert discernible influence over the scientist—engineer market. They
will compare the benefits derived from each proposed project with the costs
calculated at the current salary levels and disregard the impact on the
salary levels paid by either the government in general or private industry.
Indeed, in practice the situation is not too far removed from the above;
there 1s independent behavior among the services and among smaller units
within them, particularly for research.

Of course, in the government there will ultimately have to be a
centralized budgeiary review. But putting the emphasis initislly on the

desirability of individual projects rather than on & total research and
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development budget will make it easier for the Budget Bureau to disregard
monopsonistic considerations in its final budgetary allocationa.6 Hence,
it should in principle (with exceptions to be noted below) disregard the
power the government has over the market for research and development
services and let government units respond solely to current prices, as if
each vere a small firm. That is, each unit should let a research and
development contract if, at current salaries, the expected cost of thre
contract does not exceed the expected benefits; it should not take into
its calculations the possible impact of this contract on the salary level
of all engineer-scientists.

It is not easy to determine whether or not the government's demand for
research and development has in fact been restricted by these monopsonistic
_ reatr}ctions. Nevertheless, we will advance the following hypotheses:

(1) the government is to sore extent following a monopsonistic policy of
restricting demand below the level suggested by cost-benefit comparisons

at éurrent prices; (2) under conditions of demand exaggerated for other '
reasons there may be some justification for such a policy as a very rough
corrective, though great care must be taken lest the form such a policy

takes make matters worse; (3) in any case, the transition to a more nearly
optimal policy should be sought, and a revision of the government's budgetary
methods in determining the volume of research and development can help to
"this end.

(1) It is natural to assume that the defense agencies, operating as
they do under budgetary restraints, will take account of the higher costs

they would face if they expanded their scale of operations. There!is also

We are not suggesting that the Budget Bureau review the merits of
each project.
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1a second and perhaps even stronger motive, the fear of raising engineer-
scientist sslaries in private industry. There are clear indicaticn:s that
the povernment has a tendency to restrain its own contract work and ite
salary bids in order to avoid disrupting private industry. The second
motive, even thoust not strictly speaking monopsonistic in intent, has
the szme effect in restraining the government's demand for resezrch and
development.

(2) Any measure that restricts a demand exaggersted for other
reasons will then move the actuzlly realized amount of resezrch ang
development closer to the intended amounte. The wezlness of this correc-
tive device is that the criterion for deciding which part of the demsand to
restrict is not fully reflective of social worths as revezled by market
prices. Which effect will predominate is not, of course, something thet
can be settled here.

However, care rust be taken that the technigue used to hold dovn
government demand does not intensify the misallocztion. If the government

ve szlaries at a2ll times but restricted scmewhst its tot=l
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expenditures, the effects would be those sketched in the precedins pars-
graph; the magnitude of any otherwise "ercessive" demnnd and conseguent
inefficient resource use would be reduced. But suppose instezd the govern-
ment freezes the szlaries it will pay in civil service or a2uthorize tc be
pzid on government research and development contrects. Then the govern-
‘ment will indeed not compete so effectively in the market with privat:
firms; btut if its own desires are expanding, it will find that there will
bte & VYshortage' for itself and its contractors. Under a salary freeze the

corrective forces of the market would be restrained, and the "shortare®
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‘with its accompanying miééiibcé%ion coulémbeipermanent.

The last situation occurs in fact only to the extent that civil
service salaries are sluggish in responding, and there are regulatiocns
with regard to contracting that can be interpreted as attempts to fi:x
salaries. The effects are rather & slowing down of the response of prices
than a complete freeze and have been discussed in Chapter I above.

(2) In any case, whatever actions may be partizlly justified because
of exagrerated demand, optimel allocation recuires thzt these departures

cease as prices respond so as to bring supply and demand into eguilibriur.
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CBAPTER IV

SUPPLY PROBLEMS

1. The Short Run

Because the training period for engineer—scientists is long, & change
in salary levels can have no immediate effect on the number of qualified
individuals with suitable training. It would be going too far to assert
that the total supply is completely uninfluenced by price, since
individuals with such training may be drawn from other occupations back
into the field. But in general the total supply is not very expansible
in the short run. But changed demand will after a period of time elicit
a greater response in supply. Thus over the past few years the supply
may well have been below some kind of long-run normal because of past
_variations in price and other variables before the Korean War that now
affect the current sgpply of engineers. The rise in population and the
change in long-run expectations are factors that have been operating for
some time and nov may be expected to produce increases in the number of
engineer—scientist graduates. To the extent that the short-run supply
curve is thus shiftins to the right (i.e., an increcse in supply et an”
given price), the strain on the market mechanism to eliminzte 'the shortare"
(see Chapter 1) is thereby reduced. But these factors operate slowly.

Moreover, we must also consider that the market is not a single whole.
E&en within a single specialty, the willingness of scientific and
engineering personnel to move from one firm to another, ispecially wnen
geographical changes are involved, is limited. In the short run, then, the
supply curve relevant to a firm or a locality may be very steep; that is,

the supply is unresponsive to price changes. The adjustment process will
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then be slowed down. This effect operates much more strongly for older
and more settled employees than it does for new entrants. The immobility
of employed personnel arises from family connections and other social
relationg, moving costs, attachment to a particular job, geographical
preferences, and from pension plans and similar incentives. The last set
of causes might be the objects of policy-making. Indeed, it may be well
to call attention to the social advantages of raising salaries as against
bestowing fringe benefits that encourage immobility. But the other causes
of immobility should, in a non-totalitarian society, be regarded as dats,
8t least in the short run. 1In the absence of direction of labor, the
motives for immobility can be overcome only by salary incentives or by
some other forms of persuasion aimed at overcoming the distaste for change.

Of course, there is nothing peculiar to the engineer-scientist market
as far az the immobility of experienced personnel goes; the situation is
the same in any labor market. If, however, the demand for & particular
type of labor is stationary or shifting slowly, all necessary adjustments
can take place in the market for new entrants. 1In ﬁhe case of rapidly
groving demand, however, the hypotheses of Chapter I imply that the
immobility of experienced personnel becomes more serious irn slowing down
the response process. In principle, if the future areas of expansion of
demand are known, there will be a net gain to the economy in providing
such information to guide Jjob choices. However, the chances that such
forecasting will be sufficiently accurate are very small.l

It is in this context that we must examine the great proliferation of

advertising to attract engineer—scientists. Advertising shifts the supply

lSee Pp. bL=68 above.
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curves to the right for particular firms; that is, it increases the number

" of engineer-scientists available to the advertiser at any given salary
level. It is thus an a2lternative to rzising saleries as a means of sttrzc-
ting personnel. It is primerily useful for drawing already employeld
personnel, particularly by overcoming the dislike for change noted above.

It is therefore not surprising that there has been a very rzpid rise in

such advertising in view of the importance of moving experienced personnel
about the country to meet the rapid increase in demand. It has been sur-
gested that the government through its regulations imposes restrictions on
the salaries psid by its contractors (see pp. 9-12 above). If this is

true and if advertising expenditures are not restricted, the contracicr

will have obvious incentives to increase the latter to offset the szlar:
restrictions. Whether or not the government's regulations rezlly restrict salary
increases is debatable, but clearly there is some inhibiting effect on the
spreadins of information about salaries as a technigue for drawing personnel.
Advertisinc the non-economic advantages of employment to a certain extent
compensates for the lack of explicit szlary information.

2. Effect of Selaries on the Long-Run Supply

Ls we have seen zbove, in the case of engineer-scientists the response
of supply to prices must be lagged because of the very consideratle period

of traininz. At the very least, the period is four years for an enrsineer
and several more for a scientist with the Ph.D. degree.” In one sense,

the period may be considerably lonzer, since an engineer-scientist will

“ We are confining our attention to formally trained engineers an”
scientists. It should be noted however that surprisingly large numbers of
those classified in these professions have not had formal traininc through
the collece level. See Blank & Stigler, op. cit., pp. 8-12 =znd 86-G2.
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normzlly have to have 2 strong training in mathematics and science in higﬁ
school, and his decision to undertake such training must be at least par-
tielly made some years before his entrance to college. The student decidinc~
whether or not to enter an engineer or scientist career tazkes into zccount,
alons with other variztbles;, the szlary he expects to receive. Indeed, whet
is relevant is the salary he expects to earn over his entire lifetime. The

supply, then, will be & function of anticipated lifetime esrnincs.

N
t
~
=]
-
v
Fel

ere is little rezson to doubt that anticipated lifetime earninge~

is a sicnificant determinant of the student supply. Undoubtedly a coneid-
erztle proportion of those going to college are motivated in their choicse
of careers by the higher level of earnings therebr opened to them, includinsz
amons others those of engineer-scientists. Ve mey thus assume that the
student supply of engineer-scientists will change markedly if their antici-
pated lifetime earnings chanre relative to other occupations. It would, of
course, be desiratbtle to check this assu~ption more directly. For examrle,
it should be possible to find out directly by gquesticning those goinz intoe
each vocation 2s to the income they anticipate 2s well as the income ther
mirht expect to receive if ther were to choose some alternative czreer.

(2) The relstion between expected lifetime earnings and current
szlaries is not too well known. The simplest hypothesis is that the
current szlaries

enterinc student assumes that (or at least acts as if

f)
i1l continue to preveil throurhout his productive lifetine. Under thest

2 It is convenient to talk as if the student has a consciously~formed
anticipation of future salaries, but of course the argument does not rezlly
rest on this assumption. Impressions of the relative incomes of different
occupations may be formed, possibly not even consciously, in many wors.
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conditions the supply available iomérrdﬁ is responsive to changes in'today's
salaries so that the response of supply to changes in current salaries will

be conditioned by the length of the training period. But actually this

assumption of static expectations probably overstates the influence of

current salary levels on future supply. We may expect that a rise in
current salaries will not have the same impact on anticipated earnings and
therefore on supply when it first occurs as after it has remained in effect
for a number of years. There are two reasons for this sluggishness in
response. In the first place, it is rational for the entering student, in
the presence of uncertainty, not to take the salary levels of any one year
as a thoroughly reliable guide to the future. Instead, it is reasonable
to use use some sort of weighted average, current salaries, of course,
being given the most weight, as representing the most up-to—-date information,
but with the past also taken into consideration to hedge against the
possibility that the current salaries may represent a random aberration.

A second reason for a lagged response of anticipated earnings to
current salaries is the manner in which such information reaches the
student who is chosing his career. While he may have some up—to-date
knovledge as to starting salaries (even this is doubtful), his knowledge
of salaries at more advanced levels (vhich of‘course also enter into
expected lifetime earnings) must necessarily be imprecise. Indeed, it is
by no means easy to acquire such information even by research. Hie
information mustvnecessarily be derived from general impressions that will
usually be based ultimately on salary levels averaged over some previous
few years.

For these reasons, & student's anticipation of lifetime earnings will
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.tend to be somewhat insensitive to changes in sezlaries in any one yezr

and responsive only to szlzries that hzve shown some staying power. The
effect can be rourhly described as that of a2 lag between changes in current
-sz2larv levels and changes in anticipated lifetime ezrnings, and hence in
student suprly. Thus the response of trained supply to changes in current

o

szlaries will, in effect, be lagred by a period which is longer than the

)iy

treinins period, the extrz lag beinr due to an understandable slowness o
response of expectations tc current szlaries.

To sum up, the trzined supply of engineer-scientists will respond io
changes in current szleries only with & considerzble lag. Even then the
response will be blunted, partly by non-econoric factors in occupational
choice and partly by the informationzl lags between changes in current
sslaries end changes in expectations. From 2 policy point of view, thers
is of course & strong cace for making inform=tion on salaries of 211
occupations available to studentes confronted with occupational cheice.

Such information will improve both the allocation of resources, by ensbling
students to make better predictions of the prices that mezsure the socizl
usefulness of an engineer-scientist, and the speed of response, bty reducir;
the cost of information. And, zs we have seen,k if it were possible to
predict future earnings with =z rezsonably high degree of accuracy, such

informztion would be even more useful than that on current salsrie=z.

3. ne Messurement of Anticipsted Lifetime Earnince

Tne student makinz = choice of careers may think that his income =2nr
‘given niumber of years hence will be the same as the average income of

those who have been currently engaged in that career for an egual nuib

% See pp. 64-62 above.
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~of years. He will thus suppoﬁé ihat>ﬂi;71ﬁc§me five years after entering
the profession will equal the average current salary of those who entered
" five years earlier, and similarly for all other years.

Let us illustrate by considering a student who has Jjust received a
B.S. in chemistry or chemical engineering and is considering whether to take
a job immediately or to go on for a Ph.D. The American Chemical Society
has compiled the median base monthly salaries of male chemists and chemical
engineers for 1955 by length of experience and by level of formal academic
training.5 We will assume that a Bachelor enters the profession at age
22, a Ph. D at 25. Thus the American Chemical Society's mediarn salary
for & B.A. in his first year is assumed to be expected by the graduste at
age 22, that received by & B.A. in his fifth year is expected at age 26,
and so forth. On the other hand, the salary expected by the student at
age 25, if he goes on for his Ph. D., is that received by Ph. D.'s with
one year experience, while the salary expected at age 29 under the same
conditions is that currently received by Ph. D.'s with five years'
experience. Between ages 22 to 24, the student, if he goes on for his

Ph. D., expects to receive nothing.

A. Fraser, "The 1955 Professional and Economic Survey of the Member-—
ship of the American Chemical Society,” Chemical and Engineering News,
Vol. 34, No. 15, April 9, 1956, pp. 1731-17Cl.

6 This is not quite accurate. On the one hand, the Ph. D. student
must in many cases pay tuition and other educational costs, so that his
anticipated income would be negative; on the other hand, most students
have some income, either in the form of scholarships and other aid or in
the form of part—time employment. The anticipated income of zero assumed
here may then be tolerably accurate, but it should be possible to secure
more definite informatiom by sample surveys. Data of this type have been
collected for medical education; see S. Counts and J. M. Stalnaker, "The
Cost of Attending Medical School,"” Journal of Medical;Education, Vol. 29,
February, 195h4. '
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We thus arrive at the following table:
Expected Annual Earnings of Male Chemists
and Chemical Engineers by Level of Training and Age
(In Dollars)
Ket Income of Ph.D.
Age B.A. at 22 Pn.D. at 25 Above B.A.

22 L300 0 4300
23 Lhé0 0 ~4460
24 L8o0 0 8¢
25 5100 6500 1400
2 5240 6700 1560
27 5520 7080 1570
30 6300 7800 1500
5 732C 88&0 1560

ko 8100 10102 2c00

ks 8gk0 10900 1967
50 9120 11400 2230
55 970C 10900 1200
60 1000G 10300 300
€5 8520 9600 1060
over 65 7800 90C0 : 1200

Source: A. Fraser, The 1955 Professional ard Economic Survey of
the Membership of the American Cnemical Society, American Chemical
Society, 1956. Flgares presented are based on linear interpolation
of data in Table 22C, p. k6.

Present Value gz Inconre

(In Thousands of Dollars)

at
Degree 5% 6% T% 8%
B.A. at age 22 127 107 93 &
®n.D. at age 25 138 115 97 83

Pu.D. at age 26 130 108 ¢l 77




RM=21GC-RC

b-€-52
—91-

Thus an individual who has Just received his B. S. and is deciding
whether or not to continue for the Ph. D. is choosing between the two
income streams presented in the above table. Economic theory suggests that
the individual should compare the present values of the two income streams,
the future income being discounted at a suitable rate of interest. If the
rate of interest used is 5 per cent, the present value of the differences
is $11,000, so that on purely economic grounds there would be an advantage
in continuing for the Ph. D., if it requires no more than three years.

Before discussing the implications of computations of this type, two
cautions should be noted. (1) The present values are fai;ly gensitive to
the specific assumptions. For example, suppose that 1t takes four years
instead of three to complete the Ph. D.; then the present value of the
anticipated difference between Ph. D. and B, S. incomes would fali to
$3,0db. Present values are also very sensitive tc the interest rate
chosen; the present value of the salary difference if the Ph. D. requires

three years with an interest rate of 7 per cent would be $§,000. (2) The

corréct choice of interest rates is usually not easy to determine. 1If a
person can lend and borrow &t the same rate, then that is the appropriate
rate; but for most people the rate at which they can lend (e.g., the rate
on savings deposits or government bonds) is considerably lower than that
at which they can borrow. This difference represents primarily the
uncertainty of the lender as to the borrower's ability to repay; it is the
premium paid by the borrower on insurance against his defaulting. For a
student who can finance his education (and his living costs during the
period of educatian) without borrowing at all, it is only the lending rate

that is relevant. But one who has to borrow money for his additional
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training should calculate hié aniiéiﬁif&dbiifgiime earnings with the
borrowing rate of interest. This rate may be very high; indeed, for some
pecple credit to finance education may be unobtainable, so that the
effective interest rate is infinite. Since additional education means
postponement of income, and since a rise in interest rates will affect the
present value of earnings in the distant future more than those in the
present, a higher interest rate will reduce the economic advantage of
higher education. We will return tothe question of the approprisate rate
of interest shortly.

Suppose that the computation of anticipated lifetime earnings hss met
the above objections, with the rate of interest taken to be the general
rate of return on nev investment in the economic system. What inference
can be drawn from the results? A simple hypothesis about the relation of
supply to anticipated lifetime earnings is that a person will choose among

alternative occupations thsat which yields the highest anticipated lifetime

earnings. Under this purely economic hypothesis, students with the requisite

ability will choose the Ph. D. if it leads to higher lifetime earnings,

and the B. S. in the contrary case. In such & case the anticipated life-—
time earnings for the two would have to become equal eventually. For, in
the first case, the supply of B. S.'s would, after a few years, decline,
compared to that of Ph. D.'s and hence the normal workings of the market
mechanism would increase the salaries of the former compared tc the latter.
This process would continue until the anticipated lifetime earnings in the
two categories were egqual. The adjustment takes time because of the lag
caused by the period of training, but certainly a difference in anticipated
lifetime earnings could not persist over long periods under the purely

economic hypothesis of supply.
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Ih”fié£;m£he previous computations show that the anticipated lifetime
earnings for Ph. D.'s an& B. S.'s are not greatly different, especially
if the appropriate interest rate is 7 or 8 per cent. These results tend
to confirm both the purely economic hypothesis and the assumption that the
interest rate appropriate to individual choices is the same as that on
investments in general. Some additional evidence is provided by a recent
az-?.:Lcle,‘(7 which compares the earnings of chemical engineers (B. S.) with
those of building construction workers. Among other results the authcr
£inds that the cumulated earnings of chemical engineers who graduated in
1929 or 1934 reached 100 per cent of those of buillding construction workers
in seven years, while it is estimated, by extrapolaticn, that chemicel
engineers graduating in 1951 will require at least thirty years before
their cumulated earnings equal those of building construction workers.
Cumul;ted earnings aré the same as the present value of future income
discounted at a zero rate of interest; the calculation for 1951 would suggest
that if a reasonable discount rate were used, the anticipated lifetime
earnings of chemical engineers may now be below those of building
construction workers. (It should be immediately remarked that a much more
careful study would have to be made before these figures could be considered
more than indicative; there are many correction factors to be applied to
rav wages data, e.g., for irregularity of exployment.)

The finding that anticipated lifetime earnings increase only slightly
or not at all with additional post—graduate education has here beer

exemplified in only two cases, and much additional research of the same

7 P. B. Stewart, "Does Chemical Engineering Pay?" Chemical Engineering,
p. 192, September 1956.
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type will be neceséar& to éétébiiah its general validity. Similar studies
in the past have usually shown, on the contrary, that additional education
does lead to higher anticipated lifetime earnings, as in Stewart's
comparisons for 1929 and 1934 Jjust cited. Such a result must have one of
two possible explanations: either as suggested above, the use of the market
rate of return on investment in finding the present value of articipated
lifetime earnings is not correct or factors other than anticipated life—

ime earnings affect occupational cholces. Undoubtedly, both considereticne
are relevant. Let us take the latter first. It is commonly noted that
ar individual mey prefer one position to another because of differences
in job satisfaction. In the present case, however, it would ordinarily
be presumed that the positions open to & Ph. D. would have more satisfaction
attached to them than those open to & B. S. Presumably the educationsal
process itself is & source of some satisfaction. Thus as far as differences
in satisfaction go, the anticipated lifetime earnings would have to be
higher for B. S.'s to prevent them from going on to the Ph. D. Since
there are no overt restrictions that prevent working toward the Ph. D.,
there must be some factors which differentiste those who do go on from
those who don't. The most obvious and important one is ability. It is
surely true that there is a difference of ability on the average (though
certainly not uniformly distributed): the difference between the
expected lifetime earnings in the two cases is probably & payment to scarc
ekills, an ordinary phenomenon of gthe price system analogous to the higher
value of unusually productive farm land. The problem of differences of

ability of course applies te 81l similar comparisons, such &s those
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frequently made between high~school and college grlduttes.s
Let us return to the question of the rut; of interest. The chief
problem, as indicated earlier, is that individuals may be effectively
barred from undertaking additional education because of pressing cash

5
needs and an effective rate of interest on borrowing vwhich is higher than

the prevailing returns on comparably risky investments. In effect,

decisions in different'ﬁut comparable parts of the economy are then made

on the basis of different rates of interest, and £hc effect is the same

as if they vwere made on the basis of different prices for the same commodity.
(Indeed, the rate of interest is simply & particular price, that paid for
deferring payments.) As explained in Chapter 1I, particularly section 2,

lack of uniformity of prices leads to a misallocation of resources. In

~ the present case, soclety would be underinvesting in the production of cer-

tain skills whose productivity is higher than.the general run of investments.
Society would thus benefit by draving resources from elsevhere to increase
the number of more highly-trained people. This conclusion is strengthened
the more it is held that society will benefit in general from a better

educated citizenry in ways that will not be reflected in private earnings.

& From the point of view of the individual making an occupational choice,
differences of ability imply that comparisons of anticipated lifetime earn—
ings computed on the basis of average earnings are not relevant. Thus an
individual who has average ability for a Ph. D. surely has considerably
more than the average ability of B. S.'s. Hence he should assume in
computing his anticipated 1ifetime earnings for a B. 8. that the salaries
he receives will be higher than the average now being received. Thus it may
be that the purely economic hypothesis is valid for each individual when
the formation of anticipations takes account of differences of ability
as vell as average earnings. It may be more to the point to compare the
average discounted earnings for Ph. D.'s with the upper quartile of
discounted earnings for B. S.'s.

For an instructive comparison of earnings of individuals of comparable
ability but different levels of training, see Dael Wolfe and Joseph G.
Smith, "The Occupational Value of Education for Superior High-School
Graduates”, Journal of Higher Education (April. 1956), pp. 201-213.




To sum up, there are two possible (not mutually exclusive) explana-—
tions for a higher anticipated lifetime earning in professions requiring
more extended training, the scarcity of the necessary ability and special
finarcial limitations. The first is inevitable in a free price system
and necessary to insure the proper utilization pf resources;9 the second,
on the contrary, implies social inefficiency. The ideal way to remove the
financial obstacles, would be to grant loans for education whose interest
rate really discriminated according to the risk of the individual case,
that is, more or less according to ability. It would be & worth—while
research study to find out why such & market has not in fact arisen, whether
or not one could be made practical, and what role, if any, fellowships
would play in connection with it.

The apparent downward trend in differences in anticipated lifetime
earnings that are attributable to education may be explained by the rise
in income levels, which reduces the financial limitations on entry into
training for the professions. However, it would add greatly to our under—
standing of the workingsof the engineer—scientist and other professional
markete if the details of the trend could be studied more carefully. In
particular, it would be very interesting to know to wvhat extent, and at
what points in the process of training, additional training actually gives
rise to an increase in expected lifetime earnings. Once this is known,
we may be able to analyze the relative importance of ability and financial

limitations to higher trairing in explaining these earning differences.

G
7/ 2 .
A8 we have indicated earlier, we are not concerned here with income

inequalities but solely with inefficiencies. However, it may be remarked
that an egalitarian concern with income inequalities associated with scarce
skills should be met with some general measure such as the income tax
rather than any deliberate effort to hold down a particular class of above-
normal incomes.



k. Salary Structure

In computing expected lifetime earnings, one must take account of the
normal rise in salary with experience. As one would expect, we also find
that for those Qith any given number of years' eﬁperience there is a range
of salaries, presumably reflecting the range of talent and ability repre-
sented by those with the same number of years of experience. One special
issue has been raised about the salary structure in research and development.
It has been suggested that at upper levels of talent and experience the
salary range which actually obtains for non-administrators is distorted,
and that their salaries tend on the average to be below the value of their
marginal productivity to their employers. Those who hold that such may be
the case suggest that in our society and probablyin most cultures there is
a trtd;tion that the order—giver should have a higher saiary ﬁhan the one
to whom the orders are given. In other words the salary structure matches
the organizational hierarchy, the highest Qalaries being paid to executives.
However, there is good reason to believe that for most activities the
traditional relation between position and salary reflects relative produc-—
tivity because of the important, indeed crucial, role played by the decision-—
maker and order—giver. However, large—scale industrial research and
development is & relatively new,activity and one which is very different
from other types of business activity. Those holding that the salary
structure may be distorted somewhat at its upper end are suggesting that
there is a "cultural lag" here; that it is taking time for us to recognize
that in the case of scientists and engineers with extraordinary talent,
the traditional salary-hierarchical relationship may be inappropriate. It

is further suggested that given the difficulty of measuring the marginal
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productivity of those engaged>1h“rééé;fégv;gamae;eiopment, such a "cultural
lag" can persist for a long period, and the value of the researcher with
superior talent may not be fully appreciated and reflected in relative
salaries.

Thig view: is countered with the assertion that competitive forces
are such that no such distortion in relative salaries (as between first—
rate scientists and administrators) as suggested can persist for any
significant length of time in our society. If the Director of the
Laboratory always gets more than any of the scientists working for him,
tnis is because his contributiorn to the organization is greater than that
of the scientists or engineers.

Unfortunately there is no conclusive evidence on the basis of which
we can settle this question. Those holding the view that the ordinary
salary structure does not reflect relative mlrginalivalue productivity to
the firm point to the recent recognition by a very few industrial firms
that a few of their most talented scientists, who do not hold any adminis—
trative positions, should receive compensation equal to or greater than
that given the top administrators in the research program. Those holding
the contrary position say that there is no reascn to think that there
has been any particular delay but instead that the relative value of the
contribution made by the scientists !ii‘é vis the administrator has recently
increased, calling'for the changed relationship of salaries.

5. Non—economic Factors in Occupational Choice

In many discussions of occupational choice, and in particulsr in
suggested policies for the engineer—scientist "shortage," there has been

embedded a hypothesis that the determinants of entry into the profession



are so exclusively non—economic that salary levels are essentially

{rrelevant. ' On the other hand, economists, in analyzing this and otner
similar markets, have usually tended, as ve have, to emphasize the role of
salary movements in changing the supply of engineer—scientists.

The question of the relative importance of economic and non—economic
factors in the supply of engineer—scientists and other professionals can
be asked in several different contexts, and only confusion results in not
keeping them clearly separated. We may be interested fror the viewpoint
of explanation or from that of policy determination. Under the heading of
explanation, we may seek to explain occupational choice by the individual
or merely the total number choosing to enter tne profession. Under the
heading of pclicy, we may~be concerned with the feasibility of alternative

policies or with their ethical implications. Our remarks will be illustrated
by some reference to two recent studies, by Eli Ginzberg and others, and
by Morris Rosenberg.lo

It clearly emerges from these studies, that an individusl's choice
among occupations depends upon many factors of environment and personality
of which anticipated lifetime earnings is only one. 1In Ginzberg's form—
ulation, the occupational choice of an individual is the result of a series
of decisions that result in gradual elimination of alternatives, the
decisions being made at different stages of maturity and under different
emotional and environmental pressures. Only in the final stages is there

evidence that the student is significantly aware of the income alternatives.

10 E. Ginzberg, S. W. Ginzburg, S. Axelrad, and J. L. Herma, Occupational

Choice, New York: Columbie University Press, 1951; M. Rosenberg, witnh K.
A. Suchman and R. K. Goldsen, Occupations and Values, Ithaca, New York:
Cornell University Press (in press). In both studies, the basic datz are
ansvers to questionnaires by students; the first study begins with eleven—
year—olids and continues through graduate school, the second treats only
college students.
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Rosenberg's analysis is particularly concerned with the relation between
choices of occupations and the values held by individuals. Thus, engineering
students tend to be about average with respect to the importance of self-—
expression and of extrinsic revards but very low with regard to the
importance of other people. C(ross—section studies of this kind do not
cast much light directly on the influence of earnings expectations, since
the earnings in different occupations do not vary within the period of
observations. Nevertheless, the ansvwers to the questions asked suggest
that if we explain a given individual's choice as & function of his
personality traits and other non—economic influences and of anticipated
earnings, the former variables in the aggregate will contribute more to
the explanastion than the latter for fluctuations in relative earnings such
as are experienced in not more than a decade or so.

The economist stresses the role of earnings in occupational choice,
not because he denies the influence of non—economic factors tut because
of a different range of interests and consequently a different set of
relevant variables. (1) He is not usually interested in the explanation
of individual choices; nor is the present concern over the engineer—
scientist supply concerned with such explanation directly. What is of
concern is the set of variables that controls the total supply, althougn,
of course, the total supply is simply the aggregate of individual choices.
(2) But not all of these factors may be variables in the aggregate.
Suppose, for example, that intelligence is one of the factors that determine
individual occupational choice. 1Intelligence is a variable from tne
individual view—point, since it is not the same for all. But if the

distribution of intelligence in the population is constant over timg, then



"intelligence is not a relevant variable for explaining variations in the

totzl supply over time.

It follows from (1) above that the variables (2) thzt are not v=ri-
ables in the aggregate are of no interest to the economist. Thus, in
generzl, if the personality and the non-economic varizbles that are so
important in determining individual occupational choice have distributions
over the population that sre constant in time, the fluctuations in totsl
supply are to be explainec purely by variations in relative earnings of
different occupztions.

Does this mean, for the present purposes, that the literature on the
non-economic determinants of occupationzl choice is irrelevent? Not cuite.
For one thing, the importance of non-economic factors in individual choice
_impligs thet the change in suprly to any given price change may be fairlr
small.l1 The l&gic of this remark, pursued further, may sugzest methocs
for using the guestionnaire responses on occupationzl choice to help make
inferences as to the price-responsiveness of supply (of course, in con=-
junction with time series data). For another, it is not necessarily true
that thé distribution of non-economic attributes over the population is
constent in time. It is widely argued by sociologists that cultural
attitudes do alter over time. The attractiveness of different occupations
is clearly not independent of these attitudes. As predilections for
creativity become more common we may, for example, have a shift frov

business to science. The content of the educationzl process impinges upon

o

11 cex . . . . .

In addition, the price adjustment mechanism described in Chapter I
mer work slowly because many factors other than salary are considered in a
decision about changing jobs.

(o8
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- the successive stages of occupztionzl choice by emphasizing the more or
less attractive aspects of professionzl work and by providins (or nct
providing) the knowledze by which the student can appreciate the relsztion
between his talents and those useful in different occupstions. Surely the
guality and nzture of education musi be taken a2s varisbles. Thus 2 histor-
ical explenation of veriztion in the supply of engineer-scientiste should
take into account social veriztles zg well as prices, thowh doubtless
over sufficientily short periods the former change toc slowly tc be

wher we turn to policy, the first observation is of course that an~
historical erplanation is autometiczlly useful in policy formatiorn.
Suppose for example.we are contemplating policies that will shifti the
demand curve, e.g., an expansion of govermment zid to resezrch and develor-
ment. In order to predict the effects of such a policy, it is importesnt to
know the supply curve, as extrapolated from past history. But there is
2lso the possibility of policies designed to alter supply conditions. Thne
class of varizbles that are relevant here need not be identiczl with those
relevant to historical explanation. Some of the latter varizbles may
represent forces that are not under the control of policy in any known
wzr. Slow changes in the nature of basic culture pztterns, for examrle,

are probatbly not easily influenced, at least in our present stete of

O
8]
(a4
3
4\
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knowledre. It is for this reason that the economist is likely tc

the importance of salaries, which can be influenced by government arc

"other policy, either directly or throush variation of demand conditions.
Nevertheless, some of the suggestions for dealing with the encineer-

scientist probtler have been based on the assumption that some of the
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! non-econoric veriables can be controlled. in faféieuiéf, education hae

corme in for a good deal of scrutiny. It is held that the qualitr of
secondary education in science and mathematics can greatly influence future
choices of career. There is strong evidence that a personts zssessment of
his own abilities and his imaze of the skills needed in his chosen profes-
sion are related. Students sometimes modify the imace of the occupztion
to fit their capabilities. This means that some occupationzl cheices are
made on distorted information, and where the distortion is not entirely
subjective or idiosyncratic a better flow of information could possibly
improve the direction of occupational cheice.

It has been proposed that deliberate attempts be made to stress tre
"good" aspects of engineering and science in secondary and even primery
.school§ and so change the preference patterns of students. Such propz-
ganda is an example of a policy of whose efficacy we have little evidence.
It is doubtful that much should be invested in these procedures tefore
their effectiveness is tested. Moreover, as we noted in Chapter III, our
ability to predict future demand is so poor that we mar be dein~ both
individuals and societv a disservice by attempting to a2lter career choices.

Such policies also raise an ethical question which goes beyond the
scope of the present discussion. Is the use of propaganda to influence
the willingness of students to enter particular professions & deprivztiion
of freedom of choice?

Can we draw any conclusions from this discussion? As far as policy
Eis concerned, apart from formal education, we know little of how effectively
non-econoric variables could be manipulated for the purpose of influencings

supply, even if such manipulations were deemed consistent with democratic
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- principles. On the research side, the complicated interrelations aﬁong
the social and psychological variesbles that enter into occupational choice
are prime subjects of study both for their own interest and for the hetter
prediction of total supply. Further means may ultimately be sugrested for
having occupational cheices made under more rationsl conditions, i.e.,
with a2 better understandins of the implications. Of course, such informe-

tion should not stress anv one profession but give egual weircht to =211.

é. Educztion

The role of education in the supply of engineer-scientists ha

m

appesred to many commentators as peculiarly important among the non-
econoric variables. As we have suggested above, education is clearly
important in the determination of the choices that successivelyr narrow

s

down the alternative occupational possibilities of an individual and, at
the same time, the nature and quzlity of education seem to be appropriate

policy variatles since the government has considerable control over them.

£y

Both the aims of the educational system and the efficiency with which

they are carried out will affect the career choices of students. Compari-
son with the Soviet and British educational systems shows the importance
of the curriculur in this regard. In Soviet secondary education (ares 1i-
17), physics, chemistry, and mathematics are compulsory for all and take
ur 4C per cent of the curriculum. It has also been observed that thne
nunkter of scientific teachers in the Soviet Union is over 250,000

to 15C,00C in the United States and 20,000 in Great Britain.l Thic stres

s opposed

6]

N

oy

on science in the educestional system of the Soviet Union is undoubtedly

l‘Figures are drawn from f'lliew Minds for the New Viorld," Few Statesrman
and Nation, September 8, 1956, pp. 279-282.
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. a major factor in their reletively rapid growth in the engineer-scientist

"area.

These facts do not imply that the United States should chanse the
curriculun of its education program. That is a matter of social policy
about the kind of citizenry that is desiratle thet fer transcends such
simple comparisons.

As for the efficiency with which our educational system attains its
ends, there have been two kinds of complaints. A generzl one is that low
standards in schools impair the potential supply for 211 occupstions thzt
demand a more rigorous training. The other more specific complaint is
that mathematics and science training in high schools is so deficient that
students who might otherwise become engineer-scientists are effectivelr
. debarred from doing so for lack of training in mathematics. These two

arguments of course merge into one another: inadequate traininc implies
low standards.13
The first complaint is freguently tied in with the argument thst the
American concept of universal and near-uniform high school eaucation is
responsible for deterioration of standards. It should however be observed
in this regard that the supply of engineer-scientists in Grest Britein ic
much smzller proportionately than in the United States, despite the verr
sharp segregation of students according tc ability and the very egreat

differences in educational opportunities based upon an examination at an

early aze. Despite all the public discussion of changing educational

12 For a sparkling analysis of the fallacious arguments frequentl: ‘
advanced in support of the belief in deterioration of educational standsrds,
see H. C. Hand, "Black Horses Eat  More than White Horses," LAUP Bulletirn,
Volume 43, June 1957, pp. 266-279.
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_stendards, we have little real evidence about historical trends. Inter-
nztionzl comparisons may be of some help. The Eurcpean system, which
apparently has high standards for & minority, eliminates the majoritr from
the potentizl suprly of engineers, scientists, and other skilled profes~
sione at an early age. The Americen system, which has lower standards,
reteins a much larrer proportion of the student population in the potential
supply up to and throuch the college age. It is not okvious
& priori which systex ie more conducive to an increased supply of engineer-
scientists or, whzt is not necessarily the same thing, to an improved
alloc=tion of manpower amonr occupations.

We zre on safer ground when talkingz about deficiencies in mathemstics
an? science instruction in grade and hirch schools. Obviously ar irprove-
mert here would benefit both the quzlity and the quantity of engineer~

cclentists, and perhaps in & wzy th

m

t could herdly be objected to, i.e.,

.

increase in knowledze which czn be achieved without impzirinr other

1]
m

a

3

areas of knowledge and without incurrinc higher costs. We zrgue that the
allocztion protlem in this areaz can to a larce extent be remedied by =z

proper application of the price systen

&

.

One prominent complaint zbout the cuzlity of mathematics and science
instruction seems to be the inadecuate supply of highly cuzlified teachers.
Wwnhile there are corplaints about the supply of teachers in genersl, the
concensus seems to be that the problem is especizlly acute in mathematics
and science, because of the competition of industry for individuzls with
these skills. A4is we have seen repeatedly, scarcities in particulzar szrercc

+

have to be met by corresponding price rises. But this is not permitz e

happen in elementary and high schools. In many communities, the salary
Pr ¥ £ 3




schedule for teachers has become uniform, with the number of years of

service and of formal academic training providing the only basis for pzyr
differentiation. The pay is independent of the subject taught, or, for
that matter, level of teaching skill or competence in subject matter.
This situztion is indeed unique; it would be hard tc point to any other
occupation in which distinct specialties and skills are not rewsrded by
different salaries.

The efficiency of the price and wage system in guidinz, allocetins,
and controlling the supplyr and use of teachers is greatly weakened., If
more teachers are wanted in a particular skill, the wages of all teachers
must be raised to attract the specially desired ones. But if this is done,
the salaries of many teachers are increased above the level recuired to
attract them in the desired numbers and money is wasted in rzising unnec-
éssariiy the salaries of manv skills. Shortages in particular skills zre
eliminated by creating surpluses elsewhere. Or if salaries are not raised
te a level sufficient to wipe out the shortages in special areas, science
classes will have to be eliminated or inadequately trained teachers will
have to be emploved.

4 policy of pay differentiation by specialiy; may be criticized as
being unfair, but such criticism is not defensible. To soy that there is
a scarcity of mathematics and science teachers means that society vealuves
their services more highly than their present pay in education, and we have
seen the importance of paying according to value. The problem is no differ-
‘ent from that of any other pay differentiation by occupation, as, for

example, between janitors and teachers, or teachers and principals.
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While there is, strictly speaking, no one market price during the
process of adjusting supply to increased demand, a multiplicity of prices
being characteristic, one could focus attention on the average price being
paid for engineering services. The text discussion makes clear that the
average price will tend to rise so long as there is an excess of demand
over supply, but it will not rise instantaneously to the level that will
bring supply and demand into equality (P2 in Figure 3). Further, the
forces that induce price rises will clearly operate more strongly the
greater the excess of demand ovef supply. Hence we find it reasonable to

assume that the rate of increase of price per unit time is greater, the

greater the excess of demand over supply. As a corollary, it will cease

rising when the price is such that demand equals supply, which is our previous
definition of equilibrium. Recall that demand and supply at any given price
are defined as the quantities demanded and supplied after complete rational
calculsastion.

Call the ratio of the rate of price rise to the excess of demand over

supply the reaction speed. Then the amount of shortage will tend to

disappear faster, the greater the reaction speed and also the greater the
responsiveness of supply (or demand) to price:

Let p be the (average) price, k the reaction speed, D be demard, S
be supply and t be time. The movement of the market over time is determined,
in the above model, by the following relations (using linear approximations

for the demand and supply functions):
(1) dp/dat = k(D-5),
(2) D=-ap + c,
(3) S=tp+4d.



Equation (1) expresses the assumption in the text about the reletion
between price rises and the difference between supply and demand; equations
(2) 8nd (3) are simple assumptions about the nature of the demand and sﬁpply
functions, as represented graphically in Figures 1-3.

# Let X represent the shortage, i.e., X = D — S. From (2) ard (3),

() X==(a+D)p+ (c—-4).
Differentiate (L) with respect to time; then dX/dt = — (a + b) (dp/dt).
If we then substitute from (1) and replace D — S by X, we have,
(5) ax/dt = — k{a + B) X .

Thus for any given shortage X, the speed of convergence is grester the
greater k(a + b). In particular, other things being equal, the smaller tihe
value of b (vhich messures the responsiveness of supply to price), the

slover will be the convergence of the shortage X to zero.
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APPENDIX 1 V
Part II

A steady upward shift in demand may be represented by adding a trend
term to the demand as given by (2) in Part I of this Appendix.
(6) Dm-ap+tc+et,
where t represents time and e the rate-of increase of demand with time for
any given price. Let X be the amount of shortage, i.e., D - S.
From (3) and (6),
(7) X==-(a+b)p+(c-d)+et.
Differentiate all the terms of (7) with respect to time.,
(8) dX/dt = - (a + b) (dp/dt) + e .
In view of the definition of X, (1) can be written,
(9) dp/dt =k X .
4Substitute from (9) for dp/dt into (8).
(10) dX/dt = - (a +b) kX + e .
Assume that at the beginning, there is no shortage, so that S = D, or
X = 0. Then from (10) we see that dX/dt > O, so that the shortage X starts
increasing and must continue to increase (since if dX/dt ever reached zerc,
it would remain at zero thereafter). It is also easy to see that,

(11) 1im X(t) =e/(a +b) k,
t-- o

so that the shortages tend to a limit which 1s greater the greater the rate
of increase of demand and the slower the speed of adjustment would have
been with an unshifting demand schedule. |

Let p'! be the rate of increase of prices, i.e., dp/dt. Differentiate
(9) with respect to time, and then substitute from (8).

(12) dp'/dt = k dX/dt = - k(a + b) p? + k e .
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By the same reasoning as with (10), p' must be increasing over time and
approaching a limit. Since it is zere to begin with, it follows that p'
must be positive for all t, so that, by the definition of p', the price p
rmust be increasing ateadily.
Let p* be the price at any time which would clear the market, that
is, which would make X = 0. In view of (7), p* satisfies the equation,
(13) 0=—(a+b) p¥+ (c—4) + et
Multiply through in (13) by k.
(14) 0 =—-X (a + b) p* + k(c — d) + ket
Let q be the excess of the market—clearing price over the actual price,
i.e., @ = p* — p. Substitute from (7) into (9).
(35) p' ==k (@ + b) p + k(c — d) + ket
Subtract (14) from (15) and use the definition of gq.
(16) p' = k(a + b) q
Since p' is positive and increases from zero to a limit, the same must be
true of q. Thus the actual price will always remain below the market—
clearing price and indeed the gap will actually widen with time, but the

two time paths will approach parallelism.
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APPENDIX 2

Summary of Suggestions for Further Research

Scattered throughout this paper are various suggestions for further
theoretical and, particularly, empirical research which we feel would be
useful in sheding further light on the situation in the sciences and
engineering. For convenience we will summarize these suggestions here.
(The order of presentation does not reflect any judgment as to their
relative importance.)

l. Government contracting

a. We suggest that a careful investigation be made to determine
effect of the governmentts power to control the salaries paid by its
contractors. This investigation should include intensive interviews with
a sample of contractors. Since contractors may not themselves be fully
'aware ;f the effect of these regulations such interviews will need to be
skillfully conducted. In addition, additional data on salaries paid to
scientists and engineers should be assembled so that a comparison could
be made of the rate, magnitude, and timing of salary increases in the
public and private sectors respectively. Such information should be
examined in conjunction with information regarding changes in demand in
the two sectors. (Chapter I.3)

b. A thorough review of the form of contract used for research and
development work by the government, and particularly by the Department of
Defense, is called for. In particular, the attempt should be made to devise
a contract form which will, insofar as possible, provide adequate incen-
tives toward contractor efficiency in the use of resources while taking

adequate account of the uncertainties involved in research and development
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and the consequent risk inherent in such work. (Chapter III.2.2)

‘ 2. The Supply of Scientists and Engineers

a. While considerable work has already been done in an effort te
understand the factors which influence career choice by young people we
find certain gaps which it would be desirable to close. In particular, we
suggest that the attempt be made to determine the influence of relative
salaries and changes in relative salaries as between occupations on career
choice. (Chapter IV.2)

b. Further study and more data is required if we are to understand
the relation between expected lifetime earnings and various types and
amounts of training which are undertaken. There is some evidence that the
relationships here have been changing over time. The importance of this
information arises because without it it is difficult to determine the
relative importance of individual ability and financial limitations on
entry. (Chapter IV.3)

c. Alternative systems of financial assistance to students deserve
exploration. While presently available scholarship and student loan funds
may indeed be adequate, it is not clear that the manner in which they are
administered is as well adjusted as possible to the requirements any
system of financial aid should meet if it is not to distort career choice.
(Chapter IV.3)

d. It is suggested that research be undertaken into the possibilities
and problems involved in compensating teachers in our public school systems
in such a manner that the very wide differences in the supply of alterna-
tives open to those of different specialties (i.e., science and mathematics

teachers vs. English teachers) can be adequately reflected. (Chapter IV.6)
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e. The traditional relationship between the salaries of administra-
ltors and the salaries of scientists and engineers nominally working under
such administrators in research and development organizations deserves re-
examination. We may not be using our resources as effectively as we should
simply because typically the highest economic rewards go to those who move
out of scientific-engineering work per se and become administrators.
Possible modification of salary structure should be considered. .(Chapter
IV.L)
3. The Dynamics of Market Adjustment

Further work along the lines suggested in the discussion of the
process of market adjustment to changes in demand (or supply) is called
for. Not only would further theoretical work improve our understanding of
the operation of markets generally, but, combined with empirical investi-
éation‘of the markets for the services of scientists and engineers, the
significance of the "dynamic shortage" hypothesis presented in this paper
could be tested. More specifically the following might be studied:

a. The existence of shortages for individual firms, in the sense
that they are ready to hire but cannot find additional personnel at the
same salary levels they now pay for comparable work, while they are not at
the moment ready to pay higher salaries.

b. The existence of different salary levels at the same time for the
same work both within the same firm and among different firms.

¢. The degree to which individuals are aware of alternative job
.opportunities with higher salaries and to which firms ére aware of the
salaries necessary to attract additional personnel.

d. The details of the process by which firms actually decide to
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for such scrvicea, \?ould bo rolova.nt to tho study suggeotod horo.

“Increase salaries and hire ?da'iiienal engineer-scientists.

In addition, the data called for abcve (l.a) on the mgnitudo, timing

. and rate of aalary increases for va.ricus types of elploymnt and among

various specialties, plus in.fomtion on the actual increuses in demand

(Chapter I.4 and I.S)
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