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FOREWORD

In June 1973, a task groupof the National Science Board felt that the scientific
and technical manpower trends which have developed in the recent past, were of
such inportance that they should be the subject of more detailed analyses and
study. Accordingly, the Board appointed a subcommittee of its Planning and
Policy Committee. This Ad Hoc Subcommittee on Manpower, under the .
chaitmanship of Russell D. O/Neal, was charged with the responsibility of
carrying out a critical comparative study of existing manpower analyses and the
assumptions which underlie them.

To aid in identifying the issues and to assist in focusing jts study, the
Subcommitiee decided to hold a seminar at which the major concern was to
develop an understanding of scientific and technical manpower projections of
supply and demand. since stch projections could serve as a major toolin effecting
policy decisions. All luvels of scientific and technical manpower were addressed,
but with concentration at the doctorate level. The seminar was structured to
include -participants with various points of view regarding the value of
projections, and whether and how they might be improved. Amongthose present
were experts in the preparation of supply and demand projections of scientific
and technical manpower, as well as users inindustry, government, and academia.
Allan M. Cartter served as chairman and moderator of the Seminar, as we!l as
assisting in its planning and organization.

Six major papers were commissioned and presented at the Seminar, held on
April 16-18,1974, in Hot Springs, Virginia. The major themes addressed were:

¢ The accuracy of past projections of scientific and technical manpower

¢ The methodology, assumptions used, and limitations employed in
projections of scientific and engineering manpower supply and demand

¢ The uses, limitations, and impacts of these projections
*  Methods for enabling students to make career decisions

¢ Possible steps to aid students and others over the long term to evaluate
the realizabil}y of their anticipated futures

After consideration of the many problems and possible solutions offered at the
Seminar, their feasibility and timeliness, the Subcommittee formulated its
recommendations. These are found in its report, Scientific and Technical Manpoweti..;
Projections (NSB-74-286). Also to be found in that volume are an overview of the %
Seminar and highlights of the presentations. ’

¢ This volume contains the proceedings of the Seminar, including the
commissioned papers and a complete llstmg of all participants.

¥ \M«w..\
Norman Hackerman .

Chairman
National Science Board
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1. Opening Comments

[]

H. Guyford Stever: .

Director,
. National Science Foundation

Tam very glad tliat the National Science Board has decided to establish'an Ad
Hoc Subcommittee on Scientific and Technical Manpower. and that the concerns
of this committee are being discussed at this conference with a wide range of eX-"
perts, The National Science Foundation has responsibilities with respect to scien-
tific and technical manpower; broadly stated, our mission is to insure the health
of American science, and one part of that is insuring an appropriate supply of
manpower. Also, we are obliged to provide the various branches of government
.with information on which they can base policies and programs with respect to
manpower. )

At the bread national scale we are faced with alack of knowledge about the o

elements of scientific and technical manpower issues. The effects of government
support and the effects of technical opportunity are still not understood. Nearly
everyone approaches the manpower problem from the standpoint of his own
anecdotal evidence. We know, as individuals, why we started in science or
engineering, and we think everyone else started for those same reasons, but we
know little of the broad behavioral implications.

If we are the head of a university. a department, or a research laboratory. we
know our job is made easier if there is fellowship money o= trainee$hip money
available. We knows if we are from an elite school, that fellowship students will
flock to our kind of institation. But still. it is on our anecdotal experience that we
seem to base our broad scale judgments.

With respect to its role, government has never thought out very carefully jts
role in supplying first-class talerit in science and 2ngineering. There are many
policy issues; for one, Federal support for manpower training has been declining.
For another, inadequate consideration has been given to unemployment and
related issues as they aie affected by change in government policies. Allof us, In
both institutional and industrial settings: have shared in the consequences. In
these brief remarks, let me emphasize our need for a greater depth of
understanding of manpower issues if there are to be more effective policiesand
programs, and if we are to present young people with useful information
concerning career choice and career opportunity to enable them to make
intelligent decisions, both for themselves and for the scientific enterprise.

1




Allan M. Cartter
Seminar Chairman, Professor in Residence,
Department of Education,

University of California at Los Angeles

1 would Iike to express my appreciation to Dr. Stever and to the special com-
mittee of the National Science Board, which has taken sucha lively interestinthe
topic of this seminar. It is a pleasant duty to call together those who have interest
and expertise in manpower projections. Ten years ago a seminar such as this
would have had a limited roster of participants, but now we easily could have
doubled or tripled the forty who are here.

A review of the literature of the past ten years would accord places of honor
to a number of persons. For a period of nearly twenty years, Dael Wolfle was
almost “Mr. Manpower” in Washington, D.C. He kept a lwely interest. had more
insight than many, and encouraged others to work in the area of manpower. The
predictions and projectionsof Barney Berelson have turned out tobe surprisingly
accurate, and he had a significant impact on a number of us. Dick Freeman
probably has been the most prolific writer on the subject for the last five years,
and he has very capably demonstrated that the market really works. The best
monitoring and early warning system of any of the disciplines or professional
societies was developed by Lee Grodzins and his colleagues of the American In-
stitute of Physics. Hopefully, this conference will give rise to some device by
which we can encourage other professional groups to do what AIP has done for
physics.

One can almost assess the changing state of the artin manpower projections
by reviewing the successive NSF reports on doctoral supply and utilization, per-
formed under the directionof Charles Falk. Certainly the last report proceeded to
a degree of sophistication that was not available six or eight or ten years ago.

For the last eight years Chuck Kidd has become the graduate education
watchdog for the American Association of Unijversities and has been astutely
analyzing trends in doctoral production. My own name would be on the citation
lists. If I contributed anything it was what seemed obvious to an economist;
namely that graduate education, insofar as it trains college teachers, is really the
counterpart of an investment goods industry. The demand for its product
depends upon the rate of change in total demand or total enrollment.

In retrospect, I regret that Barney Berelson and | were so critical in the early
1960’s of the National Educatios Association’s biennial surveys on teacher supply
and demand from 1953 throygh 1963. The criticisms helped destroy thesurveys,
and that was unfortunate because NEA had collected more good data and spent
more time focusing on teacher supply and demand tha: ny other agency. So
much for the past.

The market for doctoral scientists is intriguing, in part, because the demand
for Ph.D.s is dividec' almost equally {perhaps closer to 55/45) betwezen academic
and non-academic demand.Nearly two-thirds of the latter depena un govern-
ment funding for research and development. Thus. one can almost isolate two
markets for doctorates, one academic and the other government-related. The
papers for this seminar try to look at both markets, and highlight some of the
problems of assessing future manpower needs. Until very recently we tended to
believe that academic demand was quite predictable, and that the factors
influencing college enrollments were relatively stable, but events of thepast two

2
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.or three years are disabusing us of this assumption. While we all recogntze that

the Vietnam war and the draft were having a fairly significant impact on college

attrition rates and entrance to graduate school, I think most of us were un-
prepared for the recent reversal in trends in high school graduation rates and

college entrance rates. -

"It might be useful to begin this seminar with some selected key ratios of
wducation progression for the last ten to fifteen years (Table 1.1.) This gives ys a -
common beginning point. In addition, it might be interesting toconsider why the
assumptions made in earlier projections turned out to be false.

Table 1,1 -
Selected Key Ratios of Educational Progression;
Actual 1955/56 through 1973/74, and Projected to 1980/81

High School  College  College First-Year PhD.
Graduation Entrance Graduation  Graduate ComPietion
Year Rate* Rate? Rate? Enroliment* Rate*
1955/56 .cvvieennns . 631 A96 na. A5 n.a.
1957/58 " . e 553 501 na. 51 na
1959/60 .. ............ 726 S01 522 57 na.
1961562 ..ovneennnnn.. 689 S17 S17 32 075
1962/63 .evvernnnnnn.. 596 535 S21 .66 075
1969/64 ... oeeen..... 824 528 - 835 .70 076
1969723 . eeivrennenn 12 5as 516 74 080
a65/66 ...... P — 57 S4 508 .76 081
T 1966767 ......oo.a.... 760 516 537 .79 083
196,68 ... .......... TN 537 556 81 082
1968769 ..ovvvvvnnenns 785 803 546 .79 .083
1969/70 .. erennnnnnnn 782 818 581 .76 084
1970/71 eeeevenrnnnnns 765 615 596 73 082
197172 eeevenrnnnnns 768 600 571 69 079
£1:7 277 £ .764 576 na .87 ".076
19731784 e na. *.518 na *66 n.a
Pro'ected
1975/76 vevenvnnnnnnns J76 586 579 65 072
1980181 L....eeenn.... 801 £17 558 82 - .00
1985/86 ... oernnnn... 821 £43 —-—— —— ——
1990/ L., 836 659 —— —— —
* Prehmmnaty data * Fatstayear gro earotiment'wesghted average of
¥ High schoo! graduales/average ol age t7 and 18 popula. B A's ane 10 fqur years cather {Mo1e 1Hal furst-yeir graduale
ton studenls are POL tha $amme af hirst-bmeJraduate students. the
'Fnsl-lm;: lege degree credit Lingh sChodl lattev constule only about 40 pescent of the former }
aradeat pre “ eat
? Baceal degres ,t tust-ime sncoliment of "PnD 5 awardedaveTage WISLYsIr earoliment four 10
thiee 2nd faue years arser seybn ¥oars Carliée

The time series of high school graduation rates rose fairly consistently toa
peak about the year 1968, and then turned down. Most analysts in thelate 1960’s,
and even in 1970 or 1971, made the assumption that the high school graduation
rate would continue to rise about. one percentage Ppoint per year until ap-
proximately 1980, then level off at about 90 percent of average 17-18age popula-
tion. In reality, the high school graduation rate dropped to about 76.5 percent in
the years 1972-73. Most analysts would attribute the reversal to the end of the

draft. .
3
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Consider also the college entrance rate—that is, first-time college entrance
in relation to high school graduates. This is a rising series that peaks in years
1969-70. Again, analysts in the late 1960's and early 1970s assumed that college
entrance rates would continue to go up steadily over the next decade. Therever-
sal has been fairly marked, and the rate has now dropped nearly 7 percent.
Further, one does not know what the future trend will be.

The data on college graduation rates (baccalaureate degrees divided by
average first time enrollment three and four years earlier) peaks in years 1970-

" 71, and also appears to have turned down.

The data on first-year graduate students (enrollment in relation to a
weighted average of baccalaureates granted from one to four years earlier) show
a peak in years 1967-63, followed by a fairly sharp drop. This drop occurred at the
time when the public became aware of tie deteriorating job market and was
coupled with the removal of the draft exemption in the summer of 1969,

The data on the Ph. D. completion rate (the number of Ph.D."s awarded in
relation to first-year enrollments from four to seven years eai'ier) peaked in the
years 1969-70, and it also has declined since then. However, it is interesting to
note that for women the Ph.D. completion rate and the first-year graduate en-
trance rate are continuing to increase, so that the decreases for men are sharper
than the average indicates.

Looking at the bottom of Table 1.1, noprojections are estimated for 1985 and
1990 in the throe right-hand columns because that iswhere the market forces will
have a fairly significant influence. As for the two left-hand columns, it can be
assumed that decisions to graduate from high schooland to enter college are not
very responsive to market forces as we think of them, short of another great
depression.

The U.S. Office of Education has begun collecting data on Ffirst-time
enrollments in graduate and professional schools (Table 1.2). Putting that infor-
mation together with data on first-year students, one can estimate the entrance
pattern for the last 18 years. Table 1.2 indicates that the proportion going to
graduate school--that is, the ratio of column 3 to column I—~peaked in 1967 and
has decreased sharply since then. In the case of the professional schools, the peak
occurred about 1970-7 1. While the absolute numbers seem to begoing up at a rate
not quite keeping up with theincrease in baccalaureates, by 1973 weappeartobe
back to the overall percentage of students going on to post-baccalaureate studies
that we experienced in 1962.

Table 1.3 showsestimatedenrollment figures for various levels of education.
Total enrollments are shown by sector to the year 1985, The undergraduate
enrollments after that time are based on Series F Census projections which at the
moment look like the best of the census series. It appears that there will be a
period of steady but somewhat modest contraction in enrollments until the mid-
1990’s, something that we would not have anticipated a few years ago.

Figure 1.1 shows what the various census projections tell us is likely to
happen to the size of the college age group. Because the easiest age group to take
out of the cen3us series is the 20 to 24 group, that is the one shown. There isan
amazing difference between today’s Series F projection and Series B from 1967.

4
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Until 1970, most of us used Series B as the most reasonable of the projections. It
shows a growth to 26.5 million age 20 to 24 students by the end of the century.
Now, Series F projects only 17.5 million for this age group at the end of the cen-
tury. This is obviously a drastic change in expectations. Series F-projections, out
to the year 2020, indicate that for the next fifty years there is likely to be no
growth in the size of the college age population, and that is a very different world
than we anticipated five or ten years ago. ,

*, Tig .

- t e

Table 1.2 .
Ratios of Estimated First-Time Students In Professional and Graduate
Schools in Relatlon to Welghted Average of B.A.'s 1-5 Years Earller

Weighted First-time First-time
Average Professtonal Gradyate

ot BA's Enroliment  Enroltment Ratio
Year {000's) {000's) {000's) 1 ¥ 24371
)] (2} (3)
1955 oieninne. 291 26 60 09 21 .30
1956 .icencvnnns 282 27 66 10 23 33
1957 ciiinnnnnn. 295 27 69 09 23 .32
1850 ........uen 313 27 79 09 25 .34
1959 ciiiiiianns ks 28 a8 .08 26 35
1960 .........e 350 28 o4 .08 2F 35
1961 .......cc. 361 29 103, .08 .29 37
1962 ..oinnunns 374 3 113 .08 30 38
1963 .iiinnnnns 395 a3 127 .08 a2 40
1964 ........... 427 35 146 .08 34 42
L1985 Liiiienaes 468 36 165 .08 35 43
1966 ........... 492 36 178 07 36 43
1967 .ovinniens 524 38 196 07 37 45
1968 ... ...... 576 45 210 .08 a6 A4
1969 ..........0 648 55 226 .08 a5 43
1970 ........... 720 63 242 09 34 A2
J971 779 66 248 09 32 .40
1972 civiiiiens 832 60 1257 .08 31 .39
1973 ....oleee 883 b 1269 .08 ) 38
1 Proliminary dala,
T increases based on ETS/CGS Surmveys
jp —,
Table 1.3
Actual and Projected Degree-Credit Enrollment, Selected Years
(000’s)
First Ph.D.s
Year Undergraduate Professional Graduate Tofal Awarded
1955 ... e 2258 160 242 2.660 89
1960 ........ieees 3058 169 356 3.583 10.6
1965 ... 4689 218 619 5.526 18.2
1970 i 6677 343 00 7.920 3z
1979 eeeiiiiieaes 7690 443 1064 9.197 38.5
1980 .............. 8531 507 1136 10.174 437
1905 i 8186 560 1216 9,962 45.0
1990 ..........ok 7910
1995 L.eiiiiiina 7333

2000 .............. 8197




Figure 1,1
Projected Size of 20-24 Age Group to Year
2000, According to Alternatlve Census Series
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Many of us have been critical of the Office of Education projections, siotonly
because the data were usually several years outof date, but because those projec-
tions have tended to swing to the extremes. It appears that OE’s projections in the
period of 1970 to 1972 were too optimistic, while their latest projections are,
believe, too conservative. The Office of Education’s projections may turn out to
be the perfect example of Freeman’s cobweb theorem in which variables oscillate
around an equilibrium.

This year’s OE enrollment projections for 1980 are two million fewer than
they had in their 1973 projections. If they are correct, the net addition to full-time
faculty in the 1972 to 1982 decade will be only 34,000 faculty members. This i<
fewer than were hired in the single year 1965. During the period from 1967, to
1972 the number of full-time faculty expanded by 211,000. For the coming
decade, the Office of Education suggests that the netincreasein full-time faculty
will be 34,000. Only a year ago OE was projecting an increase of 125,000 for the
coming decade. The revisions in QE’s projections have been rather extreme.

There is a commonly held view now that the period from 1970 to 1972 was a
time of readjustment, and things are getting back into reasonable balance. We are
once again talking about a shortage of engineers today while in physics it looks as
if Ph.D. production may drop to only eight or nine hundred per v»- ' thelate

1970%. y
) 14
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It is appropriate that we have continuing concern for the possibility of short-
ages in some fields, particularly in science and engineering fields where a large
part of eventual employment is going to be in government and industrial R&D.
However, the over-supply of doctorates in the general academic |labor market
looks grimmer for the period from 1980 to the early 1990s than it has atany time
in the past.

~ lam pleased that NSF is beginning to realize that there may be a growing
long-term manpower problem, especially at a time when the Department of
Labor and the Department of Health, Education and Welfare seem not so con-
cerned. Perhaps by the end of this nreeting we will have a much better grasp of
what we do and do not know, and how we can better monitor and improve man-
power projections.

Twould like togive special credit to Dr. Russell O'Neal of Bendix, ¢hairman of
the Ad Hoc Subcommittee of the Board, for being instrumental in organizing this
meeting, and thank the NSF staff and other members of the Board committee
who have been extremely helpful.
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2. Experience in Projection of the Demand for
Scientists and Engineers

This chapler is based on the oral presentation of Harold Goldstein a~d on his paper. The lead
discussants were David W. Breneman, National Board on G raduate Education, and B.O. Evans,
IBM Corporation.

Harold Goldstein

Consultant
National Manpower Institute, Washington, D.C.

The Need .

Why do we need projections? Who uses them, and for what? Projections
serve the purpose of providing information for dedisions. The decisionmakers
needing projections of demand of scientists and engineers are:

®  Young people. They need them to make vocational choices, particularly if
they are considering occupational areas which require long training
periods” Beforeinvesting years of time, effort and possibly large sums of
money, young people want to know their prospects for finding employ-
ment in a particular field as well as their potential earnings. If they could
be helped to choose fields of study more in line with future manpower
requirements, the great fluctuations in the supply/demand aspects of
the labor market might be smoothed out.

®  Governmenl. Proiéctions provide the government with data which may be
used to develop educational support policies, or to determine the possi-
ble impact of new programs on the availability of trained manpower, or
to limit the scope or extend the time framée of programs. New programs
affect manpower supply and demand in that they can indicate the need
to train more people, or to provide for dislocations which might result
from shifts in demand.

¢ Industry. Industry needs projections to develop its own strategies and
policies for manpower recruitment, training, and retraining.

¢ Educational instilutions. Both as producers of trained manpower and as
employers, educational insfitutions must antidpate manpower re-
quirements. They must decide what programs may be needed and what
faculty and facilities might be required.

It was for this first group—young people—that over thirty years ago the
Bureau of Labor Statistics began making projections of manpower needs. It
focused on the professions, the skilled crafts, and other career fields which re-
quire long periods of training. The informatjon is published every two years in
the Qccupational Oytlook Handbook which is widely used by high school and college




students; 108,000 copies of the last edition were sold. Though economic factors

are not the only ones which affect vocational choice, the projections of employ-

ment opportunities and salaries in the Haudbook help young people make rational.

decisions, for themselves, by providing accurate and timely information.

The Statement

In making predictions to aid decisionmaking, we can ejther try to forecast
what will happen, how demand and supply will be forced into equilibrium by the
wage mechanism, or we can state the problem and leave the decisionmaking to
the participants. | favor the latter approach. Specifically, this means that predic-
tions of requirements for workers are made assuming continuation of present
economic patterns, the growth of different sectors of the economy, and the
utilization of different occupations independent of the supply of manpower.
Secondly. projections of the manpower supply, of the number of young people
entering each occupation, are made based on the continuance of present patterns
of occupational choice. With these approaches, two projections result which can
be examined for areas of match and mismatch in anticipated supply and demand
for particilas types of manpower. These data indicate the direction and
magnitude of imbalances which may occur and provide information of use to
decisionmakers.

The first task is to project requirements. This is done assuming unchanged
relative wages and prices. Traditionally. the methods for projecting requirements
which are used in this country and elsewhere are directed toward analyzing the
factors that affect demand. An analytical method isused to project demand rather
than surveying individual employers as to their own future needs because the
latter method has not worked well in the past. Figure 2 gives data about the
current utilization of scientists and engineers. (See also Table 2.1 in the accom-
panying paper.} Note that something like 80 percent of the engineets and 40 per-
cent of the scientists in the U.S. work in industry. Of the engineers inindustry,
about one-third work in R&D; of the scientists, about one-half work jn R&D.
Thus, R&D expenditures inindustryin particular have an lmportant effecton jn-
dustry’s need for engineers and scientists.

In order to make meaningful projections, analysis must be disaggregated. In-
stead of considering scientists in general. one must consider chemists, or to be
even more meaningful. chemists working in the paper industry. The paper in-
dustry. for example, employs four or five thousand chemists and their employ-
ment is framed by the actjvities and interests of the paper industry. Understand-
ing this environment allows projections which are based in and can be tested
against reality. It would not be possible to run a similar test on a projection of all
130.000 chemists. with all their diversities, in all the different industries that
employ them.

The government is a major creator of requirements for scientists and
engineers. As Figure 2.1slhows, a large number of scientists work ingovernment.
But governmental needs are not strictly market-oriented. The decisions of
goverrment to engage in particular programs and hence to create demands for
this or that kind of personnel are ultimately based on th e decisions of legislatures.
To project effectively, one must look at the programs being mounted in govern-
ment at all levels and examine the program plan and design in terms of manpower
requirements, the kind and numbers of workers required. and the mix of oc-
cupations needed. This requires, however, second guesses about what the Con-
gress, State legislatures, and other government decisionmakers will choose to
bring to implementation.
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Figure 2.1 . :
Distribution of Engineers and Natural Scientists by
. Type of Empluyer and Percent Engaged in R&D (a)
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(a) Data for dactorates are for 1973; data foc all
enginee:s and natucal scientisis ere for 1970,

SOURCE: H. Goldstein. based on data from the Bureau of Labor
Statistics and the National Science Foundation.

Projections of requirements in industry and government require estimates
of the demand for scientists and engineers in terms of specific factors which
affect it: the level of economic activity in each sector of industry, the amount of
R&D engaged in by each sector, and the ways in which scientists and engineers
are utilized in each sector. These activittes, however, donot function in isolation:
they are interdependent with national activities such as the growth and changing
composition of the population, national income and production, and the distribu-
tion of products.
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The Method

M

The Bureau of Labor Statistics. as part of a federal interagency research proj-

"ect oneconomicgrowth, is engaged in the preparation of projections of long -term

trends in industrial and occupational growth. The BLS seven-step projection
model, described in the accompanying paper. requires a functional model of the
total economy since it involves such things as projecting the growth of the
economy. the growth of various industrial sectors, and changes jn the composi-
tion of each sector, -

-

In making the projections, assumptions are made about the rate of economic
growth which in turn js based on the projected growth of thelabor force, assum-
ing full employment and expected productivity growth. An underlying assump-
tion of BLS projections is that we would be close to full employment (4.0 percent
unemployed). If that assumption is not satisfied. it will affect the employment of
scientists and engineers. The projections include the useof inputfoutput analysis
which allocates final demand for consumed products to the various producing in-
dustries. For example, the demand for automobiles relates to the ayto industry,
but it also relatesto the steel industry. glass and rubber industries, and othercon-
tributing suppliers of the auto industry. The results of the analysis are checked
against independent multiple regreséion analyses of the relation of production or
employment jn each industry to the major variables affecting it.

One difficult factor to assess is the occupational mix ofindustries; this mix is
used to determine future employment by occupation. While some substitution of
one profession for another occurs among scientists, engineers and technicians,
the amount of substitution appears limited. Also, the mijx is affected by
technological changc. This poses problems in making projections since scientists
and engineers are at the forefront of technological change and thus are the
originators as well as the recipients of the effects.

For information about the current occupational mix of scientists and
engineers jn industries, the decennial census has been theonly data source, but it
has been rather inaccurate; moreover, it has given us aggregated occupational
composition for each industry, not data on individual plants. The Department of.
Laboris just beginning to make systematic surveys of employment by occupation
in individual plants; the resulting data are expected to aid in the analysis of
differential occupational composition.

The results of the latest BLS projections of requirements for workersin all
occupations were issued in December 1973. The projections for scientists and
engineers are shown in Figure 2.2, based on data in Table 2.2 in the paper. The
projected requirements of 1985 indicated much slower growth from 1980 to 1985
than js expected for the period up to 1980. The tentative conclusionis that when
occupational requirements are projected against projected supply. there will be,
in the early 1980's, more persons qualified to work in the scientific and engineer-
ing professions than there are jobs. This means more of today’s students will be
employed in nonprofessional, nonmanagerial occupations in the future than jn
the past: that is to say, they will be underemployed.

Again. however, all this could be—and, we hope as a result of publication of
the projections, will be—affected by changes in choice and preparation of
students.
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Figure 2.2 .
Employment and Demand for Engineers
and Natural Scientists, 1972-1985

% ADDITIONAL REQUIREMENTS

DEATHS AND RETIREMENTS
BETWEEN 1978 AND 1985
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SOURCE: H. Goldstein, based on daia from the Bureau of Labor Siatistics.

The Qutcome

A reasonable questiontoaskis, “How well have past projections been made?”

The response comes with caveats. Projections cannot betested accurately against
the actual: first, because assumptions underlying the projections—such as full
employment and no war—are not borne out, and second because demand v s ex-
plicitly plotted without consideration of supply, and supply without considera-
“tion of demand. It was expected that adjustments would be made in both supply
and demand as decisionmakers reacted to the projections and to unfolding events.

The projected requirem. ats for scientists were Ffairly close to actual; the re-
quirements for engineers in the past decade were overestimated. A principal
reason for the overestimation was the assumption, quite generally held in the
early 1960’s, that R&D expenditures would increase to 3.7 percent of the gross
national product. It never achieved more than 3 percentof GNP and in the 1970%s
tapered off to 2.7 percent. This led to overprojection.

A review of projections made since the beginning of the 3960’s indicates that
the projections are getting better. This is due to improved techniques and more
sophisticated methodologies. It is not to say. however, that further improvement
is not needed.

In conclusion, several points should be emphasized:

¢ The need to replace manpower, because of death or retirement, will ac-
count for alarge part of future employment opportunity. A lotof timejs
spent on analysis of demand, but not enough on replacement. More
attention must be given to it.
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® Research should be expanded on the Question of utilization of oc-
cupations in industry and the responses of industrial organi~ations to
technological change, relative wages, and general supply and demand
factors.

e  Occupational data must be analyzed and disaggregated by planis in
order to be of maximum usefulness.

¢ Short-term projections are needed. Typically projections have been for
ten to fifteen years forward. Four or five-year projections would be

useful for many purposes.

e Methodologies must be examined and systematically checked to deter-
mine the sensitivity of the projections to their various internal assump-
tions.

¢ Continuingand unremitting research on manpower projections is need-
ed and must be carried on in the broad context of the whole economy and
for 2l the relevant occupations. We need to know how occupations ae
interrelated. Responsible analysis requires a continuing across-the-
board research program in the field of manpower projections.

David W. Breneman, Discussant i
Staff Director, National Board on Graduate Education

Three themes seem to be common to the papers prepared for the conference.
The first is the attempt to understand the labor market by means of economic
analysis of supply behavior. Freeman’s work is perhaps the best example of this
type of analysis. A basic question is the extent to which students respond to the
economic aspects of the market. Goldstein inhis written paper and inhis remarks
commented on this problem when he noted that . . .economic information plays
onlya modest role in career decisions,” and that “. psychologlcal and sovial fac-
tors as well as personal commitments fo a field oF interest” play a role in the
choice. The question is what Quantitative role do the various factors play?

It is evident that projections ignoring market demand are simple nonsense,
yet the arguments which occur on this subject are usually anecdotal. Everyone
knows students who are going into physics no matter'what. When this type of
argument arises there is a tendency for the arguers to say either that the.
economic models of student response todemand are accurate {i.e., all students are
choosing fields with regard to wages). or that the models are totally wrong.

What Is lacking is an understanding of how important the various factors,
economic as well as social, are in the process of career choice. Neither position. all
economic or all social, is correct. Thereis a distribution of reasons. Some students
are probably influenced almost totally by price: some hardly at all.

There is no reason, though, why a supply-demand cucve for manpower can-
not be drawn incorporating all classes of students, with this analysis used in n1an-
power projections. Empirical estimates of how responsive the supply curveis to
economic effects are important pieces of information. With that sort of informa-
tion, forecasts can be made about the likely affects of simple economic factors.
This research is in its very early stages, however.
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A second point concerns the inability of projections to be integrated with -
policy variables. A case in point involves the report of the Newman Task Forceon
Graduate Education.Onefinding was thatduring the 1960°s whenlarge amounts
of federal money wrre spént supporting science and engineering in the univer-
sities, the proportion of Pk.D.’s in science and engineering did not increase with
respect to total Ph.D. production. The conclusion reached by the Task Force «vas
that universities had been substituting federal funds for their own in the sciences
and shifting their own Funds to humanities and the social sciences. This is a fun-
damental policy issue and one that those who have been making projections
should be in a position tocomment upon. In spite of alt the work on factors affect-
ing supply and demand. an evaluation of the conclusion cannot be made, in part
due to the failure of projection techniques to consider behavioral components of
the total system. A more explicit analysis of the behavioral side, an example of
which is student supply behavior. is necessary before conclusions can be raached
about what policy variables do or don't do.

At least one potential data base exists for examining this question, the NSF
Graduate Student Support surveys. Over the past few years, federal support for
fellowships has been drastically reduced. What effect has this had on the number
of students. their distribution by university, and what (if anything} is happening
to the quality of the students? We need toanalyze existing data for insight into
these questions.

Finally, one great enigma concerns the response of the universities. In the
manpower market the universities are the producing firms. Yet there are almost
no studies of the “theory of university behavior.” Adjustments of many types are
occurring and yet the modes and mechanisms of response are not being anatyzed
Universities»will not expand or contract simply as a means for pumping out
trained manpower. To make adequate projections, present techniques must %e
augmented and an analysis of the producing sector of the market included if im-
plicitions of various policy options are to be understood.

B. O, Evans, Discussant ,
Office of the President, IBM Corporation

Mir. Goldstein’s approach, forecasting demand by analytic methods basadon
econometric models of GNP and R&D expenditures, yields projections which
may be accurate in the large. but may not be accurate in the small. It is the tech-
nique of mailing questionnaires to individual industries which is probably n-
reliable. IBM’s experience is,an example of what might occur.

In 1950, IBM employed less than 3.000 scientists and engineers; in 1964 the
number had risen ¥o0 10,000; in 1973 it had risen to 20.000. This sort of increasein
demand for scientists and engineers couid be forecast. What would offer more
difficulty is predicting the mix of specialties within that demand. The mix changes
as a result of technological changes within the business. the technological
changes in turn being stimulated by the scientists and engineers.

The speciality changes were dramatic within IBM. For example. in 1950, 50
percent of the scientists and engineers were mechanical engineers. There were
no programmers nor were there any significant rumber of physicists. In 1973,
mechanical-engineers comprised less than 8 percent of the work force, with
programmers now comprising 36 percent. Physicists accounted for S percent.
The question is raised as to whether the macro approach (“top-down) would be
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sufficiently sensitive, even in its disaggregated form, to offer useful manpower .
data in a situation such as this. Better techniques of building internal data of this
type into the models should be explored. Perhaps questionnaires toindustry offer
ameans todevelop some of this data. §ome way must be found to getindustryto
pay attention to the guestionnaires and to introduce more accuracy to their
responses.

The computer industry might be an excellent candidate for case study. The
applications of computers now touch more industries, businessess and in-
stitutions that will generate professional requirements in the future. Analysisof
specific requirements of the computer industry might in this sense give a valuable
indication of future needs for scientists and engineers in the society.

General Discussion

Following the remarks of Mr. Goldstein, Dr. Breneman, and Dr. Evans,
general discussion raised several new points and expanded on some already dis-
cussed. The areas of concern are listed below.

¢ The guestion of how inclusive econometric models actually are was
raised. It was agreed that conceptually they could be made to be all in-
clusive, butin fact they are not. It was suggested that a promisingarea of
research would be to see how far the models could be pushed even in
their present states.

¢ The guestion of the real meaning of percentage changes in manpower
demand was examined. Lee Grodzins presented data on migration of
faculties in physics departments from 1972-73 to1973-74, While theac-
tual change in positions was only 23 (a drop), this small change was
accomplished by 291 faculty leaving and 256 entering {the twosetsare
independent) for a flux of 547. Thus, while the actual number of faculty
employed changed from 4,481 to 4,458, this was accomplished by 547 in-
dividuals actually switching jobs. This same situation is probably truein
industry. Grodzins stressed that upgrading in employment—the hiring
of Ph.D.’s into positions held by non-Ph.D.’s—is proportional to the flux
of employment (the 547 figure above) and not on the net change(the23
figure, above).

®  The possibility of substitution was discussed; it was noted that while
engineers are lumped togetherin projections, there is probably less of a
chanceof one engineering specialty substituting foranother than that of
one scientist substituting for another. For example, there is a greater
difference between an agricultural engineer and an electrical engineer
than between a physicist and a chemist. Further, 110 engineers (refer-
ring again to Grodzin’'s data) who received their Ph.D.’s in 1972 joined
physics departments and twelve chemists became physicists. In short,
models must include consideration of these substitution possibilities if
they are to accurately represent the potential supply of manpowerto fill
demands. {With total substitution, the problem would vanish.)

¢ It was agreed that questionnaires aimed at determining demand have

not been very useful, partly because of lack of any response, but partly -
because resporse has not béen well informed.
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® A need does exist for intermediate projections {i.e., projections of five
years or less). Itis possible that these will be affected more by short-term
economic cycles than are the long-term projections which tend to
balance out, but they may be useful.

The formal paper prepared by Harold Goldstein for this session appears below.

Experience in Projection of The Demand
For Scientists and Engineers

This paper will concentrate on the projection of demand—only half of the
total subject—but since demand and supply are not independent, 1 will consider
that | have a license to poach on the supply side as well.

It will begin by looking at the purposes for which projections are made, and
what they must do to best serve these purposes. We will then review the methods
that have been used and some of their problems, look at the accuracy of some of
the projections, and conclude with some suggestions for their improvement.

The major purpose projections serve is to provide informaticn for decisions,
on the theory that a free market functions best when all the participants are well
informed. The participants in the scientific and engineering market include in-
dividuals (students and adult workers), employers, government, and educational
institutions. .

1. Individuals choosing a field of training, particularly one requiring an in-
vestment of several years, want to know theirchancesof getting ajobin
the future, and their potential earnings.

2. Government needs to make decisions on the support of education, and
also needs to know the implications of major contemplated program
changes (such as launching or curtailing defense, medical research,
medical service, housing construction, highways, space, or energy
research and development) for the availability of trained manpower,
which may affect the speed with which the programs are launched, or
policies for the support of additional training.

3. Employers need information on which to base decisions on recruitment,
training, utilization, salaries, or even capital investment to replace scarce
labor.

4. Educational institutions need information both as employers and as
producers of trained workers—in this case scientists and engineers; they
have to make long-term decisions on construction and staffing.

Individuals are listed first because their decisions have a major role in labor
market adjustments. While they are in school the young people who will enter the
labor market annually are potentially the most flexible participants, since they
have as yet no investmentin specialized education or in years of personal commit-
ment to an occupation. If they make their decisions on a course of education on
the basis of the longer-term outlook rather than the immediate situation, we
might avoid the crazy see-sawing in demand-supply balances resulting from the
necessarily lagged response to the current labor market picture that Richard
Freeman describes so well in his account of the “cobweb” adjustment pattern for




occupations with a long training period. A case in point is the drop in first-year

enrollments in engineering in response to reportsof unemployment of engineers

in the past few years without regard to the outlook. It was with this needin mind
that a President’s Advisory Committee on Education recommended in 1938 that

an occupational outlook service be set up in the Bureau of Labor Statistics. The in-

terest in this information is illustrated by the sales of the Bureau’s biennial

publication, Occupational Qutlook Handbook (14); 108,000 of the last edition were sold

at the hefty price of about six dollars a copy—the equivalent of more than three

copies for every high school and colleze in the United States.

Having said this, we have to realize that economic information—on employ-
mentopportunity, wages, working conditions—plays onlya modest rolein career
decisions. Anyone in contact with youth knows this, and the literature on
vocational choice bears this out—emphasizing psychological and social factors, as
well as personal commitment to a field of interest. This is true evenof thestudies
in which not only psychologists and vocational guidance specialists but also
economists worked (21. 28). At most, one can say that among alt the studentsin-
terested in a field there is, as a result of the value system of each student, a con-
tinuum of degreesof commitment. at one end of which are those who would most
readily change their goal if employment opportunity oreconomic reward seemed
less promising than elsewhere, and this provides some margin of adjustment (32).
One of the questions is whether theinformation available to them—forexample,
on relative wages—is adequate.

On the employers’ side there are also rigidities and inelasticities in adjust-
ment to supply-demand conditions. Theory leads us to expect that they will use
more workers in an occupation when the wages are low relative to those of
workers who can be substituted, or relative to the ¢ost of machinery or equip-
ment that could do the same work: and that the reverse would be true with high
relative wages. But substitution is limited by the technology of theindustry, the
way work is organized. and institutional factors such as unions, professional
societies, licensure laws, and notions as to what is proper. {Can you see auniversi-
ty hiring only mathematics professors because they are cheap this year?) The
production process, whether in a cookie bakery or a college. requires some par-
ticular mix of occupations. Some substitution is possible, such as using more
technicians when engineers are hard to get. Substitution also takes place within
occupations by using less competent or qualified workers. It is plausible that the
elasticity of demand in response to relative wages varies among industries and,
within an industry, among occupations.

The decisions government has to makein considering new programs require
not only information on the kinds and approximate numbers of highly skilled
workers needed for a given type and amount of expenditure, but also theoutlook
for the demand/supply picture for these workers in the econowny. excluding the
contemplated progiam. Changing the pace of introduction of the new program,
cf:)rlistimulating additional training are some of the decision responses that might

ow.

From these comments on the nature of declsion-making we may draw
several implications for the kind of outlook information that would be useful.

The time horizon for projections for use in occupational choice and govern-
ment program development has tobe at least as far into the future as the length
of the period of education or training—a minimum of four or five years for
professional occupations, and longer for many of them. Employers and
educational institutions may be able to make their decisions with less lead time.
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Since the uncertainty of projections probably increases with time, projections for
a series of years into the future—say, every five years--would be more inform-
ative than the single-point projections that are commonly made for ten-year
periods or more.

The kind of statement that is made is critical. One approach is to makea “best
estimate” of whatis likely to happen. Since the purpose is to help people to make
decisions that will af fecl the outcome, a forecast of this kind~~even assuming it is
technically possible—appears inappropriate because it prejudges the decisions,
and thus obfuscates the important policy issues.

Another approach is to state what would happen if present trends and
patterns of relationships were to continue without any attempts to modify them
to achieve a better outcome; the conclusions would suggest whetherany actionis
needed and, if so, how much. More concretely in application to projecting demand
and supply of scientists and engineers, this approach would first estimate the
numbers of each type of scientist that would be employed to meet productionand
other needs if the growth of the economy and the patterns of utilization of scien-
tists were tocontinue as in the recent past. (This s, more precisely, a projection of
“reguirements” under the assumption of unchanged relative wages and prices.,
.* rather than of “demand” which is properly related to wage levels.) Second, it
would estimate the number of scientists available if current trends inthe number
of students entering the field, and in other patterns of behavior affecting the
supply {retirements, etc.) were to continue. Comparing these estimates, welearn
whether present trends are leading to a balance of supply and demagd or an im-
balance. The direction and magnitude of the imbalance would suggest theextent
of the adjustments needed. This would leave the options of students, employers,
government and schools open for a variety of combinations of adjustment
measures, such as were described in one of the projection reports by the Bureau
of Labor Statistics:

The purpose of these projections of scientific, engineering and
technician demand and supply is to provide information on the Nation’s
future scientific and technical manpower situation——both as a basis for
consideration of possible actions and as'a framework of data against
which the results of these actions may be evaluated. Since the demand
projections were developed without taking into account limitations in
future supply, they represent needs in 1970, rather than actual
employment. .. Jtis unlikely that deficits of the magnitude projected for
engineering manpower, for example, will be ciearly observable in 1970.
Accommodations to the existing manpower situation will oceur each
year, and adjustments will be tnade by employers of these personnel.
Some adjustments might result in projects and programs being post-
poned or even canceled. Other adjustments could result in all programs
still being carried out, but only with difficulty, less efficiently, or overa
fonger period than anticipated. Others could result in steps being taken
to improve utilization of available scientific and technical manpower. Ef-
forts to avert potential shortages might also take the forms of inducing
more students to major in engineering or science fields or in technician
programs and of inducing more graduates to remain in their fields after
graduation.




* & &

Hlustrative projections of the supply of scientists, engineers and
technicians likely to be available in 1970 were also developed tojllustrate
the relationship of demand and supply if no actions were taken to affect
the supply. The supply was projected on the basis of population growth
and assumptions as tothe proportions of college-age population going to
college and the proportions of college students taking science and
engineering. No attempt was made to allow for évents which might
radically alter currently foreseeable trends, such as-speciat efforts to in-
crease the supply through legislation by Congress or specific actions by
Government agencies, professional societies: or industrial concerns.
The prediction of such events, the results of which could greatly affect
requirements for or supply of scientific and technical manpower. was
specifically avoided in this study. Nor was allowance made for more
marked increases in salaries which might attract additional persons into
these fields. ’

* « *

Some combination of these and other adjustments in alt probability
will occur. Thus. actual 1970 employment levels will be at whatever
point a balance develops as the accommodations are made to the supply-
demand situation. The key question, then, is how the necessary ad-
justments can be made—whether they can be accomplished with a
minimum of dislocation to the economy and without disturbing the free
marke* mechanisms through which manpower allocations and utiliza-
tion have traditionally been determined in this country (3, pp. 1, 4).

I would add that research on the elasticities of response to labor market im-
balance, or relative wage changes, would help participants to judge the extent and
kinds of adjustments needed. The decisions should beleft to them rather thanbe-
ing taken over by whoever does the forecasting.

Methods for projecting requirements for scientists and engineers

Before discussing methods, let us look at where scientists and engineers
work. Private industry employs 82 percent of the engineers) 43 percent of the
natural scientists, and even 23 percent of the Ph.D."s in thesé fields. Educational
institutions employ most Ph.D.’s and a substantial portion of the scientists (Table
2.1). It is also apparent from the table that we have to assess the requirements
both for those engaged in research and development and for those engaged in
other work.

Two general methods have been used to project requirements: one is to ask
employers what their future requirements will be; the other is to analyze the fac-
tors affecting demand and then estimate how these factors will opzrate in the
future. We may call these the “questionnaire” method and the “analytical”
method.

The questionnaire method has been used in the United States.and in other
countries, both for short-term projections (a few months ahead) and for long-
term projections. but its use is diminishing as experience has often shown poor

results (22, p. 146; 20, p. 19 and 240-260).
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Table 2.1 .
Distribution of Engineers and Scientists, by Type of Employer, and

Percent Engaged in Research and Development® 1970

Science and
Al Al Engineering
Engineers Natural Scientists | Docloratss
Percent Percent Percent Percenl Percent Percent
of Total of These of Total of Thesa of Total of These
. Em- Engaged Em- Engaged Em- Engaged
Type of Employer ...... Crrraeees ployed inRAD ployed inR3D ployed inR&D

Tolal coviiiiiee i et 100.0 — 100.0 — 100.0 —
Private industry ......... HPT 81.8 324 429 473 227 .2
Governmenl ... 13.9 30.6 174 332 10.7 55.5
Colleges and universilies ........ 38 434 376 315 60.4 23.7
Nonprofit institutions ............ S0 4 2.2 80.2 6.2 48.6

Sources: Engineers and natural $oi Employment of Manonal Academy of Soences. March 1974 andunPublhished

Sewentists and ENG . 19507970 Suresu of Labor data, Oata represent 1973 siatus of ah those receving doc-

Siatiztics Bulletn No. 1781, 1912, p. 33,39, 43 and 45, toratas theough mid-1972.

BMajor activily reported by rospondents: additions Per.
. Sei and er9 9 d¢ Based on Doctoval sons, Parculatly i coledes and unmversnies, ate also
Scignnsis and £ igingoers in the Uniled States, 1973 Prolle. engaged m AAD.

If a firm has given careful thought to its long-term economic prospects and
investment plans, it should be able tomake good judgments of its own manpower
needs (36). Unfortunately, few firms do this, and when approached for an es-
timate give answers based on hunches, and unstated—and possibly
inconsistent—assumptions about general economic growth. There are better
ways of tapping the insights into technological change, policy decisions, and in-
stitutional factors affecting utilization of occupations that undoubtedly existsin
industrial management; these will be reterred to again.

Applying analytical methods to projecting the requirements for scientists
and engineers involves looking at each type of employer separately. Occasionally
attempts have been made to project requirements for an occupation on the basis
of an overall relationship with major explanatory variables, but this is subject to
substantial error; the major employing sectors of the economy are growing at
widely different rates, some are declining, and their utilization of various oc-
cupations is changing in different ways. Moreover, a sector-by-sector analysis
makes it possible to take explicitly into account such new developments as a
massive energy research program and to spell them out in termsof the specificin-
dustries or occupations affected. Finally. highly generalized relationships do not
lend themselves to concrete tests of plausibility: employment of chemists by the
paper industry can be usefully examined. trends can be reasonably analyzed, and,
{most important) errors later identified and corrected, while a projection in one
swoop of the employment of 130,000 chemists in the United Statesis apigin a
poke. analytically and metaphorically speaking.

The future utilization of scientists and engineers in each sector depends on
both the future levels of economic activity in each and the wayin which the sector
is changing its patterns of utilization of occupations, including R&D programs. It
becomes quickly apparent that the growth of each sector depends on the general
growth of its potential markets, and therefore the growth and changing composi-
tion of the population, national income and product, and the distribution of the
product among consumption, investment, and government expenditures.
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The Federal government is engaged in a continuing Interagency research
project on economic growth, out of which the Bureau of Labor Statistics has
published a series of projections of the growth of the economy. of each industrial
sector, and of the growth in requirementsin each of several hundred occupations.
(8. This publication lists earlier reports.) The most recent report was issued
several months ago. with projections to 1980 and 1985 (13).

The attefapt is to project the long-term trends inindustrial and occupational
growth. rather than to pinpoint demand or employment in any one year. which
might be affected by temporary aberrations such as a recession, a war, or a fuel
shortage. The projections explicitly assume a low level of unemployment (4 per-
cent), and Armed Forces of two million, slightly below the present level, and
defense expenditures declining as a proportion of the gross national product. The
use of a “full-employment” assumption tends to overstate employment oppor-
tunities somewhat; projections have been made on alternative assumptions, and
the sensitivity of specific occupations to business cycles is usually pointed out in
the occupational outlook reports.

The method involves several major steps:

1. The potential gross national product is projected at close-to-capacity
levels (assuming that 96 percent of the projected civilian labor force will
be employed, that output per man-hour will grow at its long-term rate,
and that average hours of work will decline somewhat.} In thelatest pro-
jections, GNP is projected to grow at the rate of 4.6 percent a year from
1972 to 1980, and 3.2 percent a year from 1980 to 1985, the slow-down
resulting from adeclining rate of growth of the labor force. Employment
would increase by 2.2 percent a year up to 1980, and 1.2 percent from
1980 to 1985.

2. The projected GNP is distributed among personal consumption, invest-
ment, and government purchases of goods and services by & macro-
economic model, and the amounts of each kind of goods and services that
would be finally consumed is estimated on the basis of patterns of con-
sumer and government expenditure and capital investment.

3. The production level in each industry—including those providing raw
materials, transportation, components, and services—required to
produce these final products is estimated by input-output relationships
among industries, the method initially developed by Wassily Leontief
{whose Nobel prize was largely in recognition of this accomplishment).
The input-output coefficients from a base year are adjusted to reflect
subsequent and expected future technological changes—for example.
the use of a different mix of raw materials in the manufacture of a
product. Results of this method are checkedagainst estimates of produc-
tion in each industry developed by regression analysis of the
relationships between outputin the industry and the major factors that
have been found to affectit. such as GNP, gross private domestic irvest-
ment, consumer expenditures, net family formation, or defense expend-
itures. For major industries a more thorough analysis is made of
markets, technological changes. and the foreign trade balance if rele-
vant.

4. Projected industry production is converted into industry employment
requirements by projecting productivity change and hours of work.
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5. Projected requirements for workers in each occupation in the industry !
are estimated on the basis of the occupational composition of the in-
dustry, adjusted to reflect expected changes in technology and patterns
of work organization. The numbers of scientists and engineers engaged
in research and development in each industry are checked independently
against projections of R&D expenditures in relation to the level of
business activity. allowing for rising average costs. The projections for
the major industries are discusced with management to get insight into
market, technological and other factors that have impinged orr past
trends and may affect the future, as technological innovations are in-
troduced. This is a quite different and more productive way of drawing
on the knowledge and judgment of industry than sending them a
questionnaire asking for théir projections of manpower requirements.

",." 6. For two major sectors of the economy employing scientists and
engineers, higher education and government, the projections use
different methods. Office of Education projections of graduations by
field are used to project the employment of faculty members teachingin
each field, assuming a constant tclationship of teaching load tostudents
majoring in the field {a dubious assumption in the case of tool subjects
like mathematics). R&D scientisis in higher education are projectedon
the basis of a projection of total R&D performance by higher education
institutions, which is itself derived from a projection of total R&D as a
constant proportion of GNP, prorated among performing institutions in
line with past patterns.

The programs composing Federal, State and local government
employment—schools, health, highways, defense, police, etc.—are pro-
jected separately, since their use of occupations is quite different. Projec-
tions here are essentially guesses as to what legislatures will ap-
propriate, and are not based on market behavior, as are the projections
of activity and manpower in industry. N

7. The requirements for each occupation in all industries are then sum-
marized. To the net growth in requirements in each occupation is added
an estimate of the replacement needs resulting from deaths and
retirements. This is estimated from the age composition of the members
of the occupation, using death and retirement rates for men and women
at each age developed from tables of working life.

The projections for scientists and engineers derived in the most recent study
are shown in Tables 2.2 and 2.3.

Comparing the manpower requirements projected for these and other oc-
cupations requiring higher education with projections of college graduates made
by the Office of Education, the BLS concludes that if these trends were to con-
tinue there would be an excess of graduates, even after allowance for recent
patterns of abscrption of graduates into jobs once performed by less educated
workers. The excess would be greater in 1980-85 than in 1972-80, because of the
expected slow-down in the economy’s growth. Many additional graduates would
have to take lower-level jobs. If past trends in the coursesstudents select were to
continue, shortages of graduates would occur in medicine, chemistry. and
engineering, and oversupply in teaching and the biological sciences (13).
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Table 2.2
Employment of Scientists and Englineers, 1972 and
Projected Requirements, 1985
{in thousands)
Estimated Projected
Employment Requirements
1972 1985
Sclentists end engineers, tofal .....c.. 00 hateesstanas 1,573.9 2,185
Engimm ..... AR TENRENERE] dtsaaantlanbunbabntbbtas 1.%.3 1.m
Scientists, total ...coiennn. retaaneanan theessasannns 507.6 676
Mathematiclans ............. verenas teenseseaaaas 761 - 107
Physical scientists, total ....cooue.t bettadssneraan 248.8 334
p Chemists «.cooaieean tetrretsaeenas vetseceeees 133.5 184
Physiclsts (... iiienuan fetasetassnaanes P 46.9 61
Geologists and geophysicists .. ..ccciieiiiennas a3 43
Other physical scientists .....ccccveeeee veseaan 3.1 45
Lifo sclentists, total ... cciceiiiiiiiininanas tesaas . 181.7 235
Source: Buresu of Labor Siatistics
Table 2.3

Job Openings for Scientists and Englneers Resulting from Projected Increases
in Requirements and Deaths and Retirements, 1972-1985

(In thousands)
. Average
InCreases in  Deaths and Total Annual

-~ Requirements Retirements Openings Openings
Scientists and engineers, total ..... 811 401 1.012 78
Engineers ......ccciiiiiannnianan 443 246 669 53
Scientists, total ...l 168 155 323 25
Mathematicians ..........c.0ue K] 24 55 4
Physical scientists. total' ...... 84 64 149 1"
Chemists ..covviivennianans 51 a8 88 7
Physigists ..............cc00 12 8 20 2
Geologists and geaphysicists. . 12 & 20 2
Life scientists «...c..ooiiiue.n 53 66 120 9

Souece: Bureaw of Labor Stanstics,

- .
* Inctudes other physical scienttsts, for whom no separste Prolections ware made.

Problem areas in methodology

Following the above brief summary of the methods followed, some com-
ments on the problem areas are in order.

As a general comment, one must recognize the difficulty of anticipating some
factors making for economic change. In addition to those, like wars and
depressions, which have to be assumed away like Ginderella’s coach, the most
pervasive is technological innovation. It is not easy to predict scientific break-
throughs or their effecton technology, markets, and the kinds of occupations and
industries affected. Although the BLS has a staff constantly studying the subject
and watching innovations as they areintroduced intoindustry (some yearsback a
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member of the staff went all over the country looking for the first computer-
controlled machine tool), this is to some extent a guessing game. Only the fact
that after an innovation has actually been introduced into production it usually.
takes some years before it is widespread makes projections for five to ten years
not too hazardous (34).

Similarly, events like the petroleum exporting countries getting together
and suddenly facing the whole world with a very substantial increase in theprice
. of energy cannot easily be anticipated. This requires a re-evaluation of thelatest
projections as soon as the new situation takes shape. The outlook for scientists
and engineers may be markedly affected by large research and development
programs on alternative energy sources or on fuel-saving throughout the
economy.

Going back over the steps in the method outlined above, it is apparent that
some are likely to result in larger errors in a projection than others.

Projections of the labor force for up to 15 years ahead, the foundation of the
general economic growth rate and GNP projection, have usually been accurate
within one or two percent, since they are based on population already born, and
therefore are only minimally affected by difficult-to-predict birth rates (which do
affect the labor force participation of women). The assumption of 4 percent un-
employment may be overly optimistic; the average since World War ll—a period
that includes two wars and five recessions—has been 4.7 percent. But this in-
troduces an error of about one percent in the estimate of total employment, and
somewhat morein industries and occupations more sensitive to business cycles—
manufacturing, construction, transportation and public utilities and trade; a one
percent difference in total employment was estimated to result in a 3.5 percent
difference in manufacturing {4, p. -132). These errors are well within the band of
error we expect in long-term projections for decision-making. Somewhat larger.
errors in the projection of demand for scientists and engineers can beintroduced )
in the projections of industry employment and of the occupational composition 6F
industries.

Industry employment or activity growth rates can be crucial because scien-
tists and engineers are heavily concentrated in certain sectors. Two-thirds of
them are in the metal products, chemicals and construction industries, engineer-
ing consulting and business services, and colleges and universities. Projections of
industrial activity age heavily affected by how final demand is estimated, and the
translation of activity levels into employment by a projection of productivity
{which reflects technological change).

3 Errors in projecting the occupational mix of industries can also be critical.
Here our sources of data for the past are poorest, and the analysis most tentative.
- Moreover the occupational mix is more likely to have been affected by supply-

demand balances in individual occupations than is total employment in an in-

dustry. The main sources of data are the decennial censuses and special industry ,
surveys. Past changes in ratios are examined and an attempt is made to relate

them to the technological and organizational changes that have occurred, in-

chiding collective bargaining agreements, and to determine the effects on them of

labor market factors. The ratios are projected into the future by judgment,
attempting to take into account technological changes but to discount the effects
of.supply-demand factors in the past. (6, 2)

For sclentists and engineers there are special difficulties in this type of pro-~
jection. Utilization of these occupations in industry is only partly associated with
the current level of production. For those engaged in testing, supervision, design
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and similar functions the relationship to output is not linear. Forthose engaged in
R&D—one-third of the total in industry—empluyment js related to decisionson
R&Dexpenditures, which are moreindependent ¢f current production, more dis-
cretionary, more like capital investment. Moreover, while change in the employ-
ment patterns of production workers follows introduction of new technology, and
therefore can be more readily anticipated for some years ahead when the
technology js being int roduced, the employment of R&Dscientists and engineers
may lead the new technology. .

One method that may be promising in projecting the occupational mix is to
examine that of the technologically most advanced plants jn an industry, on the
hypothesis that theindustry’s total mix jn the future may come to resemble that
of the advanced plants {4, p. 1-367}). This is not possible from population census
data, which shows only the total occupational mix of eachindustry. A new collec-
tion of data on employment by occupation which BLS began in cooperation with

. State agencies, going toindustries rather than to households, will make plant-by-

plant analysis possible (30).

. One way of getting additional insight into the special factors affecting re-
quirements for scientists and engineers is to compare their employment with
research and development expenditures, and use projected growthin the latter as
a factor in the projections. For example, the projections for scientific and
engineering manpower requirements in a 1960-1970 study were reviewed in the
light of projections of research and development expenditures, which were ex-
pected to rise by 123 percent from 1960 to 1970, or to 3.7 percent of the gross
national product. (This projection was consistent with others being made at that
time by the Department of HEW, Arthur D. Little Company, and Business Week
magazine. The atmosphere was heady in those halcyon days!) Allowing for rising
costs per research scientist and engineer, their numbers were projected to double
from 1960 to 1970. This appeared consistent with the projection of total re-
quirements for scientists and engineers in the study (3, pp. 10-14). (Actually,
R&Dexpenditures amounted to only about 2.7 percent of GNPin 1970, and R&D
scientists’ and engineers’ employment increased by only 38.7 percent from 1960
to 1970 (12, p. 1, 3). The difference between projected and actual R&Dscientists’
and engineers’ employment in 1970 was 237,000 after adjustment is made for
revision of the base period employment estimate.)

While an attempt is made to discount market effects onthe occupational mix
at this stage in the projections. this information is needed |ater in examining the
possibilities of adjustment to jmbalances. Research is needed onthese effectsand
the way in which employers react to changes in relative wage rates. It is a plausi-
ble hypothesis that effects differ among occupations and industries: tRat, for ex-
ample, utilization of pilots by airlines is iess af fected by relativewages than that of
reservation clerks: or, to take an example closer to home, a construction firm
employing one or two engineers is less likely to react to their relative wage rates
thanis a large electrical manufacturing firm that employs hundreds of them. The
degree to which less qualified persons can be used is also likely to be a factor.

The tables of working life that are used inestimating deaths and retirements
in occupations are developed for all males and females. While differences in mor-
tality rates by occupation have probably narrowed in recent years as health and
nutrition standards improved, there are probably srill some differerices. and the
same may be trueof retirement rates. Researchin this area could be fruitful, since
avery large partof the annual requirements for new workers inmostoccupations
is associated with this component of the estimate (Table 2.3).
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In decision-making on the basis of projections it wruld be useful to know the
~ effect on the outcome of the uncertainties entering at the various stages. This
: would be clarified if alternative projections were made showing the effect on the
outcome of a range of estimates reflecting reasonable possible limits above and
below the estimate used for such critical factors as unemployment, productivity
growth, production or employment in each industry, occupational ratios, or
death and retirement rates. This would show the sensitivity of the projections to
errors, and aid the user in interpreting their implications for his decisions. It
would also guide the producer of the eutimates in allocation of investment in
research or data collection to get the greatest payoffin reducing the uncertainty
of the estimates. The Bureau of Labor Statistics has made a few such alternative
estimates; it is costly, and becomes unwieldy because the numbers proliferate
with combinations of alternatives, but it is worth doing.

Evaluation of the accuracy of projections

Accuracy has to be judged in thelight of the contribution projections make to
the decisions. One criterion has been stated as Follows: " A forecast which reduces
the uncertainty of a future outcome to a level that dictates a unique decision is

v clearly useful for policy purposes. On the other hand, if the range of uncertainty
in the forecast is so large that contradictory policy decisions are compatible with
it. then the forecast may be of little use for planning purposes.” (20, p. 24} This
criterion implies the availability of ameasure of the forecast’s uncertainty, wh'ch,
as we just noted, is lacking for the projections that BLS has published. While we
may be able to shed some light on this by hindsight, this valuable commodity was
not available at the time the projections were published.

In evaluating the accuracy of projections of the type-we have described, it is
not relevant to make a simple comparison of the “requirements” projected for a
target year with the actual employment in the occupation when that year rolls
around. It was expected at the outset thatthey would not necessarily coincide, for
two teasons:

1. The “normative” assumptions of a full-employment and peacetime
economy may not have been borne out by events.

-

2. If a demand-supply imbalance had been projected we would expect the
actual employment to be different from the requirements—most likely
lower if a shortage had been projected, higher if a surplus—unless all of
the adjustment was made in the supply.

While we cannot judge the projections solely on this criterion, it is useful to
take it apart and see what elements in the projections differed from the actual
event. Some of the elements, sich 2s the industry activity or eimployment re-
quirements projections, should be less subject to the effect of demand-supply im-
balances in occupations, and therefore capable of being judged against actual
employment changes.

Only a few projections for scientists and engineers had been made long
enough ago so that the target year has arrived. One was published in 1961. with
1959 as a base yearand projections to 1970; this was a methodological study (2). A
second was published in 1963, used 1960 as a base year, and also projected to 1970
(3). Employment projections for industries were made to 1970 as well as 1975ina
third study, this one focusing on technicians who work with scientists and
engineers (5), and we can thus evaluate the industry employment projections and
an interpolated value for scientist and engineer requirements in 1970 against
1970 experience. All these studies were conducted with the support of the
National Science Foundation.
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The methods for industry projections used in the earlier studies were rather
crude as compared to those used in the more recent studies: While careful studies
of markets, technology, and net foreign trade balance were made for a limited
number of important industries, the majority were projected by their
relationshiptototal employment, which was taken asa proxy forthegenerallevel
of econemic activity. Employment for each industry was correlated with totq\
employment, so that what was achieved was a distribution of the previously est
timated total among the various industries jn line with their average pas‘
relationship.

The industry projections in the study of technicians were done by a more
sophisticated method, described in a study prepared for the National Commissiop
on Technology, Automation and Economic Progress, which used essentially the
same pro;ectnona (5, p. 45; 4, p.112-15). In additionto intensive studies of some.of
the major industries, a general framework analysis of national economic growith
similar to the first six steps of the seven-step method described above was uséd
but since input-output coefficients were not available to distribute final prodde-
tion among industries, a multiple regression method was used, relating prodt.ic-
tion or employment in each industry to major economic variables. Occupational
projections were made separately for engineers and a number of other important
occupations and reviewed against projections made using the occupational mixof
each industry. The approach was eclectic; alternative methods were used at each
stage, and estimates that appeared most reasonable were selected.

The projections are shown in the Appendix Tables and in the ch art {Figure
2.3). Since the base year data on employment has been subsequently revised
{tsually by small amounts), all comparisons of projections with actuat changes
shown by the best presently available statistics are expressed in terms of percent
changes. The projections shown in the charts in the appendix are adjusted for
differences in level in the base year.

The evaluationin detailis described in the appendix to this paper, and may be
summarized as follows.

1. A modest expectation that one may have of a statement about future
growth in occupations is whether it correctly identifies fast-growing or
slow-growing fields. The two projections of scientific occupetions for
1970 made a decade earlier correctlyidentified the scientific fields grow-
ing faster or slower than the average in six out of seven instances in one
case, and in all instances in the second case.

2. The projections, however, overstated the growth in requirements for
engineers substantially. The overstatement was largerin the 1959-1970
projection. A 90 percent expansion jn requirements was projected, when
an accurate figure might have been closer to half that amount. The in-
crease in the second projection was projected at 67 percent; an accurate
figure might have been between 50 and 60 percent of that amouat.

Projections of requirements for scientists were much more realistic
in both cases: one showed just about the right increase, the other pro-
jected an increase that was about 14 percent too high.

A major cause of the overprojection was the prevailing view in the
early 1960’ that total research and development expenditures would
grow much more than they actually did. In this sense the projections
were not so far off, given this assumption that underlay them and was
specifically stated in one of them.
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Figure 2.3
Employment of Engineers and Natural Scientists
{1950-1970}, and Various Projections of Requirements
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In the projection from 1963 to 1975, implicit projections inter~
polated for 1970 showed a 39 percent increase in requirements for scien-
tists and engineers, while actual employment rose by 25 percent. It is
likely that this difference, to0, represented an overstatement of re-
quirements, since there was an adequate supply of engigeers and scien~
tists in 1970.

There was a distinct improvement in accuracy in the requirements
projections for the individual scientific fields from the earliest to the
most recent; after allowing forthe varying periods of the projections (11
years, 10 years, and 7 years, respectively), the reduction in error seems
to be of the order of 25 percent. The average error ir projecting for a
scientific field was down to 2 percentage points per year. This means
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that ina Fwe-year projection the rate of growth projected would be 10
percentage points off, on the average. The most recent projections, us-
ing better methods, may improve on this.

3. The industry employment projections, which have so significant an
effect on requirements for the major concentrations of scientists and
engineers, have a somewhat greater degree of accuracy. A review ofthe
three projections shows distinct improvement from the earliest to the
latest; the average error in projecting the rate of growth for individual
industries dropped from 19 to 6 percentage points, or, after correcting
for the varying periods, the reductionin error was of the order of 40 per-
cent, Techniques areimproving inthis area. The average error in projec-
ting employment change in an industry was down to one percentage

point a year.

4. Onthe other hand, the projection of the occupational composition ofin-
dustries is too little understood and subject to somewhat greater errors
in projection. The projected rates of increase in the ratios of scientific
and engineering employment to total employment in each industry
showed average deviations of 22 and 26 percentage points from theac-
tual rates of increase that occurred, equivalent to an error of 2 to 2.6
percentage points per year in these earlier projections. (it was not possi-
ble to make this calculation for the 1963-1970 projection, as has been
done above for the projections of requirements for scientists and
engineers and the projections of industry employment.)

In summary, these early projections tended to overproject requirements for
engineers and were better for scientists; the overprojection reflected an over-
estimate of the prospective growth of R&D activity that was common at that
time; the later projections, embodying improved technicwes, are more accurate;
industry employment projections are more reliable than projections of the ratios
of scientists and engineers employed; and the farther away the target, the harder
it is to hit jt.

Recommendations for improvement of projections

From this review of projections, it is apparent that progress has been made in
improving methods and gaining accuracy. Much of it comes from continuing
research and data collection on employment, R&D activity, the behavior of labor
markets, the flow of students through the educational system, and other areas. !
wiil emphasize several suggestions for data collection and research to bolster the
weakest elements in projection method.

1. Better understanding of the factors affecting the utilization of the
various occupations employed in each industry would require, first.
collectibn of data from employing establishments on their employment
by occupation {a program that has gotten off to a start, but needs tobe
extended), and then analysis of the differentials in occupational com-
position among plants in each industry. How are they affected by
technological change, by R&D activity of the company, by changes in
relative occupational wage rates? Does the industry’s average oc-
cupational composition ultimately follow that of the most advanced

plants? 3 7
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2. Tables of working life should be developed showing differential mortali~
ty and retirement patterns for individual occupations or groups of oc-
cupations. The wider prevalence of pension plans and company-
sponsored life insurance coverage forms the institutional foundation for
the records that would be needed. Such tables are of value for many pur-
poses besides manpower projections, including calculation of lifetime
earnings and of income lost by disabling accidents. The importance ofan
accurate estimate of deaths and retirementsis clear from the projections
that show that after 1980 they will account for most of the openings in
the scientific fields. '

Several recommendations come out of this review for the kinds of projec-
tions that are made: »

1. Medium-term projections of three to five years should be made as well
as those ten or more years ahead. They suffice for many purposes; they .
are likely to contain smaller errors; often they reveal significant infor- —~
mation about the character of the intervening period; and they can be
checked against unfolding events and this knowledge can aid in review-
ing the longer-term projections. | fail to see the magic of years endingin
5 and 0. Users of projections may well wonder whether the people who
make them. and who know them best, are afraid to touch them with
anything shorter than a ten-year pole.

2. Projections should be systematically made on alternative assumptions.
so that their sensitivity to various contingencies can be examined and
better measures of their possible errors provided to the user in advance,
Sensitivity analysis also tells the maker of projections where hegets the
most payoff in accuracy for additional investment in research. The cost
of alternative projections might be offset by this saving alone.

3. While Ibelieve that the procedura of separately projecting requirements
and supply is most useful for presenting the issues for decision, more in-
formation is needed by decisionmakers on the ways, and combinations
of adjustments, by which equilibrium is reached. The research
suggested above on response of occupational utilization in industry to
wage changes contributes to this. Other aspects of the adjustment
process need study, and hopefully models of the whole adjustment
process may be developed. I think a sector-by-sector approach may be
needed because each industry’s demand schedule for each occupation
may be unique.

4. It is obvious, but I1l say jt anyway. that a continuing research effort is
needed, constantly improving data and method, frequently revising
projections. This is not a subject that can be tackled ad hoc and then
dropped.. Nor can one group of occupations be analyzed or understood
out of the context of all related occupations-——the technicians as well as
the scientists, the management and sales people as well as the engineers,
the other professions that offer alternative employment opportunities
and attractions to young people interested in a scientific field. Has
science lost students to medicine or law in the ast few years? Those
broadly interested in science havera deepand abidinginterest in the total
picture.
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Appendix

Evaluation of Projections Made in
1959, 1960 and 1954

In this evaluation of the projections we will make some comparisons of the
projected changes in requirements with the actual changes in employment, even
though the comparison is not technically valid, as pointed out in the text of this
paper. The comparison may shed some light on the nature and causesof errorsin
the projections; and the areas in which method can be improved.

The analysis will deal with some of the earliest projections, one made with
1959 as a vase year and 1970 as atarget year {2), andone made with 1960 as a base
and 18- 0 as the target (3). In addition a projection based on 1964 and projecting
industry employment to 1970 and 1975, and requirements for scientists,
engineers and technicians to 1975 will be compared with actual changes from
1964 t0 1970 (5}, In these comparisons rates of change for projected requirements
and actual employment will be compared; since the base figures have been cor-~
rected somewhat in later revisions of the statistics, and comparisons would be
confused if the numbers were used..

Relative growth rates of scientific occupations

One simple questionthat might be asked of a projection is whether it correct-
ly identifies fast-growing and slow-growing fields. To what extent did the two
projections of requirenients for scientists properly identify those growing faster
or more slowly than the average for all scientists?

This may be examined in Tables 2.A2 and 2.A3. In the first table, physicists,
mathematicians and medical scientists were identified as growing faster than the
average for all sciences, and chemists, geological scientists, agricultural scientists ¢
and biological scientists as growing more slowly than the average. When the ac-
tual growth in employment from 1959 to 1970 is examined, this turned out tobe
right in all cases. The same comparison made for the 1960-70 projection shows
that the identification of faster and slower growing occupations was made cor-
rectly in six out of the seven cases (Table 2.A3}.

Projected increase in requirements compared to
employment growth, by occupation

1959-1970 study

In the 1959-1970 projections (Table 2.A2), the projected increase in re-
quirements for all scientists and engineers was two-thirds greater than the actual
employment increase. Requirements for engineers were projected to rise by 90
percent; employment actually increased by less than half that amount. Employ-
ment of scientists rose almost as much as projected requirements, but among the
scientific fields there were substantial differences. The atual employment in-
crease for chemists was only 55 percent as much as the requirements increase
projected, while employment of medical scientists rose twice as fast as proiected
requirements. On the average {using the median) the projected changes differed
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from the actual employment changes by 29 percentage points lignoring signs),
andin only three of the eight cases was the projection within 10 percentage points
of the actual employment change. A weakness in this projection was the inade-
quacy of data by which to distribute scientists by occupation among industries:
the data available was for 1959, and there was little information for earlier years
by which to examine trends. -

1260-1970 study

The projection based on 1960 data used new industry employment projec-
“tions; a speci*l study was done of the aifcraft, missiles and spacecraft mdustry
{which was affected by the burgéoning Space program) including projections of
NASA and Defense expendituresand civilian aircraft purchases. A special projec-
tion of R&D employment was made. A new projection was made for collegesand
universities, using Census prajections of enrollments instead of thoseby ti:e Of-
fice of Education. Also, a more thorough projection of supply wasundertaken.

The results of this study (Table 2.A3) were somewhat closer to actual
employment changes for engineers and scientists as a whole~—projected re-
quirements rose by 69 percent and employment actually increased by 44 percent,

‘ or nearly two-thirds as much. Engineers were again projected high, but the
difference was less: the actual growth in employment was more than half as
great. The overall growth rate for scientists was within 14 percent of that pro-
jected, but again there were disparities jn the comparison for individual scientific

. fields. Employment of chemists again increased less than projected rquirements.
The median deviations in growth rates, ignoring signs, was 29 percentage points,
no better than the earlier projection; in two out of the eight cases the deviation
was below 10-percentage points.

A principal reason for the high projections uf requirements jn both the 1959-
70 and the 1960-70 projections was the general expectation at that timeof a much
larger growth jn research and development expenditures than in fact occurred.
This expectation reflected the tenor of the times in the early 1960’ when the
national space effort was being launched at the same time that health research
was accelerating. This assumption wasimplicitjn the 1959-70 projections, and, as
noted above, it was explicitly built into the 1960-70 projections: requirements for
scientists and engineers for.R&D were projected to double by 1970 (3, pp. 10-14)
which would have brought requirements to 772,000 based on the 1960 R&D)
employment of 386,100 (12, p. 3); actual employment on R&Droseby only 38.7
percent to 535,400. This difference of 237,000 amounts to 88 percent of thé
difference between projected total scientific and engineering requirements in
1970 and actual employment. (Applying the 68.9 percent increase projected
{Table 2.A3) to a revised employment estimate for 1960 of 1,104,000 (12, p. 3)
gives a projection of 1.864,700; actual employment jn 1970 was 1,594,700, or
270,000 less.)

71963-1975 shudy

A third comparison between projected requirements and actual employrent
growth may be made from a projection madein connnection with the study of re-
gquirements for technicians. The base year employment data for scientists and
engineers was for 1963, and requirements of scientists and engineers were pro-
jected to 1975 (). Since the projectiuns purport to describe long-term trends, jt
would not do jnordinate violence to their concept to take seven-twelfths of the
projected percentage change in requirements from 1963 to 1975 to represent the
growth to be expected by 1970. This is compared with actual employment
changes for each occupation over this period in Table 2.A4.
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As notedin the text of this report, the methods used for the projections in the
study of technicians were more sophisticated than the earlier ones. The results
were closer to actual employment changes. As can be seen in the table, theprojec-
tions for all scientists and engineers was anincrease of 38.9 percent; employment
actually rose by 24.5 percent, or nearly two-thirds as much. Projections of re-
quirements for engineers and chemists were still higher than actual employment
gains. The median deviation between projected and actual changes was 14
percentage points, only half that in the two previous projection studies.

Some of this improvement in accuracy (within the limits of this comparison
of requirements to employment) may be attributed to the fact that thelast projec-
tion was only seven years into the future, while the others looked ahead eleven
and ten years respectively. To-adjust for this factor the median deviations may be
. divided by the number of years, with the following results:

LY

Median
- Deviation Average
Number (Percentage Deviation
Projection of Years Poin s per Year
195770 «reeererrnnns 11 203" 2.7
1960-70 «evvenenrnnnn 10 259 2.9
1963-70 STETTPRFRITE 7 14.2 2.0

There was, by this way of looking at it, a 25 percent reduction in “error” in the
most recent projection, which may be attributed to improvements in method or
just.plain luck. '

Anal;'sis of differences between projected requirements growth and
employment gains by reference to supply and wages

To what extent was limitation of supply a factor in the difference between
projected requirements and actual employment change? If we had a clear answer
to this question we could sort out the extent of error in the requirements projec-
tions. Our data on supply changes are less thanadequate for a complete appraisal,
since we have no data on the tota] supply in the base year other than what is
shown by actual employment in the occupation (there may have been others un-
employed or in other occupations), and the only information we have on supply
changes in the forecast period is the actual graduations in the field. If there were
errors in the estimates of deaths and retirements or net occupational mobility, we
cannot measure them.

Engineers

Table 2.AS shows the comparison of projections and actual developments for
engineers, 1959-1970. Requirements had been projected to increase by 688,000,
and supply by 473,000, implying a “shortage” of 215,000. Employment actually
rose by 330,000, less than half the projected rise in requirements. Despite the
concern about a shortage, 106,000 fewer graduates entered the profession than
had been projected on the basis of past trends in the proportion of students taking
engineering. When the projected supply increase is adjusted for the smaller
number of graduates it is 37,000 more than the actual employment increase.
(Some of this could be accounted for by an increase in unemployment of
engineers.)
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Since relative earnings of engineers were little changed over this period
{Tables 2,A12, 2.A13) and no more workers wére drawn into engtneering from -
other occupations (net of engineers leaving forother occupatrons) itappearsthat -
the requirements projections were unrealistically high.

The same comparison is made for the 1960~1970 projection for engineers in
Table 2.A6. The projected increase in requirements was 539,000, lower than in
the earlier projection. The projections of supply changes were made more
carefully, and allowance was made for engineers shifting to other occupations.
The number of graduates was projected more conservatively than before, using a
new projection by the Office of Education. A “shortage” of 253,000 was pro-
jected. Employment actually increased by 297,000, or somewhat more than half
the projected increase in requirements. The actual number of graduates was .
slightly more than projected, and when theprojected supply is ad]usted for this, it
is about equal to the actual employment.

Again, in view of the stable relative earnings of engineers over this period,
the fatt that no more workers were drawn into the profession than would have
been expected on the basis of the previous trends in supply suggests that the re-
quirements projections were unrealistically high.

¢ Scientists

The projections for scientists, 1959-70, are shown in Table 2.A7. The pro-
jected increase in requirements of 217,000 was seen to be in rough balance with
the projected increase in supply of 236,000. (The figures in the original report
were even closer; revisions in the base employment figure for 1959 result ina
larger reduction in the requirements projection than in the supply projection.)
The actual employment increase was 207,000, close to the requirements. There
were, however, 31,000 more graduates planning to enter scientific occupations
than had been projected, bringing total additional supply available to 60,000
above the employment increase. Some were unemployed in 1970 and some
graduates eventually found work elsewhere, but there is no evidence of a decline
in earnings over this period; relative earnings of chemists held their own (Table
2.A13). Thus the requirements projections appear realistic, but the supply is dif-
Ficult to evaluate. Estimates of shifts into and out of scientific occupations are
crude and based on little hard data. o

A somewhat similar picture emerges in the comparisons for the 1960-70 pro-
jection. A reguirements increase of 244,000 was matched with a projected
263,000 increase in supply, suggesting a rough balance. (Revisions in the base
figures a{fect the requirements more than the supply, lowering the former by
24,000.) The report pointed out that the largest increase in requirements in the
decade would be in jtsfirst half, while the largest graduations would be toward
the end of the decade. Employment actually increased by 14 percent less than pro-
jected requirements. Graduations exceeded what had been projected, as in the
1959-1970 projections. When the projected change in supply is corrected by the
40,000 additional graduations, it is raised t0 302,000, or about 208,000 more than
the 194,000 increase in employment. Since employment increased less than re-
quirements despite the plentiful supply of scientists, this implies that the re-
guirements projections were somewhat higher than would have been realistic.
The supply picture here, too, is clouded.

In summary, this comparative analysis suggests that requirements for
engineers were substantially overstated, while those for scientists were closer to
being accurate. The effects of unduly high expectations for research and develop-
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ment expenditures distorted the projections, but the érror was allocated to there-
quirements for engineers but not those for scientists. :

To take apart the projections further in order to identify sources of error we
will first examine the projections of activity in each industry, for which employ-
ment may be considered a proxy. and then look at the projection of ratios of scien-
tific and engineering employment to the total. The industry projections are less
likely than the occupational requirements or the occupational ratios projections
to have been affected by supply-demand factors, since most jobs in industry can
be filled readily by less-trained workers, and therefore can more fairly be com-
pared with actual employment changes: the differences reflect error in the pro-
jections or in the assumptions underlying them rather than labor market factors.

Projections of industrial activity and employment

Table 2, A9 compares the changes in total manpower requirements projected
for 1959-1970 for industries using significant numbers of scientists and
engineers with the employment changes that actually took place. In 18 out of the
20-industries that can be compared, the projected increases were greater than
what actually occurred. The total projected for these industries was a 29 percent
increase, twice the increase that actually took place. The median deviation of pro-
jected from actual for each industry was 19 percentage points, or two-thirds of
the overall projected employment growth of 30 percent: in six cases the deviation
was less than 10 percentage-points. Onthe average, then, changesin employment
requirements of these industries were projected within 19 percentage points, but
there was a strong upward bias in the projections.

A similar comparison is shown in Table 2.A10 for the 1960-1970 projections.
The projections were closer to what actually occurred; for the 15industries com-
pared, the projected increase was 19.4 percent: the actual was 20.8 percent. Eight
of the 15 projections were toohigh and seven were too low. The median deviation
was 8.5 percentage points, and nine of the projections were within 10 percentage
points of the actual change. Thus the projections were substantially improved.

Alater projection was made for the study of technicians, using 1964 industry
employment data as a base. As notedin the text of this report. the methods for in-
dustry projections represented improvements over those used earlier. The com-
parison is shown in Table 2.A11. Total employment rose by 21 percent; it had
been projected to rise by 16 percent. In 25 of 29 industries the projection was
within 10 percentage points of the actual change. The median deviation for the 29
industries was 6 percentage points. Someofthe differencereflected Vietnam war
defense expend*‘tres, since defense-related industries were uniformly higher
than projected.

Summarizing the experience of these three successive projections. and
. £ . . . .
allowing Por the differences in the length of the projection, we get:

Median
Devation Average
{Percenlage Number Deviation
Points) of Years per Year
195970 ..iivvnnnnnnn 194 11 1.70
196070 ... ..vivnnns 85 10 .85
1960-70 Looveiininnns o0 ] 100
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That is. the error was reduced by over 40 percent from the first to the last.
' »

Projections of occupational ratios

It has been noted in the text that the basic data by which the occupational
composition of industries can be projected is among the weakest elements of the
projection-method used. Thereareinsufficient observations on which to develop
understanding of the factors affecting the relative use of occupations in industry.
In making the projections, an attempt was made to project chanées in the ratios of
scientists and engineers because it did not seem plausible that the ratios would re-
main constant. '

Examination of the two tables (2. A14 for the 1959-1970 study and 2.A15 for
the 1960-1970 study) showing the changes in occupational ratios projected com-
pared with the actual changes reveals no improvement in reliability. The median
deviation between projected and actual in the first study was 22 percentage
points, and 14 of the 18 projections were too high. The median deviation in the se-
cond study was 26 percentage points, and 13 of thé 135 projections were toohigh.
These high projections of requirements, which were later allpcated almost entire-
ly to engineers rather than scientists, reflected the ambitious notions of prospec-
tive growth of research and development at that time: they were requirements

1 _ for an expansion of R&D that did not take place.

Table 2,41
Estimated Employment of Scientists and Engineers, Selected Years,
1950-1970!

1950 1959 1960 1963 1970

Scientists and engineers. total ....xcvveuu-- §86.7 1.057.9 1,1400 1.280.8 1.594.7
Engineers ... ... ...iiiciciiiiiciaeaeaaa- 4080 768.0 g01v 9227 1.088.2
Scientists, total ... .. .iciiiiiiiiirira e, 148.7 2809 3029  358.% 496.5
.Physical scientisis. total .................. 89.1 166.2 1728 194 249.8
CHemistS ..ooveernnecrternnnnrnnrnns 51.9 95.4 g9.7 110.0 1329
PRYSIGISIS ....iiiiiiriiiiiiiinaeeas 14.0 28.6 208 36.0 491
Geologists and geophysiCists ........... 13.0 209 20.4 2.5 30.6
L8 10.2 213 221 253 36.2
MathemahGians ...........cccviieiinnnn 138 31.7 34.2 43.6 74.3
Life scientists, total .........ciiiinnins 45,6 920 96.7 120.3 173.4
AQrICUNUral ..o 169 205 30.4 385 49.3
Biclogical .........ciiiiiiiiieiee, 19.9 42.5 443 §1.3 FAN
Medial .....ciiiiiiiiriiiiirraa 88 200 215 30.5 53.0

" 12, pages 11 and 15
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Table 2.A2.
Projected increases in Reguirements for Scientists and Engineers,
Compared with Actual increases in Employment, 1959-1970

‘,

Actual Deviation

Lo Percent of Projecied

Original Projections® Change In  From Actual,

Percent Employment in Percentage
1959 1970 Change 1959-19707 Points

Scientists and engineers, total .. 1,0963 2,032.2 85.4 50.7 34.7°
ENQIng6Is ..ovvvvvivviiissars 7628 14840 89,6 430 46.6
Scientists, total .............. 3134 548.2 749 Mna as
Chemists ......orvvvesvsrs 95.0 163.2 71.8 39.3 azs
Physicists .......cuvevveees 28.2 57.2 1032 ny Nns
Metatlurgists ....vveiiinia 129 233 80.0 , ——
Geologists and
geophysitists ............ 220 KA ) 40.9 45.4 55
Mathematicians ............. 28.8 59.8 1073 134.4 21
Medical scientists .......... 29.8 52.7 76.7 . 1650 882
Agricultural scientists ...... 40.8 69.7 70.8 671 a7
Biological scientists ........ ar2 64.4 731 673 5.8
Other natural scientisls ....» - 18.7 26.9 436 —_— —_—
Median deviation,.8 fields ...... 292
+ 2. page 49,

12, paget 11 ang 15, .

Table 2.A3
Projected increases in Requirements for Scientists and Engineers,
Compared with Actual increases.in.Employment,-1960-1970

Actual Deviation
- . Percent of Projecled
Originat Projections* Change in  From ﬁl\clual.

Percenl Employment in Percentage

1960 1970 change  1960-197(F Points
{000}
Scientists and engineers, total .. 1,157.3 19543 689 44.4 245
Engineers ........ eeefea....  B220 13747 672 at 30.1 |
Scientists, total ...... . 3353 5796 72.9 63.9 9.0 ';
Chemists ............. veee. 1035 1695  63.8 333 305 '
Physicists ........... vevenn 29.9 59.3 98.3 64.8 335
Metallurgists ............... 14.5 24.4 68.2 —_— —_—
Geolagists and
geophysicists ............ 232 29.1 25.4 50.0 246
Mathematicians ............ 1.4 65.1 1003 117.3 100
Medical scientists .......... a4 59.7 90.1 146.5 56.4
Agricultural scientists ...... 9.5 66.1 67.3 622 5.1
Biological scientisls ........ 40.7 76.6 88.2 60.5 227
Other scientists ............ 210 299 424 —_— —_—
Median deviation, 8 fields ...... 289
"3.pageB
712, pades 11 and 15 4 5
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Table 2.A4
Projected increases in Requirements for Sclentists and Enginesrs,
1963-1975, and Interpolation for 1970, Compared with Actual
’ Increasss in Employment, 1963-1970 .

Interpolation Actual Deviation
. . for 1970 "Percent of Projected
Original Projections (7,1 1963-70 Ghangein  From Actual,
Percent Percent Employment in Percentage
1963' 1975t Chahge Change) 196319707 Points

Scientists and
engineers, total .. 12716 21194 66.7 389 245 144
Engingers ...... , 9249 14665 58.6 34.2 190 15.2
Scientists, total .. ~ 3468 6529 88.3 515 — 38.7 12.8
Chemists +..... 107.5 194.7 I 473 208 26.5
PhysicCists ..... 36.1 7.9 99.2 57.9 353 226
Mathematicians. . 42.1 875 107.8 62.9 704 7.5
Lif¢ scientists .. naa 2223 953 57.3 441 13.2
Other natural
scientists' ... 490 766 56.3 2.8 3.3 65
Median deviation ... 142
v 5. page BS ' 12, page 15.
¥ 5. page BT, . ’ 1 ncludes Qealogists, Qeophysicists, mataliurdists, and
. other physical sC-enists.
-~
Table 2.A$

Comparison of Projected and Actual Net Changes in Requirements,
Supply and Employment for Engineess, 1959-1970

e Adjusted lor
Revisionin 1959
Figures as Originatly Employment
o Published Estimate?
Project changes ‘ d
Requirements: )
Projected, 1970' ... .coiciiiiiiiiriiunns 1,484,000
Emptoyed. 1959' ... .ceiiiiiiiarianas 782,800
Netchange ...........c.ccvieiccnnnnns 701,200 687.900
Supply:
Graduates entering® ...................0 451,000 451,000
Nongraduates entering* ........... e 209.000 205,000
Deaths and rafirements® ... il -—187.000 —183.000
Netchange ... .............. . 473,000 473,000
Ditference: “shortage” ..........0 cecvenns 228,200 214,900
Actusl changes
Employment® - 1970 ............... Feeanns 1,098,200
1959 L iriii i iiaanann s 768.000
’ﬂmase EEsdE s EEEEEEEEEEEEEEEEEEEEE RN 330.200
Graduates entering” ... ..viiiiiiiriiiene. . 345.000

Projected net changein suppry {473,000)
adiusted for “shortfai” of 106,000

graduates ..........ciiiiiiiiienns . 367,000
' 2, paga 4y ‘2, page 32
* T6R.000 < THZ 600 * 981, the adustmant factor D12, ¢ 11} Y2 page
*2,page 33 112, paga 11

' 12. Page W0
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Table 2.A6

Comparison of Projected and Actual Net Changes in Reguirsments, .

Supply snd Employment for Enginesrs, 1960-1970

Adjusted for
Figures Revision in 1960
a3 Orlginaily Employment
Published " Estimate?
Projecied Changes .
Requirements:
Projected, 19701 ... ccieiiiiiiaaaans 1,374,700
Employed, 1960° ......... buseepaentaaan 822,000
Net change ................. toabeaane 552,700 538,900
Supply:
Graduates entering® ... eeeeean IR 294,700 234,700
Others entering:
With degrees in other fistds® . -....... - 73.000 71,006
immigrants and those without -
degreds*t .. .......... R 105,400 102,800
Deaths and retirements
Among those in the field in 19607 ..... —123,400 120,300
Among new entrants* ... ............ —22,400 —21,800
Engineers shifting to other occupations’ —41,000 —40,300
Netchange ... .cccevrevcinnncracnnns 286,200 286,300
Ditference: “shortage” ......... P — 266,500 252,600
Actus! changes:
Employment? = 1970 ............ smmanmane 1,098.200
* 1860 ..... Peeeeeaaenenunn 801,100
Ne: Change ....cocecnrrncnmmnrnmnrans 297,100
Gradustes entermg" ..................... 308,550
Projected net change in supply (286,300)
adjusted for 13,850 additional
graduates ............. Permemnnan '- 300,150
! 3 paged.
13, pago 16
3 50100 <= g22,000 = 975, the adjusiment factor
', page 3
* 2, page 24,
$3,page 25
‘e page 16
23, page 26
' 12, paga 11
12, page 10
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Table 2A7
Comparison of Projected and Actuat Net Changes in Requirements,
Supply and Employment for Sclentists, 1959-1970

Adjusted tor
- Revision in 1959
- Figures as Originally Employment
Published Estimate?
Projected changes: i
Requirements:
Projected, 1970 .i.iiiiiiciitactatanaan 548,200
Employed, 1959 .. iiiiiiiiiaeiaas 313,400
Net change .ciciiiiicicaiciccacanas 234,800 217,200
Supply:
Graduates entering, 195969 ........... 277.000 277,000
Deaths and retirements® .. .cisiiaasana 44,000 ~40,700
Net change ...cocoaeaeans fettasacanns 233,000 236,300
DHIOrents! -veviisecictisescicnsanas reeas 1,860 19,100
Actusl changss:
. Employment!® 1970 .. cuiciiaennnstasnnanns 496,500
1959 L iiiiiciciciiiaan . 289,900
Net change .o cieciiiiianciccacna 206,600
Graduales 6n tOring® «o.iauen feaatecsetaane 307,900
Projected net change in supply. adjusted
for 30.900 additional graduates ....... 267,200
* 2. page 49,
¥ 299.900 < 3134100 = 925, the adjustment factor.
22, page M.
*2 page 32,
12, page U1,
4 15, pBQEs 44, 46, 48. Aciun) Dradualions adjusied &
fotlows 10 show thoss acmal'!'anlermﬂ schantibe Iitlds: 8.5
x.25,MSx 40,FnD. x 1.0
e
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Table 2.A8 .
Comparison of Projected and Actual Net Changes in Requirements,
Supply and Employment for Sclentists, 1960-1970

: Adjusted for
‘Figures Revision in 1960
23 Orlginally ‘Employment
Published Estimate?
Projected changes: .
Requirements: .
Projected. 1970 ... ..........oiiilla 579.600
Empioyed. 19607 ............c.cc0munne 335,500
Netchenge .........covvcurvnnnnnnns 244,300 220.600
Supply:
Graduates entering* ............c0venenn 256.300 256,300
Others entering: .
. With degrees in other fields® .......... 61,200 55,300
Immigrants and those without
e L 1T 7.900 7.100
Deaths and retirements:
Among those in the field in 1960" ... —33.800 —30,500
i Among new entrants® ................ —‘QQOO —10.400
Scientists shifting to other :
OCCUpations’ ... ..iiiiiiiiriiieeas —16,800 - ~15,200
Net change ........... eremraeaeaeaas 263,300 262,600
Difference ............cevcue . 19.000 42.000
Achaal changes
Employment® - 1970 .........civiiiinaunns 496.500
1960 .o 302.900
Netchange ..............ccveiveunn. 193.600
Graduates entering™ .........covcvveennns 296.000

Projected net change in supply (262.600)
adjusted for 39,700 additionat
graduales ... .. ...iiceeeraiieaes 302.300

"Apage 8

+3, page 16

+ 302,900 = 335,300 901, the adustmant facior

rAhpaged

+ 3, page 24

120025

ta.page 1B

+ 2. page 26

* 12, page 11

“ )5, pages 44, 45, 48 Aclusl graduaticns adusied s
tollows 10 shaw hase actuatly entery scientii; fietds 88
£ 25, M8x 408N 0 210
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Table 2.A9

Projected Emplomnt Changes In Seiected Industries,
Compared with Actual Changes, 1959-1970

Deviation
of Projected
Projected Actual  From Actual,
Percent Percent in Percentage
Change' Change? Points

Total. selected iNQUSIHES . .cvivnisiiiiitnanntnannnss 203 14.6 14.7 o ~
MIninG ..o.iiiiiiiiiti et errteaans 287 —14.9 436
COnSUCHON uuviincrnnrctnrarntanratrtsnnnnrans 54.7 14.2 405
Manufacturing. tolal ......cconviiiinennnn. eiaean. 304 160 146 .

52« 12.2 -4 12.6
Texiites and apparel ... .coviiiiiiiiiiiiiiianan 114 78 a6
Lumber anid furnitur® .. .c...cviiveritrnenaraaens 128 —-1.1 139
2] - 384 20.1 18.3
Chemicals .......ccvvietnertneisnenrnnnnnnnans a7 226 al
Patroleum and cosl products ...........ccoveuees 200 -—11.5 Nns
Rubber products ... .. vviiriiicnriensansrsnrnns 04 556 255
Stone, clayand glass ..........c.coociiiiiiiiins .8 8.0 25.8
Primary metal products .......oveivvertnnnnnnns Ns 11.2 206
Fabricated metals and ordnance ............... . 20.8 138 7.0
Machinery ......c.cvieciiacsmumnmnnrnann, eeeas 41.2 365 4.7
Electricat eqmpmen! ............................ 69.1 ars a1.8
Transportation equipment ........c..oicieiaen. 405 10.0 W6
Professional and scientific instruments ........... 549 a33 21.6
Miscellaneous manufatturing ...l 202 10.7 95
Transporiation, communication. and public
utifities ..o 16.3 120 43
Engingering and architectural services ............. 285 63.7 352
Median déviation, 19 industries ...................... 194
Cpege s,
£ 10, paga wil.
-
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Table 2.A10 T
Projected Empioyment Changes in Selected industries,
Compared with Actual Changes, 1960-1970
Deviation
of Projected
Projected Astual  from Actual,
Percent Percent in Pércentage
Change* Change? Points
Total. setected industries ... .vconiiiinrir i, 194 208 1.4
CoNSSHON .ucevceccccecannannesscasssnannnnnnns 329 172 1587
Paper ....... beeeerarmanan brmeasmesassmasansaanaas 164 174 1.0
ChemiCals - .uieercamesrnamsssasas s sar st 250 26.7 2.7
Primary metal products ........ betmereeneenaaaaane 99 89 3.0
Fabricated melais and ordnance ...... P . 226 19.7 29
MachingrY ... . cccciecicecnncacaen bemeevennnaaanns 154 W40 . 187
Eiectrical equipment .....oiiiiiiaiiiiii i 504 307 19.7
Professional and scientific instruments - eeaneanee. 438 299 139
Motor vehicles and equipment .....cc.ciieiiailaas 11.2 10.1 1.1
Aircraft. missiles and spacecraft ... ........ccnnens 7.2 6.5 5
Palroleum and coal products ,...eveeeanana- sraanns 40 —100 14.0
CommMUuNICAtONS «cveeverncimrinicrcaaraamananns 1.2 A4 32
Efectric. gas and sanitary services ........... R .58 123 6.5
Engireering and architecturai senvices ............. 49.6 58.3 a5
Federai governmént .....cccuaeennnnn. seerenaenaaan 7.8 174 9.6
Median deviation. 15 industries ........cccoamnaai.n. 8.5
* 3 (Computed from [af ion given in Pages 45-51.)
10, page vid,
-
44




Table 2A11
Proiﬂhd Employment Changes in Selected Industries,

Compaered with Actusi Changes, 1964-1970
Deviation

of Projected

Projected Actual  from Actuasl,

Patcent Percent inParcentage

. Change' Change? Points

Tolal nonagricultural amployment .....coceviuiniinne 16.2 21.0 4.8
Mining ..... A A e At ettt aae sttt e ian -39 -1.7 22
Contract CONSITUCHION iiseseniracisutiinnanansanns 20.7 108 9.8
ManufaCturing ......... et iiereriatareitriasaenne . 6.7 92 ' 25
Ordnance . iciiiiiiiiiastiriiteitiestsitinnsnns =29 0.8 24
LUMDEE 1neiatertertatiiomenntomrtnnmtiarsanssst .. =T1.8 —-52 - 26
FUMMIURE «cieiimnriicniriinicnecnisnninnnes eina 1.9 133 1.4
Slone. clay and glass products ......oveiiiuian . 39 4.3 1.4
Primary metel products ... ..ot iiiiiiiirienas -—05 6.7 12
Fabricated metal products ............ Cittateeeas 10.7 16.0 53
MECRINEIY o\ oeviiearinrinnsinnassanionisissnsans . 154 231 1.7
Eleclrical equipment ......oviiiiinrenirniiaiis 1.8 24.2 6.4
Transportation équipmenl ......cocvivnivniinrnine 29 121 92
InStruments ...coiiirrirrimiiasiiiiesiinctisniisas 119 24.5 656
Miscallaneous manufacturing «...cieviicairenaa. 10.0 11 29
FOOd Produtts ...covieeuituiiuiniassiassansnsnsns —4.1 1.9 6.0
TobacCo ProdUCEsS ...vinieiiciniiirenirinainnae —36 —8.t 0.5
Textile mill products .oooiivevimiiiiiiecinnenie, -1.9 94 1.3
APPRTEl .. it it itise it 88 4.8 "4.0
Paper products ......oveeiieinennriiiena, Ceeeaes 11.0 128 1.8
Printing and publishing .......cccvviivaninnaes a3 158 6.5
ChemicalS «.oeiiiinioiinsicaiinioenrierisannanay 14.0 19.4 54
Petroleum &8nd coal products .....ccieveiininn.a. 116 38 15.4
Rubber and plastlc products ......oeicvirvnnnnn, 16,2 3.t 168
LOathar Products .. cocveeivcenataniieristinsnnnas —1.0 ~1.8 6.8
" Transporiation and public utilities ....c.cocecieienes al 127 10.6
1 T 169 226 87
—~Einance, insuranca And real e5tale ....ooviiiiiinnnas 8.7 24.7 8.0
“~Services and miScCellansous ....c.covr iocnnnrennns 248 333 8.5
Federal QOVErNMENT ....ovonnniecnnrnrctnnrnnsonen, 6.5 152 8.7
State ang local government .. ......cceeveiriienanns s 356 1.9
Median deviation. 28 industries .......c.covcvvvennnn. 6.0

* From unpublished cata provided by B of LAkt Seatratics, tepredenting profections used la Bullain 1512 (Ref. 5).
110, pOge wiil.
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Table 2.A12
Ilod!an Annuat Eamings of Engineers Compared 10 Those of Male Workers
in Selected Occupations, 1958 10 1872

1958 1962 1946 1980 1971 1972

ENGINBEIS ..cecver vrveeeneennnnne  $T738° SBTT2 $10821 $13.072 $14020 $15.130
All male workers .................. 4068 2814 5009 OGMW9 7388 799
Profesaional, technica! and kindred

workers ........... meseeesseaees B132 7036 8330 10516 11,248 2087
Salatied professional, technical and

kindred workers ._....c......... 5938 6842 8115 10,225 10992 1,777
Salaried managers ang olllcials ve.. 6,247 7238 901 11,284 12456 13,473
Relative earnings of engineeers {o

those of:
Al mate workers ...... crareaaensae 1902 10822 1863 1095 1899 1.893

Professional, technical and kindred

WOIKEIS «cicicnttncattcccaninnan 1.262 1.247 1.290 1.243 1.247 1.251
Salaried professional, technlcal and

Kindred workers ....ci....eeaee. 1,308 1282 1333 1278 1276 1.285
Salaried managers and officials .... 1239 1212 1181 1159 1430 1123

Source: Butesu of the Consug, Depanment of Commerce
T958- 1963 froon Stetcsiical Absiract of the Unided States. 1671, page 229,
1971 lrom Senes P-60. Ko. 65 (1972)
1972 (rom Seties P-80. No, 90 (1972)

Table 2.A13
Annual Percent increases in Average Salaries, 1961-1873 for Selected Occupations’

Average
Annval

Rate of Cumutative
Percent Increase Over the Prevlous Year Increase, Increase,

‘82 ‘63 64 65 65 ‘67 ‘68 ‘& 70 TN 72 73 1961-1d 1961.73

Engineers . ......... . 28 44 29 32 37 43 54 62 55 57 52 564 4.5 89.7
Chemists ......c..00.. 39 38 33 39 48 44 51 65 59 55 51 47 4.7 728
Accountants .......... 28 33 28 35 38 46 57 70 67 67 55 49 4.8 5.0
Engineeting
technicians ......... s 29 a6 23 28 37 51 58 63 85 51 47 4.4 —
Dratting ..... cere-ar.. 32 36 26 ' 15 35 53 s58 49 58 72 62 ’ —
* Buress of Labor Statisiccs, Nahonat Survey of Prolessicoal Ad) -~

Tachmeal and Clencal Pey. Marciy 1973, Bulietin 1804 119730, pages J and 4 Data -
&re based on & survey 0 estatlshments

* Kot surveyed for 1951, average annuat rate 15 lar penod 19621971

¥ Comparatié data not avalable for bath 1964 and 1965

+ Companson over this peniod was nol Possible of thang cafit
of the occupation
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Table 2.A14 .
Sclontbu and Engineers as a Percent of Total Employment in Selecled Industries,
Prolcctod 1959-1970, Compered with Actual Data
Original Estimates' Actual Oata? Poocies trom
1970.  Percent * Percent Actual, in
1959  projected change 1959 1970 change Pearcentage Points

Minlg . 4.2 86 104.8 4.3 5.2 20.9 839
CONSIUCTION vvvererrvrenrrnrnennns . a4 45 24 15 1.6 6.7 369
FOOd products ...voovvvvrnerneernernnnns .7 9 286 8 9 125 16.1
Textiles and appar®l ....ovevcmevmnnnran. i< A 0 a8 .25 38.9 B9
Lumber and fumiture ............ - 5 ] 20.0 3 9 200.0 180.0
Paper ..covvevienninneen, ST vererns 1.7 27 58.8 1.8 28 556 3.2
Chemicals ....c.oovvvrvmrmrennernirnnnss 9.0 12.4 are 9.2 10.2 109 26.9
Petroleum and coal products ............ 15 8.8 17.3 65 86 23 15.0
Rubber products ..ocoveeirrrinnroienancs 24 26 83 25 26 40 43
Stone. clay and glass products .......... ts 24 3.3 16 19 18.8 145
Primary metal produets .....oovvenrinns 26 40 539 23 23 0 539
Fabricated melal products .

and Ordnance .. ....veriirriiriiriinn.. a0 5.7 90.0 3.8 5.1 342 55.8
Machinery ...covvevrivienrnnnrninnnrens 4.2 54 333 4.1 48 1.1 16.2
Electricateqipment ... ............... 76 10.2 342 7.8 8.4 o 265
Transportation equipment ............... 64 10.2 594 6.4 73 14.1 453
Professional and scientific instruments ... 6.9 9.3 348 7.0 8.2 171 12.7
Transportation, communicalion and public -

utiilies ... 1.8 1.9 188 _1.1- 14 213 85
Engineering and architectural services. ... - 303 303 0 407 358 —12.1 121
Median deviation, 18 Industries .......... 221

‘2, page 40,
12, pagus § and 20, 10, PagE vl

54

47




Table 2A15 .
Sclentists and Engineers as a Percent of Total Emioyment in Selected (ndustries,
Projected 1960-1970, Compared with Actual Data

b Deviatl
Original Estimates’ Actuat Dataz Prola:;edoflr‘om
1970, Percent Percenl Actual, in
1960 projected change 1960 1970 change Percentage Polms
Construction ......... errrarrsssssrnanas 22 32 455 1.6 Y 16 0 455
Paperprodigls ..ooviviiiiiiiaiinina 16 2.5 56.3 2.3 2.8 21.7 346
Chemicals ....vvvveivirnnnnnsnnnnrrnnnns 9.6 13.0 - 354 9.3 102 9.7 25.7
Primary metal products ................. 25 3z 480 23 23 0 480
Fabricated metal products
ant ordnaNCE .....iiiiieiiii s 33 6.7 103.0 43 - 5 18.6 8:1.4
Machingry .....ccoviiciiriarniinarnnnns 42 8.5 19.1 42 48 14.3 48
Electrical equipment ............. ..., 7.7 100 299 8.1 -8.4 azr 26.2
Protessional and scientific instruments ... 74 10.% 365 75 82 9.3 21.2 .
Motor vehicles and equipment ........... 33 44 33’ 3 4.2 35.5 . 2.2
Ajrcraft, missites and spacecraft ......... 123 210 707 226 24.8 9.7 63.0
Petroleum and coal products ............ 7.5 10.7 42.7 - 8.2 86 49 a8
Communicalions ....cviviiianiaiininans 26 35 346 16 20 250 96
Electric, gas andsanitary services ....... 4.2 45 7.1 35 4.4 25.7 186
Engineering and architectural services ... 307 330 7.4 398 35.8 -100 17.4
Federal government .......... .......... 46 6.5 13 43 58 3n.2 1.1
Median deviation, 15 industries .......... ' ’ 26.2
0, pagas 45-51.

+ 12, pages 9 and 20, 10, page vi.
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o h 3. An QOverview of Projections
- and the Sup‘ply Side

This chapler is based on Dr. Kidd's oral presentation and ou kis paper. The lead discésur;ls were .
Lee Grodzins, Massachusetts Institute of Technology. and W. N. Hubbard, Jr.. M.D., The Up-
john Company.

Charles V. Kidd
Executive Secretary, Association of American Universities
Washington, D.C.

1 would note that the conventional analysis of fixed factors which looks at
supply and demand as separate and unrelated events hasits problems and that it
tends to discourage people from looking at price and other adaptive mechanisms.
That theme has already become and will continue to be a center of attention at
this meeting.

It is my observation that the matrix of the kinds of decisions that different
people make and the kinds of decisions to which projections are relevant Is quite
elaborate. So many purposes are served that individuals and grolps will force
continuing attention to projections. Thereis a widespread feeling that neitherin-
dustry nor federal laboratories use projection data much, but on the other hand
they seem to be of concern to those parts of government that deal with oc-
cupational outlook such as BLS or those who are concerned with kind and level of
fellowships, andfor R&D money from the Federal government. Breneman and .
Freeman make the point that projections would be of little use jn a central man-
power planning system or asa provider of information to guidance counselors, or
educational institutions. They feel that students are highly responsive tomarket
opportunities, and their behavior will keep markets near equilibrium thus ob-
viating the need for forecasts. A case can be made that these observationsarenot
wholly correct since, when -government provides fellowships, support “for
students, and general R& D fupport, a degree of rationality must be present inthe
procedure. If more people are trained at the graduate level than can find jobs, this
is in effect an economic waste that might be curtailed if demand forecasts were
considered in government policy formation. Even those who argue that almost
total transferability exists between professional and nonprofessional fields must
agree that training personnel for a particular field, a field in which the trained
cannot find employment and hence must transfer out, is expensive and wasteful
to the extent the training is not appropriate for other purposes. This thinking
leads to the conclusions presented by Breneman and Freeman that forecasts are
useful in: (a) evaluating governmental policies, (b} giving early warning of emerg-
ing problems. and (¢) providing an informational and diagnostic device which
directs attention to market problems beyond the purview of individual decision
makers.

5t
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Other uses of forecasts tend to be more indirect. They are not used to make
specific decisions, but ratherto consider secondary and tertiary consequences of
prospective changes in the labor market. For example, piojections have drawn
productive attention to the effects of an aging faculty on the nature and quality of
teaching in the universities. If the lack of university positions for bright young
persons persists over the next decade or so, there is the possibility that more
productive research will be going on in non-academic centers rather than
academic centers. The projections have also drawn attention to the question of
training graduate students for non-academic careers, again based on the outlook
for academic positions. These indirect uses of projections are valuable even if
there is a wide range of error in the forecast. What is required at a minimum is
that the sign not be wrong: by and large, the signs have been right.

Historical Character of Projections

In the recent history of projections, graduate enrollment and Ph.D. produc-
tion have been overstated primarily because the effects of the market were not
taken into account. For example, Federal support fell from 50,000 graduate
fellowships in 1968 to 6,000 in 1974. In the face of this reduction graduate enroll-
ment went up—first-time enrollment increased 2.9 percentin 1971, 2.7 percent
in 1972, and 5.4 percent in 1973. In retrospect this is easy to account for. First,
Federal support of graduate students through fellowships re presents only a small
percentage of the total support of graduate students. Thus the sharp decline in
Federal support did not cause a critical change in the total support available. Sec-
ond, alternate sources of support were substituted for the Federal reduction:
students are probably working more; they are borrowing more; and families of
graduate students are probably coming around to the pattern which has prevailed
for law and medical students. that of providing more of the necessary funds for
their education. The extent to which this is good or bad is another question. It’s
not good if pushed too far. '

In the face of the market, defensive credentialing seems to be appearing. Peo-
ple are seeking the M.A. or a Ph.D. to protect themselves in those declining
employment markets where academic credentials become a significant factor.
Education is a case in point.

All in ail, the effect on graduate enrollment of the cutback in Federal
feliowship support has been muted for various reasons. While first-time graduate
enrollments have increased, the cutput of Ph.D.'s has been lower in 1971, 1972,
and 1973 than was predicted (Allan Cartter excepted). In 1973, 33,700 Ph.D.’s
were awarded. OE predicted 38,000; NSF, 36.000; and the Commission on
Human Resources (National Academy of Sciences) predicted 36,000. What is
happening s a breakdown of the stable trend of the 1960’ when there was a good
correlation between first-time enrollment and Ph. D. output four to seven years
later. Over the last few years a smaller percentage of students has continuedon
to a graduate degree. This s an tmportant variable, and it is probably less stable
than was previously believed. But agan, we have an indication of change in the
nature of the process in which Ph.D.’s are produced.

Some Unresolved Problems

Projections and predichions are interactive. To the extent that people believe
manpow er forecasts and act upon them, the forecasts are doomed to error unless
those who make them predict the effects of their own forecasts. In the social
suences furedasts are not simply efforts to foretell what wiil happen. theycanand
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do often influence the course of events. Many draw sharp distinctions between
projections and predictions. Operationally, the distinction tends to break down as
‘people insert judgmental factors in order to preclude obtaining silly results. The
extent to which judgmental factors are introduced tends to determine the extent

. by which projections take on the character of predictions. But regardless, all
forecasts or projections have an element of prediction in them.

There are several problems with the projections which have been made. Very
little is ever said about the quality of the manpower training processor about the
quality of the people being trained. Measures of quality are difficult to postulate,
but they must be considered.

Two related problems are those of disaggregation in forecasts and sub-
stitutability. Disaggregated data of individual disciplines or areas will provide the
basis for more meaningful projections of the gross numbers of Ph.D.’s awarded,
but it is increasingly important to the specific disciplines foraccurate information -
on supply and demand and the adjustment process. As the disaggregation
becomes finer, the problem of substitutability becomes more difficult while it also
becomes increasingly important. If the training or skills in one specialty are ade-
quate to permit a person to work in another, then relative shifts in demand by
field can cause large shifts in effective supply. The problems of forecasting supply
and demand then begin to merge and become indistinguishable. [t should also be
noted that demand in precisely defined fields may be even more difficult to
measure than supply. Another way of stating it is that the number of those with
their training in a given specialty is an inadequate measure of the supply of per-
sons capable of working in that specialty.

The relation among supply, demand, transferability, and informationcollec-
tion represents an extremely difficult forecasting problem both conceptually and
operationally. Its complexity becomes even more so if graduate education
becomes (as it should) capable of educating people for change, if it deliberately
seeks to equip them to shift from one field of employment to another. Should
current thoughts about rapid technological obsolescence of specialties and the
need for retraining be translated into action, the difficulty of the task of defining
the supply of persons traine. for specific disciplines or fields will be compounded.

Underemployment is another feature which forecasts have not dealt within
detail. It is generally assumed that Ph.D.’s, particularly in science and engineer-
ing. will not be unemployed—at least not in large numbers. But there is the
possibility of underemployment if we continue to train Ph.D.’s forone typeof ac-
tivity and they are then forced to shift to another. To date, adequate measures of
underemployment have not been developed. Some possible criteria for measur-
ing underemployment are these:

¢ lucome. Is an individual’s income lower in relation to the average income
in the field?

®  Social productivity. A Ph.D. physicist could be teaching in a community
college and contribute disproportionately to society, hence not be un-
deremployed even though his income might be low relative to his peers
in universities.

o Degrer of use of skills. 1s a person employed in a position which allows the
reasonably full use of the skills acquired?

However, | conclude that a definition of underemployment might not be as
beneficial as simply having better measures of what highly trainced people are do-
ing, by occupation and income. Perhaps a better measure of what highly trained
people are doing. by occupation and income, will give the necessary insights.
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Finally, it seems that the central problem in forecasts lies in the inadequate
attention which has been paid to market forces, the forcesof adjustment, and the
process by which equilibrium is arrived at. The question is not whether these
forces should be taken into account, but how. Critical to thisis the adequacy of
data which would permit approaches to the question-of the influence of prices,
salary changes, and the whole equilibrium mechanism in the contextof forecasts.

-

Lee Grodzins, Discussant:

Professor of Physics
Massachusetts Institute of Technology

1 would like to digress from specific aspects of Dr.'Kidd's presentation to
comment on parts to which he alluded but did not stress. The first pointis to the
effect that projections are de facto forecasts; an accompanying disclaimer is the
fine print never heeded, at least by those who will use the projections. The projec-
tionist must live with the reality and include in the projection the effects of
various decisions anticipated as a result of the projection.

For example, the deep and continuing cuts in graduate fellowship support
had an initial effect of shifting populations of graduate students away from the
prestigious schgols and has had a net effect—as the prestigious schools found
funds to recover their share of the total student body—of accounting formuch of
the net decline in the population of graduate studentsin the sciences. Projections
made as forecasts would have predicted these consequences so that accountabili-
ty would have been clear and a different policy might have been executed.

Demand almost always creates supply but supply rarely creates new demand:
there was negligible demand response to tthe oversupply of chemists and
physicists and what little there was, was transient, A strong case canbe made for
a manpower equation in which there is always a visible shortage of the total
number of scientists and engineers so that demand is always driving supply. for
when this occurs the sciences will be assured of attracting the strongest students,
scientists will have better opportunities for finding their most effective careers,
and the sciences and engineering will benefit from vital cross-fertilization as in-
dividuals switch fields to compete for and fill positions of greatest demand.

The supply-demand equation is also a problem jn time and time delays, in
pipelines and in feed-back loops. Projections must be made for five years in ad-
vance, at least, to meaningfully effect situations in which there is a five-year
training périod. Given the uncertainties in the manpower demands in any five-
year projection, let alone the ten- to fifteen-year period which isact ually relevant
to an undergraduate’s career plans, projections must be constantly updated, and
mechanisms must be found by which the various time delays canbeshortened so
that the supply-demand system can respond to changes. Here, too, we see the
argument for an undersupply of scientists forsaturated fields havelittle flexibili-
ty; the recent experiences in physics show us that while there is a dramatic reac-
tion at the entrance to the supply pipeline. with students staying away or
switching graduate training, thére is at most a sluggish response either within
the pipeline or within the demand sectors.

Reference has also beenr'ﬁiade to my second point. The supply-demand equa-
tion is not a “chicken and 2gg” problem., If you need to build more bridges, you
probably need more civil engineers; but alarge supply of civil engineers does not
mean you build more bridges, even though it sometimes happens..
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The supply-demand equation has different meanings for different parts of
the community. The funding agencies, employers, and students all have distinct
views. It is important to interpret available information in such a way that each
group understands the other’s point of view so that acoherent approach emerges.
This means there is need for both global information and microscopic informa-

. tion. No large organization will act on information too narrowly based—the
global view must be present. But individuals and individual institutions never act
on global data. They act on theinformation pertinent to their particular problem.
Their horizons are li’mited, their interests parochial. The major task, one which
seems capable of attainment, is to make assessments which are as meaningful for
disaggregated groups as they are for entire fields of science and engineering.

W. N. Hubbard, Jr.,, M.D., Discussant

President
The Upjohn Company, Kalamazoo, Michigan

Information distributed about projected supply of and demand for scientific
and engineering manpower has not yet had the clear effect of changing the
behavior of either suppliers or consumers of that manpower. I would propose
that the problem we are addressing is how to define and manage the behavior
change we wish to occur as a result of the transfer of the information on man-
power needs and supply that we are developing.

I order to make these data on calculated supply and demand effective in
creating changed behavior, the traditional variables we consider must be extend-
ed. There are overriding variables which can cause gross deviations from the best
currently calculated projections of manpower demand and supply. creating dis-
continuities of much greater magnitude than even thegenerous margins of error
within the calculated projections.

One such overriding variable is the instability of the general economy. and
another is the populist political trend that leads to a life style that assumes equali-
ty of access to outcome rather than equality of access to opportunity. Similar in
magnitude is the questionable availability of capital for maintaining the rate of
growth of productive enterprises that is assumedin calculated manpower projec-
tions. At the present time extrapolations of growth of our general economy are
quite unreliable. '

It has been emphasized in this conference that shifting government policy on
direct researchsupport is of a high order of importance in creating gross demand
deviations from the relatively small ranges of errors that have been calculated in
manpower projections. This is so. but 2 much more important source of gross
deviations is the evolving policy of the government toward providing publicserv-
ices that are great consumers of scientific and engineering talent.

The provision of universal health services will have a greater impact on con-
sumption of scientists than the broad deviations in health-related research sup-
port of the past five years. Health is only one example of the public services that
are enormous potential consumers of scientific and engineering manpower;
energy. environmental pollution control, and non-renewable resource sub-
stitutes are similar in impact. These sources of overriding variables in the socio-
economic realm and in the realm of policy toward public services have tobeiden-
tified and their impact on the reliability of calculated projections estimated.
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It is probable, in my opinion, that the importance of incremental technology
is increased in a society committed both topublic service and to growth. Over half
the value of our gross natioral product is now in services and there is a broad
commitment to improved quality of life as well as standard of living. Such a set of
goals can be achieved only by improved productivity of service groups as well as
producers of goods.

However., technology is not yet widely accepted as an important means of im-

. proving the productivity of the service sectors even though in optimizing these

activities for effectiveness of public benefit it will be essential to accept and sup-
port technologies that allow increased efficiency.

For example, the unit cost of educationlsrising at a rate that may soon make
the cost to the student intolerable. While tuition rates are rising, legislations are
restraining their support of higher education and universities face acombination
of falling endowment income and escalating institutional costs.

In order to arrest these trends toward disaster, a sharp increase in the
productivity of the educational process is needed. Technologic innovation in
higher education—particularly graduate and professional education—has been
resisted heretofore but it is now essential to the improved productivity thatis a
condition of survival.

Another example of an intolerable rate of increased service costs js in the
realm of health care. Diagnositc and therapeutic technology defines the limits of
an effective productivity of the individual health practitioner. while efficiency of
the practitioner is a function of the distribution system of which this personis a
part. The distribution system has been notorlously resistant to technologic in-
novation and this had adversely affected the utility of innovations in diagnostic
and therapeutic technology. Universal health service will require unprecedented
efforts from the biological and clinical scientists, but will also create demands for
measures of the effectiveness and efficiency of novel distribution techniques in
actually improving health rather than simply expanding services. Without this
controlling measurement, a simple expansion of services may not achieve its ul-
timate purpose of improving health.

A final example of rates of increased costsin the service sector that may soon
become intolerable is the growth of government. Government is a natural
monopoly and most difficult to regulate. At all levels it is the most rapidly grow-
ing enterprise in our society and the largest source of new jobs for scientific and
engineering manpower. This totality of local, state and federal government js the
most dynamic growth industry in our nation, and yet it is hardly recognized as a
factorin calculating projected manpower demands in science and engineering.

The application of technology to agencies of government service has been
resisted in much the manner that has been observed in education and health serv-
ices. These three may serve as sufficient examples of service activities with
overriding demands for manpower if their availability and productivity are tobe
improved so they can serve the public at a tolerable cost.

Since scientific manpower supply is a function of the educational process, |
would call attention to some novel social variables of our time that have arisen ex-
ternal to the educational community but which will continue to force profound
changes upon it, and will affect the calculated projections of output when we
learn how to include them in our calculations.
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All graduate and professional education is based on the idea of individual,
merit, identified through competitive selection. However, I have referred already
to a developing life style that assumes equality of outcome rather than equality of
opportunity which is more popular among the socio-economic group that
traditionally has sought graduate education. This conflict between egalitarian
and meritocratic values has led to significant changes in the environment of
graduate schools.

The growing anti-institutional bias of graduate students adds to the
challenge to traditional practices. We must reconsider the social utility as well as
the intellectual validity of agraduate educational process in which only 15 percent
of students reach their goal of a doctorate and in which the vocational destiny of
the student is obscured by the disciplinary and departmental nonmendature of
his degree. The degree itself, under those pressures, has declined in value for
many talented students whose favored life style denies institutionalized educa-
tion as the optimum path toward personal vocational goals.

Faculty effort distribution cannot be immutable if increased productivity is
to be achieved. The capacity to adjust between research and educatibn is essential
to responsiveness to changing social needs. The traditional academic model of
research and teaching is a value judgment and the suitability of employment, .
overemployment or underemployment, is gauged against this isolated value
judgment. It is not, 1 think, salary but rather”revealed truth” that is at the root of
the notion of underemployment of scientists.

We must examine the whole range of social and economic needs that can
- most effectively be met by graduate education. Vocationally oriented programs
of graduate instruction should be made available to meet these needs. Students
make vocational choices, but the labels under which information is supplied to
them tend to be disciplinary. or departmental. These traditional labels are of
historic interest but do not represent the vocational component which affects a
student’s choice and decision. We have surreptitiously moved to that vocational
level as #e have made immunologists instead of biclogists and have created all
kinds of hybrids in bio-engineering and biophysics, but in many instances have
declined to change the name of the certificate. In short, this reluctance to vary the
traditional value judgments behind the academic doctorate needs tobe changedif
we are to have rapid adjustments to demand changes.

My points, then are these:

¢ There are overriding variables that have the capacity to make even the
best predictions irrelevant, and these need to be recognized.

¢ There are massive changes in the nature of our economy and in the
mood and value system of the students that come to us.

¢ If we are going to have a relief in the tension of the dissynchrony
between supply and demand, then university faculties will have to look
to their own houses and make adaptions to the educational processitselif.

General Discussion

Several points were raised in the course of the discussion. These are sum:-
marized.

®  There is a critical problem of lag between the time manpower needs are
recognized and training can take place.
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Although total first-time enrollment has risen despite cutbacks in
Federal fellowship support. there is a decline in the ratio of number of -
first-year enrollments versus total baccalaureates graduated. This
suggests that the Federal act:on is having an effect, albeit one which is
difficult to forecast.

The decrease in ratio of first-time graduate enrollments to bac-
calaureates may represent a real decline in quality and a change in the
- distribution of graduate students among fields. It may not be wise to
force students to work too much at the wrong thing off-campusor togo
too heavily into debt. Also. the accentuation of graduate school as a
middle-class opportunity, with demalof oppartunity to those who can't
afford it, is questionable.

The removal or sharp reduction of the Federal support for higher educa-
tion is more or less a declaration that there is no Federal responsibility in
this area. It would be a national loss if we abandoned the willingness to
ingure that the best of our young people are able to goon totraining in
whatever field they wish.

Decisions affecting graduate educationhave apolitical component when
made at the Federal level. An OMB decision to decrease fellowships is
one kind, and concern with equal opportunities for minorities and
women is another. The effects of these decisions must be included in
useful projections, and the reasons for the decisions must be fully un-
derstood, whether it be the result of an energy crisis or a Civil Rights
Act.

If annual Ph.D. production were to decline as much as 30 or 40 percent,
there would stillbe anincrease intheinventory of Ph.D.’s. However, it is
not just the total, it is input that is significant; the age distribution and
quality of the stock would certainly be.affected. We must take seriously
the early contribution to research of bright young scientists and
engineers.

The supply of manpower has direct impact uponthe demand for Federal
funding whenever on-going projecls are considered. There are severe
losses to the disbandment of laborztories which took years to build, the
investment in training, in team coherence, in success, is sovaluable that
every effort is made to retain the structure and personnel as the goals
and purposes shift. On the other hand. there is little evidence that the
supply of individual. unattached scientists: a manpower pool, without
clear focus, has any impact upon the demand for Federal funding. There
has been no Federally funded project of any magnitude initiated in the
last years because tnere are thousands of Ph.D. physicists available.
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The formal paper prepared by Charles V. Kidd for this session appears below.

An Overview of Projections
and the Supply Side

L. Introduction

My first assignment is to present an overview of projections, a chore
accepted without adequate thought. Finding the field too vast I decided 10 com-
ment on a few general matters that seem to be of general interest and
significance. These include such questions as what are projections properly used
for, how good havetheybeen, and how precisedothey need to be. That is the first
part of the paper. :

The second part of the paper poses some problems on the supply side and
suggests some possible paths to solution.

Before proceeding to the substance of the paper, Ishould firstlike tosuggest
as a possibility that looking at the problem from the supply side and from the de-
mand side, which has been the conventional procedure, may be martly responsible
for past and current methodological problems. When methods for estimating
supply are worked out with emphasis on factors affecting supply and demand is
approachedin terms of factors affecting demand, theeffects of the market tend to
beignored, or played down. This is because market forces are neither supply nor
demand but mechanisms which tend—however imperfectly—to bring supply and
demand into balance. In addition, the feedback mechanisms thatare constantly at
work tend to be ignored when separate projections of supply and demand are
made and the matchbetween themis measured at some given timein the future. 1
shall return to proposals for dealing with these problems.

As another prefatory note, | want to make clear in case it is not obvious to
everyone, that this report does not contain the results of any new research. Itisa
series of reflections based on the work of others, rather than an effort to deal
systematically with ali of theissues. The central purpose of the paper is to A2rive

. *from events to date what some of the issues in projecting are for the future. ,

11. The Use of Projections

Itake it for granted that projections areuseful fora wide variety of purpoges,
that they will continue to be made, that they are nowinadeguate and that efforts
to improve them are urgently needed. These propositions are not universaliy
accepted, so [ shall explain how 1 come to these conclusions.

On the first point—the need for projections, I have outlined in a rough way
the kinds of decisions that could be made tetter if good projections existed, and
the kinds of decisionmakers to whom good projections would be useful. (Chart
3.1). One could argue that every decisionmaker (governments, private
employers, students, etc.} has a greater or a lesser interest in every kind of deci-
sion (governmental spending, personal choices, college and university decisions,
etc.), but I have simply noted the most direct and obvious interests. The array of
kinds of decisions that could be made better and the array of decisionmakers who
would be added by useful projections is so large that efforts to project the labor
market situation for highly trained manpower will continue.
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Chart 3.1
The Uses of Projections of Supply and Demand for Highly Tralned Manpower—

Cecisions and Decision-Makers
. Decision-Makers
Colleges Federal &
Decision to Which end Uni- Stete Privete
Projections Are Relavant versilies Governmenl  Employers  Sludenls Employees Counssliors
A. Leghlation and Appropristions
ReSORICh ...cvnvieerrannnannss X X X X
Institutional support ........... X X
Student 8id ......iiiineiian X X X
Construction «...cvvieinnnn.. X X
B. Pefvons cholces
College attendance ........... X X X X
Field of study ....cevn.- [ X X X X X X
Levegl of study ........... PR X X X X X
Choice of initial job ....... . X X X
Cargerchanges ............... X X
Retraining ....c..ocevvivinnans X X X X
C. Aliocation of Institutianss
Resources
Studentaid ...............00n X X X
Conslruction ................. X X
Departmenlal budgets ......... X X
Faculty hiring. promotion and
velirement .................. X X

D. Business Decisions

Freeman and Breneman have analyzed the uses of manpower forecasting
and analysis and they came up with three major uses:! '

(1) A tool for evaluating governmental policies;
{2) An early warning system which may reduce adjustmentproblems: and

(3) An information or diagnostic device to direct attention to market
problems beyond the purview of individual decisionmakers.

They believ that forecasts should not be used for, or are of little value in
connection with:

{a) Operation of a central manpower planning system designed to ensure
that the optimum number of students is trained in each field. (The
authors believe that “students and other decisionmakers are highly
responsive to market opportunities and can be expected, ovar the long
haul, to keep markets at or near equilibrium.”}

' Freeman. R B. and Breneman. D, Fercwastmny the PR O Laber Modket Prtfalls for Polny Nutional
Board on Graduate Educalion, November Lo, 1973, Working Draft. Mimeographed. p. 18
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{(b) Provision of information to guidance counsellors. (The authors believe
that “students tend to ignore formal guidance. . . Direct observations,
obtained by summer or part-time jobs, older friends, or professors are
far more important information channels. . .”) '

(¢} Advice to educators on the number of slots to b offered in college
courses. (The authors believe that “the supply of openings in univer-
sities is sufficiently flexible to permit substantial changes in graduales
without centralized planning or forecasting. A particularly grievous

- error in linking educational plans to forecasts occurs in ‘local labor
market planning” which ignores the extreme geographical mobility of
the highly educated labor force.”

In an excellent article, Howard Bowen has challenged the utility of labor
market projections on more fundamental grounds. He claims that the character
of the economy cannot be predicted for periods long enough to be pertinent to
educational planning, that is, 30-60 years in the future. Manpaower requirements
depend on what the country wants to do, and education itself is an active force
affecting the future. In Bowen’s view, there need be no fear of oversupply based
upon estimates of future supply and demand because the economy will adapt to
various supply levels. He has pointed out thateducation and training not used for
the expected purpose are not wasted:

A Ph.D. in English or history may find his destiny in journalism, in the
State department, in publishing, or in secondary education.?

Therefore (I extrapolate from Bowen’s premise), one need not worry about
the unemployment of those with doctorates.

One of Bowen s major theses is that

Education at all levels is not something to be feared but something
to be encouraged. It shoud not be “strait jacketed” by detailed central
planning based onlabor market considerations. Central'planning of the
educational system,-which implies rationing places in various programs.
is not only unnecessary but almost certainly harmful. . . The numberof
places in various programs and in the whole system would be set in
response to student choices, not in respanse to dubious labor market
projections.

Finally, Bowen has made the point that

The manpower theory of educational planning is based on agrand
misconception—the input-output or the means-ends fallacy—that
permeates society. The worldisregarded as divided intoinputs, primari-
ly in the form of work or etfort, and outputs, primarily in the form of
economic goods and services.

He has pointed out that inputs can be rewarding and exhilarating and out-
puts stultifying.

Education is not designed to prepare people for whatever work
flows from the blind and predestined imperative of technology:; rather, it
is intended to educate people of vision and sensitivity, who will be
motivated to direct technology into humanly constructive channels.

2 “Manpower Management and Higher Education.” Educattonal Record, Winter 1973, p. 9.
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Certainly most if not all of us would subscribe to the thesis that student
choice is preferable to a central, national manpower plan which would allocate
places in accordance with forecasted future demand. There is first the practical
consideration that experience to date does not generate confidence that the
forecasts would be reasonably accurate. However, even if the forecasts were

good. there are fundamental objections to determining the number of placesin

various fields of graduate education by a central manpower plan. Many find acen-
tral manpower plan objectionable because it would deny to a subs‘tantialpropor-
tion of students the opportunity to study what they choose, and because they
believe that market forces are more efficient than government planning as a
guide to allocation of resources. Howard Bowen is an eloquent and forceful ad-
vacate of this point of view.

However, 1 have some reservations with respect tothe Freeman-Breneman-
Bowen analysis. First, an effort to project is not necessarily an effort to establish
central planning. Good projections should make free personal choices better in-
formed. To say that projections encourage. or are useful only for central planning
seems to me to impute purposes and intent to a technique that has in itself no

philosophy or goals.

Moreover, federal expenditures for graduate education and for support of
graduate students do inherently call for a certain degree of central planning
however much one may object to the idea. The federal money must be made
available for a purpose. The amount of meney should be determined by the net
utility of expenditures for graduate education compared with expenditures for
other things. The utility is certainly measured in part by what kinds of jobs and
careers graduate students have. Projections are, it seems to me. a useful way of
assessing what kinds of jobs and careers they may expect and hence what the
federal investment should be.

With respect to Howard Bowen’s point that the shape of the economy can not
be predicted 3¢ to 60 years in the future, 1 would agree, but would be satisfied if
projections could be made reasonably precise for 3 to 5, or 5 to 10, years in the
future.

With respect to the reservations of Freeman and Breneman on the
usefulness of forecasts for counselling and institutional planning, | agree that
sources of information and advice other than counsellors are most important to
students, and that colleges and universities adapt fairly well to labor market
changes. However, if good forecasts are made certainly they would be helpful to
both counsellors and to colleges and universities.

Here it might be useful to comment on Bowen’s thesis that education and
training not used for theoriginally intended purpose are not wasted, and that one
therefore need pay little or no attention to prospective supply and demand. 1 find
this a congenial philosophy of education. but it does seem to e important to dis-
tinguish among levels of education jn applying the philosphy.3 Bowen’s thesis is
certainly applicable when elementary and secondary education are under con-
sideration. An educated citizenry is necessary to the operation of a democracy,
regardless of levels of employment or unemployment on any line of work.
However, the increasingly vocational trends in both secondary and postsecond-
ary education make manpower forecasts relevant.

* For an elaboration of this theme, see. John K. Folger, Helen 5. Astin, and Alan E Bayer, Hunin
Resourees and Higirer Education (New York: Russel! Sage Foundation, 19705, chap. 7.

62

69




When graduate education is considered, the situation changes. Graduate
education is less important than college secondary or primary education as a
means of providing the common base of knowledge and values necessary to the
operation of society. To a greater degree than is true at other levels of education,
graduate education is training for a specific kind of job and a specific career. Those
with graduate training tend to work at the tasks they are trained for. Only about
20 percent of those with bachelor's degrees in liberal arts have jobs directly
related to their training. However, about 90 percent of those with doctorates in
science and 80 percent of those with terminal degrees in sociology, economics.
and other social sciences have jobs directly related to their training. Since doctoral

- training is intended to prepare persons for work in a specific field and since a high
-proportion actually work in these fields, forecasting supply and demand is, in
principle, a useful activity. it is not a tragedy or acomplete waste to have a Ph.D.
in English or history employed in publishing or secondary ed ucation. But it is an
expensive way to secure capable people, and these costs should be kept low. Even
so, given the fallibility of forecasts and the high costs of ot being able tohire well-
trained people when they are needed, one should err on the side of overproduc-
tion rather than argue, on the basis of shaky forecasts, the minimum number
needed.

Since one legitimate measure of the utility of support for expensive graduate
education is whether those trained will be employed at the tasks for which they
were trained, forecasts of supply and demand are imperative, particularly when
the Federal and state governments bear a substantial share of the costs of
graduate education. There is not enough money for everything and choices must
be made, in large part through decisions made through the political process,
between investment-—as. for example, between expenditures for graduate and
other postsecondary education. In this sense, we doindeed have central planning
for manpower and best efforts are needed to make this planning useful rather
than harmful.

Some of the most productive uses of projections relate not to specific
decisions by specific decisionmakers, but to speculation on the secondary or ter-
tiary consequences of prospective changes in the labor market for highly trained
persons. For example, one can point to a number of areas where the prospect of an
oversupply of persons suitably trained for teaching and research in universities
has invigorated consideration of change:

(1) The effects of an aging faculty on the nature and quality of teaching.

{2) The possibility that non-academic research centers may be relatively
more productive than academic centers if positions for bright young per-
sons are scarce in universities and the prospects for promotion are poor.

{3} Methods for training graduate students for non-academic careers.

{4} Implications of low rates of hiring and slow promotion for faculty
morale and for governance.

Fortunately, productive discussion can be stimulated by forecasts with a
large margin of error—but the direction of change must be accurate.

Even if projections prove to be erroneous, methodological advances are
useful. As Ahamad and Blaug have pointed out, “Even a perfectly accurate
forecast based on pure guesswork may.beless useful for planning and policy than
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an inaccurate forecast obtained from a well-specified model. In the latter case, we
are in a position to learn from our mistakes. . ., whereas in the former case we
can only hope that we shall be as lucky the next time.”

IH1. A Brief Review of Projections

A. Criticisms of Projections

The development of projections during the 1960’s was accompanied by
charges that they were not useful, and even harmful, W. Donald Cooke, Dean of
the Graduate Schoof at Cornell, reviewed forecasts made from 1901 t01934,and
found them curious.S For example, the President of Harvard stated in 1901 that,
“Everybody knows that there are too many doctors of philosophy for vacant
college positions.” In 1934, an article in the Association of American Colleges
Bulletin stated that, “We have passed in our national history from a period of ex-
ploitation, speculation, and development into a level period of operation in which
fewer engineers will be needed.”

The later forecasts, which began to shift from the “everybody knows” form
to a quantified approach, have not fared much better. The large errors embedded
in the forecasts of the demand for academic made by the Office of Education, the
National Science Foundation and the National Education Association have been
thoroughly discussed by Berelson, Cartter and Folger. They have pointed out, in
a series of analyses extending from 1960 to 1974, that the authoritative forecasts
were in Allan Cartter’s words, ”. . .at best misleading and at worst counter to the
facts.”

The Office of Science and Technology was the sponsor of a study in 1966
that seriously overestimated the future demand for Ph.D.’s in science and
engineering.

As late as 1974, one observer came to the conclusion that, “Projections of
manpower needs and probable supplies have been so superficial and unsubstan-
tial and our current understanding is so limited that any attempt to channel the
Flow of students into particular fields (or into graduate education as a whole} has
as good a chance of worsening as of improving the market outcome.””

He had good reason to be pessimistic based on the recent record. The NSF
projections of 1961% held that 65,000 doctorates in science and engineering would
be awarded in the decade of the 60’s, but the actual figure was 78,000, an un-

+ Ahamad, B. and Blaug. M (eds ). The Pravtne ot Manpower Forecasting, {Jossey-Bass, Washington,
D.C. 1973} p. 24.

* Journal uf Proceedings and Addresses of the Assouation of Graduate Schools in the Assuciation
of Amencan Universities. Twenty-third annual conference {(Washington, AAU. 1771)

« Gordon. M.S. {ed.). Higher Eduvatian and the Labor Market. Article by Allan M Cartter, The Acadomn
Labor Markat. Carnegie Commussion on Higher Education, (IMcGraw-Hill. New York) 1974, p 282,

" Dresch.S P, An Economuc Perspective in the Evolution of Graduate Education, Techmiccl
Report Number One National Board on Graduate Education. Washington, D.€ March 1974, p. 15.

* The Long Range Demand for Saientific and Techmial Personnel. o Methodological Study NSF
€1-65, 1961. (M. Cobern of NSF analy zed the projected and actual degrees awarded i Evaluation of Prior
Peogections of Demand for and Supply of Stentists and Engieers. {NSF. SRS, Nov 8. 1973)
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derestimate of 20 percent. Doctorates in engineering were underestimated by 70
percent (11,000 projected and 19,000 awarded}and doctorates in science were un-
derestimated by $ percent (54,000 projected and 59,000 awarded). The projec-
tions were based essentiaily onextension of past ratios of science and engineering
doctorates to total doctorates, with total doctorates assumed to rise at a constant
7 percent rate.

In addition, as | pointed out above, current data show that earlier projections
of Ph.D. output have been. with the exception of Allan Cartter’s projection, too
high. ’

It is too early to assess the validity of the 1968 and 1969 NSF projections of
supply and demand.® These are probably the most carefully done projections jn
the science and engineering fields. The clear statement of methods. assumptions,
rationale and sensitivity of various factors in the 1971 report. and the care with
which the projections were prepared make this the best.of the projections based
upon what might be called conventional manpower forecasting techniques.

The NSF reports bring into sharp focus the ques‘tion how the basic technique
can be modified by taking market forces more specifically into account.

B. Recent History and Recent Projections

In a nutshell, recent projections have overstated graduate enrollment and
Ph.D. production, and the cause of the overestimate was an underestimate of the
power of the market to bring about adjustments.

1. Enrollment

.

Take first enrollments. As we all know. the number of federal fellowships
was cut sharply between 1968 and 1974. To be precise, the number drepped from
50,000 to 6,600.

In the face of this redudticn, there has been no reduction in graduate enroll-
ment. In fact, total graduate enrollment has increased, and the proportion of all
graduate students enrolled fuil-time has remained virtually constant at about 50
percent.

{I

A Carnegie Commission survey showed that first-time graduate enrollment
increased by 2.8 percent between the fall of 1970 and the fall of 1971. However,
first-time enrollment in private universities declined by 1.2 percent. Between
1971 and 1972, first-time graduate enrollment increased by 2.1 percent, and
between 1972 and 1973 by 3.5 percent.!® In each year enrollment in private un-
iversities increased by less (-9 percent and 2.7 percent respectively.)

Why has the number of graduate students continued to rise while federal
feliowships have almost disappeared?

W seaenna and Entraeering Doctorafe Sarplu aml Utilrantion. T905-30 NSF 09.37 November, 1969, Scrence
and Engtacernty Dodtorate Supple amd Utdezation 1909 Iogd NSF 71-20 Moy, 1971
 CGS-GREB Survey
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First, all federal support for graduate students provided only a small fraction,
perhaps 10 to 15 percent, of the funds supporting graduatestudents evenin 1968.
(This would count as “support” all fellowships from federal, state and
institutional sources, all earnings from teaching and research assistantships, alt
earnings from non-academic sources, earnings of spouses, loans and family
contributions.) Sq, all things considered, asharp decline in federal fellowships has
not meant a sharp decline jn funds for the support of graduate students. I know
that I sometimes tend to forget this, and pelg'laps others do too.

Second, it does appear that there has been enough additional money from
various sources to cormpensate for the decline jn federal fellowships. Students are
apparently willing to work more, to use savings to agreater degree and to borrow
more in order to attend graduate school. Spouses may be working more. Parents
must be contributing more, thus shifting the pattern of financing graduate study
closer to the customary patterns for law and medical school.

Within the small overall increased number of first-time graduate students
over the past three years, there have been marked shifts by field, and we are in-
debted to the National Board on Graduate Educatioii for analyzing the figures. 11
They have shown that there have been reductipns in first-time enrollment jn
fields where careers are primarily academic and increases ijn fields where career
prospects seem brighter—health professions, city planning, dentistry, medicine
and law, for example.

First-time enrollment jn the physical sciences was down by 8.7 percent in the
fall of 1972 as compared with 1971, while enrollment in education increased by
8.8 percent, humanities by 5.7 percent, social sciences by 4.7 percent and
biological sciences by 7.1 percent.!2 The continuing increases in enrollment in
education probably reflect what carcbe called “defénse credentialling”—getting a
master’s or doctor’s degree to increase the chance of keeping a job when the
market is soft. This phenomenon incidentally is one that further complicates
forecasting. That is, under certain conditions, worsening of career prospectsin a
field may tend to increase rather thar decrease graduate enrollment jn the field.

2. Ph.D, Output

Ph.D. output has been lowerin1971,1972 and 1973 than most projectors ex-
pected. With the exception of Allan Cartter, all of them have been high for 1973,
This is somewhat remarkable because most of the students who received Ph.D.
degrees were already in graduate school when the projections were made.
Changes of academic goals and attrition did not follow historic patterns, a
phenomenon to which I now turn.

Actual and Projected Ph.D.'s Awarded, 1971-197313
tin thousands}

Comm. on
Human
Year Actual  Haggstrom(C} USO.E, N.S.F. Cartter Resources
1971 ...... 318 319 19 31.4 30.7 291
1972 ...... 0 4.5 3.8 3.7 313 a2l
1973 ...... 3.7 9 aze 5.9 2.3 55

tt Natwnal Board on Craduate Education, Doctorate Manpower Forecasts and Pohicy Technical
Report No. 2 November 1973,
12 GCS-CREB Survey
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3. Enrollment and Qutput .

Tobegin with first-time graduate enroliment has proved difficult to forecast
accurately. The most careful work is that of Haggstrom. In 1970.he projected the
following percentage increases from’the preceding year:

Fall of High Medium . Low
e DT 11 s i P
1972 ceieennnnens et etreernaeennas 11 8 3
1973 ....e.... et it aaranraaan 9 8 7

As noted earlier. the actual percentage changes have been as follows:

Fall of All i.lnlversities Private Unlversitles

1115 SR 121 1.2
£ CY N . 210 -9
U7 7 3.5 -2.7

Third, it appears that the joband career outlook has been primarily responsi-

ble for first-time graduate enrollment to rise less than even the most conser-

- vative projections called for. I doubt that thedecline in federal fellowship support
had much to do with this adjustment.

| In any event, the market seems to be working, so far as enrollment is con-
cerned. (One has to take into account the anomalous ¢0htinuing rise in first-
time graduate enrollment in education in the-face of a dismal job outlook. Here,
however, the responseis a rationale response in the specific education jub market.
Teachers are enrolling for graduate courses to enhance their credentials in what
promises to be a highly competitive market.)

The fact that total graduate enrollment-—and first-time enrollment—are in-
creasing slightly does not mean that the whole enterprise is in a steady state.
There are in fact important trends not measured by total enrollment figures.
Trends by Ffield differ. In the past, forecasters have tended to assume that the
number of degrees granted is driven in a quite predictable way by graduate enroll-
ment. For example. one reads in some forecasts that the number of Ph.D. degrees
to be awarded four to seven years in the future can be firmly predicted because

3 Actual from NRC Summary Report 1972, Doctorate Recipients. Forecasts from Wolfle and
. Kidd. The Future Market for Ph.D.s Samee. Vol. 173, 22 Aug. 1971, p. 785.
b pelerson, R. E., American College and Uneversity Enrollment Trends in 1971. Carnegie Com-
mission on Higher Education MeGraw-Hill, 1972), p. 10.
'* Counc.' of Graduate Schools—Graduate Record Examination Board surveys.
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the students who will receive these degrees are already enrolled. Haggstrom in
fact did this for the decade of the 6¢%.1¢He found that,”Overali retention ratesat
the graduate level have been relatively stable. . .. The proportion of entering
graduate students who complete doctoral programs has been increasing slightly
(1960-1969) but steadily with perhaps a levelling off fur men during the last two
years.” The datashowr 1 that for the entire decade of the 60’s the numberofdoc-
toral degrees awarded varied only between 16 and 17 percent of the number of
first-time graduate students 4 to 7 years before any given year. The comparable
figure for women was 4 td 5 percent. For the combined group it hovered close to
15 percent.

,However, the ratio reached a peak 0 16.3 percent for 1970 and has declined
,teadily to 11.6 percent for 1973 (Table 3A). If the 15 percent ratio of the 60’s had
held up, 43,500 Ph.D.’s rather than 33,700 would have been awarded in 1973.
Here we have another example of a ratio which held firm through the 1960’s, but
which has changed substantially over the last three years. The reasons for the
change are that many students are not firmly committed to seek a Ph.D. ora
master’s degree when they enroll for the first time as graduate students, and
generally they do not formally declare their goal. Moreover, those who enter ful-
ly committed can change their minds in the course of study. In addition,
attrition—leaving without a degree—has to be taken into account. Accordingly,
the numbers and kinds of degrees to be awarded toa group ofa given size of new-
ly enrolled graduate students or to a total enrollmenit group of any givensize can
vary widely. This did not happen in the 60’s but it has happened over the past
three years.

We are witnessing another market adjustment expressed as decisions to
change degree aspirations or to remain in or to leave graduate@nool.”

It might be possible to forecast such changes with greater precision by such
means as determmmg degree aspirations of first-time graduate students, and by
questioning students in the later years on their degree intentions or their inten-
tion to remain in or to leave graduate school.

D. Observations

From all of the trends noted above—levelling off of graduateenrollment and
Ph.D. production, and a reduction in the proportion of first-time graduate
students who are later granted Ph.D. degrees—the dangers of relying on past
trends and the penalty to be paid for ignoring market forces are evident.

First, the self-correcting forces put in motion by projections thai correctly
predict trends are not entirely dependent upon the precision of projeations. in-
deed, when projections are taken seriously, forces are put in motion that tend to

te Haggstrom, G W. The Growth of Graduate Education v the Post-Sputruk Era. p. 50, Un-
published paper cited in Wolfle and Kidd. The Future Market for Ph D's. Suenie. Vol 173,27 August
1971, p 7903

" Cain, G.D.. Freeman, R B, and Hansen, L W., Labor Market Analysis and Techrcal Workers.
Sohns Hopkins Press, 1973, In this excellent report the authors note an addiional factor that in-
troduces a farly quick and marked supply response to market conditions—decisions of un-
dergraduates to pursue graduate work —later reflected inchanges in first-time enrollment They cite
{p. 68} the faci that only athird of the bachelors (lass of physics majorsin 1970 expected 1o continue in
the fiekl compared with 55 percent in 1967,
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make them erroneous as predictions. Allen Cartter has noted this phenomenon in
more specific terms: ”M’;' projections of 1964 and 1965 that the academic labor
marke* would reverse itself in 1969 and 1970. . . could be called unsuccessful in
the sense that few persons took them seriously, thus permitting them tobecome -
accurate predictions. Today. . . it is likely that projectionis indicating even more
marked imbalances in the late 1970's and 1980’s will be at least partially countered
by adjustments in enrollment patterns.”s

e Table 3A. ,
Ph.D.’s Awarded Compared with First-Time Enrollment in
Eariler Years
{1 {2)
Acarage
. First-Time Percent Ph.D.’s
Enroliment? Are of Earlier
. Ph.D.'s 4 to 7 years First-Time
. Year Awarded' Earlier Enroliment
{000) {000) %
17 < S 3.7 290 1.6
1972 i 330 244 135
= 7 T 3.8 - 223 14.3
70 i 205 199 16.3
1969 ..iiiiiiiirieriaan 2‘5.3 176 146
v 1968 ... 209 152 R 15.1
7 20.4 132 ' 155
1956 - evrrirerrannneenns tho 118 15.2
19685 ..ot 16.3 106 154
1964 ..ovvivvirrnnnnnnnas T 14.3 96 14.9
1963 .t 12.7 g8 145
1962 .. 1.5 77 4.9

* NRC Summaty Report. 1972, Doctorgte Reciprents (Prefiminaty 1973 Igure added).
~ 2 Haggstrom. Tabla &, p 35, "y

Finally, the fact that projections have not been precise does not mean that
they are useless or harmful. If projections are to be useful rather than harmful
they must predict trends accurately but they need not be precise. If the current
widely accepted projections of a continuing soft market for academicjobs are cor-
rect, they will be useful because they will stimulate corrective action even if the
precise degree of maladjustment is not accurate. If the general trend proves to
have been misassessed, a lot of harm will have been done.

IV. Some Unresolved Problems
in Projecting

From the record to date, it is clear that there is ample room for improvement
in forecasting, and this sectjon discusses some of the poorly resolved problems
and some possible solutions.

Lo p

1¥ Gordon. M. op. it 7
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A. ?roiections and Predictions - A *_
Prologue to Methodological Improvement

Since the distinction between projections and predictions is intefesting and
has some implications for methodological developments, a few words on the
nature of the distinction may be useful.

Those who undertake fo look into the future to divine the supply of highly
trained manpower generally distinguish between projections and predictions {or
forecasts as Harold Goldstein has called them). Thus, Cartter has written that.
“One should draw a careful distinction between projections and predictions; the
former may illustrate the consequences of current trends and thus serve to alter
the course of events. In a meaningful sense, successful projections may turn out
to be poor predictions of actual events. ... Thus, all manpower projections
should be treated with great skepticism as predictions.”2 I have noted that, “To
the extent that people believe manpower forecasts and act upon them, the
forecasts are doomed to error unless those who mriake them predict the effects of
their own forecasts. In the social sciences forecasts are not simply efforts to
foretell what will happen: they can and doof ten influence the course of events.”2¢
Freeman and Breneman have noted that, “The hypotheticat and provisional
nature of the calculations is invariably stressed, often by distinguishing them as
projections, not predictinns, despite the effort in obtaining the ‘best’ parameter
estimates a.id the extensive use of judgmental assumptions to give good results.”

The foreword to the Jatest N.5.F. projection, 1969 and 1980 Science and Engineer-
ing Doctorate Supply and Utilization (p.iii) notes that. “It must, of course, always beun-
derstood that projections are nof predictions. Projections are derived from statistical
models based on trends and on awareness of current happenings. Thus, they
produce a range of possible future situations based ondefinitive assumptions and
no significant break in trends. Actual events may turn out to be different from
some of these projections. . . . It is Important that no false sense of precision be
attributed to numerical values in view of the limitations of the data and
methoc{ologies, the complexity of the system and the unpredictability of future
events.”

Yet Cartter notes that he has used his own iudgment to modify projections
that seem unreasonable, and the N.5.F. projection referred to above has this to
say on an extremely critical point: “In the case of nonacademic R&D positions. it
has been assumed that doctorate absorption rates will be alternatively 10 percent
and 20 percert higher than the doctorate-to-total-scientist ratio existing in the
particular category in 1969, This assumption 15 based on the convaction that m the past the
utilizatics of doctorates tas restricted by short supply.” (p. 15. Italics added.)

Accordingly, the sharp distinction which we are urged to make between pro-
jecttons and predictions is in fact often blurred by the desire of the authors to
avoid making projections which are obviously silly. Itis further blurred by tech-
niques which take market forces and future feedback into account. Nevertheless,
the distinction is sound in principle and the user of the product should know
when projections are modified by the judgment of the author. This information
is. in fact, generally provided.

14 Cartter, A M, The Academic Labor Marker in Eligher Education aad the Labor Market p
P Rdd. €V, Tow Many Suentsts? Britanna Yearbook of Scence and the Future, 1973, p

28
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B. Inadequate Measures of Quality

A prominent characteristic of forecasts of supply for highly trained
manpower—and of demand, too, for that matter—has been that they have paid
little attention to quality—to the quality of instruction, research or of the Ph.D.’s
themselves. Attention has been centered on simple numbers—first-time enroll-
ment, total enrollment, degrees awarded, and so forth. Even when data are
collected and analyzed by field, the question of quality is generallyignored. Thisis
obviously a difficult problem for which there will be no satisfactory answer for
the foreseeable future.

However, one crude approach is possible. That is to assume that the quality
of institutions or departments can be measured, and that on the whole the quality
of the institution is related to the quality of those who are awarded degrees. This
is obviously a shaky set of assumptions, but jt is probably better to explore the
possibility of taking quality into account than to ignore the problem.

C. Inadequate Projections by Field and Discipline

In various fields the factors affecting both supply and demand differ, and
even when these factors are the same they have different effects on various
fields. Accordingly, gross forecasts of total Ph.D.’s awarded do not necessarily in-
dicate what will happen in specific disciplines or areas of study. This (together

“with the natural interest of counsellors, planners, faculty members, students at

all lzvels, employees and employers inindustry and professional associations) has
led to the well known movement to produce supply and demand forecasts by dis-
cipline and by area. It seems inevitable that the need for such detailed data willin-
crease, and that increasing efforts will be exerted to produce detailed forecasts.
The resultsto date are spotty. The professional associations are alogical source of
forecasts, but many of them have neither the resources nor the interest required
for a competent job. A few—most notably chemistry and physics—have produced
sophisticated analyses. Further stimulation of studies of forecasting and of
production of forecasts in specificfieldsis clearly indicated. However, some of the
limits to the utility of forecasts by discipline or fields should be mentioned. The
narrower the fieids covered, the greater the problem of substitutability. When
training or skills in one spectalty are adequate to permit a person to work in
another relative demand by field can cause large shifts in effective supply. Here
the problems of measuring supply and demand merge. The fact that demand in
precisely defined fields is even more difficult to forecast than overall demand
complicates the problem of measuring supply. Another way of stating this
problem is that the number of those with their first training in a given specialty is
an inadequate measure of the supply of persons capable of working in that
specialty. The further into the future that forecasts are made, the greater the
barriers to measuring supply in narrowly defined specialties. This problemis like-
ly to become more complicated if graduate education becomes, as it should,
capable of educ. ting people for change and of equipping them to shift over a fairly
wide range of job specialties. Moreover, to the extent that current thoughts
about the rapid technological obsolescence of specialties and the need for retrain-
ing are translated into action, the greater will be the task of defining the supply of
persons trained in narrow specialties.

A further complexity ir. forecasting by precise field is generated by the fact
that every field is affected by gross factors cominon to all fields. For example,
demographic trends and the rate of growth in G.N.P. andtrends in federal finan-

"
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cing of R&D and graduate education are powerful underlying factors that in-
fluence both global forecasts and forecasts by field. Unless common assumptions
as to these underlying factors are accepted, the forecasts by specific field can not
be usefully compared, and they are obviol.usly not additive.

Despite the conceptual, methodological and practical problems in forecasting
by discipline, more work should be done. It is not possible to know the limits of
projecting by sector until the limitsare tested, and the process of working on pro-
jections in itself raises questions significant to individual disciplines.

D. Inadequate Concepts of Underemployment

A recent Carnegie Commission report states this consensus: “It is not an-
ticipated that there will be prolonged and widespread unemployment of Ph.D.’s.
Rather we can expect a situation in which holders of doctorates will be forced to
accept positions that would have been considered unsuitable in the past.”2! Since
we face this situation, it seems to me that a prime area of inquiry is the definition
and measurement of unemployment. This obviously presents issues of values
that have to be sorted out. Is a happy and inspiring teacher of physics in a
community college who has a Ph.D. jn physics from a major university

.underemployed? Is the president of a bank who has a Ph.D. in the classics

underemployed? Is underemployment, whatever it is, a condition necessary to
accommodate to inevitable periods of imbalance between demand and supply.?

It projections purport to tell how many Ph.D.’s will be “needed”—either in
terms of effective démand or in terms of numbers required if some defined social
or economic goal is to be met—then the characteristics of employment that are to
be considered as a legitimate part of the need must be defined. In other wordsdo
you “require” a Ph.D. who is teaching in elementary school?

Since there will in all probability be extensive underemployment among
Ph.D.’s in many disciplines, and since the nature of employment is a legitimate
parameter in defining demand. a clear definition of underemployment is needed.

One of the central problems of projection, and indeed of current labor
market analysis, is to establish generally acceptable concepts of underemploy-
ment. Otherwise, “underemployment” may be a rug under which any amount of
forecasting rubbish may be swept.

The problem is to decide the criteria by which underemployment is to be
defined, and to attach quantities tothe criteria so that the underemployed may be
courited. A number of criteria could be used, separately or in combination.

Income is one critenon. A biochemist who earns below $5,000 per year, forex-
ample, is probably underemployed even if he works as a biochemist. But is a
chermist who 1s a bank president underemployed or not? By the income criterion
he is not. By the use of skill criterion he may be.

I Gondon, M S, ted) Higher Education and the Babor Market (Wi Graw-Hill Book Co ) New
York 1973 p 12
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Social productivily is another criterion, but a slippery one. A Ph.D. in physics
who teaches in a community college may be considered as contributing in an im-
portant way tosociety, and as using his advanced training to advantage. He would
be considered as not being underemployed even though he does not conduct
research and even though his earned income is low relative to-university
teachers. On the other hand the apocryphal taxi driver with a Ph.D. would
probably be considered as underemployed, even though the classification would
seem to deny social utility to taxi driving.

Reasonably full use of maximum skills is another criterion. This is different from
the social productivity of a given kind of work. If this criterion were used alone to
measure underemployment both the Ph.D. bank president and the Ph.D. com-
munity college teacher would be counted as underemployed. But would a vice
president or a president of a university who has a Ph.D. be considered as yn-
deremployed. Probably not. but it might depend onwho is doing the classifying.

Since it may be im possible to frame and apply a satisfactory definitionof un-
deremployment the way out of the difficulty may be simply to secure better data
on the characteristics of the employment of Ph.D.’s—in terms of income. type of
employer, skills currently used and soforth. This information could then be used
as one way to assess the state of the labor market without using it to count the
“underemployed.”

E. Inadequate Attention to Market Forces

Once again | wander from my assigned sphere to deal with demand as well as
supply by considering market forces in connection with projections. I rationalize
this by considering the question ofmarket forces to be such a significant question
that no overview of the problems of projecting can be satisfactory if this question
is excluded.

A more or less intuitive feeling that something was missing from fixed factor
projections has led to the addition of judgmental “corrections.” What was missing
was a satisfactory set of measures for the effect of the market on the supply and
demand forhighly trained manpower.:In the early 60's Blank and Stigler studied
the interrelationships among changes in salaries and the supply of and demand
for scientists in an effort to define “shortage” and “surplus” in terms of relative
wages. However, not until Richard Freeman wrote The Market for College Trained
Manpower, A Study i the Economics of Career Choicein 1971 was there further serious
work on the interrelationships among supply,.demand, career choices and salaries
of highly trained persons.

Economic analysis in terms of the interrelationships between price changes
and demand and supply, and in terms of the responses of individuals to perceived
career opportunities and incomes, raises serious questions with respect to the
adequacy of projections t.sed fundamentally upon the extrapolation of such
ratios as

2 Anather imiportant kind of economic analysis is the sdea of < ympubing rates of return on wn-
vestmenls 10 education Rates of retyen 10 a given breld that are higher than rates of rtjurn 10 com-
petmg fields can be Laken as evidence of a shortage This approach. ke the market approach, 15 quate
different irom the proycation of hustonc ratws  Discussants may wish to consider this approach i
freater dela
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employment to output, student faculty ratios, and R&D expenditures per scien-
tist. Projections based uponratios donot take intoaccount a wide array of market
forces. These include the responses of individuals to perceived changes in
prospects for satisfactory careers and in life-time incomes as evidenced in the
decisions to attend graduate school, to continue in graduate school, to undertake
given lines of study, to select given areas of employment, and to change areas of
employment in response to changes in relative income and job opportunities.
They do not take into account the decisions of employers to hire more or fewer
highly trained persons as earnings levels rise or decline relative to other costs.
They do not envisage the possibility of substituting machines for people, or vice
versa, as relative costs shift.

The market forces also include shifts in wages and prices as supply and de-
mand relationships change. Freeman has shown that there were indeed shifts in
relative earnings among occupational groups—including academic scientists—
during the period of sharply rising demand during the 60’s. There was a marked
rise in the relative wages of faculty members, and particularly natural scientists
and medical faculty during the 60’.

'’

Inthe context of this approach, the very concepts of “shortage” 1nd “surplus’
of highly trained manpower become inadequate and misleading because the
terms shift the center of attention from the nature of the adjustments that can
bring about equilibrium.

Based on experience and on analysis, the central point to be derived from
consideration of market forces is that they will almost invariably tend to
moderate any degree of disequilibrium foreseen by projections. Put simply, If
there is an excess of demand over supply, market forces, exerted primarily
through relative changes in ear; ings among different groups and by changes in
personal and institutional decisions, will tend to moderate demand and to
stimulate supply.

The interrelationships are, of course, far from being so simple. The lag
between the time of student decisions to begin training and the time when they
have completed training is a complicating factor. Another complicating factor is
that there is a large non-economic element in many career decisions—as, forex-
ample, decisions to enter a school of divinity. Economic responses are sometimes
unusual, as when a decline in the outlook for jobs leads to maintenance of
graduate enrollment. Governmental decisions are important, largely unpredic-
table and often properly based on social and political rather than economic con-
siderations. The kinds and extent of responses that would characterize a perfect
market rarely exist in the market for highly trained manpower. Such factors as
tenure, fixed salary schedules. controls over access to training and jobs, the in-
fluence of high fixed costs and joint cost problems all combine to produce sluggish
and sometimes unpredictable results. Transferability of skills and shifts of oc-
cupation complicate the picture. Finally, there are large gaps in the data required
for analysis of market forces. Nevertheless, the general consequence of taking
market forces into account will be to project a closer approach toequilibrium than
will result from the extrapolation of ratios.

Even though the problems involved in market analyses are complex, and
perhaps partially unsolvable, certainly intensive research in this area should be a
major part of efforts to improve projections. In this connections Freeman and
Breneman have described the potential gains from the market approach and
proposed a research program in Forecasting the Ph.D. Labor Market. Pufalls for Policy. (A
Working Paper for the National Board on Graduate Education. November 16,
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1973.) They specifically suggest the construction: of a model which would take
into account six kinds of responses, which 1 have elaborated somewhat, to a
changing doctorate labor market: (1) student choices of fields of study and initial
job decisions, (2) decisions of experienced persons, (3} employer hiring, firing,
promotion and retirement policies, (4} salary determination, (5) responses by u-
niversities in terms of decisions relating to faculty (hiring, vromotion. ret.>.-
ment) and students {enrollment, support) and (6) governmental initiatives and
responses. The usefulness of models built'around these factors can, within the
limits set by the availability of data., be tested retrospectively.

In conclusion. it seems tome that one of the most significant developmentsin
proiecting the supply of and demand for high leval manpower has been the in-
creasing attention paid to market forces and that extension of this work is as im=
portant as any line of endeavor in improving projections.
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4. Changes in National Priorities,
Manpower Projection Techniques,
and Requirements for Scientists and Engineers

Because Dr. Lecht’s oral presentation followed his formal paper quite closely, only his paper is in-
cluded in these proceedings. Lead discussants were W. T. Hamilton. Boeing Aerospace Company.
and Ralpk K. Huitt, National Association of State Universities and Land Grant Colleges.

_Leonard A. Lecht

Director of Priorily Analysis
National Planning Association, Washington, D.C.*

I-

An analysis of the impact of changes in national priorities for the utilization
of scientists and engineers raises many questions concerning the uses and
limitations of manpower projections, as well as indications of opportunities for
their improvement. This paper proposes to assess the role of shifts in national
priorities as one of the major sources for the discontinuous changes in demand
that have outmodyd many of the projections of requirements for scientists and
engineers made in the past ten or fifteen years.

An appraisal of projections brings to mind an aphorism attributed to the
American philosopher, Whitehead, that runs something like this: “Seek sitnplici-
ty, but mistrust it.” I would rephrase Whitehead's statement to read: “Seek man-
power projections. but use them with caution.” Manpower projections can be
useful to government agencies, to industry, to educational groups, and to in-
dividuals making career choices becat.se they help to reduce uncertainty. Projec-
tions can help provide a basis for choosing among the available options by in-

* dicating the implications of ajternat vedevelopments. for example. anincrease or,

a decrease in defense spending ~: in Federal support for fellowship programs in
aeronautical engineering. H,wever, projections are not the same thing as predic-
tions. While individe 2 projections based on continuing relationships from the
past will often b vorne out, for example, the size of the labor force in 1980, it is
apparent t'. .. the social sciences are many light-years away from being able to
make sustained quantitative predictions for a five- or ten-year period. This is true
of manpower projections as it is also true of projections of birthrates or of the
fluctuations jn stock prices.

Many organizations and individuals have been concerned with the study of
one or another of the forces that influence the utilization of scientists anc
engineers. Economists, such as Hugh Folkt or Richard Freeman.2have attempted

* Present addrens L2 eelor of Speaal Propects Research, The Conterence Board. 835 Third Ave , New
York. NY . 1He27

' Falk. Hugh. The Shortage of Surattids snd Entene re. 1070

# Freeman, Richacd, The Marlot for College- Tramnad Manpotoer (071
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todevise models of the labor market to assess therelationship between the supply
of scientists and engineers, their earnings, and the demand for their services. The
Department of Labor’s Bureau of Labor Statistics has estimated future re-

" quirements for manpower, scientific and otherwise, by making use of the input-
outputanalysis to project employment requirements in differentindustries based
on assumed rates of growth in GNP and changes in the composition of the
economy’s output.? Others have attempted to develop techniques for an-
ticipatirg the utilization of scientists and engineers in research and development
derived from what are regarded as reasonable estimates of future research and
development outlays and changes in operating expenditures—"performer
costs”—per R&D scientist or engineer.*

Present research ..nniques, such as the input-output analysis, have made
significant advances over the earlier projections techniques. They have made it
possible; for example, to estimate the “indirect” demand for scientists and
engineers generated by the chain of purchases and sales in theindustries supply-
ing goods and services to the firms producing theend products. These techniques
can prove highly useful once the demand for the goods and services, including
research and development services, is known or can be regarded as given. There
have been substantially fewer advancesin explaining why the large-scale changes
in demand for scientists and engineers have taken place and where the changes

come from. This has been especially true in accounting for the role of govern- - .

ment, the course 6f many of the discontinuo as chances in requirements for scien-
tific manpower in the past fifteen years.

Insight into the Federal government’s role in the shifts in demand for scien-
tists and engineers can be obtained by an examination of the role of the federally
funded R&D in the overall changes in research and development outlays in the
1960-1971 period. This relationship is summarized in Table 4.1:

Table 4.1
The Federal Government’s Role in Changes in R&D Expenditures,
1960-1971"

[tn millions of dollars)

Changes 1 Outlays Between.

Type of R&D 1960C & 1966 1966 & 1969 1969 & 1971
TolalB&D o $8,536 $3.913 $671
Federally Funded R&D ............ 5,240 921 143
Defense READ . .vvevnrnnnnrinnnn. 40 1.671 —1.091
SpaceR&D .........ooiiiiiaiann 4,495 ~2,015 210
Non-Federally Funded R&D ....... 3,296 2.992 814

' Derwved feom Nabionat SCence Foungation Makonai Patterns of RAD Rasowcos Funds and Manpower in the
Lirited States 79537 172 NSF 22300 1911 Tables B.5 B9 pp -4

YU S [Department of Labor Bureau of Labor Statictivs, Tomareate < Manpatea Noed. Bulletin No
1237, 1071, il Pathornc ot Eoogemte Coraetd Bulfenn Mo 1072, 1970

tSee Maaonal Soenee Foundation, The Loy Bange Demanad gor seventiie and 1o il Perome! A
Aethadolocnaf wiade NST o1-05. 190 L, Aronsug, Robert [, fediral spending tor sowntsd ind Engtsteer Engplon
ment, U'S Department of Labor, Bureaw vf Labor Statistics. Bulletin Ne lood. 1970, p 2
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Increases in the federally funded R&D were the source of approximately
five-eighths of the overall increase in research and development spending in the
1960-1966 period. More than five-sixths of the growth in Federal outlays in this
period—86-percent—stemmed’ from one program. the space program. The in-
crease in Federal spending for the space program was the major single cause of
the concern with “shortages” of scientists and engineers about 1963 or 1964.

The research cutbacks after 1966 were set in motion by 2 $2 billion decrease
in Federal outlays for the space program between 1966 and 1969 followed by a
decline of about half that amount in defense-related research arid development
between 1969 and 1971. Because of these cutbacks, federally financed R&D, after
adjusting for price increase, declined at anannual rate of 4 percent a year between
its 1967 peak and 1971.5 The severity of the decline in the Federal government'’s
R&D outlays for the space and defense programs was mitigated by large increases
in non-federally financed research and development expenditures in the last
years of the decade, and by modest absolute but large percentage increases in
Federal R&D spending for civilian sector programs. The effects of the decreases
in the Federal government’s R&D spending coupled with cutbacks in defense ex-
penditures for other purposes show up in the increase jn unemployment and the e
concern with undéfemployment for scientists and engineers in the early 1970's
for the first time in well over a decade. They were also evident in the decline in
enrollments in college programs in engineering.

Changes in national priorities as they are reflected in government programs
in health, pollution abatement, energy resource development. urban redevelop-
ment and other areas can have consequences similar to those that took place
because of the shifts in R&Dexpenditures. In effect. the activities undertakento
implement national priorities set up a series of demands for manpower at
different levels of skill and occupational specialization in the public sector and,
frequently even more so. in the private sector of the economy. The effects of the
greater emphasis on health goals in the past decade jilustrated by the enactment
of Medicare and Medicaid, and also by the expansion of employer-financed health
insurance, offer anothe- instance of the significance of assigning a high priority
to particular goals for manpower demand and supply.

Projections that seek to account for the anticipated consequences of the pur-
suit of national goals for scientific manpower utilization in the next five or ten
years refer to social rather than to market demand. Yet in a society in which .
pricrities and expenditures often undergo marked changes inresponse to emerg-
ing problems’and opportunities, many of the unmet social demands of the present
are likely to become translated into market demands for manpower, including
scientists and engineers, in the next decade. Employment projections that
attempt to take these aspirations into account can often provide a basis for an-
ticipating future changes in job opportunities and manpower needs that would be
lacking in extrapolations reflecting the Nation's current priorities and expend-
iture patterns. ™~

1.

Changes in national priorities in the United States are typically. although far
from exclusively. manifested in changes in legislation and in government
programs and budgets. These changes influence the utilization of manpower

$ Anmead Report of 1he Cosncil of Eeo romne Addvrsers, 1072 p 137
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because of their consequencés for employment within government, or the
employment created in the private economy by government purchasesfromin-
dustry. or by the adoption of standards based on legislation which affect re-
quirements for scientists and engineers in the private secior.

A pilot study recently completed by the authe. and others for the National
Science Foundation assesses~the significance of changes in the government’s
standards and regulations for the utilizadion of scientists and engineers in one
important priority area—the abatement of air and water pollution and solid waste
disposal.s The study illustrates an impoztant instance drawn from a large group
of activities in which national priorities are largely implemented by the
introduction of standards leading to greater expenditures in the private sector.
Automobile safety. efforts toestablish a “miles per gallon* standard to economize
on the use of gasoline, or airport noige control are other instances.

More than nine-tenths of the outlays for air pollution control in the 1970%,
for example: are expected to represent private sector expenditures for such pur-
poses as adding catalytic converters to automobiles or scrubbers to remove
effluents from stack gases in industrial plants.” About two-thirds of the spending
for solid waste disposal and something over one-third of the expenditures for
water pollution control in the next decade will stem largely from the adoption of
more severe regulatory standards in such legislation as the Clean Air Act and the
Water Pollution Control Act.

To simplify data problems in a relatively modest pilot study. theexpenditures
for pollution abatement that generate the requirements for scientists and
engineers pertain to five industries that are estimated to currently account for
roughly 80 percent of the air, water. and solid waste pollution emanating from
the manufacturing sector of the ec nomy. They are the food, paper. chemicals.
primary metals, and petroleum refining industries. The projections refer to two
differant scenarios illustrating differences in the priorities assigned to the control
of pollution. One is a Present Policy scenario indicating the increases in scientific
manpower requirements expected tocome about as the standards in the pollution
abatement legislation adopted through mid-1972 go into effect in the next
decade. The Clean Air Act of 1970 or the Water Pollution Control Act with
amendments, other than the 1972 amendments, are instances, The other, tlie En-
vironmental Goals scenario. presupposes an extension to air pollution and solid
waste discharges of the goalin the 1972 amendments to the Water Pollution Con-
trol Act of seeking to approach 100 percent abatem.ent of most types of pollution
by the mid-1980's. Weighting the levels of pollution abatement projécted for the
different types of pollutants by the estimated physical volume of each, the Pres-
ent Policy scenario implies an approximately 65 percent effidency in pollution
abatement by the mid-1980’s a5 compared to the 90 percentimplied by the higher
priority in the Environmental Goals alternative. .

The differences in manpower requirements in the alternative scenaric< rome

about because of the differences in the expenditures they specify for plant a-d
equipment. operations and maintenance, and reseai _h and development to coye

* Lecht. L, Culmanus, |, and Roven. R, Assesing the Tmpact of Changes 10 Nairo o] Prioritres for the
Unifization of Screntists aod Engineers National Science Foundation, Grant GR32464, 1974

" Denved from Counul on Enuironmental Quality. Encrreniental Qualtiy. 1972, pp 276-277
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with pollution. These outlays are summarized for the two scenarios in Table4.2.
The estimates in Table 4.2 refer to-the increases in expenditures anticipated in the
two scenarios in 1980 beyond those projected.to occur because of growth in
output in the five industries if the minimum levels of pollution abatement in
effect in the late 1960s were continued through the-next decade.

Table 4.2
Projected Increases in Expenditures for Pollution Abatement tn 1980,
Alternative Abatement Scenarios’

fin billions of 1963 dollars}

Present Policy Environmental
Type ol Expenditure Scenario Goals Scenario
Plan{ and EQuipment -......ocvvvinnnenns 5323 $53.5
Research and Development ... .......... 1.1 1.8
Operalions and Maintenande ....... PR 8.7 141 -
€= - 1 421 694
- LeehlL k., G 1. Hosen, B J., Assassing
the tmpact of Changes in Netonal 7 for the
b of Screm 8nd Enginowsi, Waldntl Smonca

Foundation, 1974, Table 1-7,p 1-22

The maijor differences in the expenditure totals for the twe scenarios are
those listed for plant and equipment and, to a lesser extent, to operate and main-
tain the poliution control facilities. The massive plant and equipment outlays in-
clude many expenditures for otherwise desirable items of equipment that have
the side effect of producing fewer poliutants. Only the relatively minor “force ac-
count” construction part of the capital outlays, about 5 percent of the total.
generates employment within the fiveindustries. The projections, other than for
research and development, are based on engineering estimates prepared for the
U.S. Department of Labor of the capital outlays and maintenance expenditures
required to reach different leveis of efficiency In reducing pollution in the in-
dustries considered.’

The manpower figures listed for the pollution control scenarios show the an-
ticipated increase in “direct” requirements for scientists and engineers .n the five
industries because of the greater expenditures for pollution control. They alsoin-
ciude the indirect “second round” requirements in other industries that sell goods
and services used in pollution abatement activities in these industries. The projec-
tions for 1980 are summarized in Table 4.3..

The projections suggest that the recentlv 22, pied standards for poilution
abatement, other than the 1972 Water Act amendments, would increase re-
quirements for scientists and engineers by an estimate< 91,000 in 1980, and by
over 165,000 if the more stringent standan’n tee 1972 amendments were

* Gutmams. bears and Schapanka, Adele, Pollution Cencrating Emssrons and Alatement Casts i the United
States, 1980 ami 19045 prepared for the [nteragency Growth Proiect U S Pepartment of Labor, 1972
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generalized to include the other types of pollutants. Three-fourths ormore of the
employment increases would be made up of engineers. The indirect requirements
in the supplying industries are estimated to exceed the projected direct re-
quirements for engineers by a margin of 2.4 to 1 or greater. The bulk of thein-
crease for scientists is expected to take place within the five manufacturing jn~
dustries. The massive indirect employment listed for engineers in the “second
round” industries is largely attributable to’purchases of plant and equipment.
Operations and maintenance. and research and development outlays are of about
equivalent weight as the source of the employment increases for scientists. The
study also shows that chemists predominate heavily in the requirements for
scientists while chemical engineers make up the largest, but far from predomi-
nant, category of engineers. The 'methodology by which the projecticns were
derived. together with the estimates of employment requirements by oc-
cupational specialization within science and engineering and byindustry, aredis-
cussed in detail in the report on the study.

Table 4.3.
Estimated Increases in Direct Requirements and Indirect
Requirements for Scientific Manpower, Alternative
Pollutlon Abatement Scenarios, 1980’

Projected Requirements in 1980

Present Policy Scengrio Environmental Goals Scenario

Category Direct tndirect Totat Direct Indirect,  Total
Scientists ....... 14.288 6,789 21.087 30,445 11.610 42,055
Engineers ..... . 19787 50,516 70,303 35,639 87.965 123,604
Total ...oocannns 34,085 51,305 91.300 66,084 89,575 185,659

' Source Lechl, Guimams, and Rosen. ¢ eif. Table 16, | 1-16

-

The techniques by which these and similar projections are prepared essen-
tially involve the derivation of four types of measures. one is a projection of the
annual flow of output jn the industries considered. a flow usually represented in
constant dollar terms. A second is a series of historical manpower coefficients
translating the expenditures for the output of individual industries into mari-
years of employment. A third are estimates of productivity changes by industry
over the time period covered by the projections to allow for the influence of
technical advance, increase in capital stock per workers, or of the higher
educational level and skills of the work furce on manpower input requirements. A
fourth is an occupational distribution measure to distribute the total manpower
requirement into employment levels by occupation. A fifth measure which is fre-
quently used to convert employment |evelsinto jobopenings consistsof indices of
attrition rates by age and sex in each occupation to allow for losses because of
deaths, retirements, and other withdrawals from the labor force.

IL

Researchers and decision-makers seeking to prepare or to appraise man-
power projections are presented with a series of problems. Many of these are in-
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herent in the techniques used to translate dollar purchases into manpower re-
quirements, such as the input-output analysis. The techniques typically assume a
constant technology over time, or, the changes in technology can be an-
ticipated, primarily because they are expected to represent an extension of
technology that is already available. at Jeastin the development stage. The projec-
tions, as in the pollution abatement scenarios. refer to increments of expenditure
and manpower, and the assumption generally made in the projections is that
the industrial and occupational composition of the increment follows that of the
total to which the increment pertains. The priorities and the standards that are
currently expected to provide “surprise free” scenarios for the'next decade are
subject to change in response both to developments in the national economy and
in the importance attached to other goals. For instance, the priority now being
given to conserving existing energy resources and .developing new ones
represents a “surrrise” that would have been difficult to anticipate in the climate
of opinion three or four years ago.

Manpower projections derived from estimates of expenditures for different
types of economic activity generally do not allow for the feedback effects of the
expenditures, effects that often offset one another, such as the consequencesof
implementing the pollution control measures considered for costs, prices,and
output in the industries affected. or in hastening the introduction of new
technalogy. The Council on Environmental Quality, in its 1972 report. suggests
some of what have been widely regarded as the likely consequences of the pollu-
tion control standards adopted in the early 1970’s. The report summarizes a sur-
vey of some 12,000 plants in eleven industries affected by the pollution controls
in then existing ligislation® Tk survey indicated that 200 to 300 plants
would be forced to close down be .se of the poilution abatement regulations.
Prices for the output of these industries were est mated to increase from zero to
ten percent in the four-year period supplying the focus for the study, 1972 to
19%76. The direct job loss resulting from the enivironmental regulations in these
industries was projected to range between 50,000 and 125,000 over the four-year
period, or from 1 to 4 percent of their anticipated employment level.

Over short time pericods, say less than five years, it would be reasonable to
assume, as in the Council’s report, that the cost-price impacts would make for a
decrease in overall manpower requirements. Qver longer time periods the
expectation of a significant reduction in requirements for these reasons
overlooks several considerations. The expectation that cost-price impacts will
predominate presupposes a static economy in which few things change other
than the pollution regulations. and that the effects of introducing these measures
then woark themselves out through the economic system. In a dynamic economy
such as our own the prospect of a large increase in operating costs because of
pollution control measures would serve as a powerful incentive to accelerate the
irtroduction of new technologies. or the more general use of technical advances
that have been available before, which were more efficientin abz* ng pollution. In
the production of iron and steel, tocite an instance, the pelletizing process usedin
producing sron ore and the continuous cashing processes for preducing steel are
expected tocomeinto evervday use by 1980, 1n part because their arrival would be
speeded up due to their lesser propensity and add to air and water pollution. In
petroleum refiming, environmental considerations are hikely to encourage a shift
to hydrogen refinng, a shift hastened because this process gives off almost no

carbon monosade, mitrogen oxides, or particaulates, The extent to which the

CEasprsnmtntei Quufine 1973, ap 0 pp 247-288
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* technological advances will succeed in offsetting the cost increases otherwise
likely to arise from the adoption of more stringent pollution abatement standards
five or ten years from now is a question of judgment.

Similarly, the indirect effects of measures, such as the pollution control reg-
ulations on growth and output manpower requirements are often obscure. The
judgment in the Council’s report is that implementing the standards adopted in
the early 1970’s would reduce the pace of GNP growth by a modest amount, from
the 5.2 percent a year initially assumed in the economic framework for the
Council’s study to 4.9 percent1° However, this judgment abstracts from a number
of elements which could offset, if not reverse, the GNP decline or its anticipated
manpower impacts. The multiplier effect&yf the capital outlays in increasing
economic activity and employment are¥one consideration. As the persons
employed in producing the additional plant and equipment required for pollution
abatement spend most of the incomes they earn for consumer goods and services,
output and employment would rise in many industries. These increases could be
oftset by reductions in output and employment as costs rose in many of the
industries affected by the pollution control regulations. However. the firms
engaged in abating pollution would require additional resources for this activity,
resources which frequently included significantly greater requirements for
scientists and engineers. This kind of decrease in physical output, or the slowing
down of its growth, need not lessen the demand for scientists and engineers, and
it might often increase it.

. The significarice of the requirements listed tor scientists and engineers for
pollution abatement can be appraised by comparing the projected increase with
the economy-wide utilization of scientific manpower in 1980. The Department of
Labor’s projections of the economy-wide utilization in the same year provide a
benchmark for comparison. Since these estimates predate the more stringent
pollution control measures adopted ir the early 1970%, they presuppose a
minimal reduction in the inventory of pollutants. Accordingly. the Department
of Labor's projections could not be ex pected to allow for the effects of rapid
growth in demand for scientific manpGwer in the fields related to pollution abate-
ment for the supply of scientists and engineers. A high priority for pollution con-
trol would increase salaries and opporiunities for advancement tor persons work-
ing in this field. As opportunities increased, scientists and engineers from more
slowly growing fields such as college teaching would be attracted to pollution
abatement. Over time, a continuation of this type of priority would lead to
greater ¢ nroliments in technical subjects concerned with poliution, enlarge the
supply of scientific manpower, Festrair the increases in salaries, and add to the
cconemy-wide utilization of scientisis and engineers. The magnitude of these
changes can be illustrated by the. judgment that half of the increase in re-
quirements for siic atific manpower for pollution control becomes translated into
a greater supply of scientists and engineers. This adjustment, or even a larger
one, would make for only modest changes in the Department of Labor’s es-
timates, changes of under 5 perzent. The relationship between the additional
scientific manpower requirements ‘or pollution abatement and the economy-
wide utilization anticipated on this bacis is summarized in Table 4.4

-—: Bl p 302 9 0
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Table 4.4
Addiilonal Requirements for Scienilfic Manpower Resulting from
Poliution Abatement Priorilles as Percentages of the
Projecied Economy-Wide Utilization in 1980

Additional Reduire-
ments as Percent of

Additional Economy-Wide
Requirements Utilization
Estimated Environ- Environ-
) Economy-Wide  Present mental Prasent mental
Utifization Policy Goals Policy Goals
Category In 1980" Scenario Scenario Scenario Scenario
Scientists ... §14.542 21,085 42,055 4.1% 8.3%
Engineers ... 1,533,151 70,303 123604 46 7.9
Total ........ 2,017.684 91.388 160,659 4.5 8.0

= Adapted feem U S Depapument of Labor, Boreaw of Lab&r Stalistica, Tomorrow's Man00wer Naeds, BulletmBo 1237 volIV.
1971 p. 18,

[%

The estimates in Table 4.4 suggest that a high priority for pollution abate-
ment, as in the Environmental Goals scenario, would involve a growth in re-
quirements for scientific manpower amounting to about 8 percent of the pro-
jected economy-wide utilization in 1980. Continuation of the standards adopted
in the early 1970's is expected to entail an incre.se of between 4 and 5 nercent.
These global estimates imply that a high priority for pollution abatement would
be unlikely to biing about the bottlenecks for technical manpower lined with the
space program in the early 1960°s. Howe~er the percentages refer to overall re-
quirements without regard tc the industries involved or the occupational
specializations. Adoption of the standards in the Present Policy scenario, for ex-
ample, is estimated to add an 2ighth to the industry-wide utilization of scientists
and engineers in the chemicals industry in 1980. The global projections.
therefore. will frequently have limited relevance as a basis for policy.

Problems of feedback effects and countervailing offsets also occur in projet-
tions of requirements for scientific manpower by level of educational attainment.
It would be desirable for educators and others to knovw how many openings were
anticipated in 1980 for Ph.D.’s in chemistry because of the pollution abatement
measures, or for graduate chemical and electronic ¢ 1gineers, or for persons with
bachelor’s degrees in physics. The problem with .hese projections is that they
typically imply a one-to-one relationship between level of educational attainmeut
in specific occupational specializations and jobs. In some instances, as in projec-
tionsof quirements for Ph.D.’sin the sciences to ceach in four-year colleges and
graduate schools, customary tenure requirements as well as historical student-
teacher ratios provide an eloment of stability to the estimates. In most areas,
however, engineers and scientists of different levels of educational attainmei.t,
or. for that matter. engineers, scientists, and technicians, are to a considerable ex-
tent substitutes for one another. In periods when highly trained professional
manpower is in short supply, educational requirements come to be lowered.
Technicians take over many of the more routine tasks formerly performed by
scientists and engineers, and B.S. engineers sy:bstitute for persons with more ad-
vanced professional training. In periwas »f glut in the scientific manpower
market. persons with.advanced degrees. including Ph.D.’s, may frequently find
themselves 1n jobs and at earning levels previously regarded as unsuitabie. Pro-
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jecting requirements by level of educational attainment involves, a series of
judgments, expressed or implied, above the overall labor market prospects for
scientific manpower in industry, government, and in college teaching.

V.

This recital of the problems involved in devising more adequate manpower
projections stresses their limitations as predictions while recognizing an impor-
tant role for their use. Frequently. as in the case of the pollution abatement es-
timates, the projections essentially illustrate a hypothesis. The hypothesis in the
inst \nce cited is that the priorities assigned to the pursuit of goals, such as the
control of pollution, can make a significant difference for the utilization of
scientists and ei.gineers. The findings are consistent with this hypothesis,
allowing for a wide range of feedback effects and market adiustments.
Differences in these wide range of feedback effects and market adjustments.
Differences in these effects. like differences in the priorities given to pollution
control, could make fo. a greater or a lesser change in the estimatcs of
requirements for scientific manpower. In this sense. the projections represent
points on a scale which could be shifted upwards or downwards as the substantive

’ assumptions in the underlying scenarios were changed.

The'changes in pational priorities which become translated into government
programs constitute parameters that contribute to defining the demand that is
registered in the scientific manpower labor market at any particular time. The
changes in priorities and programs are themselves “exogenous” to the market
system in the sense that they - riginate outside of it and are responsive to
different forces. Accordingly. an understanding of the relationship between
shifts in national priorities and scientific manpower requirements involves con-
siderations that extend beyond the familiar explanations in terms of supply. de-
mand. and price.

There have been substantial advances in recent years jn explaining changes
in the supply and demand for scientists and engineers in terins of rates of return
on jnvestments in education, career choices. relative earnings, and similar fac-
tors. There have been fewer advances in explaining where the demand comes
from. and why the frequent discontinuous changes in demand should take place.
In particular, the more complete analysis of the scientific manpower market
which might provid. .. basis for improvements in the predictive power of the
forecasts should include 2 mode of analysis that takes account of the roie of
government as a variable with an important influence for the manpower utiliza-
tion process.

Emphasis on the importance of gavernment programs and expendttures is
suggested by the evidence from what are, as yet, limited studies of the responses
of unemployed professional workers. including scientists and engineers. to offers
of employment. A studyundertaken by Battelle Laboratories for NASA surveyed
a sample drawn from 40,000 persons v.ho had lost their positions between 1966
and 1970 as aresult of cutbacks in the space programsat 30 establishments.!! The
minimum salary required by the unemployed professional workers in this group
to accept employment, their “reservation price,” varied markedly depending on
whether or not a movement to a new community as well as a new jobwas at stake,
These findings are summarized in Table 4.5:

1 Battelte Laboratories. A Surver of Aveeslace Emploves . Atested by Reditonsin NASA Conbnacs study
undertaken for the National Aeronautics and Space Admustration, 1971
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Table 4.5

* Minimum Salary Required to Accept Employment by Unemployed Professional

Workers Laid Off in NAS A Cutbacks Between 1966 and 1970

. Average Weekly Salary 11 Salary Amount
Attime ol lay-0ff .. i e iraea et $275
To accep! a position at present location ........covviiiiiiiiiiiiinn, 247
To accept a position in another community ...............c.cciee 304

* Source: Batteile Lab A Survey of Asrospece Employees Atracted by Raductions 0 NASA Co Nal

Asionautics and Space Adruntatraton, 1971, xvin

The professional workers included in the Battelle survey who had been laid
off were willing to accept permanent positions in their present locations at a 10
percent lesser salary than the one they had been receiving at the time of lay-off.
The average “acceptable” salary decrease amounted to a reduction in earnings of
$27 a week. The same group indicated that they would require a 12 percent in-
crease in earnings over what they were receiving when they were laid off before
accepting employment involving a change in location. The average increase re-
quired amounted to $29 weekly so that the differential favoring the home com-
munity reached over $50 a week. The persistence of joblessness could well have
modified the pertinent reservation prices. However, these findings suggest that
modest changes in earnings may be insufficient to encourage professionals, such
as scientists and engineers, toabandon what they regard as desirable homes, good
schools, a pleasant community. or seniority in a particular firm. Reliance on the
self-regulation of the scientific manpower labor market. in these instances, can be

consistent with considerable underutilization of scientisis and engineers.
(]

The reabsorption of unemployed or underutilized professionals laid off for
reasons such as the space program cutbacks could well take the form of oppor-
tunities in their home communities or elsewhere in a variety of capacities
generated by a resurgence of economic growth. The reemployment of many in
the private sector could also stem from government programs arising from
changing conceptions of national needs which would create new requirements
for scientific and other manpower. Energy research and development programs,
the space shuttle, mass transit, or the more extensive utilization of com-
pu’er technology in health services are instances. While it would be unreasonable
to & “pect the government to undertake such programs primarily to create jobs,
the availability of highly educated and trained manpower can be an important
cor.sideration in determining the pace at which programs can be pursued, where
the activities should be located, and the extent to which Federal support for
special training and fellowship programs would be needed to achieve goals. These
activities presuppose the availability of manpower projections indicating the
supply of scientists and engineers expected to be available at current or other
earnings to fill positions together with estimates of the numbers of positions to

be filled.

V.

Two types of measures can .erve to enhance the usefulress of the present
manpower projections for scientists, engineers and for others. One could con-
sist of technical advances in the present projections systems such as incor-

-
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porating the effects of price changes for the coefficients indicating input re-
quirements in the input-output matrix. The other could involve the creation ofa
manpower budget to focus on the consequences of the Federal government’s
programs and outlays for the utilization of manpower, including scientists and
engineers, in both the public and the private sectors. ,

The Federal government’s budget represents a statement of national
priorities as these priorities are spelled out in the willingness of the Administra-
tion and Congress to commit dollars to the pursuit of goals in education, health, .
mass transit, national defense, pollution abatement. tesearch and development,
social welfare, or other areas. A manpower budget could provide the basis foran
early warning system totrace through in advance the consequencesof changesin
the Federal government’s priority choices. actual or under consideration, for
manpower de;nand‘ A budget along these lines would present anoverview of the
areas where 2 lgsser willingness to commit resources for particular goals, for ex-
ample, the manned lunar {anding, could be expected to diminish demand for
scientists and engineers. and by how much, and the areas where new initiatives
can be expected to increase requirements. A series of dollar and manpower
budgets projected ahead for three, five, or ten years could show the anticipated
consequences for scientific manpower of alternative courses of action, such as
speeding up or slowing down of energy development outlays or of defense ex-
penditures. A complete manpower budget would take account of the public
employment created by the government programs. the employment in the
private sector attributable to government purchases, and the employment jn in-
dustry generated by the implementation of standards in legislation which entail
large-scale expenditures by industry. A budget of this type would facilitate the
transfer of scientists and engineers facing lay-offs, or sesking more attractive
positions. or the placement of new entrants recently out of school, or the plan-
ning of programs in colleges and universities to educate and tratn scientists and
technical specialists. A side effect of this more rational use of scientific manpower
would be to minimize prospects for the manpower bottlenecks that often con-
tribute to costly overruns in government-funded programs. As a first step in es-
tablishing.a manpower budget, the Federal government’s annual budget reports,
especially the Spectal Aualyses reports, should include a manpower section showing
the expected co1sequences of the program activities listedin the budget for man-
power requiremen'~ scientific and otherwise.

More research and improvements in analytic techniques can be expected to
increase the potentials for manpower budgeting by making it possible to allow
more fully than at present for the cost-price impacts on output and factor sub-
stitutions, tor the feedback effects on supply, and for similar adjustments in the
market for scientific manpower. However. technical improvements alone, even
with the aid of supercomputers, are unlikely to significantly reduce the role
judgment in manpower projections. Changes in national priorities, demograph..
changes, technological advances, and shifts in the economy’s growth rate wil!
continue to outmode many of the projections of saentifi. manpower supply and
Jemand in the future as they have outmoded others made in the past. They will
not diminish the need for a consistent quantitative framework for assessing the
consequences of altern. iive policies and developments, or the continuation of
past trends and the emergence of new ones for the utiiization of manpower, in-
<luding saentists and engineers.
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W. T. Hamilton, Discussant .
Vice President and General Manager, Research and Engineering
) Division
) ' Boeing Aerospace Company, Seattle, Washington

On reviewing Dr. Lecht’s paper, [ find that much of it appears to paraliel our
activities at Boeing Aerospace Company in trying to predict requirements as we
look ahead in the aerospace field. Boeing Aerospace deals primarily in the military
aircraft, missiles, space-craft area, whereas commercial airplanes are built by the
Boeing Airplane Company. Because both companies are located in the Seattle
area, employees can be traded back and forth so we tend to complement one
another as the need for certain kinds of manpower arises.

We try to “seek manpower projections, but use them cautiously” as was
suggested by Dr. Lecht, and continually project manpower requirements by
pregram and by skill for buth the near-term and the long-te.:m. Boeing’s oppor- -
tuaities to use people are a function of thegovernment contracts received and the
private ventures embarked upon in the light of economical attractiveness to the
company. Both government and private contractsare affected by national and in-
ternational pressures. and by the pressure to make a profit. Requirements for
scientists and engineers are difficult to predict with any degree of precision
hecause there is a time delay; the problem is a dvnamic one.

Boeing Aerospace has about 6,000 engineering personnel. More than 5000
of these are graduate engineers and scientists, and about a thousand have doc-
torates. Requirements forecasts for our programs are made every two months. A
group of organizations is charged with responsibility for monitoring the re-
quirements, compiling those requirements. and looking at them by skill and by
program through time so that the need for particular types of engineers,
physicists, and chemists can be anticipated. The degree of certainty with which
predictions can be made is not very great, though there is agreater opportunity to
be certain today than in the past because there are alarger number of programs,
alt highly technology-intensive. We have a continual flow of engineersin andout
of the programs. It is necessary to have the right level of engineer or scientist at
the right time, but for economic reasons this person must be shirted when not
rieeded on a gwven progr: m.

At present Boeing i doing a reasonable job of predicting. We are a little
shorthanded now. which is proper froin an economic standpont. In contrast.
there was a period four or five years ago when Boeing Aerospace had twice as
many scientists and engineers as its present base of about 5,000 persons. We did
not accurately predict the future at that time; we .xpected that more comme rcial
airplanes would be sold and that we would have more military contracts. The
economic turndown was not anticipated, and when it came a large reduction in
staff was necessary. Boeing Aerospace is now doing the same dollar volume of
business as at its peak, but with half as many engineers and scientists. This
economy has been achieved because of the availability of computers and a more
effective use of professional staff. At peak employment Boeing was using
engineers and persons with master’s degrees and Ph.D.’s in jobs that could have
been handled by less well 2ducat~d people.

In the 1960’s Boeing Aerospace Company was predominantlya bulderof air-
plane and missile-type structures ~nd actuation equipment. with a lesser
emphasis on electronics, guidance, control, and navigation. Now 40 percent of
our emplcyees are in structural and mechanical activities and 60 percent in elec-
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trical and electronic activities. Any variation in the future will depexd on con-

tracts received and the activities we are engaged jn but change is certainly jn-
evitable. )

Changes in emphasis bring about another problem. Boeing’s classical
business is being handled by older engineers who will soon reach retirement age.

Their refirement is going to cause Boeing to shift entirely to electronics, if the

trend is not reversed. When Beeing cut staff, it tended to hold on to the more
senior people, those who had served the company longer. Consequently, a large
group of people is marching toward retirement fairly rapidly. There are some
young employees at the bottom, but not many in the middle age groups.

‘Ralph K. Huitt, Discussant

Executive Director, National Association of State Universities and
Land Grant Colleges
Washington, D.C.

The crucial importance of Dr. Lecht’s periaption of the Federal Government
as the big disturber of the peace in the manpower field is, I think, absolutely cor-
rect. All political systgms must change; ours is not alone in making switches in
priorities, but it may be thatthere is something peculiar to our system in the ex-
treme changes that jt makes.

Professor Gabriel Almond of Harvard pointed out a number of years ago that
our system tends to swing from one extreme to the other. The extent to which
the government responds and reinforces, or stimulates, is an open question, but
certainly public policy reflects swings in public mood.

Everyone here has commented on what happened in space: a great boom,
then a sudden cutoff. What is of particular interest is the drastic character of the
cutoff, the fact that it occurred so quickly. When we first landed a man on the
moon. the President of the United States said it was the greatest event in the
history of humankind since the creation. Yet six months later, in his State of the
Union message. the subject was not even mentioned. Other examples of striking
changes in priorities and programs could be cited.

This tendency for extreme change will not diminish; in fact it is likely to
worsen because as government srows, its effects on universities, oa mnpower,
on the economy, and on other areas will increase. What can universities, as
suppliers of manpower, do to cushion this effect? Dr. Lecht has proposed a man-
power budget to be attached to the regular budget. Look at our experience. The
President sends a budget to Congress. it s a proper budget in the sense thatin-
come 15 related to outgo and a Jefioit or a presumed surplus is mentioned, so ail
the elements of a budget are there

This budgeting procedure was imitated in 1921 with the Budget and
Accounting Ac  ast 132 years after the birth of the republic. Before then the
President simply requested money when he wanted #, and mine separate com-
mittees {one called “appropnations,” and eight called “autho..2ng” commuttees)
vonsidered the necessary apprupriations. Now, more than a half century after the
Budget and Accounting Act, the Congress of the United States sbeginmng tu try
to develop some machinery for handling the budget itself.
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Congress, however, does not “consider” the budget. What Congress does is
to divide the expenditures and send them to 13 separate committees in the two
houses, and then a separate committee takes care of the revenue according toa
rhythm of its own. Congress is paying attentionnow tothe possibility of relating
income to outgo because it protested not the President’s ceiling but his priorities.
It has also learned that it cannot substitute its own priorities because it doesn’t

- _have any, and has no mechanism for making them.

If a manpower budget were added to the fiscal budget, there might be Con-
gressional hearings and these could have an affect on public policy. There should
be genuine public debate about the implications of the President’s priorities. But
even lacking such debate, it would be useful tohave a manpower budget attached
to the budget because the budget tends to increase every year.

Let me adda new point which Dr. Lecht did not mention. It is time that the

Federal Government underwrites part of the institutional cost of the higher
education enterprise. The Federal Government tends to call on the universities
for what it wants, occasionally pays for what it wants for aslong as it wantsit, and
then cuts it off and does not care much what happens to the overall enterprise. I
am aware that a call for the Federal Government to put some institutional
assistance into our universities invites greater intervention, but at the moment
the only real source of new money for higher education is the Federal Govern-
ment. .

General Discussion

- The discussion following the remarks of Dr. Lecht, Mr. Hamifton and Dr.
Huitt raised several new points and expanded upon some already discussed.
Various points of concern are given below:

¢ Can the manpower budget suggested by Dr. Lecht be usefulif not based
on a multi-year look ahead? We are not now and not likely to bein a posi-
tion to be making Federal budgets with lead-time. Dr. Lecht replied that
the President’s budget document, in its section on special analyses,
usually has Administration program estimates for the next twoorthree
years. If expanded to five years, this would increase thesignificance of a
manpower budget. Also, such a budget would provide opportunity for
the consideration of alternatives and the possible need for a shift in
priorities,

¢ Collapse or decrease of a major program like the Space program is not
necessary to create large derangements in the labor market. 1t is only
necessary that there be rapid growth for a while, followed by a leveling
off.

. ¢  What about the capability of Federal agercies to make a manpower
budget? And what about the feedback effect of an uncertain manpower
budget on educational institutions? Dr. Lecht replied that the Federal
Government already does a certain amount of looking at the manpower
implications of its programs. A governmental unit calied the Interagency
Growth Project in the Department of Labor has been considering the
impact of defense spending for manpower utilization for years. In regard
to feedback problems, "It is better to be vaguely right than precisely
wrong.” If welook at estimated impact of federal programs over thenext
several years, we will often be vaguely right, or better. To disregard
these various impacts would be precisely wrong.
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® A manpower budget might have an inhibitory effect, causing curtail-
ment or elimination of programs which might be justified_on other
grounds. For example, it is quite possible that a manpower budget for
the Space program might have kept us from undertaking it.

® s it necessary to project a manpower budget during the original
budgeting process, when time is short, or mightit not be appropriate to
wait until the program is underway? Dr. Lecht indicated his belief that
“sooner jis better,” and that expsrience with such projections would
eventually reduce their complexity; he regards reiationships among
manpower-related programs as critical, leading to overview and early
warning.

¢ WayneR. Gruner* spoke of making a five-year manpower budgetandil-
lustrated someof the relationships to be considered (Figure 4.1). The up-
per part of the diagram shows totallevel of employment in some activity;
the bottom diagram shows the rate of new recruitment required to
maintain the level of employment secn in the upper curve. This is a
scenario in which the level of 'é'mployment doubles in ten years and then
levels off. It is accompanied by a recruitment pulse in which the recruit-
ment goes up to more than fivefold the level required to take care of
replacement for attrition, and then drops off sharply again. This pattern
- - is a difficult one to absorb in the labor market. This extreme kind of
behavior is peculiar to labor markets that involve very low turfiover
rates and lifetime commitment to occupation (as in the case of academic
teaching). The lower diagram can be modified considerably if you
assume that the recruitment covers a very broad range of ages and that
there is a rather high turnover.

1f we look at Dr. Grodzins’ version of manpower flow, the baseline would be
higher but the recruitment peak would be correspondingly higheralso, soinstead
of rising four or fivefold and then dropping back to base level, it might increase
two or threefold and then fall back. Even this would be a severe perturbation.

So if you assume overall social activity is a composite of many different
smaller growth activities {the growth, for example, of programmers and the
decline of mechanical engineers, as described in an earlier talk} then real labor
markets would be made up of a great number of superimposed recruitment pulses
of different kinds, magnitudes, and timing.

The clear message for students, faculty, and job seekers is that employment
opportunity is a moving target and that their most promising weapon is flexibili- |

ty.
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- 5. Management of Industry Needs for
Engineers and Scientists

This chapier is based on the oral presentation of Dr. White and on his paper. The lead discuscanis
were G. F. Bolling. Ford Motor Company, and Margaret Gordon, Carnegie Council on Policy
Studies in Higher Education.

Phillip C. White: )

General Manager of Research
Standard Qil Company (Indiana), (a.'hicago, Tinois

This presentation deals with current industrial patterns in manpower plan-
ning, and with methods of utilization of the available supply and demand data. A
few industrial problems will be described and a few suggestions offered which
hopefully will stimulate discussion about solutions. Much has been written on
the need for better supply-demand forecasts and manpower management. For
example, in August 1973 the National Academy of Engineering produced an ex-

" cellent analysis of these problems with recommendations for future action.!

Their recommendations, all of which havebeen touched on again and again in this
seminar, include the need for much better trend analysis than has been per-
formed in the past, for centralized manpower analysis in thegovernment, and es-
pecially for government to respond to the impact of its own programs.

Industry Patterns in Manpower Planning

In order to obtain a more diverse industrial viewpoint, we talked by
telephone to twenty-seven companies, attempting to reach the person in each
company with direct responsibility for planning manpower needs and recruit-
ment. Industrial manpower planning is internally generated; that is, manpower
demand is determined by the business plan, with sales projections and new
facilities of particular importance. The business comes first; decisions about man-

power are a result of that business and not vice versa. Industrial demand thencan ~

be divided into various components as follows:
Industrial Demand Components

Increments to Staff Maintenance of Staff

Sales Projections Retirements
Contracting Level Resignations
New Facilities Deaths

New Lines of Business Transfers

' National Academy of Engineering, Engincering and Seientific Manpower. Recommendutions for the Seven-
ties, 1973.
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The president of M. W. Kellogg. alarge constructlon firm, recently presented
a paper on manpower needs in the field of construction engineering. He pointed
out that giver the manpower needed at the present time to construct and operate
plants for coa: gasification. oil refining, and the production of petrochemicals. fer-
tilizer, and synthetic fuel, it is obvious that there will be a 10 to 20 percent short-
fall of engineers. An interesting point was also made by the president of Kellogg
about competitive bidding. Consider the consequences of four engineering con-
tractors bidding on a single. large job such as an SNG plant. In preparing the bid,
each contractor spends about 20 percent of the time that would be required for
planning, engineering, and procurement phases of the job. Thus if four com-
panies make competitive bids, an amount of time equal to 80 percent of the total
time to perform the job is spent even before the job is started. Obviously thisisa
wasteful practice. Lump sum bidding or other methods would help reduce this
large waste of resources.

Another factor in manpower planning is encountered with entry into new
lines of business. A company may know what it wants to do, and may have es-
tablished a market, but then faces decisions about the possible need torecruit new
people. The problem is that it is difficult to judge new technology because not
every new technology has a significant impact on the market. Foréxample. in the
early 1950's it appeared that expertise in radiation chemistry and radiation
engineering in the processindustries would be in great demand. The technology.
howevar, did not have a commercial impact. and the bulge in demand for these
particular skilis never materialized.

Still another factor in manpower planning is replicement. As a nation we are
reaching the time of retirement for many individuals who started out in the post-
depression expansion of industrial research. There has been 2 steady growth of
industrial R&D over the period from the mid-1930s to the mid-1960's, and now
the replacernent load may be larger than forecasts have indicated because there
has not yet been much retirement in the major R&D population.

The general manpower picture is reflected in the responsesto our telephone
canvas§ of representative companies. Questions were asked about such’topics as:
general manpower planning; time span covered in planning; effect of planned
new business; the use of projections; reactions to individual manpower projec-
tions such as those made by the Engineers joint Council. NSF, and the American
Chemical Society; ideas for improvement in the projections; and ideas on prac-
tices which might dampen-the supply-demand cycle.

Some of the significant replies will be mentioned here. Allofthe substantive
replies are given in the accompanying paper. One large chemital company
reported that its projections were not particularly successful and that failure to
project accurately contributed to a large layoff .in the recent past. Their
spokesman added that he thoughthis company might even have lost sight of the
overall problem of stabilizing manpower planning. Two companies seem to be
preparing to do something about stabilizing the cycle: oneis a large chemical com-
pany. and the other is a large oil company. Each is working on a policy that would
aim at a fairly contant level of hiring despite the economy at any particular time.
Further, each hopes that more companies will follow its efforts to help achieve a
more effective dampening of employment cycles.

In many companies, management does not recognize that a stable level of

_ hiring is a form of social responsibility. Change to such an attitude might be

brought about with the cooperative effort of industry. government, and the uni-
versities. This effort will take time. The situation. in some ways. is analogous to
the movement to change attitudes about the hiring of minorities.
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The Role of Supply/Demand Projections

Another significant finding of the telephone survey is that tne projections
supplied by government and private sources do not seem to play a key role in the
planning of the twenty-seven industrial companies. They are aware of these pro-
jections, and the projections are taken as indicators of how the recruiting effort
should be postured, but that is all. If the manpower situation is tight, companies
are prepared to work harder at récruiting. However, expansion plans would not
be curtailed because manpower is projected to be scarce at some future time.

One question which must be asked, then: If industry, government, students,
and others are not using projections, then why do them? The answer is th.at a dis-
tinction between jnformation transfer and behavior change should be made. If
behavior change is the goal, then one must be especially carefui about the quality
of the information provided. Part of the problem with projections is that second
or third-order derivative effects of demand and supply or interactions betwesn
them are clearly going to be overwhelmed by completely unpredictable govern-
ment action. The smaller effects should not be ignored. but it is important to
attempt to foresee the big swings and perhaps dampen them.

Another problem area is that of collecting data by survey. As an attempt to
increase the sophistication of demand forecasts, a survey was conducted in 1972
by the Industrial Research Institute in cooperation with Engineers Joint Council
and the Scientific Manpower Commission. This study, using January 1971 as a
base, attempted to forecast demand for one, two, three. and six years. A report,
Litilization of and Demand for Engineers and Seientists in Industrial Research,2was published
in 1973 but it wasn’t very persuasive for several reasons. Returns were not suf-
ficient; 230 companies were contacted, but only 86 replied. As partof the survey,
each company was asked to categorize its response in terms of reliability. Fully 75
percent of the respondents stated that their forecasts represented “best
judgments” or were “only a guess.” Quite a number of firms said that they an-
ticipated no specific actions in response to the supplyldemand picture which they
perceived, or that they were only guessing about future change for the purpose of
answering the questionnaire.

The use of questionnaires is a difficult method of obtaining data, but this ap-
proach should not be given up. A centralized effort would help. A single
authoritative group—a governinent agency such as OMB, BLS, or NSF— should
be in charge of thedata acquisition. Perhaps there should be a statutory question-
naire, carefully developed and pilot tested. Such aquestionnaire could be usefulin
determining year-to-year trends in requirements for various disclplines. We
must admit that the present state-of-the-art in terms of demand surveys is not
very impressive, and it is not surprising that schools feel there js not a good pic-
ture of manpower needs.

Improved Supply and Demand Management

Internal Supply

Our survey revealed that industry is doing what it can to generatesupply by
providing continuing education forits people. One company, while not planning

: The survey was published by Industttal Research Institute, lic , New York. N.Y., Apnl 1973,

97

102




itself to retrain B.S. chemists as chemical engineers, suggested that such retrain-
ing would be possible through a company sponsored arrangement with a local
university. It is obvious that working to expand supply internally will help, but
this can only partially meet increased demand.

Stabilizing Industry Planning

As praviously mentioned, one way to obtain better overall management of
supply and demand is to stabilize hiring. This would be useful, but how to go
about spreading this practice most rapidlyis not clear. An interesting approach to
stabilized hiring is given in the following illustration. One company made a
careful projection of requirements and then hifed up to 80 percent of that level.
The company might always be 20 percent short, but they appear happy with the
results. Knowing how research directors work, perhaps that one carefully over-
budgets by 20 percent so he still gets what he needs. If stabilized hiring were tobe
accepted as a kind of national responsibility, much would have been done to
achieve strengthened manpower management.

Dicaggregation

Disaggregation of specialties would be helpful. For example, industry is in-
terested in corrosion engineers, process development men, etc., rather than
chemical engineers per se. Some of these specialties are trained in only a few places
in the country.

Role of Government

It is hoped that as a result of this seminar there will be a greater push toward
defining and establishing the role of government in manpower planning. Thereis
need for some entity to communicate our concern about manpower both to the
. Legislative and Executive branches of government through appropriate
channels. This entity would demonstrate the need for manpower budgeting and
emphasize the need for awareness of the possible impacts of government policies
so that a moderation might be achieved if specific programs are determined tobe
unreasonable in their impact.

An example of government policy which could be altered quite easily is im-
migration policy. ﬁplte the fact that the current demand for chemical engineers
exceeds the¥apply, there are complicated and time-consuming procedures which
are required by the government in order to obtain approval for the entry of
professionals into the United States.

Feedback to Schools and Students

Feedback to colleges, universities, and secondary schools would be greatly
improved if demand data were centralized. Information would be easier to deliver
and it would be received with greater confidence. Another matter to consider is
the reporting of future manpower demand and supply in the various trade jour-
nals, technical journals, and educational journals. Sometimes reports of impend-
ing shortages or excesses are really not jus.ified in view of the uncertainty of the
information on which the reports are based.

If there were nationally accepted, authoritative estimates of future demand,
then industry could tell students of this demand. Industry’s role should be to tell
what an engineer or scientist does in industry without necessarily trying to
recruit students to engineering. The role of guidance should be left to guidance
counselors at the various levels of high school and college.
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G. F. Bolling. Discussant:...
Manager, Product Strategy Planning
Ford Motor Company, Dearborn, Michigan

Ford Motor Company makes several different kinds of forward projections
in time. There are planning groups in economics, manufacturing, research,
technical planning, and so on—over a dozen such groups in the company. Each
group has a different projection time; some work on a five-year basis and others
work on a ten-year basis. Manpower projections made by the personnel and
organizational staff are generally done atleast on a twelve month basis, but there
can be a turnaround in three months if there is change such as we recently ex-
perlenced when we knew that automobile sales were going to drop substantially.

Ford does not really use the projections that are available, atthough our man-
power people do use the BLS statistics and depend on the availability of these
kinds of statistics. As a rule of thumb, the automotive industry contributes about
16 percent to the GNP, so if one of the major corporations in this industry does
not pay very close attention to the projections, then who jn the twenty-seven
companies surveyed by Dr. White does pay attention?

Ford has difficulty cutting off thé peaks and filling in the valleys, and it hasits
own lags in cbtaining particular types of engineers. Eighly percent of the
engineers that Ford hires are mechanical engineers. They fillapproximately thir-
ty different kinds of jobs. Mechanical engineers are just one of the five basic kinds
of engineers, so perhaps engineering should be subdivided and looked at more
critically, not just as one great lumped mass.

Dr. White emphasized that companies should pursue minimum hiring goals
regardless of the economy. and he stressed that companies should back their
plans except where "“survival is really threatened.” Realistically, however, a
threat to company profits occurs before a threat tocompany survival. Changesin
profits are a strong inceutive to change plans.

Dr. White suggested a central data collection agency and the need for in-
dustrial input of demand statistics. Such an agency would be a good idea, but cer-
tain demand statistics reveal company plans and could not be obtained. Company
plans are closely related to intended profit, and it appears that unless every
organization reveals its detailed plans. no one organization will be the first to
start.

Care must be taken in preparing questionnaires because it is sovery difficult
to get adequate answers. One should avoid the “Edsel questionnaire
syndrome”—the market survey used prior to the designof the Edsel simply asked
the wrong questions.

In regard to the suggestion that industry speakers should stick to objective
facts about career opportunities and not talk about supply and demand, Iagree.
Ford is currently starting a program which it calls a college sponsor program.
There are between thirty-five and forty executives in the company whoare in
close contact with either deans or presidents of as many major universitiesin the
United States. The purpose of these contacts is to understand more about univer-
sity preblems and to open a line of communications to the Ford Motor Company.
Ford hires a significant proportion of the engineersin the United States, but finds
that certain individual characteristics do not come out of mechanical engineering
schools, and so is attempting to inform the universities of the type of individual it

is seeking. 10 A
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The recent history of Ford’s hiring level of engineering graduates as a
percentage of total engineering graduates in the United States is as follows: 0.2
percent in 1970 (a recessive veriod for Ford), about 2 percent in 1971 and 1972,
about 3.7 percent in 1973. If the automotive industry has a turnaround in August
1974, the figure for 1974 might run to 0.6 or 0.7 percent versusa previously pro-
jected figure of 1.5 to 2.0 percent. ) )

Ford has projections to the year 1983, and our personnel and organization

-staff assumes a shbrtfall in engineering. However, the money necessary for

recruiting activities is "projected by the finance staff, and this staff is not, con-
viuced that the shortfall is real, since the supply of engineers for any company can
be made exactly the number it wishes to hire. Ifan organization needs someone;, it
goes out and competes for them. It will become more difficult in the automotive
industry after recent changes, but nevertheless money is demand and it can be
used to fill our needs.

Government manpower projections are producingalot of answers, but what
are the questions? It appears that people are looking for questions to fit the
answers. Industry is probably not the place to find planners tocouple with projec-
tions people, for the various reasons and objections that Dr. White put forward. If
it is not industry, then is it government? If it is government, is the purpose toun-
derscore policy? If so, how closely then should policy, planning.and projections be
tied? Asking another way, how successful are projections and planning in
relatively closed economies like the U.S.S.R.? That is a question wh;ch has not
been discussed at this conference. .

Finally then, projections are not as useful as knowledge of the perturbations
in the system. In hindsight, ask if there was anyone in the projection business in
1963 and 1964 who considered the perturbation that would occur if funding of
aerospace diminished, disappeared. or would be dislocated in any way. Today’s
question is, “What would happen to the oil industry and automotive industry if
there werea crisis in energy that occurred drastically ratherthangradually?” As a
truism it can be said that projections are only as worthwhile as the statistics from
which they are derived. If perturbations are to be analyzed, perhaps there should
be thorough studies of the history of previous projections.

Margaret S. Gordon, Discussant:
Associate Director, Carnegie Council on Policy Studies in Higher
Education, Berkeley, California

It is encouraging tolearn that at least some employers are beginning to try to
stabilize their manpower hiring plans. However, there are severe limitations on
stabilizing activities, particularly when one considers the way changes in Federal
programs affect the demand for scientific manpower.

Dr. Lecht is correct In his general position that there should be manpower
budgeting. His position, however, might be phrased in a slightly differsnt
manner: perhaps there ought to be an analysis of the manpower impact of major
government decisions. This would be analogous to environmental impact
statements for various construction projects.




One topic which has not been discussed very much at this meeting is the field
of health manpower. The enactment of the Medicare and Medicaid legislation in
1965 led to a general shift to the right of the demand curve for health manpower
and health services. In the years following the implementation of that legislation
there was a very sharp increase in the rate ofinflation of the medical care compo-
nent of the Consumer Price Index.

Tl'us demand curve may be.headmg toward another shlft to the right. The
Kennedy-Mills pact on health insurance legistation is probably bnngxng the day
much closer when Congress will enact a national health jnsurante bill. The effect
such a bill will have on the demand for health manpower obviously depends on
the details of legislation that is passed. However; at the same time that the ad-
ministration says it is supporting a national health insurance bill, it is making
plans to cut back drastically on support of medical schools and other kinds of
health training schools.

The administration seems to be very relaxed about the probiem of supply of.
physicians and says the shortage of physicians seems to be disappearing. Essen-
tially what is happening is that the inflow of foreign medical graduates has been
continuing. Some projections assume that there will bea continuing steady orjn-
creased inflow of foreign medical graduates, despite the fact that there hasbeena
substantial increase in the number of entrants to U.S. medical schools over the
last six or seven years. In the face of the substantial increase in the supply of U.S.
medical graduates, it js now unreasonable to assume that the demand for foreign
medical graduates will rise or even remain constant.

What should be the U.S. policy toward depending on foreign countries to
supply a significant portion of its medical manpower, particularly when those
foreign countries tend to be relatively underdeveloped countries like the Philip-
pines? [ believe that as the wealthiest nation in the world we ought to be export-
ing highly trained health care manpower rather than importing it. and we ought
not to be forcing large numbers of U.S. students to get their medical education in
Mexico and other countries where a good many are going.

My general point is that there has not been enough analysis of international
movements of highly educated manpower. We can nolonger assume, for exam-
ple, that U.S. salary levels for engineers and scientists are 50 much higher than
salary levels in other countries. Rates of inflation abroad have brought salary
levels closer together.

Dr. Breneman made the point earlier that increases in Federal fellowships
and research assistantships have not apparently increased the proportion of doc-
torates grantedinthe sciences and engineering. The 1950’ and 1960’s were years
of exceptionally expanding demand for highly educated manpower, despite the
huge increase of supply that was occurring especially i .he 1960’s. There were
two main reasons for this expanding demand-—one was an increase in the
percentage of GNPgoing for research and development expenditures, and the se-
cond was the marrh of the cohorts of postwal babies through the schooi system
and up into the colleges and universities. During this time pe..od, the most
pronouncedincreasein the proportion of degrees being granted was in education.
A number of the degrees in the humanities and social sciences were also granted
to those whowrere training to be teachers. Even though there were increased doc-
torates in science in terms of numbers, there was also an increas;d' demand for
teachers and college faculty in other areas, so this competition in the market may
have kept the proportion of degrees in science from increasing. *
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There has also been somne discussion at this conference of whether and to
what extent Federal fellowships and other forms of support will affect the enroll-
ment of graduate students. Dr. Kidd pointed out that Federal support has
dropped drastically, yet the number of graduate students has been increasing
modestly in recent years. The question toask is whether fellowship support hasa
more basic influence on the behavior of students than demand in the fields for
which the students are training. It appears that demand is more important than
the behavior of fellowship support. -

On the other hand. thereisaneed todisaggregate by field and type of institu-
tion. In 1971 and 1972, the large increases in graduate enrollment occurred at
places like Mankato State. Leading graduate schools such .3 Harvard, Princeton,
and Berkeley have been cutting back on their graduate programs largely in
response to the loss of fellowship and other kinds of support. The best schools are
not getting the increases in students. Thus considerationn must be given to
Federal support as it affects the highly qualified graduate schools which are a
basic national resource. Dr. Allan Cartter has also stressed this point. The same
consideration applies to medical schools.

The Administration seems to be reversing the position it todk in 1971, calling
for a drastic cutback in what was then adopted as the principle of basic capitation
.upport of medical schools by the Federal Government. Nothing like the full cost
of education was provided but the jdea was that States and private sources of
financing would supplement what the Federal Government provided for basic
core support. If the United States is to majntain the high quality of its leading
schools, there must be stable support from the Federal Government.

A final word about student choice. Student choice is very sensitive to market
changes and students’ perceptions of the market are reasonably accurate. As one
aspect of this, women have been shifting their fields in a most dramatic way and
are moving into traditionally male fields. This was brought out in the report i
drafted for the Carnegie Commission on Opportunities for Women in Higher
Education, yet many people continue to write as if this were not the csse. Under-
representation of women in field after field is claimed, without paying attention
to what is becoming a very important movement.

This leads to the point that information on changesin student choices of field
at the undergraduate level is extremely inadequate. One searches and finds, say.
an article by Lee Grodzins on changes in physics enrollment, and something by
the Engineering Manpower Council on engineering. and so on, but there is no
basic general source of information on undergraduate choices and changes of
field. Such a source very much needs to be developed.

General Discussion
Following Dr. White's presentation and discussion by Dr. Bolling and Dr.

Gordon, a number of questions and comments were offered by participants.
Various points included the following:

¢  Thomas D. Barrow"* reemphasized Dr. Gordon’s point about a lack of
material balance within the United States on scientists and engineers.

* Dhrector and Senior Vice President, Exxon Corporation. New York, New York,

10z

107




Exxon, one of the largest multinational corporations, has about as many
Amnerican scientists and engineers working abroad 2s in the U.S. Many
foreign scientists and engineers work in this country as well as abroad.
Thus when the manpower problem is considered strictly in U.S. terms,
we should be cautious to note that some assumptions will work with
respect to some fields, but not to others.

~A 1970 report of the American Geological Institute?! recommends
that universities improve their planning in regard Yo disciplines and
degree output, and that employers hire more evenly, avoiding peaks and
valleys, in order to insure a mare uniform flow of personnel through
vniversities and industries. Exxon has been following the latter
recommendation. at least in domestic activities. Its research organiza-
tion, which is separately incorporated and therefore has different cor-
porate policies than the domestic affiliate, has not followed thispolicy in
the past, although itwill in the future. Thedomestic affiliate has hadless
than 10 percant variation in the hiring of engineers and scientists over
the last five-yvar period. Theresearch affiliate, however, hascutstaff 10
percent below the high for that same period, so there have been substan-
tial differences witkin this single large organization.

®  On the matter of foreign enrollments. There is an increase in the
proportion of foreign students in graduate engineering schools. Whatis
the industry view of hiring foreign students? Dr. Bolling replied that
there is a strong tendency to hire U.S. students first, partly because of
the difficulty of visa procedures. There is a question alsoof the quality of
foreign students; overall quality may be a matter of total educational
background, so foreign students are likelv to be at a disadvantage.

®  Assume that Ph.D.’s are in surplus to the extent that they become inex-
pensive to hire. Would industry substitute Ph.D.’s for bachelor’s degrezs
simply because the Ph.D.’s are cheap? Dr. White responded that in
research Standard Qil of Indiana hires 60 to 70 percent Ph.D.’s, so there
is already a considerable use of Ph.D.’s. This might be increased by 5 per-
cent. Dr. Bolling commented that Ford has hired more Ph.D.s outsideits
research laboratories than ever before. This is true not only because
salary differentials are narrowing, but also because the automobile is
becoming a "higher-technology” product. There has also been an
attempt at Ford to seed production with Ph.D.’s from the research
laboratory. Dr. Barrow, speaking about Exxon, said that his company
hired more Ph.D.’s in operations in the 1950’s thanitdidin the 1960’sor
probably will in the 1970’s for two reasons. There were fewer oppor-
tunities for Ph.D.’s jn other areas then, so more were interested in Ex-
xon; also, more Ph.D.’s in the 1950’ tended to be generalists than those
who are graduating in the 1970’s. Good Ph.D. generalists are hard to
find right now. v

¢  Dr. Branscomb remarked that tliere is a reed todistinguish between ad-
justment of the load level for upriversities and stabilization of the scien-

‘& —

' American Geological Institute. Commuttee on Manpower. Manpetees Suppiv and trovand m Earth
Scrences, 1909-1974. American Geological Institute, Washington, D.C. 1070,
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tific and engineering manpower pool. There has been much discussion
about supply from educational institutions and the demand, for the
product of educational institutions, but there is a need to know whatis
going on in the community of people who are active scientists and
engineers. The size of the science and engineering pool is affected not
only by the rate at which new members are trained but also by therates
at which members of the pool move to other activities or return to the
pool after other activities. We need to understand the rate at which peo-
ple stop being scientists and engineers and start being either vice
presidents or deans or unemployed or salesmen, and we need to know
the rate at which scientists and engineers are created outside the univer-
sities. For example, the IBM Corporation has a number of full-time in-
structors on its payroll, providing training in specialties which it needs.

Adjusting the rates at which members leave and return to the pool
is» within obvious limits, a more effective process for adjusting the size
of the pool than is the adjustment of the hiring rate for new graduates.
Perhaps creation of skills internal to the industrial system as well as the
transfer of people in and out of the scientific and engineering areas is
also more-important than the hiring rate for new graduates. Thus, pro-
jections are more important-for university load-leveling than they are
for the management of the total science and engineering pool.

Dr. White disagreed, saying he thought projections sheuld be
applied to manpower management as it relates to both universities and
the total science and engineering pool. Flexibility can be achieved by in-
house training and by early retirement, but it js important to keep new
blood flowing into the system in order to maintain creativity. Dr.
Branscomb replied that there is a need to examine the full spectrum of
company policies. This would include new hires together with the flow
of scientists and engineers in and out of industry.

To the question, "How successful are projections and planning in
relatively closed economies likethe U.S.S.R.?”, Dr. Grodzins responded,
saying that if anything, the U.S.5.R. is doing worse than we are. There s
" a great deal of planning there, but the planning groups do not do a good
job of communicating with each other. Many countries are having man-
power planning problems. The problems of increased entrances into
higher education and the mjs-matches between the needs of industry
and the outputs from the universities seem to be quite universal.

Theflowof expertise and talent within a given organization is not nearly
so difficult to understand as the flow of talent and expertisefrom one
segment of the community to another segment. Within an organization
the personinvolved isa known quantity, but the individual who changes
organizations and at the same time becomes a generalist, or changes
specialties, has a more difficult time. There js reluctance on the part of
individuals and on the part of prospective employers toward such a
move. No attempt has been made at the university level or at any other
level to ease this transition. If there is one single situationfor which pro-
jections would be especially useful, it would be in the formulation of
policies which would make transfer between specialties easier.
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®  Fred P. Thieme* asked for thoughts on how the civil rights movement in
higher education might affect manpower considerations. Dr. Gordon
responded, saying that women and members of minority groups have
special kinds of contributions to make in higher education. Forexample,
- an able woman professor has the capacity tostimulate women students,
and a black professor has the capacity to understand the problems of
black students. These special contributions should be recognized when
recruiting and hiring, along with the more usual standards applied for
faculty employment.

Oneof the most spectacular changes has occurred in enrolimentsin
medicine where the percent of women entering medical school has
jumped from 7 to 20 percentover the previous six or seven years. Similar
changes have happened in law school enrollments. Information at the
undergraduate level is not so extensive. Richard Peterson conducted a
survay for the Carnegie Commission of shifts in undergraduate majors
in 1970 and the fall of 1971, which showed that women were moving
into majors in architecture, city planning, agriculture, and so on, because
of interest in the environment. Peterson also tried to trace the changes
in degrees granted to women in the latter part of the 1960’s. This study
shows that there is an increase in the proportion of degrees granted to
women in a variety of fields that had been considered traditionally male.

The formal paper prepared by P. C. White and D. G. Schroeter for this session appears below.

Managerhent of Industry Needs for
Engineers and Scientists

1. Introduction

Effective management of the supply and demand of engineers and scientific
manpower has not been achieved in the United States. The shortage-oversupply
cydlic imbalances are known to us all. Voluminous information is available on
what has happened in the past. Muchhas also been written ontheneed for better
supply-demand forecasts and manpower management. However, we are ob-
viously still a long way from our goal. For example, the National Academy of
Engineering in August 1973 produced an excellent analysis of the problem and
recommendations for future action. These‘'recommendations boiled down to: (1)
need for continuing {versus ad hoc) systematic, soundly based, and timely man-
power trend analyses, {2) national organization for such manpower plannir.g and
decision-making with leadership from the Executive Office of the Prestdent, and
(3) evaluation of the manpower implications of national technology goals and im-
proved programs for any consequent re.education and increased mobility of
technical manpower.

“ Special Consultant to the Board of Regents and Professor of Anthropology. University of
~-  Colorado, Boulder, Colorado. 1 j O
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Aruitoxt provided by Eic:

My remarks will cover currentindustrial patterns in manpower planning:in
cluding how available demand and supply data are being utilized. I hope to giv
you a brief insight into industrial planning problems. together with som
suggestions on how improvements can be accomplished, rather than what th
problems are.

In accepting this somewhat belated assignment last month, it was clear thai
there would be no time for another “in-depth ad hoc stiidy” nor is yet anothe:
study needed for what I wish to communicate today. Since I was asked to speak
forindustry. however. I feltit incumbent on me to seek beyond the experienceof
many years which 1 and myassociatesin Standard Onl of Indiana have had in deal-
ing with this problem,

Therefore, we contacted 27 companies across the country, representing the
oil. chemical, electronic, aerospace, pharmaceutical, engineecing fconstruction,
metals, foods, and automobile industries. In most cases, the parson within the
organization responsible for manpower planning activity was called by
telephone. In all cases, the individuals called could effectively speak for their
organizations. All persons contacted were very cooperative in responding, and all
recognized the overall problem. No company will be identified by name in this
paper.

I1. Industry Patterns in Manpower Planning

Manpower planning by industrial companies is based on internal and exter-
nal inputs of the best available facts on expansion of business: entry into new
lines. technology changes, obsolescence, capital availability, and many other fac-
tors. Business plans come first, and from these the levels and kinds of manpower
needed are combined into a manpower plan.

The pertinent components of the business plans usually start with sales pro-
jections with their concomitant requirements for technical service personnel in
the field, and research effort in the lab. For companies heavily engaged in
Government contract work, changes in contract level are reflected almost linear-
ly in their engineering staff requirements. Any new facilities planned will repre-
sent a demand increment, both for the engineering necessary to build and the
staff to operate. Should the enterprise be planning to enter newlines of business,
this has particularly critical manpower implications. New skills may be needed
which are in short or zero supply among the current staff. Requirements will
span the entire organization, from R&D through the plant to the sales force.

All of the above increments represent changes up, or down, in the technical
manpower needs of a company. They are additive to the annualhiring a company
must do just to offset turnover, assuming a constant staff. Losses by death,
retirement, resignation, or transfer to a nontechnical function, tend to be fairly
constant year to year, unless perhaps there is an abnormal age distribution in the
current staff. Hiring to fill such vacancies represents, or should, a stabilizing in-
fluence in industrial hiring patterns.

This replacement hiring, plus the net changes foreseen, are combined intoan
overall manpower plan. In the large companies: most, but not all, develop this
plan through successive levels to an overall corporate plan in terms of numbers
and discipline of engineers and scientists. This information is then returned to
corporate recruiters to make them aware of the total needs in the individual
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divisions or subsidiary companies even though in many instances each operating

facility operates independently. Most large companies attempt a fivé- to seven-or

even ten~year manpower plan but admit that theyare doing a poor job. Such plans

are, of course, updated annuaily so actlons are essentially based on a one-year

plan. Only a few companies in our sample said they attempt computer modelling
- in their manpower plans.

In a number of cases there was really little need for detailed manpower infor-
mation. These were stable industries (pharmaceutical, food} demonstrating slow
steady growth. Such ompanies usually maintained excellent contactsat selected
universities, and when they needed personnel, they went out and got them.

The major problem lies in carrying out whatever plans have been made due
to the impact of economic, governmental, and other change. A recession and a
shift in Government priorities, such as took place in the early 1970%, caused
abandonment of many plans, a stop in hiring, and in some cases, even a lay-off.
Serious impacts were experienced by those companies which are heavilyoriented
toward governmental contracts, such as aerospace. This story is well known and
has been communicated many times. In fact. it was over-communicated and is one
cause of our present rapidly developiftg shortage.

—

While the loss of Government contract support has a direct and by far the
most significant iinpact on industrial employment of scientists and engineers,
there are other Government actions which have an indirect effect. Regulations,
such as those coming out of EPA, FDA, OSHA, and now the Federal Energy Of-
fice, inevitably mean that the complying company needs more technical men in
the lab, in the plant, and even in the headquarters office. Of the companies sur-
veyed in our study, only a few had a significant level of direct Government con-
tracts. The indirect effects, however, have very definitely been felt by all the com-
panies.

I would like to quote to you. without revealing sources, some of the com-~
ments we received. | believe they will give you a clearer picture of how industrial
concerns approach this manpower problem than any summary [ can offer.

“We establish what we have to do on a project basis every August and

forecast one year ahead. Then we place a probability factor on whether

the project will run to fruition. This results in a total workload activity
which is translated into a manpower level. We then employ peopleupto

80% of the forecast manpower level. Although the forecast is for one

year, it has worked well and there have been no layoffs for over 15

years.”

*Planning is for one year and we felt that longer range plannigg is not

meaningful. We do forecast needs in anticipation of the business we ex-

pect to do. The effect of Government contracts js not as great as in the

aeraspace industry. The energy crunch is showing its effect now. Also

we now have an environmental department which we didn’t have
- before. OSHA has had an impact also.”
“The planning cyde is precise and a lot of it is computerized. We plan
seven years ahead and bufld the plan starting at the operating division.
Input such as work project analysis, market demand, funding, and many
others are included. A two-year operating plan results with a statement
of manpower required by skill. which is the difference of the known in-
house skills versus the needs. The seven-year plan is updated. Few
operating divisions are unable to follow the plans. We have very little
Government contract woik and what we have is fairly predictable.”
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*Our manpower plan is on a 2-to 3-year basis and includes all input we
can assess. Effective Government policy is also critical. Most of our work
is for the Government. We plan for growth, and then if we see that the
level of Government contracts will not match that growth, we increase
our efforts to penetrate the civilian market.”

“Manpower planning js on a 6- to 12-month basis. and we used to do 5-
to 10-year projections. The disruptions in the aerospace industry caused
us to essentially abandon these efforts. Now we conduct an information
survey among our various subsidiaries and communicate the job vacan-
cies we expect over the next 6-12 months. The effect of Government
policies has been major.”

“We don’t do too well. Bad planning caused a recent lay-off. I believe we
have gotten so embroiled in counting people that we have lost sight of
the overall problem of stabilizing our manpower planning.”

“Qur plan is greatly improved this year. Each plant and division now

sends manpower needs to the corporate headquarters. Every possible

effect is considered and a one-year plan is made. We have a new policy

approved by the Company’s Board to dampen the hiring cycle. We will

not go all out in a high need period and will not stop hiring during a

recession. | believe we have all {i.e., major companies) been doing a pret--
ty poor job jn the past. We are a big company and think we can help

dampen the cycle.”

“We have a corporate-wide planning group which works up the entire
manpower story. They get input from every subsidiary. We have aone-
year, five-year, and 5- to 10-year plan. The plan may not always be
followed., but at least jt spots trouble areas. We are veryconcerned about
better manpower planning and are working on a policy that woyld set a
certain level of hiring each year despite the economy. If enough com-
panies are willing to do this, we can then communicate the action back to
universities.”

Ithink it is very significant that the last two companies quoted, and they are
both major, have already taken steps to consciously modify their hiring in an ef-
fort to dampen the cycle and stabilize demand. This is the key step on the jn-
dustrial side that can contribute to solution of the problem.

1L Role of Supply/Demand Projections

Now you will note that while I have talked a good bit about how industry
carries out its manpower planning efforts, [ have said nothing about the use made
of the numerous supply/demand projections prepared and so widely disseminated
by both Government and private sources.

Considering the effort that is made to monitor these supply and demand
trends. this information is not being used as extensively forindustry’s manpower
planning purposes as might be expected. Of the 27 companies contacted. 11,
although they were aware of the sources, did not find them useful except as
overall knowledge of supply. Reasons for this lack of use varied. Although
generally the supply data as published are viewed as quite valid. there were com-
ments which revealed inadequacies of the data. For many purposes, just the sup-
ply of Ph.D. chemical engineers is not adequate. Aerospace wants corrosion
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know-how: the chemicals industry needs process control, etc. Another problemis
the defimtlon of an engineer (non-degree persons doing engineering work are
reported i many surveys as engineers). .

To give you a flavor of our findings: again let me quote a few comments
regarding the use of supply data: i

“Do-not use any of published statistics.”
“Are not used directly and are of secondary interest.”

Do not pay much attention, although x,ei:qmly. have been concerned at .
low freshman engineering enrollment.” - .

-,

"Not much used except to anticipate costs of recruiting”

Do not use when they become available. Particularly need information
for engineers.”

"We use EJC data, one example of a local situation relates to ceramic
engineers. This is a tough one. Projects change, demand changes.”

"EJC js very best available, john Alden even validates other sources.
Haven’t needed data on scientists since late 1960'.”

"ASEE is best, due to breakdown by discipline. Generally aware of
supply/demand situation. Do not use in terms of action.”

Now as to demand data, these, as viewed by our sampling of U.S. industry,
are wholly unreliable. Demand has been forecast very simplistically in the pastby
such measures as extrapolation of economic and other data, by Government
agencies,ad hoc surveys of industry as conducted annually by Frank Endicott; and
others.

Attempts have been made to increase the sophistication of demand forecasts.
One of these was conducted by the Industrial Research Institute in 1972 in
cooperation with the EJC and SMC. It was reported in April 1973 (Uilization of and
Demand for Engineers and Scientists in Industrial Research). This forecast used as a base
January 1971 and attempted to forecast demand for 1, 2, 3, and 6 years. Each of
the 86 companies participating was asked to categerize jts response jn terms of
descriptive paragraphs on reliability. Fully 759 stated that their forecasts
represented “best judgments” or "not a good estimate, only a guess.” Only 10%
were “fairly clear” concerning their future demand levels. Regarding available
supply/demand, 50% assumed that their current experience would apply to the
future. Finally, 75% of the respondents revealed that they anticipated no specific
actions jn response to the supply/demand picture they perceived or-were only
guessing about future changes for the purpose of answering the questionnaire.
Thus, from the IR experience, the business of forecasting demand isin jts infan-
cy. There are no current plans in IRl to repeat this survey on manpower.
However, a broader surveyon research trends by IR1is now inits third year. Itin-
cludes anticipated hirings {or layoffs) for at least the coming year. It may offer a
vehicle for collecting more extensive demand data, at least within that industrial
group.

Another example of a sophisticated attempt to forecast demand hasjust been
completed by the Engineers Joint Council, privately funded by industry. The EJC
study attempted current opening analysis and three- and twelve-month forecast
of openings. It contained turnover, losses, hiring forecasts by industry group and
technical discipline. EJC warns of the experimental nature of this demand survey
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and states that the survey was done to develop methodology and illustrate the
“potential of such surveys. They cite weaknesses such as statistical reliability,
scope of coverage, need for continued updating, and vepresentativeness of the
data.

From the status of demand projections today. it is evident that counsellors in
high schools and university technical department planners have very little basis
to use for control of their educational activities. As will be stated later, | believe
that projections can be improved, made timely, more consistent, better defined,
and certainly much more reliable. One factor that needs to be continually
emphasized is the potential opportunity in the technical fields for women and
minorities, particularly in engineering wheré underutilization is the worst. In
1973, only 1.2% of the U.S. engineering graduates were women, and 1.3% were
black. Certainly better forecasts would help provide confidence as to the oppor-
tunities in these fields, which is such an important mgredlent of convincing

minorities and’'w roll in science and engineering.

1V. Enhancing Internal Supply

One way for a company to overcome an inadequate supply situation is to
make better use of the manpower currently onits staff. Our survey of companies
did not reveal any new ideas regarding such more effective use of internal
technical manpower resources. Almost everyone has educational assistance plans
whereby after-hours university courses are reimbursed. Most large companies
have in-house continuing education programs. All felt that they were utilizing
technicians to a high level of effectiveness and provided equipment and other
support, such as computers. A few companies indicated that they believe the real
manpowert crunch in the next decade will be for very sophisticated levels of
knowledge, that is for Ph.D.’s who are experts in specialized fields to meet the
challenges of the very difficult future technology. It was felt that this kind of ex-
pertise can only be developed by training in the universities.

My own view is that Lhere is significant room for better use of available
talent. For example, better training and continuing éducation of technicians
should have considerable impact. One innovative idea we ran across was to
retrain B.S. chemists, who currently are in good supply, to chemical engineers.
This would be done under contract with a local university, and perhaps on com-
pany time. But only 50 much can be done with internal supply.

V. Improved Supply and Demand Management

It is clear that if we are to improve the supply and demand situation overall,
we need hetter management of both, management in which U.S. industry, the
Government, professional societies, and the educational community must all be
involved. In our discussions with this cross-section of U.S. industry planners, we
found much concern and desire for action along with some existing good planning
techniques and new ideas.

A, Stabilizing Industry Planning. First it is apparent that industrial scientist
and engineer staff levels and hiring patterns must be stabilized in contrast to the
cyclic swings of the past. Each individual company must improve its manpower
planning. Some companies will need to take the stepof corporate-wide centraliza-
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tion of such planning. Firm plans are needed for at least one year ahead, and
reasonably firm commit ments for five years. All of the traditional inputs need to
be used. with the obvious flow from needs for technical work to the hiring goals
provided.recruiters.

Second. innovative planning techniques are needed and those in existence
need much wider application. Some are already being used, such as a hiring target
. to produce a technical staff below maximum future need (say, 80%) and possibly
contracting-out or postponing lower priority work. Division or departmental
management can exercise its control based on dollars, rather than on specific
manpower levels, thus providing technical managers with more options to
dampen cycles. Minimum hiring goals, regardless of the economy, need tobe set.
It is evident that “dead wood” should not be allowed to accumulate in any depart-
ment. only to be weeded out during a recession. One can conceive of a model that
would relate manpower levels to a combination of parameters, such as returnon
Mvestment, sales, manufacturing volume, etc., coupled with a hiring plan that
would vary annually only 20% in reaction to change. This opposed to the past un-
desirable extremes of stopping hiring completely or maximum employment and
even stockpiling in periods of manpower shortage.

_ To the extent that companies within an industry use a given specialty. such

as corrosion engineers, it may beuseful somehow, perhaps with governmentalor

- professional society assistance, to pull together their stabilized manpower

demands. The total might be enough. in many cases, to represent a substantial
portion of the future supply in that individual technical discipline.

Third, given betterand more stable manpower planning. individual company
top management must back the plans, and recognize the coinpany commitment as
part of an overall effort at the national level. Exceptions should be discouraged
except where company survival is really threatened.

Fourth., if better demand figures are available, their communication anid use
are essential if education is to react more acéurately and reliably to dampen the
supply swings. Better demand figures can result from the corporate planningim-
provements described. The communication step will require closer c~operation
between Industry and education. The traditional activities of scholarships,
summer jobs, etc.. must be continued and expanded. New concepis, and perhaps
an extension of successful but limited practices such as cooperative education at
the undergraduate and the MIT Practice School at the graduate level, need to be
greatly expanded to bri. g industry and education closer together.

B. Role of Government. In the introduction | mentioned the National
Academy of Engineering August 1973 report. “Recommendations for the 70’s.”
Rather than summarize the report further, I would commend you toits reading
and remind you that it recommends a key role for Government in the future.In
the past, such occurrences as widely changing funding of graduate work and of
defense and space contracting have obvious and devastating effects on the man-
power supply and demand situation. The very least we can ask of Government is
to monitor the implied manpower supplyldemand impacts cf its policies and
programs. Ideally we should seek moderation of those programs when they
threaten a severe manpower impact. | would comment on one simple, very small
example that apparentlyis occurring today. Despite the fact that the current de-
mand for chemical engineers exceeds the supply. the U.S. Immigration Service
and Department of Laborare still operating on théopposite premise. Theresultis
that complicated and time-consuming processes are required to obtain approval
for a chemical engineer to enter the U.S,

[RR

116




—

C. Feedback to Colleges, Universities, and Secondary Schools. We have 3

- stated that if industry (and others) can indeed provide better and more stable
manpower planning, then demand data can be better defined and will be received
with a considerably higher confidence level. Such demand information must be
communicated to the entire educational system. The very recent experimental
studies by the Engineers Joint Council and IRI provide a-possible blueprint for
future demand reporting. Whether it be the Engineers joint Council, individual
professional societies, the Bureau of Labor Statistics, the U.S, Office of Educa-
tion, or the U.S. Office of Management and Budget (as recommendedin the NAE
report), responsibility for the collection and communication of the demand
statistics mnst be centralized and 50 organized and funded as to provide a con-
tinually updated flow of valid, understandable and detailed information tc the
colleges and high schools. These data should reflect demand created by Govern-
ment programs, as weli as industrydemand. Qur educational institutjons would
then have responsibility for communications to students of the evident care-r op-
portunities and for the professional guidance of such students. Improvement of
professional guidance is badly needed.

What more can be done to ensure a balanced response by students to theim-
proved demand forecasts is not clear. Industrial support via scholarships,
fellowships, and teaching awards will obviously help. Careful, thougtuful articles
in the educational and technical journals, avoiding “scare or hard-sell” tactics.
would also be helpful. The same applies to individual company activities.

1 suggest that the role of industry, and other organizations which use

_ engineers and scientists, wher providing speakers and information to high

schools at the local level, should be to stick to objective facts of what the various

scientific and engineering jobs contain and to limit remarks about supply and de-

mand to authoritative sources. The recruiting of talented lugh school students

for career opportunities in engineering and science should be the function of
colleges and universities, using such improved data as we have described.

One can even speculate about the utility of a nation-wide computer hookup
that would provide college and graduate school counsellors with current data on
course enrollments, as related to anticipated future demand. If available daily
during “registration week”, it might assist those counsellors in balancing student
response.

May [ say In closing. thereis no doubt in anyone’s mind here, lam sure, about
the challenge we face to improve the total technical manpower planning process. I
am optimistic about the effectiveness of the steps'that are available to us. |
further believe that we must act decisively and soon, and | amconfident that U.S.
industry will cooperate fullyinany comprehensive program at the national levei.

Thank you, and ! appreciate the opportunity to present an industry view-
point in this critically important Seminar.
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6. Student Motivation and Career Choices,
A Panel Discussion

**Kenneth E. Clark, Presiding:
Dean, College of Arts and Sciences
University of Rochester

This panel‘discussion places emphasis on students; on what they do, and on
what kinds of factors influence their career choices. If we examine the progress of
an individual student from high school through graduate school andintoacareer,
it becomes apparent that what has happened is orderly in form, and rational, in
terms of the information available to that student. If we could somehow ac-
cumulate all those separate experiences, we would learn that the student knew
more about the whole process of choice than any of us profess to know. A variety
of numbers and formulas, and the like, are being presented at this meeting;
perhaps at this session we can flesh out those formulas soas to better understand
the manpower process.

Certain things are known about bright young people. They start out more
interested in the world around them than anything else; they prefer to do things
in the natural sciences. This is partly because they come toperceive inhigh schaol
that if you aren’t in the natural sciences, youaren’t very smart. And besides, their
high school social studies teachers seem to be fairly mediocre compared to their
science teachers. In college, however, these students discover that poets and
others can be pretty smart, and 2 number of them leave the natural sciences—it is
a national trend that interest in the natural sciences is diluted by virtue of college
attendance. The student who goes to college is broadened in interests and moves
ivo domains not considered in the light of previous high school experience.

Another thing we know is that students chose occupations acgording to a
fairly stable set of variables which are related to individual preferences and in-
terests. These expressions of preference, or of motivation, are more important
than aptitudes Thorndike and Hagen. in Ten Thousand Careers, suggest that the
variatioh of ability measures between different occupations is not as great asone
would think. The important variables in career choice tend tobe the motivational
variables. People filter into careers in which they can do the things they want to
do.

One wonders where students get the information which leads them to make
the decisions they do. Looking at these students, we conclude that there is a
rational, orderly decision process at work . Further, each of these individual sum-
mators of information does a better job than those who try to project behavior
with mass statistics. If somehow we could understand better that small unit, the
single human being. we would achieve more accurate results in our projections
about student trends. 1 18
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Another point worth noting is that we know something about the‘way}ﬁ

which individuals move into jobs and then change the nature of these jobs. The .
individual and the jobinteract. A person‘decides he is going toseek educationina -

particular area. He does-strand after that continues tadevelop. Whatever the job,
it is changed by virtueof this person’s interests in the same way that heis changed
by virtue of the job’s demands. Something will be omitted from our analyses if we
do not incorporate, in some way. understanding of the interaction between the
demands of the job and the interests of the individual.

There are some interesting studies of this interaction. Men who eventually
become admirals in the Navy Medical Corps are men who did not like being
physicians; they were trained as M.D.’s, but they look like administrators. Men
who end up as labor union leaders in the electricians’ union are men who do not
lock like electricians; they look like poiiticians, and they got out of electrical work
by becoming union leaders. Others get out by being electrical contractors; they
look like entrepreneurs.

Nearly everyone changes his job a little bit to make a fairly good match, buta
serious problem develops when a person makes a decision too soon and finds
“himself in a position where he andthe job are not tompatible. Such a personneeds
to be retrained. Another kind of problem occurs when a personis perfectlysuited
to his job, but the job is eliminated. This person must be retrained or else must
find another place where his training and skills can be used.

In short, then, this session deals with human beings—individuals—and how
the whole business of manpower relates to individual decisions.

Lee Grodzins: )
Professor of Physics, Massachusetts Institute of Technology

, We are all aware of the complex factors which motivate careér cnoices. We
know that all toooften, simplisticreasons are simply wrong. Permit me to remind
you that the conventional wisdom still is that Sputnik, streaking across thestars.
- so glamoriz2d the field of physics that students flocked to-the field. The
fallaciousness of that myth is demonstrated by Figure 6.1 (which many of us have
come to call the anti-Sputnik graph), which shows the yearly output of bac-
calaureates in physics in the United States. If the space age opened the tap of
physics majors then we should have seen a rapid growth of baccalaureates in
physics starting three to four years after the satellitelaunch in 1957. But that did
not happen. Instead, 1961 was the year of saiuration of baccalaureates in physics;
for the next decade the number of physics majors remained roughly constant. Did
Sputnik not have an effect on the output of physicists? It certainly did—butif the
graduate not the undergratluate enrollments. The satellite age ushered in rapid
increases in graduate student support. And students followed that support. In the
early 1960’s the ratio of first-year graduate enrollments in physics to the number
of B.S. degrees in physics a year earlier rose rapidly from 0.35to plateau at nearly
0.55. You will not be too surprised tolearn that that ratiostarted to fallin the Jate
1960’s, when student support money declined, and is now back to about 0.35.

Having made the point that we must be skeptical of one-dimensional
motivations, apart from those due to direct financial support of educational
careers, permit me to record the observation that there is a commonality to
motivating forces of undergraduates which crosses geographic boundaries and
prestige classifications of schools. How else can we explain the fact that the
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specific percentages of physics baccalaureates matriculating to graduate educa-
tion far removed from physics; i.e., medicine, law, economics, engineering, are
about the same for MIT as for all the schools in the country? I suspect that stu-
dent mobility carries career information rapidly among undergraduates so that
fads in one area, such as the Northeast, sprexd quickly and become national
trends.

Figure 6.1 )
Bachelor of Science Degrees in Physics
Per Year, 1954-1970 .
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The connection between enrollment figures—often used as the measure of
student motivation—and financial support, is unequivocal. We first consider that
connection for physics alone, then consider all graduatedepartments of sciencein
order to show the effects of the massive reductions, in government fellowship
funds specifically, on graduate enroflments, and to see how graduate schools have
used what Flexibility they have to soften the impact of those cutbacks.

Graduate school is a special market place with inertial forces which moderate
rapid changes. But Government cutbacks of student support have been so great
and pervasive that institutions have been unable to absorb much of the impact;
the result has been a one-to-one correlation between the decline in government
support and the decline in student enrollment. To demanstrate that correlation,
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consider Fig. 6.2, which shows the enrollments, according to type of support, for
physics graduate students for the years 1967-68 through 1972-73. Overall, there
has been a decline of 2,703 full-time graduate students. There has been a
corresponding decline of 2,701 full-time students supported by government
sources. Not only the magnitudes, but the rates of decline match. Can anyone
doubt that Government support is a main driving force behind graduate
enrollments and hence graduate education.?

Figure 6.2
Enroliments for Graduate Students for Years
1967-€5 through 1972-73, as Related to

Government Support of Students
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To see the effects of the reduction of fellowship support in all sciences, not
just in one discipline, we present, in Table 6.1, the first year and totalenrollments
{full-time) by type of support, for FY 1969 and FY 1972, for all {matched) graduate
departments and for engineering, physical sciences, and life sciences separately.
The total number of first-year graduate students declined in those four years by
4,532; tellowship support declined by 3,953. The total student body declined by
4,951 students; much less than the precipitous drop of 11,523 supported by
fellowships, most of which were Government supported; institutional funded
fellowships actually increased. Teaching assistantships, which dropped for enter-
ing students, increased for ali students. The details for the different fields differ.
but the explanations are similar.

Table 6.1

Some Comparative Numbers of Full-Time
Graduate Students & Their Support for 1969 & 1972

FY 1969 FY 1972 Change
1stYr Totat 1st¥Yr Total 1styr Total

All Graduate Deparimenis

Toial Students 43,677 129,332 39135 124381 4,543  .4,951
Supported by Feltowships 11241 37,286 7288 25763 -3853 11,523
Supported by Res. Asst. 50880 27,690 5988 26,713 +108 -977
Supponed by Teach, Asst. 11304 31818 10,194 33547 -1110 2,029
Engineering Graduate Depariments
Tolal students 10,943 27.659 10622 26562 11 -1.097
Supported by Felowships 2,769 7218 1,953 4,647 -806 -2,599
Supported by Fes, Asst, 2075 8.058 2.408 8,253 +333 +195
Supported by Teach, Asst. 1434 3.885 1,552 4,180 +118 +295
Physical Sciences Graduate Oepartments
Total Students 7970 20318 6513 25776 1457 -3.542
Supported by Fellowships 1,652 6,797 arn 3.834 ~782 2.963
Supported by Res. Assl. 866 9,135 854 8.062 -14 1,073
mes  Supporied by Teach. Asst. 4129 10.019 3.472 10249 -657 +230
Lite Sciences Graduate Departments 7057 22644 6518 22246 539 =398
Total Students 1.762 1.580 1.142 5,364 -620 -2,196
Supporied by Res. Asst. 1,356 5175 1,290 52N -66 +96
Supported by Teach. Asst. 1,888 5319 1.695 5714 -193 +395

o 1 o Found
F

The Federal government supports students mainly through fellowships and
research assistantships, while jnstitutions support mainly through teaching
assistaniships and parniially through fellowships. The reduction of fellowship
support was direct and unmitigated. The loss of support for research
assistantships was one of the consequences of declining research support. The
response of the graduate schools to these reductions was also different, Research
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assistantships are largely under the control of individual professors wno obtain a
direct beneft from maintaining their numbers and who can do so jn part. since
contract funding has some flexibility. Similarly, teaching assistantships, under
the control of the department, are needed to carry out service load functions,
which have not diminished. Fellowship students, However, have no guardian
angels other than those who seek excellence in student bodies. But excellence, .
though readily defended jn the abstract. is poorly protected jn the realities. By and
large, fellowships are considered, by most departments and by most professors,
to be the sauce on the meat, making the meal memorable and worth a side trip,
but not essential for survival.

Given these market place forces, what happened seems clear. The response
to the drop in fellowship funding at the first-year graduate level was simply no
response at all. The universities took the loss and had fewer students; and much
fewer outstanding students. (First-year reductions In enroflments for all
graduate departments correlate not only over the 4-year span, Table 6.1, buton a
year by year comparison as well). The loss of fellowship support of those beyond
the first year couldnot beignored and teaching assistantships were diverted from
first-year support to second-, third-, and fourth-year students who had lost their
support. Moreover, universities added 3,000 teaching assistants and increased
their institutional fellowships by another 1,000. These measures have done much
to offset the loss of fellowship support in those fields where research
assistantship support could be maintained. When, as in many of the physical
sciences, this was not possible, the total loss of students has been even greater
than the loss of fellowships.

The overview sketched here is confirmedin the more microscopic examina-
tion; physics, Fig. 6.2, is one example. Government support, in particular
fellowships, is a principal driving force at this time behind students going to
graduate school.

To the question, “Why do other people keep enrolling in graduate schools
when fellowships have just about disappeared?”; Dr. Grodzins responded, saying
that if the student perceives a poor market place, he wili stay away from that
market place. Further, the student perceives graduate school as a lot easier than
working. If he can possibly get support. he will go to graduate school. He thinks
that graduate school will increase his options. He cannot belie ve that more educa-
tion is going to give him 2 Jess viable position in the market place than less educa-
tion. When confronted with the choice of subsidized graduate education or an un-
desired job, he chooses the former. If the graduate support js not offered, he
chooses the latter.

Kenneth E. Clark:

The trouble with tackling the motivation problem by looking at physics
students is that we are dealing with students who know they can make it in
physics. If they can get in, they will. These students tend to be absolutely secure
so that if manpower studies are oriented only toward them, then a very impor-
tant part of the total group will be missed. Dr. Walter Oi will speak later in the
con ference about the student who assesses the uncertainties associated with a

given decision.
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The pre-medical student s assessment of the future is(very interesting. Many
students in this group have a low probability of being admitted to medical school,
yet they stay in pre-med programs because the expectancy is fully satisfactory to
them; they play the game in spite of the fact that the odds are strongly against
them. Further, as Dr. Gordon has pointed out, some of the pre-med’s end up
studying medicine in the-Philippines, because they believe it is worth that kind of
investment in order to get ahead. Part of our study must include a look at the
calculus in which the student isinvolved as he tries to maximize his lifetime earn-
ings and his lifetime satisfaction.

Lowell ]. Paige: .
Assistant Director for Education, National-Science Foundation

I would like to point out some observations that have occurred to me in my
review of-student motivation and career choices. For individuals in elementary
grades and even through the eighth grade, there appear to be no reliable predic-
tors for future vocational choice. Note that the NSFprogram, Careers in Science, -
begins at the secondary level. In the elementary grades ability is not a vocational
factor or predictor to any extent. Ability may predict that a pupil will goon to
colleg2, but it is not a predictor of the field of specialization.

For the high school years, anecdotal experience seems just the opposite ofthe
facts: thus, there is a need for more research if programs are to be developed for
the purpose of motivating students toward science. For example, there are
several intriguing points in the literature on motivation which run counter to
anecdotal experience:

®  Urban schools {large schools) seem to have a higher percentage of
- students going into science than rural schools.

e High school courses, good or bad, do not seem-to influence career
choices.

o High school teachers have little influence on career choices.

The literature also shows that high school science students, asa group, have
the highest abilities, and that mathematical knowledge has a high correlation
with career motivation in science.

Another point to be noted is that as students move through their elemen-
tary, high school, and college careers in the physical sciences {and to a lesser ex-
tent in the biological sciences) there is a continual outflow of career choices, but
hardly any inflow. This may be changing with more open schooling and more
choices: but it would seem consistent with our intuitions. Another somewhat
surprising point is that the one best indicator of career intention is obtainéd by
asking the student directly what he wants to do. Perhaps one way to answer
questions about manpower, then, is to ask students what they plan to do.

Going on to college seems to be influenced by the following variables: sex,
general academic ability, parental expectations, and social class. Teachers and
peer groups also have some influence on the level of education to be sought. At
the college level, the significant variables which influence career choice are: sex,
individual interests, aptitude. and father’s occupation. Another influence is peer
group interest, and this is definitely the case in the choice of science. Socio-
economic status has little bearing on career choiceat the college level. In the early
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years of the undergraduate level, there seems to be no distinction between choice
of mathematics, physics. or chemistry. There are no predictors which distinguish
among these three areas. A student who can go into one of these areas could go
* into either of the other two. Another matter which runs counter to anecdotalex-
perience is that blacks seem to be no more underrepresented in science than in
other fields, except perhaps engineering. A surprising point which runs counter
to what we hear from the collegesis that if prior influences toward career choices
are removed, colleges”have no effect-on career choices; that is, the particular
college that one attends seems to haveno influence on career motivation. Evenin
college. however, science requireéfthi_gh ability and a knowledge of mathematics.

One last comment, and that deals with manpower analysis and national
policy. The colleges and universities are confronted with affirmative action. Itis

clear that any reasonable action on their part must depend on the available .

numbers of minority students. The supply is almost non-existent in engineering
and only slightly favorable in physics. mathematics, and chemistry. With these
obvious needs we are trying to introduce programs which will motivate minority
students to go into basic research in the physical sciences. We are trying programs
at high school. college and graduate levels, even though we do not know what the
motivational problems are.

Lloyd M. Cooke:
Director of Urban Affairs, Union Carbide Corporation, New York,
New York .

I wish to respond with a few insights and experiences which relate to the
problems that face industry in attempting to eStablish realistic goals and
timetables on recruitment and placement of minorities in science and engineer-
ing. There is a critical problem with regard to the supply of minority engineers.
Last year there were only 400 to 450 minority engineers among the total of about
40,000 graduating engineers. With large companies such as TBM, Union Carbide.
DuPont, Standard Oil of Indiana, etc.. competing for these minority engineers. it
is impossible to achieve our national goals of widespread placement at this time.

For example, at Union Carbide approximately 70 percent of the college B.S.,
M.S., and Ph.D. recruitment has been in the areas of engineering and science.
There are just not enough women and minority graduates in these areas toenable
industry to fully meet its affirmative action requirements.

The "role model” concept has been used in regard to the motivation of youth
and is an important part of that motivation. Personally, however, as I have
become more and more involved in minority and ghetto youth motivationI find
that the problem goes beyond so-called "role models.” Consider the jmplications
of a different term, "zero factor” or “out-of-mindedness.” For a personlivingina
society in which certain phases of that society are legally or otherwise excluded,
one can survive only if he literally wipes out of mind the shortages or the lack of
opportunities with which he is confronted. When | was growing up, building
model airplanes, and deciding naively that  liked science and engineering and es-
pecially aeronautical engineering, my father (an architect) said to me, “Forget it!”
This was my first lesson in wiping something out of mind.

Later I went into science, initially with medicine as an objective. Ina pre-med
program | found I liked chemistry, and with calculated risk decided on industrial
chemistry. This is an anecdotal story. but | am now convinced that in working
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with minority youth it is essential also to have role models. It is alsoimportant to
_ get youth into laboratories and industrial operations as early as possible during
their high school years. For two years, Union Carbide has had a fairly successful
program in its Nuclear Division at Qak Ridge. This is called a pre-co-op program,
and interested Appalachian white, Indian, and black high school youth are
brought to Oak Ridge; their teachers must indicate that they have potential for
work in science or mathematics. The students are then located in laboratory
groupsor plant groups; as safety rules and laws permit. We began the first year of
the program with ten students; the second year there were fifteen. As you might
expect, these students havea tremendousimpact on their peers when they return
to high school. At one school, a student was talked into acce pting a summer posi-
tion the first year of the program. The next year there were eight or nine
applicants from the samé school, and of this group, no more than three had been
tending toward mat{ismatics or science as a possible career choice.

Another more general program comes out of a street academy operation in
the Peter Stuyvesant ghetto district in Brooklyn. This is a program exclusively
for youth who have failed to make it in the public school system, but who have
sufficient interest in what is going on at the street corner school to become in-
volved. Some 350 students have completed the program since its beginningseven
years ago. OF these, 85 percent are either in college, gainfully employed, or in
vocational training.

A key ingredient of this street academy program is a specific set of projects
designed to demonstrate the relevance between an education and one’s options
and opportunities in life. In other words, the program attempts to remove the
“zero factor.” It is appalling to learn, and be reminded consistently, that most of
these youth have not discerned that education is relevant to later opportunity.
Even if they have been told, they do not believe that such arelationship could ex-
ist.

General Discussion

Following the panel presentation, comments, questions and responses were
offered on a variety of topics related to the black experience, motivation and in-
fluence on career choice quality of Ph.D.’s, and departmental traditions with
respect to support of students. Particular points were made as follows:

® [tistime that we deal more carefully and consistently with information
which we hope will affect the behavior of young persons. But the "we
has to be a collective; it isn’t a single agency of government, and it cant
be a single source speaking. Some black youth receive or perceive infor-
mation which says that certain occupations are not open to them, while
at the same time other sources are trying tosay that these occupations
are open. Young people sre tested against a total system. Part of this test
is their competence, partis their acceptability: and part may be accidental
opportunity.

2  There has been a rather striking change in the major field of study of
black male students. There have been a number of programs at
Southern black colleges to reorient students away from teaching
careers. The percentage majoring in business administration and ac-
counting has, 35 a result, significantly increased. Engineering
enrollments have gone up a little. Even though more and more black
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students are going to Northern schools, a full forty percent still attend
Southern black colleges. More Federal money should be spent for
developing strong engineering programs in black colleges.-There are
now six black colleges with accredited engineering programs.

Arecent articlein the New York Témesreported that black kidsat Evanston
High School, a very good high school, had more or less segregated
themselves and apparently were dropping out because of zero motiva-
tion to pursue an academic career. It seems that family environment and
peer group pressures dominate everything else. Unfortunately, those
thingsthat can be brought to bear against thesebasic pressures, through
counseling and anything else, are fairly superficial! Dr. Cooke replied,
“Right now it’s not hip or cool for a black to be with'the man’s system.”
Black students in the street academy system had been in the group that
dropped out partly because of peer pressure, yet when these same youth
are exposed to the fruits of academic success, theysee arelevancy. They
can go back into the public school and do well.

Hugh Folk* notéd a similar drop-out with British working class
children. Welsh students are not motivated toward academics either;
peer group pressure begins at a very young age. The very strong British
class differentiation seems to account for these attitudes. Scottish
children, however. are of a different tradition.

Robert H. Dicke** presented an illustration (Figure 6.3) which shows
comparisons of natural science doctorate awards to other doctorate
fields plotted as a function of titme. Two events might be expected to in-
fluence the curves: one, the beginning of federal fellowship support in
1946 to scientists; and the other, the space program. Also during this

_period beginning about 1946, science faculty were lzfing better paid

relative to non-scientists.

For the purpose of the aggregated figures, engineers are regarded as scien-
tists and social scientists are classified as non-scientists. Figure 8 shows that the
data from 1920 through 1970 plots essentially on a straight line with a standard
deviation of no more than 10 percent from the mean in that whole period of time
which encompasses both the depression and World War IL. Apparently then, so
far as these aggregated numbers show, various economic factors have not ap-
preciably affected the motivation of students toward choice of science versus
non-science degree programs, even though there are all sorts of reasons for the
ratio to rise.

In order to understand the student motivation which led to the almost
constant ratio described above, an analysis of cohort data on file would
be required. The data are available, but they have not beenanalyzed in
terms of student perceptions and motivations. Existing longitudinal data
sets such as that available from National Merit Scholarship surveys and
Project Talent should be examined with reference to very explicit
questions such as have been raised in this discussion.

* Director, Center for Advanced Computation, University of Hlinms
** Cyrus Fogg Bracket1 Professor of Physics, Princeton University
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Figure 6.3
Comparisons of Natural Science Doctorate Awards
to Other Doctorate Fields, 1925-1969 »
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®  Dr. Grodzins commented that at MIT it is not possible to predict what
majors the entering classes will choose. Students are admitted on the
basis of mathematical and scientific aptitude; 20 percent want to major
in mathematics, 25 percent in physics, but the fact is that once started,
students change fields and there is no way of predicting that. Dr. Clark
responded that it appears that the fundamental motivations which in-
fluence career choice are relatively stable over time. There appears to be
an orderliness of motivation over a period of time. This orderliness is
heartening, since so much is unknown about the pressures which lead
people to career choices, and about the degree to which those interests
are intrinsic in the individual—so much associated with successes in
some activities and failures in others that they can’t be changed under
any circumstances.

*  What attempts, if anv, have been made to study Ph.D.s five, ten, and
twenty years out of school in terms of their motivation for career
choice? Dr. Clark answered that there have been such studies, but that
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none are particularly fruitful. It appears that the proper kinds of
questions to ask are those which ask the subject. what he likes to do;
preferences seem to correlate with actual career decisions. Questions
about motivation, as such, don't work very well. For example, there may
be nothing in common between psychologists who experiment with
cats, or wire up monkeys, or watch the lever-pressing of rats, or counsel
patients, or work in the ghetto, or go into school systems except that
they wanted te do something to make human beingg better.

In regard to the study ofRh.D.’s as rated by the quality of the degree, ex-
amination of the period of the early to mid-1960’s shows that the quality
of students applying to medical schools dropped, while the quality of
students going into the sciences rose. Further, when fellowships were
cut, graduate enrollment at the prestigious schools dropped, so there are
trends which reflect back on quality of the degree.

Certain disciplines have a tradition of not admitting graduate students
unless they can be supported, and there are departments at some schools
in which 100 percent of the graduate students are supported. For these
situations a loss in.support means a cut in enrollment. On the other
hand, there are departments without such a tradition; they may support
only 25 percent of their students. This is Just oneof the irrationalities of
the educational system.
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7. 1972, 1980 and 1985: Science and Engineering
Doctorate Supply and Utilization,
Discussion of a Draft Report

This chapter is based on Dr. Ealk’s oral presentation, the questions and discussion which followed,
and on the draft of his paper.

"

Charles E. Falk:
Director, Division of Science Resources Studies
National Science Foundation

L3

NSF is in the process of revising its previous two Projections of science and
engineering doctorate supply-utilization relationships. We are in the midst of
déveloping this latest projection, so this review illustrates some of the soul-
searching which goes on while one is trying to produce credible projections.

In 1969 we developed projections of the supply and utilization of science and
engineering doctorates. At that time we decided that we would review such doc~

"torate projections on a regular periodic basis because of the potential of rapid

change of inherent factors. In 1971 we produced the initial revision of the doc-
torate projections, incorporating new data and improving the methodology.
Right now we are well into our second revision which has reached the following
stage: we have revised the methodology and this new methodology is described in
the draft paper. I want to emphasize that this is still a very tentative methedology
becausn: as will be seen. some aspects turn out to belogical but not fasible with
existing data; other elements of the methodology should probably be still im-
proved even for the current projections.

Let me start out by mentioning a few of the new features of our current pro-
jection effort. Obviously, we now have additional data forthree more years. This
is especially important because when we made our last projectionsin 1971, it was
clear that the technical manpower situation in this country was in the middle of a
period of transition. At that time, demand and supply were at best in equilibriuin,
as compared to the shortage situations existing during most of the sixties.
Furthermore, there were already strong indications that we were headed for a
lengthy period of disequilibrium. The new data seem to confirm this. Another im-
portant change is represented by drastically new R&D expenditure projections
which have been incorporated into our calculations. Qur approach to academic
employment is also different, as is our approach to projection of non-academic,
non-R&D utilization.
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We also have new base data from which to start our projections. The 1969
base, which was used in our last pro;echons. had fo be built up fron: a varlety of
surveys of different respondents and methodologies: This time, we have data
that is based on a single survey. Thisinformation is the first product of oneof the
components of the new NSF Manpower Characleristics System which took the placeof
the National Register. 1 am referring to a new survey of U.S. science and engineering
de-torates which is carried out forus by the National Research Council. Finally,
we have extended our projection period to.1985.

These are some of the changes. 1 should also point out that there is one
feature which we have kept the same. We are still only addressing ourselves to
total areas of science, such as the physical sciences, and not to particular fields,
such as physics or chemistry. It is not that we are unsympathetic to the need for
highly disaggregated forecasts; we recognize that need. But we also recognize
that interdjsciplinary mobility is animportant factnr, especially when onelooks at
an individual discipline. We still know so little about this phenomenon that we
believe that disaggregation of forecasts béyond the broad areps of life sciences,
physical sciences, engineering, mathematics and social sciences will not be very
meaningful.

Methodology

We havetried to usz two different frameworks for these projections. One we
call the basic model. It essentially extends recent trends. It assumes that past
patterns will remain pretty much the same or folle'v trends similar to those
observed primarily during thelast five years. Many of these recent changeshave
been quite abrupt. Since we stili do not really know whether thesechangesareof
a long-term nature, we dampen them by basing our projections on the last ten
years but giving twice the welght to changes observed during the las't five years.
The selection of a five-year period for this double weighting is not arbitrary, since
it represents the period during which this system started to deviate from
previous long-range trends. :

Our market model modifies the basic model by incorporating some changes
which could be expected from market interactions, namely, reactions of both de-
mand and the supply to imbalances between these two features of the manpower
system. In other words, if the utilization-to-supply ratio is less than 1 then our
market model tries to reflect this. Typically, we show the effect on demand
through a parameter we call enrichment, an increase in the ratio of doctorate to
total scientists and engineers. Wherever possible we use actual data to determine

" future enrichment trends in the hiring of new scientistsand engineers in various

sectors of the country. Generally, since our basic models indicate relative sur-
pluses, we increase the doctorate to total ratios. That is why we call it enrichment.
This aspect of the market interaction tends to reduce manpower imbalances.

However, there are also negative market demand impacts due to factors
which are responsive to markets other than the manpower ones. For example,
consider the financial difficulties which universities are experiencing. If these will
persist, as we assume, they will very likely have the effect of increasing the ratio
of students to faculty. This,of course, will have a negative effect on the demand
for academically employed doctorates.

On the supply side, these market effects would be reflected in either in-
creases or decreases in the number of students that will obtain science or
engineering degrees. | will discuss this feature later in more detail.
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Ishould point out that even our basic model really incorporates spme implicit
market response components. Since our projections place special weight on the
trends of the Jast five years, when the supply bad alreadybegun toreact strongly
to imbalances of the market, we are really using a static or non-recursive market
approach. Iwill discuss later our attempts toconvert this into a dynamic orrecur-
sive approach.

While our basic methodology might sound somewhat mechanical, it is not
mechanical at all. For example, when we look at the relative decreases innew doc-
torates which are otcurring now due to market imbalances, we donot just blindly
assume that they will continue into the future. Rather, we examine the factors
involved-and make a judgment.

Our method is one of several which has been called the constant coefficient
method. This is a little puzzling, because our coefficients do not necessarily stay
constant. On the other hand, fwould be thefirst to agree that our methodis cer~
tainly a simplification of some of the undoubtedly more realistic, but up to now

- ~only-theoretical, dynamic market models about which you will hear morelateron
in the conference.

Supply of Doctorates

It may be useful to talk about supply and get an idea about the relative
magnitude of the components. Essentially four elements are considered: tle
roduction of new Ph.D.’s, immigration, emigration, and attrition of the base
Figure 7.1). Attrition is a relatively important factor, but it is completely out-
weighed by the production of new Ph.D.’s. We have revised our supply model
somewhat from the one we used for the last study {1971).

Science and Engineering Doctorate Degrees. The basic modef consists of actuai
data and projections to 1985 of five phases of the higher education process: en-
trance into college, acquisition of baccalaureate degrees, entry into study for an
advanced degree, then to the earning of Ph.D).’s, and the magnitude of total
enrollment for advanced degrees. Trends are taken by sexonly up tothe entrance
to college. After that, we collect and develop information by sex and by major
field. What we do essentially is look at continuation rates in this process and the
trends which have occurred. Half of the 18-year-old population went to college in
1970, 15 percent are likely to obtain science and engineering baccalaureates, 4
percent will probably enter into graduate science and engineering study, and 1
percent of the group will obtain a Ph.D. degree in those areas.

There are a variety of problems which should be mentioned. For example,
assumptions about the ratios of first-year graduate students completing the
Ph.D. degree may not be correct. For a long time that proportion has stayed con-
stant, but in the Jast two years it has decreased markedly. As Allan Cartter and
others have pointed out, some of the reasons for this change have clearly been
one-shot phenomena. such as the discontinuation of the draft. However, other
reasons, such as the response to a labor market which was not very favorable in
the very early 1970’s when these students were in the middie of their graduate
programs, could be of a more enduring nature. Now, the dilemma is this: even if
labor markets will continue to be somewhat unfavorable, will students continue
to react the way they have over thelast four years? Qr was there a one-time ad-
justment when we passed from a very favorable labor market to one which was
not so favorable? We cannot ignore the recent changes. What we have todecide is
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whether we should extrapolate the trend of the last two years over the next
fifteen-year pefiod, or whether we should consider it as a one-shot phenomenon
and ignore it, and keep the doctorate-to-first-time-graduate-student ratio con-

stant at its last value.

Figure 7.1 _
incremental Science and Engineering Doctorate
Supply, 19721985

. NEW
300 PH.D'S

280 4

INl""RESISE
200 - :

180 4

IMMIGRATION
—

-50 EMIGRATION

ATTRITION

=00

- SOURCE: National Scisence Foundation.
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As for the market aspects of our supply model, | think that probably
everyone here is in agresment that market factors play an important role with
respect to supply. We tried to incorporate a market feedback loop based on the
supply-to-utilization ratio derived from our basic model. This feedback factor
was to be applied to the percentage of baccalaureates entering graduate school.
Figure 7.2 shows how this model would work. We start with the basic utilization
and the basic supply. We then take the ratio of the two and use it in the feedback
equation shown in the chart. G represents the percentage of baccalaureates that
will enter graduate school in the basic model. This market graduate entry ratio

» GM, resulting from application of the feedback factor, produces a modified
number of new Ph.D.’s and thus a revised supply $M. This in turn produces a
change in utilization, because fewer graduate students mean fewer Ph.D.s
employed in academia. Thisadjustment process can go on ad infinitum. However,
we planned to use only one cycle.

We realize that this feedback equation is not valid over the full range of UIS
because with zero utilization the expression blows up and becomes infinite.
However, this should not be bothersome since in real life a very small UlS is very
unlikely.
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Figure 7.2
Market Feedback to Supply (one-stage)
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However, we experienceda more s. rious problem. For practical purposes, we
have only two data points, namely, data points in the late 1960’s when the ratio of
utilization to supply was 1, and onein the early 1970’s when this ratio had slipped.
This then meant that if we were to use the model in our computations, we had to
assume the feedback to be linear. That did not work out when we put actual
numbers in the équation. It became very clear that a linear feedback leop was too

. strong. [ believe that with an exponent n less than 1, one can have a workable
feedback loop with reasonable results. However, any choice of exprnent at this
time would be completely arbitrary. Thus, at this time, with our limited data we
will be unable to use this feedback concept jn our calculations. Ir. ikree or four
years when we have more data points of G under various U/fs conditions, we can

. _.._-probably get a reasonable fit to the feedback equation and use it jn actual projec-
tion calculations. This experience iflustratesa point which should be keptin mind.
It is frequently much easier to build theoretical models than to apply them.

Utilization in the figure represents the number of scientists and engineers
that are engaged in “science and engineering profession.” What is excluded are
those who are employed in activities which do not necessarily use the skills to
which they trained. This is not necessarily unemployment. It includes those who
are employed outside of science and engineering. It is the total of all scientists and
engineers available at a given time minus those that are not working in science
and engineering. 1 3 4
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Immigration. Until the rapid growth of U.S. graduate education after World
War IL immigration represented a large share of this nation’s doctorate labor
force. These doctorates are projected in both models to continue 2o immigrate at
the samelevel estimated for Fiscal Year 1973, whichis considerably lower thanin
previous years due to changes in immigration regulations in 1971.

Emigration. Not all doctorate recipients from U.S. schools are added to the
U.S. supply. About 15 percent of the science and engineering aoctoraterecipients
in the 1971-1972 academic year were not citizens of the U.S.; and neariy 11 per-
cent of the recipients indicated they expect to be employed in another country
upon completion of degree requirements. Since these projections are ap-
proximately the same as that of previous years, our projections continue the
1971-1972 rates.

Attrition. This is ascribed only todeath and retirements, and was cgmputed
for the total doctorate population by five year age groups and for each scien-
tistlengineering field. Both men and womeén were assumed to exhibit the same
patterns of attrition.

Utilization

As in the last NSF study, market activities are divided into the three func-
tional areas in which scientists and engineers perform—R &I, academic teaching,
and other. The “other” category includes those engaged in non-academic, non-
R&D activities which stil} utilize their skills as scientists and engineers, including
production, consulting, et¢. The functional distribution of science and engineer-
ing doctorates in 1972 was: 38 percent in teaching, 47 percentin R&Dand 15 per-
cent other. Total science and engineering employment has been projected by
work activity in relation to projected changes in economy atd enrollments in
colleges and universities.

R&D Activities. We start with a projection of R&D expenditure (Figure 7.3).
Last time we used a fairly simplistic R&D funding projection based on GNP. We
simply projected an R&D expenditure to GNP ratio to 1980 and thencalculated
R&D expenditures from a BLS projection of GNP. | am increasingly convinced
that this R&D to GNP ratio is not a very useful or even meaningful concept
because these two parameters are not necessarily related. Certainly one can see
this from recent time trends of this ratio. It has dropped from 3 percent in the
mid-sixties to its current value of 2.4. If one extrapolates the R&D funding/GNP
ratio to 1980 and 1985 and then uses projected GNP figuresone gets a ridiculous-
ly low figure for future K&D expenditures.

There are two, more sophisticated forecasts of R&D expenditures available
now. Both are based on review of the behavior of R&D expenditures jn different
sectors of the economy and attempt to relate these expenditures to other
parameters: such as sales in industry. We have used these new R&D expenditure
projections; it should be pointed out that they indicate considerably lower 1980
R&D expenditures than those which were used in our previous projection. Hav-
ing established expected future R&D expenditure levels, we translate them into
R&D scientists and engineers by using R&D cost per scientist data. Indoing this,
weassume that the cost per R&D scientist and engineerwill continue toincrease
along recent trends which have been fairly well established. We finally move from
total R&D scientists and engineers to R&D doctorates by using established
numbers and trends of ratios of these two parameters. In the market utilization

130

135




—

model we use similar procedures. However, while in the basic model we assumed
the ratio of doctorates to total scientists and engineers to remain constant, in the
market model this ratio for the newly hired doctorates grows by 3 to 5 percent per
year, depending on the sector. The 3 percent growth rate forindustry was based
on an Industrial Research Institute survey. This enrichment assumption js besed
on the projected easily-available supply of doctorates who are expected to get °
some of the jobs presently held by non-doctorates. '

Figute 7.2.. .
R&D Utitization Modal
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BASIC SaE _ INCREASES TOTAL SAE =CONSTANT
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PER SECTOR - 8 ENGINEER _,| DOCTORATERAD
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RBD) $ INCREASES DOCTORATE GROWTH .x.
MARKET S&E TOTAL SBE RATE o S%/YR.

SOURCE: Nationa Science Foundation

Academic teaching. With respect to teaching utilization, an approach is used
based on projected science and engineering enrollments and student-faculty
ratios (Figure 7.4). In the basic model we assume that the ratio of students to
faculty would essentially remain constant and the ratio of doctorate faculty to
total science and engineering faculty also remain constant. In the market model
both ratios are increased. Two-year colleges and four-year colleges and univer-
sities are examined separately because not only are their growth rates very
different. but their utilizations of doctorates are different also.

Fiyure 7.4
Teaching Faculty Model
CONSTANT CONSTENT
BASIC MODEL RATIO RATIO
UNDERGRADUATES & TOTAL PH.D.
GRADUATE STUDENTS - S&E TEACHING - SGE TEACHING
iN SBE FACULTY FALULTY

STUDENT/FACULTY RATIO ( DOCTORATE ) ATTRITION 8 GROWTH
MARKET MODEL  orurTH RATE = 1% PERYR. \  TOTAL | RATE=5% PER YEAR

SOURACE: Nationa! Science Foundation
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The procedure for deducing teaching utilization differs from previous
methods, yet it needs still more modification. For example, if the necessary infor-
mation on teaching load factors can be obtained, we will.try.to develop separate .-
faculty-to-student ratios for graduates and undergraduates so that service load
aspects of different disciplines are given appropriate consideration.

Results

Numerical projections are not ready to be presented even in preliminary
form. As indicated before we will still be making improvements in the doctorate
production and teaching utilization parts of the model and wili also review all

. other areas of our methodologies. However, there is a simple approach that gives
an indication of what our projections are likely to indicate (Figure 7.5). This will
also illustrate that one can come to certain conclusions without necessarily going
through a very fancy model.

Figure 7.5 .
Rates of Growth of Supply and Utilization
{percent per year), 1972-1985
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SOURCE: National Stience Foundationt

Consider the following scenario. With respect to supply, the new doctorate
additions to the labor force are of the order of 7 percent a year. This does not
mean that the number of doctorates produced peryearwill increase by 7 percent.
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Rather. it indicates that if one takes the total number of doctoratesproduced per

- year and comparesthis to the total number of doctoratesexisting at that time, the
ratio is 0.07. This annual new doctorate production figure comes ot of ourbasic
supply model. It is not too different from what Allan Cartter is projecting now.
Attrition of the labor force on average is about 1.6 percent a year. Net migration,
is another parameter affecting supply and amounts to about 0.4 percent per year.
Supply. then. is base plus new doctorates minus attrition, minus net migration. If
one combines all of these factors one then obtains a likely increase of the doc-
torate supply of the order of 5 percent per year.

Attrition does not reflect under-utilization but is simply due to death and
retirement. The net migration is actually a net emigration and reflects the fact
that a number of students who come to the United States to get their Ph.D.s
return to their own countries at the end of their graduate training, and thus are
removed from the system.

With respect to utilization. first consider some related parameters. R&D
funding shows an average increase of about 1.4 percent in constant dollars per
year. In any case, the increase is relatively modest, and this relatively modest in-
crease represents one major difference between the present study and the last
one when a 4 percent increase in constant dollars was shown.

With respect to teaching utilization, again using our model, undergraduate
students are expected to decrease on the average by about half a percent a year.
Most of this decrease ijs expected to happen in the first half of the 1980'.
Graduate students would actually be decreasing a little more rapidly. These
decreases in students are not just due to demography because the demographic
effects only comeinto play toward theend of the fifteen-year period. They reflect
some of the trends discussed earlier. such as fewer students going to college and
fewer going into graduate school.

What does all this add up to in terms of utilization? The chart suggests that
R&D utilization increases even less than R&D expenditures because the cost per
R&D scientist and engineer is expected to continue to increase. in academic
teaching, we project fewer doctorates in 1985 than there are now. Thisis not so
completely out of line if one considers Allan Cartter’s report that only about
34,000 faculty in all fields will be hiredin the 1970°s when thing: will still be going
relatively well as compared to the early 1980%.

Finally. thereis“other” science and engineering utilization, which represents
our projection of the number of Ph.D.s who arelikely to be engaged in science and
engineering activities other than R&D or teaching. Thisis the area we expect to
increase most rapidly.

Now. all of these combined give a 0.7 percent per year increase in utilization
according to the basic model. The market model shows a projected utilization in-
creases at a minimal rate of 2.7 percent. Again. remember that there are two fac-
tors at work in the market model. One is enrichment—more Ph.D.’s per total
scientists and engineers. However, in academia, we project the student to faculty
ratios to increase. Since a good many Ph.D.’s are employed in academia. this
aspect of the market model causes the number of doctorates employedin higher
education to go down.

So then if one has, at best, a 2.7 percent annual increase in utilizationanda5
percent increase in supply per year, one obtains a 2.3 percent annual imbalance.
Compounded for fifteen years. this produces quite significant imbalances.
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Of course, one should look at alternative assumptions and test the sensitivity
of this model. We have as yet not done this in detail. But it can be illustrated that
really major changes would be required to bring the system into balance. Con-
sidering one factor at a time, it would practically take a doubling of the project
R&D funding growth rate coupled with market enrichment conditions to erase
the projected imbalance. At current inflationary ratesthis would mean annualin-
creases of at least 10 percent in current dollar terms. Or the average doctorate
production rate would have tobe reduced by over 30 percent fromthat of today to
produce a balance under market conditions. Since the doctorates for the next few
years are already in the academic-pipeline, this 30 percent reduction in average
rate would imply a considerably greater reduction by 1985. One could, of course,
have combinations of these factors. Even then, however, the magnitudes of the
changes required are so large that realization of balance is somewhat unlikely.
Qur conclusion is that the outlook is fairly grim.

General Discussion

Following Dr. Falk's presentation anumber of questions and comments were
offered by the participants. The sense of the discussion was as follows:

®  With regardtothe term “R&D,” how sensitive are results, not just tothe
standard NSF definition of the term but to the dynamics of the definition
in the sense that the definition does not include activities such as
manufacturing engineering whichis comparable with product engineer-
ing and development in some industries? The reply was that the
manufacturing engineer is included in the “other” category which is
derived by taking the Bureau of Labor Statistics projections for total
scientists and engineers, subtracting them from those which come from
the projection for R& D and teaching, and then deducing the number of
Ph.D.’s from existing Ph.D. to total ratios using an enrichment growth
rate of 5 percent per year. It is this “other” component which shows the
largest increase, and it is in this category that the manufacturing
engineer, the production engineer, the control engineer, and the sales
engineer, etc., are included.

® Do you include a factor for energy R&D? A factor as such has not been
worked out, although extensive studies of manpower impact are un-
derway. The governmental R&D funding forenergy is about $2 billion a
year in current dollars as compared to a total R& D budget of the United
States of $30 billion {about 6 percent). There exists a crude estimate of
the possible manpower impact of this program. In the Dixy Lee Ray
repor! (AEC)tit is stated that the proposed energy R&D program would
use about 5 percent of the total number of scientists and engineers. But
we do not know what the impact of an energy crisis would be on the non-
R&D scientist or engineer. If we opt for more exploration, new oil rigs,
coal gasification plants, and so on, more scientists and engineers will be
required. On the other hand, if we experience future shortages of
energy, this could have an opposite impact in such areas as the transpor-
tation industry.

! The Natwr + Encrte Frture. A Report to Richard M Nixon. President of the Umited States. sub-
mitted by Dixy Lee Ray. Atomuc Energy Compmussion: December 1973
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®  Are there any inferences to be drawn from the projected gap between
supply and utilization? Yes, the fact that relatively few people are going
to get a chance to be active in R&D or academia means that the new doc-
torates should be preparad fof other things. This leads us to topics like
changes in value structures. reduction in overspecialization, and the
need for more generalists who can move from one type of activity to
another, etc. '

® Has a model been attempted which is based on the demands for raw ~

materials substitution? For example, in the United Nations a debate is
going on with countries that supply a whole variety of raw materials,
stemming from the recent oil embargo situation. This suggests thot, in
terms of utilization of raw materials, there may be a shift to
technologically-derived substitutes. Perhaps such a module could be jn-
serted in the model. It could have a large impact. Such a model has not
been attempted by NSF. '

®  Questions of impact arise in regard to major capital spending programs
of private industry involved in energy. What, for example, are the
effects of various kinds of capital investments? If such new capital in- .
vestment consists essentially of reproductiéns of existing types of
plants, then this might possibly imply much smaller utilization of
engineers and scientists. On the otlker hand, if new technologies are to
be used, then there would have to be large design and development
programs. But if a new"technology is in its operating phase, fewer scien-
tists and engineers might be needed.

8 With reference to a specific four-year, sixteen billion doHar capital
spending program, one participant reported that most of this spending is .
to be in new technology which does not duplicate existing effort. The )
limitation seen is not on capital so much as it is on available scientificand
engineering personnel, notonly in chemical engineering but in 2 number
of other disciplines.

® A question was asked about the carryover of the 2.3 percent of scientists
and engineers who are under-utilized or not able to be absorbed in the -
market. That is, are they carried over to become a part of the supply in
the following years?

Since the model does carry over, jt was suggested that this could bea
deficiency in the model Lecause of the fact that diffusion from R&D type
activity or engineering activity into other activities is a substantially
irreversible process. When a person leaves technical activity and takes
on administrative activity or changes field, or whatever. at the age of ~
forty-five or thereabouts, he is no longer part of the technology labor
pool. It was pointed out that such persons would still be counted in the
“other” science and engineer labor pool. The deficiency would only bein
the number of people who have nothing to do with science and engineer-
ing.

® It was suggested that the numbers coming out of the models are concen-
trated or focused almost entirely at the interface between the univer-
sities and first use, and that itis important that this not be the pressure
point.

Counter to this wasthe idea that people going into higher education
should be aware that there is a good chance that they will not be
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employed in academia. They may, nevertheless, be perfectly happy.
Much of the unhappiness in the early 1970’s came from thefact that ex-
pectations were not met.

Assuming then that there is some kind of pyramid distribution of -
excellence or quality in the science and engineering community when
’ students are trained, then the substantial numbers of people who are
near the bottom of that pyramid must be trained with a flexible career in
mind. By the sametoken, if thistransfer out of the scienceand engineer-
ing activity is concentrated at the lower levels of intellectual attainment
where thelargest numbers are found, then these projections do not have
tcl> put a larg_e stress on research-oriented or development-oriented peo-
ple.

* A final word of caution was offered by Dr. Falk who emphasized that the
figures quoted are intended to give only rough indication of the situa-
tion. They do, however, suggest trouble, although a great deal of
double-checking is still needed. Some of the assymptions and some of
the coefficients may be changed. Nevertheless the numbers should give
a feeling of the order of magnitude of imbalances which might be likely
to occur. )

I&g £omal document prepared by Charles E. Falk for this session appears below.

1972, 1980, and 1985
Science and Engineering Doctorate Supply and
. Utilization*

1. Introduction

, This study is designed to be a tool for planners and policy-makers. Hopefully
it will contribute to an understanding of the processes by which part of the do¢-
toral supply and utilization system operates and of the interrelations of the

i

*NOTE

The National Science Foundation is in the process of revising its previous
two projections of science and engineering doctorate supply-utilization
relationships. These new analyses will be published as an official NSF report.
(Report was published as INSF 75-30, Projections of Science and Engineering Doctorate
Supply and Utilization, 1980 and 1985.)However, as in the past, drafts of the report
will be circulated to other experts for review and comments. This docurens was
specially prepared for the April 1974 Science Manpower Seminar of the National
Science Board. It represents the first review draft of the methodology and
assumptions that arebeing used now togenerate projected supply and utilization
numbers for 1980 and 1985. The computations of these figures have not been
completed at this time, but are expected to be ready for presentation at the
seminar.

The report is the combined product of many individuals in the Division of
Science Resources Studies. The main objectives of this document and its presen-
tation at the NSB Seminar are the provision of information to Seminar par-
ticipants and the development of constructive criticisms and comments for the
improvement of the methodology.
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system’s components. It projects likely configurations of the supply and utiliza-
. tion of doctorate’s to 1985 and is premised upon a variety of explicit and implicit

assumptions about the future. The nature of these assumptions make it

necessary to preface this report with three caveatswhich should be bornein mind.

First, the projections in this report are set within a framework of specified
economic growth and the established educational system. They assume 2 con-
tinuity of past trends and relationships {with a heavy emphasis on recent years)
and therefore do not anticipate unforeseeable future discontinuities. Thus, while
the projections involve attempts to create a limited number of scenarios that are
most likely to represent the future, they are constrained by their environment.

Second,only the supply and utilization prospects of persons with science and
engineering doctorate degrees are analyzed. While these prospects have been
considered in relation to the overall situations for the total sciencelengineering .
work force, the implications for doctorate degree recipients should not be im=-
puted to nondoctoral scientists or engineers nor to recipients of doctorate
degreés in other disciplines (e.g., Ed.D., M.D., }.D., D.B.A. and Ph.D.. in arts,
humanities, law and business).

Third, the time frame of the study extends somewhat beyond.the expected
span of those students already in the higher education pipelines thus, the results
for the latter years of the projected period are more speculative than those for
earlier years.

There are ma}ty scenarios of the supply and utilization of doctorates which
could come to pass. All of these possible configuraticns were not developed. In-
stead, two major configurations were utilized. One, the Basic model. reflects past
and present patterns of doctorate supply and utilization with special emphasis on
recent behavior. A second, Market-Related model, takes into consideration im-
balances between the projected Basic doctorate supplies and utilizations and ad-
justs both utilization and supply accordingly. These twomodels represent a range
of possibilities into which doctorate supply and utilization patterns are likely to
fall in the projected period.

This study is the third NSF report on the subject of the supply and utilization
of science and engineering doctorates. The previous studies spanned the 1970’s,
terminating the projected period at 1980.! This study extends the horizon by five
years to 1985, This report, however, differs from its two predecessors more
significantly than simply extending the previously used methodology to a new
time horizon or incorporating information on more recent trends. It uses a more
fully developed model of Ph.D. production, 2 somewhat different approach to
academic faculty projections, a more sophisticated R&D funding projection, and
the previously mentioned recursive market feedback to student carees decjsions.

Thelate 1960's and early 1970’ saw a levelling off of R&D funding and con-
current, relatively short-lived, unemployment increases for scientists and
engineers. One product of these events has been an increased interest in the ex-
amination of the supply of and the demand for scientists and engineers. As a
result, a number of projections have been developed by various authors. Some of
these studies concluded that a surplus of new doctorates was imminent for the

V Scrnce & Engineerg Doctorabe Supply & Unlization, 1968 80, NSF 69-37. 1969: and 1969 & 1980 Sctene
& Engineerng Doctorate Supply & Unlizanen. NSF 71-20, 1971,
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1970’ and early 1980’s. Others have questioned the assumptions about the sup-
ply of doctorates, contending that the market mechanism would serve to reduce
the supply in response to an unfavorable job market, thus decreasing and even-
tually eliminating the imbalance between supply and demand {or utilization).

Inherent in the projections are some basic premises that either tend to en-
courage or discourage the production or expanded demand for doctorates. Some
of these premises are listed below. First shown are those that would fosteranin-
crease in the demand for or supply of new doctorates in the face of shortages of
R&D and college teaching positions; these are called“inflationary factors,” A sec-
ond group encompasses those that tend to decrease the supply of or demand for
new doctorates; these are called “deflationary factors.”

1. Inflationary factors

a. Adoctorate may still have a relative advantage over less educated con-
temporaries in the same field even if doctorate starting salaries remain
higher than those of others. However, with an “oversupply” of doc-
torates, their salaries will tend to converge toward those of nondoc-
torates.

b. The doctorate degree constitutes a "ticket” to a special and frequently
preferred professional or academic life style (regardless of economic
considerations). This phenomenon is likely to continue.2 it has heen
shown that this enticement can have a great impact upon the careerand
educational decisions of students.

¢. Increasing educational requirements aré being placed upon many jobs.
Over the years the educational preréquisites of jobs increased asjob con-
tent changed and as secondary and higher education became more uni-
versal. In the future the concept of “appropriate” utilization of doc-
torates may be broadened even further toinclude new activitiesin which
extensive technical knowledge is desirable for the management and per-
formance of non-research or non-educational activities. Thus, the doc-
torate degree may become a prefequisite for positions currently being
filled by non-doctorates, in part because of the availability of doctorates
and in part because of thz increasing technical content of the positions.

2. Deflationary factors

a. In apparent reaction to perceived unemployment problems of scientists
and engineers and other factors, such as disenchantment with
technology, it has been noted in the past few years that students at all
levels of education—secondary, undergraduate and graduyate—have
been less prone to sefect a major in science and engineering {excluding
social sciences) than students of the mid-1960’s. It is not known if this
disaffection with the natural sciences and engineering is aphenomenon
which will pass as employment opportunities improve and as new
societal programs with technological inputs are created, or if it is part of
a long-term movement away from these disciplines. Some recent anec-
dotal evidence indicates that this trend may be reversing itself.

1 Eg., Bailey. D. and Schotta, C.. “Private and Social Rates of Return to Education of
Academicians™ in The American Economie Revrar. March 1972, and Notes to this article by L. Figa-
TFalamanea and ). A. Tomaske in The Amersan Economie Reviao of March 1974,
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b. In the early 1970s proportionately fewer college-aged persons have
been entering college,. possibly in response to the slowdown of job op-
portunities for college graduates. Projections of job opportunities in-
dicate a potential surp! ts of college graduatesin relation to available jobs
of the type now being filled by graduates.?

¢. College students will be discouraged from continuing their education to
the doctorate level if: {1) the reduced growth (in comparison to the
1960's) in the demand for college faculty and researchers continues as
expected; and (2) the level of earnings of doctorate degree holders ap-
- proaches that of master’s and bachelor’s degree holders.

" d. The expected decrease in the number of graduate students may
necessitate’an increase in tuition charges to support university costs.
This will further hinder the opportunity for education and limit the
number of students opting for the doctorate. This factor would be
aggravated by reduced Federal support of graduate students.

e. Some students of the economics of education have come to believe that
there may have been an over-investment in higher education in the past
two decades in relation to the numbers and.nature of employment op-
portunities that have become available.* This had led to some under-and
unemployment of college graduates, especially in many less developed
countries (LDC's). Tt may also have discouraged students from these
nations that study in industrialized countries from returning-to their
homelands. Recognition of this oversupply of college graduates in the
LDC's may haveled to reductionsin the numbers of their citizens sent to
schools in the U.S. This has been reflected in 1972 enrollment data.’

It is not expected that all of the above-mentioned factors will prevail, but that
each set will exert a countervailing force upon the other.

IL Summary of Factors, Methods, and Assumptions

Two sets of supply and utilization models for sciencefengineering doctorates
have been developed for this study. The Basic Supply model incorporates past
trends of doctorate production in relation to the college-aged population and
propensities to enter and complete college and graduate study. The Basic Utiliza-
tion model reflects current (1972) patterns of utilization of the doctorate labor
force. The underlying rationale for the Market-Related models is that both sup-
ply and utilization of any labor force component respond to the marketplace.

The discrepancies between supply and utilization are expected to influence
potential sciencefengineering students, enticing or discouraging them from
entering graduate school programs leading to doctorate degrees. Thus the

* Rosenthal, Neal H, “The United States Economy in 1085, Projected Changes in Occupations.”
Monthly Labar Reviee. December 1973.

* See lvar Berg, Education and Jobs- The Great Traming Robbery, Boston: Beacon Press. 1971, and
Special Task Force to the Secretary of Health, Education. and Welfare, Wosk in Amesiea. Cambridge,
Mass.: The MIT Press. 1973

* NSF survey data to be published as. Graduate Stdent Support and Manpower Resources i Graduate
Science Edweaton. Fall 1972
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Market-Related Supply model incorporates a feedback loop from the degree of
utilization of the doctorate labor force to the propensity of baccalaureates to
enter graduate study and thus also to the number of doctorate degree awards.
The Market-Related Utilization model assumes market-conditions to be reflected
in job credential standards, which are likely to change in response to a greater
supply of doctorates. This phenomenon has been experienced in past decades,
first with respect to secondary school graduates and more recently, with respect
to college graduates.

Several assumptions underly both models of utilization. Work presently be-
ing performed by doctorates will continue to be carried out by doctoratesin the
future. A second predication assumes that the preserve of the doctorate will in-
crease, with new doctorates replacing non-doctorates in all pertinent activities.
Especially in the Market-Related model, doctorates are expected to be employed
more profusely in non-academic, non-R&D technical positions such as mranage-
ment, public administration and production. Finally, while some information on
mobility among disciplines exists, because of thelack of dynamic inforfation, it is
assumed that mobility among science and engineering or non-science fields will
remain constant during the projected period.

The following two tables summarize the major components, rationales and
assumptions which form the foundations of the models.. Other detailed
methodological descriptions, including appropriate references. can be found in
Chapter III. (As can be noted, the Magnitude and Sensitivity columns are blank;
these will be filled in subsequently.)

Table 71
Summary of Supply Models

Factor

Aationale/Assumptions

Meathod

Magnitude Sensitivity

t. All college
students

{Both modeis)

2. Entrants (o coflege

{Bolh models}

ERIC

Aruitoxt provided by Eic:

Males and temalas will con-
tinue 0 exhibit diflerent
behavior patterns.

Different fieids ol study
will exhibit dillerent
behavi:)r patterns.

Parts of the collega-aged
population will continue to
aspire to a college educa-
tion for a variety ol reasons.
inctuding the potential to
increase their earning
ability, ¢ultural and social
benefits. etc.

Trends in the rate ol college
entrance of the college-aged
population are projected to
continue in a pattern based
on the past decada, with
trends of the second hall

of the period being given
double weight:

Separate projections were made
at sach stage of the modsl
for individual liglds ol
science and by sex. The only
exceptions are the new
enirants to college which
were projected by male and
female groups. but not by
field. .

Projections are made on the
basis of population reaching
18 yoars of age in gach year
up to 1985. These projections
are not dépendent upon birih
rates since the 18 year old
populations to 1985 have all
been born.
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Table 7.1
Summary of Supply Models
Factor Rationale/Assumptions Method Magnitude Sensitivity
3. Baccalsuregte Trends in ptopostions ol Future degeeo recipients are
degroes awarded college enirants continuing based upon eniranls and pro-
10 the baccalaureate portions graduating within a ,
) degree will 1oliow recent given period ol {lime. Each
(Both models} patterns. year's graduating class is
composed of |he cohort of the
The period trom college enlering clags assumed tG

entry 10 baccalaursate
award is notl equal for

' alt entries. However,

the lime pattern for
baccalaureate complietion
i5 assumed 10 remain
constani over the pro-
jection period.

4, Entrants fo grad- Ratios ol graduale school

uate sfudy enirarits {0 baccalaureates,
by field and sex, will con-
i. (Basic model} tinue 1o lollow patlerns
that have been established
in the past.
il. {Market- Potenlial enitants to grad.
Related model) uale school are influenced

by labor market conditions
for doctorates during the -
same year.

5, Science/engineering Since the proportions of

doctorates awarded  graduale school entranis
ultimately receiving a

doctorate were relatively

{Bolh models) conslant during Ihe past

decade, they are assumed

to remain constant during

the projection periods.

tt is assumed that once
commitment 10 enter graduale
sludy has been made. student
plans will not be influenced
by luture or present labor
market conditions.

1M
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graduaté within tho appro-
priate number of years,

Trands of Ihe pasi decade are
extrapolated with double Weight *
assigned 1o the.last live years.

‘Trends of thie past decade,

weighted do\uble by the last
five years, are eXirapolated

10 1985,

Each cohort of baccalaureate
recipients entering graduate
siudy is assumed t0 do s0
within a cons:ani lime dis-
tribution, Each graduate
school éntry class resulls
irom the adcion of the
appropriale cohorts ol
baccalaureates.

‘The ratios of first time
graduate school enroliments
10 science and enginéering
baccalaureates are reduced
by a facior proportionate

to the utilization : supply
ratio projecied {rom the
basic model. The propor-
tionality constants are
derived {rom 1364-72 data.

Generally, rales of awards 10
doctorale graduale school
entrants ©1 the mid-1960's
were used without change.
The same constani completion
rales and lime distribulions

ol entry to conipletion were
applied.

The number of doctorales
awarded each year resulls
irom ihe addition ol the
appropriale cohorts of
each entry class expected
10 obtain degrees in thal
year.
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“Table 7.1
Summary of Supply Models

Factor

RAationate/Assumptions

Method

Magnitude Sensitivity

Q

Aruitoxt provided by Eic:

ERIC

6. Immigrafion of
foreign-trained
doctorates

{Both models)

7. Emigration of
doctorate reci-
Pients from U.S.
universities

{Both models)

8. Attrition
(Both models)

Immigration patterns reflect
U.S. employment opportunities
relative 10 Ihose in other
countries and U.S. immigra-
tion reguations. Although
immigration regulations have
made entry of scientists and
engineers more difficult

since 1971, it is expected

that Immigration wilt can-
tinge, byt al levels abated
from those of 1960's. It is

als> assumed that doctorates
will conlinue fo represent

the same prodortion of
immigrants thal were observed
in the 1960°s.

These primarily represent
citizens 0f other countries
returning to their homeland
ano are not influenced by
U.S. tabor market conditions.

Both men and women doctorates
will exhibit death and retire-
ment rates similar 0 those
estimated tor alt men in the
labor torce, Although women,

in general. have & weaker

labor force atachment than

men because of familiat
responsibilities. it is

assuymed that women dociorates
wiil have as strong an attach-
ment as all men becaygse of
thefr investment in their

careers,
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No explicit allowances were
made for changing pattetns
of forelgn study entry to
gredyate schoot or time
required for degree comple-
tion.

“The levels of immigration, by
fiatd, experienced in the 1973
Fiscal Year were continuad
unchanged for the entite pro-
jected period. as wers the
shates of these immigrants
assymed 0 have doctorates.

Emigrants were projected 10
continue thelr 1966-72 abso-
lute trends by individual
fietd,

Death and retirement ratas are
applied t0 gach 5-year age
group of the labor force by
field in oach year, These

rales are projected to remaln
unchanged throughout the pro-
jected pericd. They are

directly derived from those
published by the Bureay ot
Labor Statistics.
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Table 7.2
. Summary of Utilization Modeis
L J
Factor Ratfonale/Assumptions Method Magnitude Senaitivity
1. Teaching Faculty
in 4-yegr colieges
and Universities®
A. Enfoliments and Full-lime-equivalent leaching The graduate enroliment data
Student: Faculty  faculty will ba proporional ware added o derived under-
Ratios to the number of undergraduate graduate science and engi-
and graduate students taking nesring student numbers. The
{Both modeis) science end enginéering latier ware obtained by
courses, assuming that the ratio of
undergraduate stugents taking
courses in each field !

. sclenca/enginesring to total
undergra=uate enroliments
would be proportionsl to the.
sclence/enginesring 1G total
beccalaureate ralios.

*Facuity end
Students. unless,

noted, refer onty”
to those in Science
and en.gineering.

t. A. {cont.)

i. (Basic model) It was essumed that student: Student faculty ratios were
faculty ratios would remein derived by dividing the
constent at the t972 level sum of undergraduate end grad-
through the projected pertod. vate students by the total

teaching feculty. This
procedure was carried oul for
each field.

ii. {Merket model) Because of an expecivd ¢on- Same 8% ebove, but student:
linuation of finencial faculty retios were inGreased
pressures on ecademic insti- by one percent per year for
Lulions, the student : faculty the t972.85 period.
ratio in this model was pro-
jected 10 inGrease.

B. Doctorate
faculty

i. (Basic model) Doclorales are essumed to New doctorare employment is
sontinue 1o représent the projecied as a conslant share
same propontion of the of growth and replacement needs
teaching faculty as they of the totai science/engineering
did in 1972. teaching faculty.

ii. (Markel model)  Doclorates are assumed 10 A compounded growth rate of
represent a progressively 5 percenl per year was epplied -
growing share of thé Leaching to the doclorale to total
faculty because of the grealer ratio for opening$ due to
availability of doclorales the growth and replacement
and the desire of the insli- needs of leaching faculty for
tutions to upgrade the cre- aach year.

Jantiats of their facullies.
t43
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Table 7.2
Summary of Utlllzation Models

i. (Basic model)

ii. (Market modei)

ERIC

Aruitoxt provided by Eic: -

Between 1969 and 1973 the rate
of enrichment of these insti.
tutions® science facullies
increased at an estimated
annual rate of 6.6 percent.
Two of the factors which may
have attributed t0 this—

the ample supply of new dog.
torates and the growing role
of these institutions in
providing the lirst two Years
of traditionai undergraduate
education—are expected to
continue in the projected
penod.

In view of the greater avail-
ability of doctorates, a

higher percentage of doctorates *
are expected to be hired to fiit
facully growth and replace-
ment needs.

A compounded growth rate of
6.6 porcent per year was
appiied to the doctorale to
totai ratio for opening$ due
to the growth and repiace-
ment of s¢lence/enginearing
faculties.

Same as above—with a2 9.9
annual percentage rate of
growth.
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Factor Rationale&/Assumptions Method Magnitude Sensitivity
2. Sciencesenginearing
Faculty of 2-year
Colleges

A, Enrofiments and Total enroliments in 2-vear .S Ottice of Education

Student ; Facuity  coileges and technical insti- projections of unrollmenls

Ratios tutes are expected to continue were used and projected
to grow faster than in other 1o 435,

(Both models) sectors of the higher educa-
tion system.

i, (Basi¢c modei) The tofal student to science/ The total projected numbers

. engineering facuity ratio was -.0f Students were divided by
assumed {0 rémain constant - the student ; facuity satio to
over the entire projected — ... obtain the numbaer of science/
period. engingering facuity,

ii. (Market modei) The 2-year colieges are Same as above using a decrease
expected to aspire to in the student : faculty ratio
improve the quality of of one+tenth of a student per
educafion they provide. year tor the projected period.

B. Doctorata
faculty




Table 7.2
Summary of Ulilization Models

——#_

ERI

Aruntoxt provided by Eic

Factor Rationale/Assumplions Method - Magnitucte Sensitivity
3. ARG Doctorates

A.RBD expendi-  The number of RRD workers is RAD expenditures are projected

tures and tofal propottional to availabte on the bases of component

science/engl- RAD funds with cost per activity trends in eagh of the

niearing employ-  AAD worker continuing atong major Sectors that finance

ment. past trenuls. ARD—Federat Government,
industty and academia. Dis-

{Both models) tribution of RRAD funds to
performing sactors are pro-
jected on the basis of recent
trends, Total science/ongi-
neering A&D employment in @ach
performing sector was assumed
to be proportionsl to RAD
funds. with allowances for
changes in the costs per
worker projected on the basls
of past trends.

B. Doctoral sclén-

tist/enginedr

employment fn

RAD in academic

institutions.

i. {Basic model)

£

it. {Market model)

C. Docroral
scientist/
enginser employ-
ment in non-
academic R&D

i. (Basic modet)

il. (Market model)

Doctorates are projected to
continué to représent the
same share Of employment as
in 1972,

Doctorates are assumed 10
represen: a progressively
increasir.y share of the RED
facully bacause of their
avaitabilily and the desire

ol institutions to upgrade
the credentiats of their statfs.

Doctorates are assumed to
continue to remain at the
same proportion of totat
scientist/enginey R&D
émptoyment.

it was assumed that enrich-
ment wilt take place as
perceived by managers of
industriat R&D.
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New doclorate employment is
projected as @ constant share

of growth and replacement neods
of the total science/engineering
research faculty.

A compounded growth sate of 5
percent per year was applied to
the doctorate 10 total ratio

for openings due 1o the growth
and replacement needs of the
research facutly for gach year.

New doctorates were Srojected
as & constant share of the
growth and replacement needs
of totat nonacademic R&D
scienhisis/engineers. .

A compounded growih rate of
3 percent per year was applied
to the doctorate 10 total

ratio for openings due to the
growth and replacement needs
of RRD scienhsts/enginesr
statl for each year.




Table 7.2

|
N
;
|

Summary of Utilization Models
[
R Factor Rationsle/Assumptions Mathod Magnituds  Sensitivity
-4, Other science/
enginesering
activities
i. (Basic model) Doctorates will continue to The current and projected
be engeged in other than RSD numbers of total scientists/
or academic activities in sngineers engaged In non-
proportion to the opportunitias academic, non-A&D activities
generated for all scientific were datermined by sublracting
and sngineering porsonngl in those In RS0 and academic
thess activities. teaching from tha total
smployad. The current numbers
of doctorates in “other reiated
activities” were determined
in the same fashion. The
current doctorate/total ratios
were then epplied to the pro-~
" jected numbaers of scientists
’ and engineers in “olher
related activities.”
ii. (Market-
related modes) An increasing proporlion A compounded growth rate of
of openings for non-AS0, § percent per year was applied
non-igaching sciontists and to the doctorate to total
sngineers will ba filled by ratio for openings due to the
- doctorstes because of a growth end replecement needs
relatively abundant supply in these activities for sach
and their reduced dillarential year,
cost to smployers.
Backdrop

A system of manpower projections assumes implicitly or explicitly a set of
national environments during the projection period. The environment for the
utilization of science and'engineering doctorates is determined by the economic
climate of the country, the nature of the higher education system, the working-
life patterns of the labor force and position of the U.S. with respect to other
nations.

The basic vital signs of an economy are thelevels and rates of growth of a few
key economic indicators. These measures provide the foundation upon which the
projections of utilization are directly based, and, indirectly, the projections of
supply as well. These indicators projected for 1985 are shown in the following
table, compared with their 1972 counterparts.

It is estimated that of the nearly 900 million dollars in additional goods and
services produced in 1985, compared to 1972, 70 percent will be the result of in-
creased productivity of the labor force and 30 percent from added workers.
Economists, such as Edward F. Denison, have attributed part of the past growth
of the U.S. economy to the increasing quality of the labor force, as represented by
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the increasing educational attainment of workers.® Implicitly, the expectation of

continued growth of the economy is derived in part from the inputs of scientific,

. engineering and other technical workers. The continuing increase in demand for
" doctorate scientists and engineers is an outgrowth of such expectations.

Table 7.3
Basic Economic Indicators Underlying the Doctorate Supply .
and Utilization Projections, 1972 and 1985
]
197285
Average
Annual
. K] Percentage
fndicator Unit ’ 1972 1985 Change
Gross National Product
(GNP) ..iiiieiinenan, Billions of 1,155.2 1,942.5 4.1
$ 1972
Gross Privaie Product
(<1 1 TP " 1.019.7 1.767.6 43
Total civilian 1abor force , ... tillions 866 105.7 15
Employed ........... v " B F 1015 1.7
Unemployed ... coavvenn * 48 4.2 -_
Private man-hours .......... pitlions 144.8 170.9 1.3
GPP per pvt. man-hours ..... $ 1972 7.04 10.24 3.0
{productivity) .
Source. Kutscher. Ronatd E. “The United States Economy i 1985, Projechons of GNP, Income., Qutput
and gmployment.™ Monihly Labor Re Dec. 1973

Other aspects of the backdrop, implicit in both the GNP and the supply and
utilization projections of this report are:

-

That institutional framework of the economy will not change
significantly within the projected period, and the participation of people
in the labor force will follow past trends.

That on the international scene a detente between the major powers will
have been reached by 1985, but that continued guarded relationships
will not allow significant reductions in defense expenditures.

That fiscal and monetary policies, combined with socioeconomic policies
will progress toward achieving a balance between full employment and
diminished inflation without interfering with the long-term economic
growth rate, although mild economic cycles are to be expected.

That all levels of government will continue to attempt to deal with a
wide variety of domestic problems, with State and local governments
playing an increasing role in the operation of economic and social
development programs. It is also expected that the role of technology
and technoiogists will become more important to the operation of
programs dealing with national, regional and local problems,

® Sonrces of Economic Growoth ard the Alternatives Before Us. New York: Commitlee For Economic
Development, 1962.
1562
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*  That the patterns of education will continue past trends—with 2-year
colleges increasing their share of tndergraduates—and most graduate
school enrollees entering directly or soon after receiving undergraduate
degrees. The role of continuing or mid-career education, whiie expected
to grow. is not expected to detract significantly from the traditional un-
dergraduate and graduate education patterns.

111 Supply and Utilization Models

SUPPLY

This study utilizedtwo supply models. One reflects trends of the last decade,
with speclal emphasis upon the-events of the past five years. A second model
(Market) has been designed to utilize the first (Basic) one as modlfled by recursive
feedbacks from the utilization projections.

Science and Engineering Doctorate Degrees

The Basic model consists of actual data and projections to 1985 for five phases of
the higher education process: entrance into college, acquisition of baccalaureate
degrees, entrance into study for an advanced degree, earning of Ph.D.’s, and
magnitude of total enrollment for advanced degcees. A description of the phases,
with the assumptions and methods of the projections made for each phase,
follows:

Rates of entrance into college of 18-year-old population cohorts of each sex
were ascertained for the period 1944-1972. These rates were then developed for
the future from a trend projection based on rates of the last 10 years, utilizing a
straight-line least squares regression method and weighting the trends of the
more recent five-year period twice as heavily as those of the earlier five-year
period.

This phase of the model also indicates for each sex the time-pattern of en-
trance into college of those from each population cohort who ever enter. This
pattern, or “spread” of entrance, has remained virtually static (except for avaria-
tion for males for a brief period in war and post-war years) and is held constant
for the future.

The total numberof entrantsinto college for each projected year is arrived at
by summing the number of entrantsin that year from each relevant age-cohort.

Rates of completion of undergraduate and first-professional degree training
were ascertainad for the period 1952-1972 for each sex. These rates were then
developed for the future from a trend projection based on the rates of the last 10
years, utilizing a straight-line least-squares regression method and weighting the
trends of the more recent five-year period twice as heavily as those of the earlier
period.

The time-pattern, or “spread” of completivn of this stage of the highar
education process is also demonstrated in this phase of the basic model. The
spread has remained constant for each sex and is held at the same rates for the

future.

The total number of baccalaureate and first-professional degrees for each
projected year is arrived at by summing the number of such degrees earned that
year by members of each relevant entrance-cohort.
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Rates of entrance into advanced-degree study were ascértained for each
broad science and engineering field, for each sex, for baccalaureate cohorts of the
periad 1952-1971. Future rates were developed from trend projections based on
the rates of the last 10 years, utilizing a straight-line least-squares regression .
method and weighting the more recent five-year period twice as heavily as the
earlier.

For each sex-field, the percent of entrants into graduate study who enter
within specified numbers of years after acquisition of the baccalaureate is in-
dicated. (This pattern, or "spread” of entry, has remained constant for each sex-
field in the past and is held constant for the future.)

The total number of entrants into advanced-degre® study each year is
arrived at by summing the number of entrants from each relevant baccalaureate
cohort.

The rate of acquisition of the Ph.D. degree among entrants into advanced-
degree study was determined for each broad science field, by sex, for graduate-
study entrants of the years 1955-1964. (The period of observation of past data
covers entrants of these years and Ph.D.s through academic year 1979-71.)
Because of the lack of data indicating a particular trend, it is assumed that the
future rate of acquisition of the degree will remain constant at the most recently
observed level,

Of those from each cohort of entrants into advanced-degree study who at-
tain the Ph.D., in each sex-field, specific percentages of entrants areshown to ac-
quire the degree within certain numbers of years after entry. This pattern, or

) “spread” of acquisition of the degree, has remained constant in the past and is held
constant for the Future.

S Ineach sex-field, the total number of Ph.D.’s earned each yearis arrived at by
summing the number of Ph.D."s earned that year by members of each relevant
entry cohort.

Rates of retention in advanced-degree study for entrants into such study in
the period beginning 1955 were ascertained for anumber of years {typically six)
after initial entry. (The percentagesof entrants who remain enrolled for sperified
numbers of years may differ from field to field, for each sex, and over time.)

The total number of enrollees for advanced degree study in each year
through 1985 is obtained by summing the numbers from each retevant cohort of
entrants enrolled in study that year.

Market-Related Model. This model constitutesa variation from the Basic Supply
model in that it incorporates a recursive feedback from the status of the employ-
ment market for doctorate scientists and engineers to the fraction of science and
engineering baccalaureates entering graduate school. Freeman” and others have
demonstrated the existence of this type of feedback effects and episodes during
the last twenty years, especially those in the early seventies. The Basic Supply
model does not completely ignore market factors since it places special weight on
recent trends, which certainly reflected market feedback. However, future
markets are not taken explictly into consideration. Consequently, the Basic Sup-
ply model probably provides doctorate production figures that are on the high
side. ,

? R. B. Freeman. The Mrrket for College Tramned Manpower. Cambndge: Harvard University Press,
1971.
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If one thus considers that @ weakening of the labor market for doctorate
scientists and engineers will adversely affect decisions of science baccalaureates
ta enter science, one can state this in the following expression:

. - [N -’ - . . 1
G‘ = GI - ¥l a— -1
Mt , Bt K [R‘ ‘ ]
’ Bt

where (il symbols and numbers pertain only to science and engineering):

M = market model
B = basic model

G = rate of entry of baccalaureates to graduate education

U' = number of doctorates employed in R&D, academic or appropriate
“other” positions as projected by the Basic Model

st = total. number of doctorates available for employment as projected by the
- Basic Model

| ’Ri’m;(ﬂ

i .
S) = rate of utilization of doctorates

Bt
K = constant
t =year

i = grea of science {physical sciences, social sciences, etc.}

This equation will be used to develop the numbers of new science and
engineering doctorates in the Market Related Supply model using for all other
steps the methodology developed for the previously described Basic Supply
model. These numbers are expected to be generally lower than those generated
by the Basic Supply model since the Basic model projections generally indicated

" somewhat of an over-supply of doctorates, i.e, R' By was generally smaller than
1. The value of the Constant K will be calculated from the only two data periods
available, the 1964-67 period when there was essentially no non-utilization of
science and engineering doctorates, i.e.. R' B 1964 =1, and 1972 when R g was as
fow a3 .89 for social stientists. Using averages for actual dataon baccalaureate ahd
first-year graduate enrollment figures one obtains K' from the following
expression:

G G

64-67 68-71 i

i -1

72 - —~

Averages of G for three year periods will be used and since neither G;znr R,
data are available, the R,, figure will have to be utilized as the closest
approximation to R,,.
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Immigration and Emigration

Foreign-trained scientists and engineers have played a significant role in the
scientific and technical activities of the United States, and, until the rapid growth
of U.S. graduate education after World War I, represented a large share of this
nation’s doctorate labor force. Foreign-trained doctorates are expected to con-
tinue to migrate to the U.S. even in face of potentially unfavorable employment
conditions for doctorates and stricter immigration regulations, because relative
employment opportunities as well as economic and political conditions in the im-
migrants’ countries may serve to mitigate the potential dampening effect of the
employment situation in the U.S. These doctorates are projected, in both models,
to continue to immigrate:at the samelevel estimated for Fiscal Year 1973—which
is one-half to two-thirds the pace of previous years—as a result of changesin im-
migration regulations in early 19718,

-

Emigration

Though the total supply of science and engineering doctoratesin the U.S. is
improved by the immigration of foreign-trained doctorates, not all doctorate
recipients from U.S. schools are added to the supply. About 15 percent of the
science and engineering doctorate recipients in the 1971-72 academic year were
not citizens of the U.S.,, and nearly 11 percent of the recipients (not necessarily
confined to non-U.S. citizens) indicated of emigration could be expected in the
future. It is also conceivable that the numbers of foreign students, especially
from jess developed countries, could decrease, and this has been indicated by re-
cent graduate school enrollment data.® Several factors have influenced this
decline, including reduction of Federal funding of graduate education, overabun-
dances of professional workers in less developed countries and the mcreasmg
costs of obtaining an education and living in the U.S.

Attrition

Attrition of doctorates from the labor force was ascribed only to deaths and
retirements and was computed for the total doctorate population by five-yearage
groups, for each year of the projected period for each science/engineering field.
Men and women were assumed to exhibit the same patterns of labor market at-
tachment by age. The attrition rates applied were those for all men in the labor
force by age.10

It is assumed that women doctorates, rather than exhibiting the working life
patterns of all women, would behave more like men because of the time, effort
and capital invested.in their educations and their careers. In addition recent anec-
dotal evidence indicates that women doctorates may benefit more from more
favorable labur market conditions than men due to efforts made by employers to
compensate for sex discrimination of the past and attempts to comply with the
equal opportunity employment goals of the present.

s Fordewasl on FY 1972 immigration see Sitence Resources Studies. Flighlights, “Immigrant Scienbists
and Engmeers Dechne s FY 1972, Physicians Increase Sharply”. NSF 73-311. August 1973

* Urpublished NSF data

1* Fullerton. Howard N, “A New Type of Working Life Table for Men.” Monthly Liver Remew. July,
1972
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UTILIZATION

Two utilization models were developed in this study—the first, or Basic
model, relies upon current (1972) utilization patterns and trends of the last half
decade to project the utilization of all scientists and engineers and the share doc-
torates will represent between 1973 and 1985. Total science and engineering
employment has been projected, by work activity—academic teaching, R&D, and
other scientificlengineering-related activity—in relation to projected changes in
the economy and enrollments in colleges and universities. Doctorate employ-
ment in these activities has been projected as shares of the new positions that
result from growth and replacement needs in the projected period. In the Basic
model, enrichment trends—the proportion of new positions that were or would
have been filled by nondoctorates but are projected tobe filled by doctorates—are
based on present utilization patterns or trends of the past few years (Where such
data were available). In the Market-Related model, the enrichment was projected
to progress further in every sector and activity on the basis that an increasing
number of doctorates will be used because oftheir availability and relative reduc-
tions in their cost.

The utilization models have been divided into the activities which scientists
and engineers perform—academic teaching, R&D, and other related
sciencelengineering activities.

A. Academic Teaching

Requirements for doctorate teaching faculty depend on three factors—the
workload in terms of enrollments and student: faculty ratjos and the proportion
of teaching faculty represented by dottorates. In both models doctorate academic
teaching faculty utilizations were projected as products of projected total science
and engineering enrollments and student : faculty ratios.

Basic Utilization Model. Total science and engineering enroliments in four-year
colleges and universities were obtained by, summing graduate enrollment as ob-
tained above (see section under supply underthe Basic model) and undergraduate
enroliments. Total graduate enrollments in each year to 1985 were obtained for
each field by summing the numbers of students from each relevant cohort of en-
trants enrolled in study that year. Undergraduate enrollments for each year pro-
jected were developed by assuming that the ratioof undergraduate students tak-
ing courses in each field of sciencelengineering to total undergraduate
enrollments would be proportional to the sciencelengineering to total bac-
calaureate ratios.

Student : faculty ratios were derived by dividing the sum of undergraduate
and graduate students by the total teaching faculty. This procedure was carried
out for each field. Finally. new doctorate employment was projected as a constant
share of growth and replacement needs of the total sciencelengineering faculty.
These ratios were held constant in the Basic Utilization model to preserve for
four-year colleges and universities.

For two-year colleges, U.S. Office of Education projections of enrollments
were used and projected to 1985. The total number of students were divided by
the student : faculty ratio to obtain the number of total sciencelengineering
faculty. A compounded growth rate of 6.6 percent per year was applied to the doc-
torate to total ratio for openings due to growth and replacement of total
sciencele .;.neering faculties. This rate of enrichment is the same as that actually
experienced in these institutions between 1969 and 1973.
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Markei-Related Utilization Model. As canu be seen in the Market-Related Supply
Model, certain adjustments were made in graduate enrollments due to the feed-
back from imbalances arising in the Basic Supply and utilization projections. For-
undergraduate enrollments no adjustments were made. Thus, the adjusted
graduate enrollments were added to the numbers of undergraduate students to
obtain adjusted total college enrollments {excluding two-year colleges). The two-
year projections are derived from their own trends in relation to the 18 and 19
year old population. '

In this model, student : faculty ratios in four-year institutions are increased
by one percent per year for the 1972-85 period, in consideration of the colleges’
financial plights of recent years and their attempts toimprove productivity and to
hold down the growthof their costs. Then, total sciencelengineering faculty tobe
utilized jn four-year jnstitutions was derived in the same manner asin the Basic
Utilization model. Enrichment of faculty teaching positions, ir, terms of the doc-
torate share of total faculty, in the Market-Related model is projected to increase
in four-year colleges and universities at a somewhat arbitrary 5 percent com-
pounded rate of growth (of new positions and of those resulting from death and
retirement replacement needs). The rationale for this growth is based on the
greater availability of doctorates and the desire of institutions to upgrade the
faculties’ credentials.

-t

In two-year institutions, the student : faculty ratio was decreased by one-
tenth of a student per year for the projected period, as theseinstitutions aspire to
improve the quality of education they provide. Einally, in view of the greater
availability of doctorates, an even higher percentage of doctoratesto total faculty
are expected to be hired for new openings. Thus, a 9.9 percent compounded an-
. nual improvement in the doctorate to total faculty ratio was projected to 1985.
This-represents a 50 percent improvement over the actual experience of the last
few years.

B. R&D Activities

Basic Utilization Model. The second major activity of doctoral scientists and
engineers is research and development. The number of scientists is based on ex-
penditures devoted to the performance of R&D. These expenditures were pro-
jected, within the framework of GNP projections in terms of constant dollars, for
each of the R&D financing sectors and translated to the R&D performing sectors
of the economy on the basis of current national patterns of R&D funding and per-
formance. Major emphasis in the funding projections by sector is given to the
subsectors or activities which account for major portions of the activity. For ex-
ample, within the Federal Government. funding of such objectives as defense,
space, health and agriculture were examined; while in theindustry sector. all ma-
jor SIC groups such as chemicals, and electrical equipment. have been studied.
Relationships of company R&D funding to sales are used as the basis of industry
projections, Two R& D expenditures projections exist currently.!! These diffec by
about 10% and the average of the two was used.

Total science and engineering employment estimates are generated by pro-
jecting change of R&D costs per employee on the basis of 1961-72 trends (about

1 Falk, Charles B “Dynamucs and Forecasts of R& [ Funding, * Tedmelogreal Change and Socsely. June
1974, and NSF - currently in press
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one percent annually) and applying the results to projected R&D funds available
for each sector. Doctoral employment, as a share of total employment is projected
to remain at the 1972 levels through 1985 in the Basic model to simulate the 1972
situation. No enrichment of total science and engineering employment by doc-
torates js projected in the Basic Utilization model.

Markel-Relaied Model. In this model, adjustments are made for academic
employment enrichment, which is projected toincrease at acompounded rate of 5
percent a year, and similar enrichment in the nonacademic sector of 3 percent
yearly.

C. Other Science/Engineering Activities

Buasic Utilization Model. The last sector of utilization of doctorates comprises a.
variety of non-teaching, non-R&D activities of scientists and engineers. Included
are such activities as: administration of sciencelengineering related activities,
consulting, production control and clinical practice (primarily for psychologists).
Of the total number of scientists and engineers employed in nonacademic, non-
R&D activities in 1972, less than five percent had sciencelengineering doctorate
degrees. Total sciencelengineering employment in these activities has been pro-
jected by BLS within the frame of the overall GNP and employment projections
cited previously in this paper.iz Doctorate employment is projected as a
proportion of total scientists and engineers employment in nonacademic, non
R&D activities. The Basic Utilization model assumes no enrichment of doctorates
in this sector.

Market-R elated Model. This model of utilizationincorporates a 5 percentannual
curmnulative enrichment, on the assumption of an abundant supply of doctorates
and the anticipated narrowing of differential cost to employers of doctorates and
nondoctorates.

.

RELATIONSHIP OF BASIC AND MARKET MODELS

The progression from the Basic to the Market-Related models in these
analyses represents the initial phases of a continuing recursive process that
reflects the operational mode of the real world—if it were to act “rationally” in
economic terms. Ideally the Market-Related Supply model should generate a se-
cond order Market-Related Utilization model with feedbacks on the supply
model. This, in turn will influence the market again and these interactions con-
tinue ad infinitum. Thus, any external modification of the supply or the utilization
will have recursive repercussions on the other element of the labor market.
Attempts to influence supply, for example by decreasing support of graduate
students, will produce reductions in the demand for teaching faculty—which
then may produce feedback to reduce the supply even further. Thus, if one tries
to intervene in the production or utilization processes, one should be fully aware
of the multiple recursive effects.

12 Rosenthal. Neal H., “The United States Economy in 1985, Projected Changes in Occupations,”
Monthly Labor Revero, December, 1973,
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IV. Doctorate Scientist and Engineer Utilization in 1972

In mid-1972, 236,000 persons with doctoral science and engineeringdegrees
resided in the U.S, Of these, 228,600 were in the labor force—225,900 employed
and 2,700 seeking work. The remaining 7,600 were either retired or not seeking
work for other reasons.?

Table 7.4 indicates that 93 percent of the doctorates in the sciencelengineer-
ing labor force were employed in technical activities, 5.4 percent were engagedin
non-technical activities, and unemployment claimed 1.2 percent. {Comparable
unemployment rates at the time of the survey were 4.7 percent fbr the total
civilian labor force and 1.9 percent for all professional and related workers.)4} ltis
tempting to define the 5.4 percent of the doctorate labor force employed in non-
sdencelengineering related work as being "underutilized.” However, economic
evidence disputes such an assumption. First, there is no relationship between the
unemployment and nonscience employment by field of doctorate @ee Table 7.4)
and second, the income data from the survey show higher earnings for the “non-
science related” workers than for thejr colleagues jn science-related employment.
Thus, while the very presence of unemployment is an indication that un-
derutilization probably exists, there is no definite measure of its magnitude.

As one might expect, a strong relationship was found between doctorate
level employment in science apd”engineering and the employment of persons
with doctorate degrees in the respective disciplines. Table 7.5 distributes the
science and engineering jobs filled by doctorates by the field of degree. In all but
mathematician and the social scientist jobs, less than one percent were filled by
non-science doctorates. In each employment field, except for mathematics, more
than 80 percent of.the positions were occupied by holders of degrees in the
respective fields.

Educational institutions employed nearly 60 percent of scienceand engineer-
ing doctorates in 1972; however, the proportions varied widely, from 80 percent
of the mathematicians to 36 percent of the engineers. Industrial and other
business organizations employed 22 percent of all doctorate scientists and
engineers, but nearly half the engineers andless than 5 percentof the social scien-
tists. Governments employed zbout 10 percent of all doctorates, but 5 percent of
the mathematicians and 12 percent life scientists. (See Table 7.6.)

Functional activities of these doctorates were not as clearly determined as
other parameters. The survey produced the numbers of individuals “primarily
engaged” in each of these activities. On this basis, activities relating to the con-
duct of R&D—research, development, and the administration of R&D—
accounted for more than 40 percent of all doctorates. This also varied by field of
employment—nearly 60 percent of theengineers were primarily engagedin R&D

13 Datan this Section are based on a survey conducted by the National Research Counal for [NSF.
They are the resulis of the responses of individuals who recewved their doctorate degrees in the school
years ending from 1930 to 1972 The survey of doctorates undertaken by NRC for NSF also revealed
that some 7,900 persons who had received degrees in hiclds other than saience or engineering in-
dicated employment iy a saence or engineening Neld in 1972, NRC. Dodteral Stuentists and Engineers in the
Umied Spages A 1973 Profife. 1974 (in press),

14 .S Counal of Economic Advisors, Econom Report of the Presudent. February 1974, Washington.
D.C.: .S Government Printing Cffice, 1974, Table C-24, and U.S Bureauof Labor Statistics, Employ-
ment amd Earntngs, Nov. 1973, Table A-35.
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related activities, while less than 20 percant of the social scientists were similarly
occupied. Those primarily engaged in teaching accounted for over 35 percent of
all doctorates, 60 percent of the mathematicians, and 50 percent of the social
scientists, while claiming a fourth of the engineers.

Table V.4

. Labor Force snd Employmant Status of Science
and Engineering Doctorates, 1972

. Physical Engi- Mathe- Life Social
Labor Force Statug/Employment Tolal* Sciences no6ring , malics Sclentes  Sciences
Thousands
Yotal in population? ......c..cvvviiennn. 236.0 69.2 35.1 13.6 61.1 56,8
Notin laborforce ............. P . . 7.6 2.4 0.5 0.4 24 1.9
Totalinlaborforce .........covvvvivnrnns . 228.6 669 34.6 132 . 58.7 5§50
EMpIoyed ....ciiiniiinrnriseatarnmnnnrrnne. 2259 65.8 34.3 13.0 58.1 54.4
In science or engineering ..... errrtaaenas . 2134 621 33.0 127 §6.0 49.4
In non-science/engingering ........ 125 a7 1.4 03 2.1 5.0
Unemployed ........ Cdarartanrea et raan s . 27 1.0 03 0.2 0.6 06
Percent distribulion
Total in labor force ........ . crrrans arnae 160.0 100.0 100.0 100.0 100.0 100.0
Employed ......... Cirtnarnn . emrranan . 98.8 98.4 99.2 98.6 99.0 990
In science or @NQINESHING «..c.ocivannn.. 233 93.0 95.2 96.1 95.4 899
In non-science/enginecring ................ 5.4 55 4.0 25 35 8.1
Unemployed ......... reeaens TR 12 18 0.8 14 1.0 10
¢ Includes those (0.1 PerCent} with unknown fini of degres.
t Thise nol teporiing labor force status (3 pércent) have been rod: proportionately @ lhe gori

Componants may nol add 1o 1otMs b of indapender ding
Source; ¢ lafional Sclence Foundation and National Resesrch Council.

ERIC

161

156



. S —

! Table 7.5
Field Oistribution of Ooctorete Employment
in Science and Engineering, 1972
{percent)
Fieid of Employment
k Physical  Mathe- Lite Social
Field of Degree Scientists maticians Engineers. Scienlists Scientists
Total ovievviinninrnnes 100.0 100.0 1000 i00.0 100.0
Physical sciences ........-. . 89.6 6.5 . 146 7.3 0.3
Mathematics ................ 0.3 4.9 1.6 04 0.2
Engineering ................ 43 8.1 81.2 0.5 03
Lifo sclonces ..vvvvviennnns - 45 0.7 1.1 88.3 1.0
Social sciences «.........e. . 05 29 0.8 28 86.9
Subtotal all sciences ... 99.2 93t 49.3 99.3 86.7
NON-SCIONCES ..o vvevnvannnen 0.9 6.9 0.7 0.8 11.3 *
’ HNote: CoMpanents miy nol add lo fotels bocause of indepancent dwng.

Source: Nationat Stunce Foundstion and National Pesebich Council.

Tabile 7.6

Estimated Sector and Primary Activity of Employed
Ooctorate Scientists and Engineers by Fieid, 1972

Field of Degree’
Physical Engl- Mathe- Life  Social
Activity/Sector Total Sciences ne&ring malics Sciences Sciences
Thousands )
Tolal cver e, 225.9 65.8 34.3 13.0 581 54.4 :
Percent distribution
Primary Activity - Tota® .... ...... 1000 1000 1000 1000 100.0 100.0
Teaching ....... feraennan P 36.0 ., 297 24.9 60.3 3.2 51.0
RED L cviiieiii i 43.2 57.1 58.4 27.8 50.7 19.1
Other L. iiiieirernnnnnnrns 20.7 13.2 16.6 19 A8 29.9
Sector-Totall ......ccviivninann.. 1000 100.0 1000 100.0  100.0 100.0
Academic ........ Geraeenranennn 58.5 46.4 5.0 79.5 67.6 72.4
tndustry . ..oveiiiiiie i 221 353 48.3 1g 11.3 45
Governmenl ......... Praeensans . 10.3 16.1 9.8 53 2.7 73
Other ... ..ccciviiiererarnnnnnss 9.1 82 6.1 33 85 15.7
* Ingiudes only PErsons with n reng g iretds . .
T Because dala on I GinBubOn by sector angd AcUwly weie not Curiénily labte by held of deg
tabie snf on these sk by feld of employmoni was used Sucn disinbution by hield

o degred will be added o & laTer drall
* Includas no repon

Compenents may not 3dd 1o 1o1ats because of mdebenders 1ounding
5 Nanonal 56 Found and M. IR h Council
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8. Manpower Requirements Analysis and the
Skill Composition of the U.S. Work Force

This chapler is based on Dr. Ereeman's oral presentation and his paper. The lead discussants were
Thomas J. Kennedy, Jr., M.D.. National Institutes of Health, and Hugh Folk, University of Il

tinois. -

Richard B. Freeman: ;
Professor, Department of Economics, Harvard University

This presentation makes use of the formal paper as well.as another paper,
"Forecasting the Ph.D. Labor Market: Pitfalls for Policy”! written with Dr. David
Breneman this year, which in some ways even more closely treats the subject of
the conference. -

Most economists, myself included, have criticized the fixed coefficient
models 'n the Freeman-Breneman piece we cited four problems: absence of
wagesand prices; failure tolink forecasts to policy; neglect of the supply behavior;
ignoring interactions and feedback among economic variables. In the paper
before you, | take a different tack:in a more positive view, I propose that the fixed
coefficient model be reinterpreted as a forecast of shifts in the level of demand for
a broad disaggregate collection of skills, rather than of actual levels of employ-
ment. I believe that, so interpreted and used, the model provides useful informa-
tion often neglected in the standard price theory model.

The question Iraise in the paper is: Does knowing a lot about the changesin
industrial mix, which is really the key thing that makes these requirements
models go, give us a good notion of the shift in the demand curve? And I might
just point out that forecasting shifts is the most difficult part of any forecast.

Itend to believe the supply curvesare quite stable and reasonably elastic, and
we can indeed learn a lot about the supply behavior. And with that part of the
models put out by the BLS or NSF, } am very, very dissatistied.

The demand side is much more complicated. It is complicated in the science
area because there is a squeaky wheel of government which changesits policies
left and right. It's complicated also, in some sense, because price theory tells uslit-
tle about shifts in demand curve.

The paper examines the value of requirements calculations in getting a fixon
this shift and compares the importance of the shift in demand with movements
along demand curves in determining employment. It is based on highly dis-
aggregate data—occupationfindustry matrices from the 1950and 1960 Censuses
which relate empioyment in 228 occupations to 142 industries giving us two
matrices with nearly 26,000 elements. It assumes that we knew: in fact, the 1960

! Freeman, R.B and Breneman, D'W . “Forecasting the Ph D, Labor Markel Pufalls For Policy.”
Natonal Board on Graduate Educatien (April 1975
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indushry totals and examines how well occupational employment could be predicted
using the 1950 industryloccupation matrix. The model will do a good job if: (a}
there is a lot of change jn the distribution of employment among industries; and
{b) there s relatively little change in manpower coefficients—percentage of
workers with different occupational skills—-within industrics. Put another way,
the fixed coefficient model will work if there are large shifts in demand due to
changes in industrial mix and reasorably small elasicities of demand.

The first evidence that bears on this empirical issue is given in Table 8.1 (in
the accompanying paper), which records the means and standard deviations of
log-changes in employment and income from 1950 to 1960. Foremployment, the
large standard deviations reveal enormous changes in the number of persons in
various occupations or industries. Forincome, on the other hand, there are rather
small standard deviations, which means that the income structure was more
stable than the employment structure. This does not, must stress, mean thatin-
comes in particular arcas—like the sciences—do not change greatly relative to
those elsewhere. The Freeman-Breneman paper shows very sizeable changesin
the income of Ph.D.’s relative to that of other workers. What it does mean is that
in the broad aggregale the composition of employment changes a lot while the in-
come structure changes only moderately.

There are two possible explanations. One, which lsupport, is that the supply
structure was very elastic and stable and responds to large shifts inuemand. The
other explanationis that demand is very elastic, adjusting tolarge shifts in supply.
Either js consistent with great changes in employment and small changes in in-
come.

In support of the former explanation, it is shown in Table 8.2 that
logarithmic changes inemploymenrt, as forecast by the fixed coefficient model, ar-
count for alarge share of the actual logarithmic shifts in employment among oc-
cupations. By themselves. the foreca-ted shifts are found toexplain 44 percent of
the actual logarithmic changes in employment and 55 peccent of the absolute
change in share of total employment. Addition of other variables, including es-
timates of changes in supply contributes only 5 or 10 percentage points to the R2
and does not detract greatly from the impact of the shift variable.

Table 83 goes a step further and—with two.stage least squares
regressions—estimates directly the extra “compa” we get by taking account of ac.
tual changes in occupational wages in making forecasts. Because the data consist
of wages in different occupations in 1950 and 1960, the analysis is forced to
assume that there is a single clasticity, which is clearly a gross simplification. It ig-
nores differences in the clasticity among occupations, connections between oc-
cupations, and so forth. It's very, very crude. Even so, there is a clear negative
coefficient on wages. indicating that there are important substitutions among
skills, an estimated elasticity of around -0.6. But, and this is the crux of the
matter, because the standard deviation of the wage structure s smali relative to
that in the employment structure. a much larger elasticity 1s needed for wage
changes and substitutions to have a major effect on employment via changesn
manpower skill coefficients. As far as can be told from the disaggregate cross-
sectiona! changes in the Census data. the elastiaty is not that big. Knowiedge of
changes in wages and substitutions matters, but not thef much. Iconduded that as
a first approxiniation. the fixed coefficient model does a tolerably good job in ac-
counting for changes in occupational employment —given, of course, exogenous
changes in the industrial mix of jobs.

The fact that the fixed skill coefficients assumption works reasonably well
from one perspuctive does not, however, mean that in fact coefficients are con-
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stant. The next part of the paper examines changes in coefficients within in-
dustries. Why do some industries experience large changes in the mix of skills and
others, small or no changes? | hypothesized that these differences were due to:
the amount of R&D and concurrent technological change, the amount of invest-
ment in plants and equipment, and total growth of sales. The results, which sur-
prised me, were quite good. It turns out, as the evidence in the paper shows, that
each of these factors counts a lot—explaining 64 percent of the change in coef-
ficients (defined as the summation of the absolute value of difference in coef-
ficients between 1950 and 1960). It is possible then to identify industries with
likely future changes in skill structure.

In this discussion. 1 will skip the estimates of the supply schedules of young
persons to occupations in Table 8.4. I believe that other experiments reported in
The Labor Market for College-Trained Manpower (Harvard University Press. 1970) and
various succeeding papers, cited in the Freeman-Breneman paper. provide
superior estimates and tests of supply responsiveness, using better data,
measures of variables, etc. The only point is that the supply analysis does hold up
in the framework and data of this model also.

Finally, ! conclude by examining the value of my demand-shift variant of the
fixed coefficient model to explain the “Griliches’ relative wage puzzle.” Griliches’
puzzle was that, despite the enormous increase in the numbers of college
graduates in post-war years, their wage was virtually unchanged relative to that
of other workers. My explanation is twofold: first, during the 1950’s and 1960's
when the supply of college workers was increasing, so too was demand, as es-
timated by the fixed coefficient index. During the period covered by Griliches’
data, changes in industrial mix increased demand by roughly as much as supply
was increased by the inflow of new college graduates, preserving wage ratios.
Second, I present dita that shows substantiai declines in the ratio of college star-
ting salaries to average earnings after 1969—the dissolution of the puzzling
fact—when supplies continue to grow while the relative demand index leveled
off. The regression estimates show that the changes in supply and demand ac-
count for the bulk of the time path of stability and changes in income ratios.
Because | believe these changes to be extremely important, lintend to come back
to this answer to the puzzle jn future work.

s The lesson of the paper is that fixed coefficient models, treated as estimates
of shiftsin demand schedules. do providea good fix on shifts, and thus on changes
in employment and income. This does not mean, however, that if one is interested
in particular occupations such as engineering or physics or chemistry the ap-
propriate thing is to use a giant fixed coefficient model of the type analyzed in the
paper. Far from it, if one is interested in a specific occupation. one wants to use
much more information—about elasticities, which can differ greatly among oc-
cupations; about wage changes, which canalter the position of a particular areain
the income structure greatly (as in physics in recent years); about possible
technological developments; and so forth—than is available in an industry/foc-
cupation matrix. Time series data should be employed, along with changed cross-
section data, possibly along lines described in the Freeman-Breneman paper.
Moreover, to be useful for policy, it is necessary to tie both the demand and sup-
ply sides of the market to particular policy control variables, which is absent from
the usual projection models and makes them not very useful for many people. As
estimates of shifts in occupational demand schedules due tochangesin industrial
mix, the fixed coefficient models are useful but much more is needed toincrease
their value in economic and policy analysis.
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Thomas J. Kennedy, Jr.. M.D.
Associate Director, Program Planning and Evaluation, National In-
stitutes of Health*

The NIH was called upon by Office.of Management and Budget to justify
future expenditures for its biomedical research training programs in 1969. Two
lines of argument were developed: demand predictions based onrelatively simple
mathematical models, and justification based on policy considerations.

" Figure 8.1 shows the basic conceptual framework for discussing research
training. It attempts to illustrate the flows of individual scientists into and out of
the pool of biomedical research manpower. This pool is expanded by the entry of
scierttists and research-trained physicians from graduate schools and medical
schools. For physicians, there is a substantial “leak” from the pool into medical
practice--with or without part-timeteaching—of probably no less than 6 percent
per year; by the age of forty or so, after ten to fifteen years of research and often
after an individual’s creative research peak has passed, many physicians shiftinto
an alternative socially productive and economically.rewarding career. In this
sense, medical research for physicians has not been professionalized and the
social problem of maintaining themin research, when theirsesearch productivity
begins to wane, does not exist. No comparable alternative career path outside
academe could be identified for academic doctorates.

Figure 8.1
Training Pipelines into Biomedical Research, 1971
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Future demiand based on the dynamics of turnover of this pool was cal?ulated
under a variety of assumptions and the predictions were used as a basis for
justifying .research training expenditures. There is no evidence that the
demonstrated continuing demand for research sci* ntists, reflecting a predicted
steadying but small increase in Federal obligations for biomedical research, was
convincing to higher level policy-makers. .

In terms of the policy aspects of this question, our analyses led us toconclude
that:

® NIH. since its contributions to the total cost of graduate trainingin the
biomedical sciences was relatively small, could not controt or probably
even critically modulate the number of doctoral degrees awarded.

*  The NIH would have to take an unacceptable riskif it were to attempt to
fine-tune the distribution of doctoral candidates and doctoral awards by
sub-field, sub-discipline. or sub-specialty. The rapid pace of research,
combined with the long period required to complete training, accounts
for the difficulty in forecasting the need for'scientists by discipline or
field of science.

® Prevailing policies and practices of the NIH with respect to its training
program exerted their major effect with the provision of assistance to
high quality training sites, enabling such departments and institutions
to offer a thoughtfully organized training experience to graduate post- -
doctoral students. : )
Y
The position that emerged from this line of analysis was to assign to Federal
support the role of sustaining and improving the quality of the training ex-
perience in institutions which awarded doctoral degrees and provided postdoc-
toral training. Thus, the nature of the competition for training grants should be
on the excellence of the training experience provided. Again, this argument did
not win enough votes to recommend continuation of the NIH's biomedical
research training programs.

The several years during which I was preoccupied with this problem of train-
ing led me to some personal conclusions-—emphasize the personal; [ would not
wish to have these views considered the official views of the NiH:

® Federal support for training and the magnitude thereof ic more a value
question of appropriate Federal role than a number question based on
supply-demand considerations. Quantitative predictions about need
may vary over a wide range and yet have complete intellectual respec-
tability. This is because the systemis complex, the rate processes are dif-
ficult to quantify, and the parameters to which estimates of demand are
sensitive {e.g., F%;.'deral research expenditures) are highly unpredictable,
etc. If the battle for Federal supportof training is waged on the ground of
supply-demand predictions, equally credible numbers justifying high or
low investments can be derived by advocates of any predetermined posi-
tion.

»  Another objection to the use ot demand forecasts relates tooperational
consequences. Even if future demands could forecast with a highdegree
of precision, how could supply be matched toit in practice? How, for ex-
ample, would the 200-odd universities which award doctoral degrees in
physics mesh their efforts to produce 1,347 {or any other precise
number) doctoral awards in 19797

163

167




I would wonder if Federal support of traitiing qua training should not dis-
appear as a line item in the budget. If there areimportant Federal objectives tobe
achieved—and I, for one, believe that improvement in the quality of the training
opportunities offered gradudte students is a most important one—a mechanism
that does not rely on head counting should be employed. One device might be to
provide funds for such purposes coupled somehow or another to the success of a
department or institution in competitively securing Federal research supportina
given discipline or field of science, on the assumption that the most meritorious
research environments are the best for training graduate students.

<
Hugh Folk

Director. Center for Advanced Computation
University of Blinois

First, some brief comments on Dr. Freeman’s paper. The special occupational
groups that we are concerned with may have different supply characteristics, and
these may not be as elastic as low-skill occupations. But the principal conclusionis
correct, and it is extremely important: occupational structures are more variable
than wage structures. That makes the task of predicting demand easier in the
sense that we don't have much information on wage changesor the elasticities of
demand with respect to wages. Therefore, the very limited help that we do get
from the fixed skill coefficients can permit us tomake some rough predictions of
future demands of various occupations and industries.

In regard to Dr. Falk’s paper, I with to disagree on a number of points. His
paper attempts to answer an exceedingly important question. “Is the outlook for
Ph.D.’s in science and engineering a catastrophe, as shown by the basic model, or
js it merely to be a disaster?” Falk’s basic model is the good old mixed integral
finite difference model which tries to deal with a dozen ot more variables and a
number of trends.

Specifically, | disagree with'several procedures. The useof double-weighting
for the last five years in a study that covers the last ten years, emphasizes the
market sititation. and explicit market adjustments elsewhere jn the model might
then constitute double counting. | hope that we have seen the last of these basic
models and that henceferth we will be concerned with market models.

In the supply side of the market model, my first objection to making theentry
rate of baccdlaureatesinto graduate school dependent onthe utilization rate is a
fairly narrow mathematical one. The limit of the entrance rate in the market
maodel approaches minus infinity as utilization goes to zero. This would beunfor-
tunate: we can’t reverse the process and make Ph.D.’s into bachelors.

The definition of underutilization is a problem area also. If the utilization
rate is utilization divided by the supply of the entire stock of people, and if
utilization excludes those who are’ working in some nonscientific field, then the
rate is likely to be too high. A better measure of under utilization would be the
propartion of Ph.D.%s earning less than, say, the average manufacturing wage, or
the average wage of bachelor’s degree holders in a particular field. If you actually
have, as you do in education, a negative rate of return on investmentingraduate
school. that is a real measure of economically significant underutilization; in
other words, an advanced degree is not necessary to teach in primary schoolorin

high school. 16 8
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Market models ieed to includé an attrition rate which reflects the balance of
supply and demand. 1 the academically-dominated professions such as physics
(where people are forsed out or encouraged to leave as a reflection of the balance
of supply and demand), the attrition is going to be greater than it will be in com-
puter science where there is an excess demand. ’

_ On the utilization side there seem to be inconsistencies in the NSF models.
For example, the four-year institutions are assumed to have increasing student-
faculty ratios. The junior colleges are assumed to have decreasing student-faculty
ratios. This seems unlikely to occur since both kiqﬁofjnstit utions are facing the

same kinds of economic pressure. *'aéf :
- " T

The assumption that openings due to growth ahd replacement in science and
engineering facilities and industrial staffs will be i:’fcreasingly filied by Ph.D’s is
peehapsngicorrect. In order toachieve their affirmézive action goals, MStitutions
will be required to hire non-Ph.D.’s because the pooldf Joctorate-holding women
and minority candidates is so small. Forexample, in Griges v. Duke Power Companyit
was established that you cannot impose an educational réquirement for ajobun-
less you prove that that education is necessary to perforr;a the job. Now if anyone
cares to prove that you have to havea Ph.D. to teach in awuniversity, then they'd
better not have any non-Ph.D.’s teaching in that univers.ty. When the chips are
down. universities will be required to hire non-Ph.D. veachers to meet their .
affirmative action goals. This means that enrichment is riot likely tobe the case.

General Discussion

During the discussion that followed the presentations of Drs. Freeman.
Kennedy and Folk, these points, some of which are at variance with each other,
were made:

®  Students use wage figures as indicators of the state of the labor market
rather than as concrete future earnings. The average wage isless sig nifi-
cant than the student’s conception of where his abilities and knowlege
will place him with respect to that average.

¢ The National Merit Scholarship Corporation asked essentially that
question (of dispersal around the average wage) of college juniors and
seniors and received a wide range of occupational choices with a very ac-
curate distribution of incomes for them. Those students chose a wide
range of expected average salaries in 2 way that suggested that theiroc-
cupation choice did not depend essentially on future expected income.

¢ Students would have more use for projected annual or career earnings,
for various jobs. instead of projected manpower needs in those oc-
cupations. What students are interested in is the lifetime profile of in-
come.

® Science students who expect to enter industry perceive their future
quite differently than those who will enter academic life, so the two
groups must not be lumped together. Also, because wages are often not
the main driving force in leading students to enter a field, projections of
supply must reflect this fact.

¢ Itissimply not socially acceptable in answering questionnaires to say. “l
am motivated by money.” But, money factors should not be un-
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derplayed:it is a factor in choice, an obvious driving factor. People speak
of alienation, but settle for dollars.

® DProfessionals do not accurately pe;‘céive where their career will lead
them, in terms of eventualincome. They perceive the first five years or
50 accurately, but not the years beyond. T e

¢ Dr. Freeman’s conclusion that supply is very sensitive to small changes
in wage is in disagreement with thewiews of some persons. The discus-
sion included opinions, without citations to results, and the point was
not resolved.

The formal paper prepared by Richard B. Freeman for this session appears below.

Manpower Requirements and the Skill Composition
of the U.S. Work Force

Fixed coefficient manpower requirement models, which are the basic tool of
manpower forecasting, have been severely criticized. The absence of substitution
between various types of labor skills is often cited as a fatal flaw, especially since
econometric evidence suggests that elasticities are quite high.! The neglect of
labor supply behavior is another well known weakness of the approach, which
has led many analysts into simplistic forecasts of impending shortage or surplus
crises.? Yet another problem has been the close link between requirements
methodology and rigid educational planning.? As a result of these problems, re-
quirements models and, more generally, the demand-side determinants of the
composition of skills and income have been overshadowed by human capital
models of individual investments in skill.

This paper seeks to redress this imbalance and reconcile the requirements
and price-theoretic approaches to the analysis of labor skills. Section one argues
that the fixed coefficient model is best interpreted as a tool for analyzing shifis in
demand schedules inthecontext of a simple supply-demand model, rather than as
a device for forecasting manpower ‘needs’ or employment. The validity of the
model depends not on the elasticity or inelasticity of demand foriabor, but rather
on its ability to track shifts in demand over time. Secticn two presents empirical
evidence that a detailed requirements model of the U.S. work forcedoes, in fact, a
reasonablygood job in accounting fordifferential shiftsin thedemand for laborin
228 disaggregated occupations, given changes in industrial employment.
Paradoxically in view of the tie between the requirements methodology and rigid
planning models, the requirements analysis also provides a good fix on actual
changes in em ployment, not because demands for labor are inelastic, but because
supplies are elastic. THhis section also examines intra-industrial changes in skill
composition, using revealed preference index numbers to show that changes in

1 Sec. m partcular Bowles, Plannmg Eduation far Ecanomn Growth (Harvard Unaversity Press) 1969,
Pougherty, “Subsutution and the Structure of the Labor Force,” Economy Joursal. 82, 170-182. Blaug.
“Approaches to Educavtonal Planmng.” Ewowomte Journal, 74, 202-287. Blitzer. "Employment and
Human Capual Formanon in L Taylor. P. Clark and C. Blitzer. eds. E:aname Wale Modtls and Devrdoprrent
Plamting (Oxford).

= Neglect of supply behavior 1s ¢ntiaazed in Freeman, R and Breneman. D, “Forecasting the Ph.D
Labor Market: Datfalls for Policy™ (Natonal Board of Graduate Education, 1974}

Y See M| Bowman, “Education and Manpower Planning Revisited.” QECD {DASIEIDI69 10},
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the structure of employment within industries are affected by substitutions due
to rising wages as well as by exogeneous changes in the tech nological coefficients.
The final section turns to the puzzling constancy of relative income differentials
by level of education in the U.S.! In the context of the requirements model this
wage patternis explicable by changesinindustrial mix that raised the demand for
high-level labor by enough to counterbalance 1}« increases in supply of post-
World War 1l years As the relative demand for the highly educated has begun to
slacken at the outset of the 1970’s, the analysis predicts a narrowing of income
differentialsin the future, and some preliminary evidence of sucha development
is also given.

1. Supply-demand framewo:k for requirements calculations

% Standard manpower requirements analysis applies the fixed coefficient
input-output model to the labor market, under the assumption that labor skill
coefficients within industries are fixed and can thus be estimated by past levels.
The model directs attention to the role of autonomous changes in industrial mix
in altering the demand for various types of labor skills. Formally, if Di is the
number of workers in occupation i, Ni, the number in industry-j and aij the
proportion employed in j having skill i in the base period, the model can be
represented as:

(D = %aiij = ?ai;(Nj;Oj)Oj
where Oj is the output in the jth industry and Ni/O) total labor requirements. In
logarithmic change form, this becomes:

@Di=% yi= 2 &0 + vy O]
where dots refer to percentage changes and Yiiis the proportion of workers in oc-
cupation i employed in the jth industry.s

In this paper equation (2) is treated as a conditional predictor of shifts jn the -
dema)nd for skill i in a three equation model, withdemand schedule (inlog change
form

@ Li=b-mW
and supply schedule
) i.;f* = éi +eiW
where L; = log-change in number demanded
N} = average elasticity of demand for ith occupation
W, = change in wages »
Lf = log-change in number supplied
€i = elasticity of supply
Si = exogenous changes in supply, due, say, to demographic developments
I_Wuz—zle is stressed by Griliches m, “Notes on the Role of Education in Produchion Funchions
and Growth Accounting.” mn W Lee Hansen, ed , Education, Imom® and Heeman Caprtal. National Bureau of

cconomic Research, 1970.

*Since ay = NyN, where Ny = number of workers 1n ith occupation and jth industry. when
we take percentage changes ADYD, = Saydl, =
1,

I NpdN = 2 Ny Ny pAM N,
N, 1B '

Itss imporiant lo nole that whereas the oy give the distnbution of workers 1n the thoindusiry among
occupations, the y, gives the distnibution of evorkers 1n the ith occupation among industries.
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For simplicity, the analysis focuses solely on developments in a single occupatio
though extension to the case where wages changein other accupations. inctudit
supply and demand cross-effects, is direct.

The solution of {2)-(4} is a relation between the forecasted change in mai1
power requirements {and supPly) and employment or wages in the ith cccup.

tion: .
5y Li = (ei 2j‘rij'l:ljJrnif%i) ! (ei+ni)

6 W= ( By $)/Cei * ni)

Equation (5) shows that holding supply fixed (Sj = o), the fixed coefficient mode
will forecast employment perfectly for any given shift in demand for labor wher
either the elasticity of demand is zero or the elasticity of supply is infinite. With
finite non-zero values of both parameters, Dwill exaggerate theeffect of shifts in
demand on employment due to the neglect of economizing behavior. Given
outside information about relative elasticities, however, it would be relatively

simple to correct for this effect.
Empirical applicat jon

This study applies versions of the augmenfed requirements model (2)-(4) to
two types of data: Changed cross-section comparisons of over 200 3-digit oc-
cupations jn the U.S.; and time series evidence on the relative position of college
graduates. Since the changed cross-section data measure the relative positions of
various occupations in two time periods, strong simplifying assuinptions are
needed to apply the model. First, to estimate elasticities from these data, it is
assumed that all occupations have the same elacticity of demand and that the
elasticity is unaffected by the industrial structure of employment. Second, in the
absence of data on which occupations are especially good or poor substitutes for
other, the calculations contrast wage changes in each to the average change in the
entire sample, implicitly assuming that there are no particular interconnections
among them.s Third, since the purpose of this paperis to examine the fixed skill
structure model, the factors that determine industrial output and employment,
including feedback from wage and related labor market developments. arealsoig-

nored. Industrial employment is taken, as is usualin requirements work, asgiven .

from other parts of a larger economic model. All of these assumptions are restric-
tive and, given additional information, should be relaxed. In one sense, they are
the price that is paid for the large number of detailed occupations covered in the
analysis.

2. Changes in th= U.S. skill structure ’

The augmented requirements model (2}-(4) is applied in this section to
changes in occupational employment in the U.S. in the 1950-1960 decade, using
data on 228 detailed 3-digit occupations from the U.S. Census of Population. To
calculate the requirements shift in demand, an industry-occupation matrix was
estimated from Census data for the base year 1950, using 142 detailed industries.
Skill coefficients were computed by dividing occupational employment by total
employment in each industry. Following equation (1) the coefficients were then
mijltiplied by the number of employees in the industry in 1960 and summed
acfoss industries to yield a ‘manpower requirements’ prediction for 1960. The
logarithmic difference between this figure and actual 1950 employment is the

o This is a first-order approximation which will be improved in later work
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measure of predicted change in employment. A similar computation for 1940 is
made by ‘backwards projection’ with the 1950 industry-occupation matrix,
producing a statistic which is used to indicate gradual changes in average skill
coefficients in years past. This statistic (T, for technical coefficients) will positive-
ly affect demand in the Ffifties if the same patterns of change in coefficients con-
tinue in a positive autoregression manner.

Changes in the supply of workers to each occupation (Si) are estimated by
applying the 1950 sex and education distribution of workers by occupation tothe
1960 number of workers in the relevant category. Additional data onincome, un-
employment. and related statistics were also obtained and used to estimate
equations (3)-(6).

Changes in the occupational structure

"The overall pattern of change in the occupational and industrial structure of
the U.S. work force in the decade under study is examined first in Table 8.1,
which reocrds the logarithmic changes and standard deviation of changes in
employment and income.

Table 8.1 .
Logarithmic Changes in Employmement and Income
in the U.S., by Detailed Occupation and industry, 1950-60

Logarilhmic Changes in

Employmaent Income
Mean Standard Coefficient  Mean Standard  Coefficient
Deviation pf Variation Deviation of Variation
. (1} (2 {3} (4) (5) (6)
Occupationial Changes
Average. 228
occupations .. 085 A12 4.35 46 .086 18
Ten fastest
growing ...... 1.250 - - .58 - -
Ten slowest
growing ...... -.B868 - - .46 - -
Industr’at Changes
Average, 142
indusiries ..... .140 .290 2.07 52 .0a2 16
Ten fastest
growing ...... a7 - - .81 - -
Ten slowest
growing ...... -.45 - - 51 - -

Sousce Data calculated Bom U S Centus o PoPulation 1950
Ingustreal Charactensues PE-No 10
Ocecup ' Ch PE.NG 18
Ocoupation by Indusity PE.NO 14

U5 Census of Paptiation 1960
Industrial Charactenshcs PO - 77
Deccupatmal Charattensnes PCi2) - 74
Occupanon by Industty PCG2) - 70
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What stands out in the table is the enormous variation in the change of
employment. The ratio of the standard deviation of the change in employment to
its mean value is over 4 in the case of occupations and over 3 forindustries. Inthe
ten fastest growing occupations, employment increased by roughly 125 percent
compared to a decline of 87 percent in the slowest growing; among industries, the
differentialis similar, +77 percent versus -45 percent. By contrast, the coefficient
of variation for the change in incomgs is relatively modest, on the order of one-
fifth, and while income increased @ss rapidly in slow-growing than in fast-
growing occupations or industries)'the difference is only about 10-15 percentage
points. The occupational and industrial structure of the work force is, it is evi-
dent, much more variable than the wage structure —a pattern which could bedue
either to: substantial changes in demand for labor along elastic supply schedules;
or, alternatively, substantial shifts in supply along an elastic demand schedule.
Ensuing empirical work strongly supports the elastic supply interpretation and
cuggests, in general, that the supply of workers to occupations is relatively elastic
and stable, while the demand for labor skills js more dynamic or unstable and less
elastic with respect to wage changes.

Regression estimates b

Regression analyses of the reduced form relation between shifts in demand
for labor skills, estimated by the requirements methodology, and actual changes
in employment in the 228 occupations under study are'contained in Table 8.2.
Panel A deals with logarithmic changes in employment. with observations
weighted by the number of workers in thecoccupationsin 1950; panel B presents
results with absolute changesin shares of employment as the dependent variable.
In addition to the demand (D) and supply shift (S) variables, the difference
between 1940 actual and predicted employment (T) and the 1950 level of employ-
ment (Lo) are entered as explanatory variables. Lines 1 and 4 of the table show
that, by itself, the requirements calculations give a reasonably good explanation
of changes jn employment, accounting for 44 percent of the log changes and 55
percent of the share changes in employment. The other variables introduced in
lines 2 and 4 also affect employment in the expected manner, with T and Sraising
employment and the larger occupations having a modestly smaller log growth
than the smaller occupations, When, moreover, the sample of occupations-is
reduced to focus on those for which occupational definitions change least
between the Censuses (line 3) or increased to include agricultural occupations,
where the industrial-occupation link is virtually one to one (line 6), the ex-
planatory power of the model is enhanced. Finally, additional experiments with
other specifications—involving unemployment, weeks worked, and the like—
yield similar results As a first approximation the requirements and augmented
requirements model do a tolerable job in accouting for changes sn occupational
employment.

Table 8.3 pursues the analysis of demand a step further with two stage least
squares regression estimates of the struciural demand equation of the model, us-
ing the average full-time wage and salary income of men and women as the first
stage measure of wages. The mean years of schooling ir each occupation and the
inverse unemployment rate are entered as additional explanatory variables tosee
whether or not, even with inter-industrial shifts in demand fixed, there was abias
toward more cducated occupations in the fifties and whether employers altered
their demand for skills toward those with excess supply, wage incentives held
fixed.
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Table 8.2
Growth of Employment, By Occupations

Regression Coefficiants and t-Statistics

Equation N . .
Number  Constant D T 3 Lo 2t
Panel A: Loganithmic Equations
1 -.064 1.1% 44
{13.0)
2 088 1.00 ) 37 -.013 .49
{9.86) (3.50) {2.72) (1.70)
3s 077 0.94 013 0.18 =017 .68
{7.26) {2.55) {0.66) {0.04)
+ Pandl B: Share of Employment Equations
4 077 0.80 55
{16.43) .
5a 0.15 1.28 008 012 : .65
{14.04) *(4.29) {5.52)
-1 0.16 097 0.08 004 .78
{28.25) {3.76) {3.63)
i Pérentheses are i
) sampl icted to whoso detirition dig
nol change from 1940 1o 1950,
b} sample including agncuttural occupstions.
Source: Basic data from U § Censua ol Populabon 1940,
1950, a..d 1960, 45 in Vable 8 1.
Table 8.3 .
Structurat Demand Equations
Equation . R . .
Number Constant w D T YRSs 1/{UNE) 1 R?
1 0.12 -0.64 0.97 0 0.02 A8
{1.06y + (3.00) {8.90) {3.38) {2 19)
2 0.04 -0.61 0.93 010 - 0.03 -0.28 .49
{0.31) {2.81) {8.44) {3.09) (297 {1.99)
ble 15 log-chahge 1n eMmployment: equa-
Wwon esnrnatec by two-Stage least squares Numbers o

are ¢ Wages are obtained as a
welghled svérage Of the wages of men and women, usinglhe
sex composibon of 1he OCCURDiON 8 weghts
8} Mean Years of Schooling i occuPaton
bl Inverse ot rate of unemPloyment i ocouddon 1n 1950
Sourc See Tab'e B2
The principal fin'ding of the regressions is that both the requirements shift
and wage variables have their exp:cted effect on changes in employment, with D
obtaining an approximately unity coefficient, and W an elasticity on the order of -
" .6. In addition, the past ‘change in technical coefficient’ (T} has a significant
positive effect, indicating that despite the peculiarities of the 1940-1950 decade,
occupations that had greater than predicted increases in demand then also ex-
pertenced greater increases in the fifties. Finally. years of schooling obtains a
positive regression coefficients.revealing a shiftin demand toward more educated
occupations, al] else held fixed, while the inverse unemployment has a negative
impact on growth of empioyment, suggestmg some independent effect of the un-
employed pool®n demand. -
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The relative importance of shifts in demand and movements along the de-
mand schedule due to changesin wagesin the differential growth of accupational
employment can also be estimated from the regression results. Multiplying the
wage and D coefficients by their standard deviations to obtain the relevant B-
weights yields .03 and .23, respectively—indicating that requirements shifts are
more important explanations of differential expansion of demand for labor-skillg(y
than movements along a demand curve, though the latter are also at work.

In sum, Tables 8.2 and 8.3 show that skill coefficients are sufficiently stable
for requirement calculations to provide a good measuring of decadal shiftsin the
demand for disaggregated labor skiils. Even so, however, there were significant
nonrandom changes in the coefficients withinindustries, to which we turn next.

Intra-industrial skill changes

To begin with, the amount of change in occupational structures varies great-
ty by industry. Measured by the sum of absolute values of d:fferences between
the 1950 and 1960 proportion of workers in each occupation (%1 Aai | forall;),
the data reveal substantial change in some industries (transﬁaortatton services
{.39) of fice machinery (.29} and aircraft (.30} and little change in others, such as
apparel {.03) or furniture{.07). Analogously, the direction of change also turns
out to vary greatly among industries, with, for example, office machinery ex-~
periencing a sizeable increase in professional employment (from 7.7 percent to
17.8 percent of the work force} at the expense of craftsmen while craft employ-
ment increased in the telegraph industry, and so forth. More interestingly,
despite the complexities of technological developments, the amount of change in
skill structures varies in a comprehensible manner. Industries that do a lot of
R&D work or have made considerable investment in new plant and equipment or
have been growing rapidly tend to experience the greatest amount of structural
change. In manufacturing, as the following regression shows, over half of the
variation in structural change by industry is explicable by differencesin R&D per
dollar of sales and in the ratio of investment to capital:

CSC=.06+.081/K+.12RDIS R2=53
2.40) {4.71)
where CSC = change in skill coefficient, 1950-1960: ? | Aajjl
11K = ratio of new investment, 1947-1958 to capital stock, 19477
RDIS = ratio of R&D spending to sales, 19574
numbers in parentheses are t-statistics

Addition of the growth sales {(S) also contributes to the amount of change in the
job structure, as would be expected if rapid growth requires changes in produc-
tion methods.

CSC =.05+.07 /K +.12RDIS +.05S R? = .64
{2.48) {2.44) (2.41)

" Investnient data are taken from U S Department of Convmerce Anmral Survev of Mamdacturers.
capilal stock, from Harvard Economic Research Project, 1947 capital stock data

¢ R&D 10 sales data taken from National Saience Foundation (NSF 64-9), wath adjustments for
difference between NSF and Census industry definttions The adiustments of allocated expenditures
to industries on the basis of their relative employment of scientists and engineers, arereported in the
Census
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While these data are not available for the entire 142 industry sample, a com-
parable measure of R&D activity—the 1950 ratio of scientists and engineers to
total employees in each industry—is highly correlated (r =.60) with the ensuing
decadal change in skill structures. We conclude that structural change within in-
dustries can be viewed as the outcome of research and scientific - technical work,
and other eronomic factors, which makes identification of industries with lkely
future changes in skill structures possible.

The extent of substitution due to rising wages in altering skill structures can
also be estimated from the industry-occupation matrices. To do this, the change
in industrial wage is decomposed into thren parts, due to:changes in the wages of
occupations employed in the industry (£i$;W ) vhere Sijsthecost share of occupa-
tion i in the industry’s wage bill in the hase nuriod); ‘autonomous chanses’ in skill
coefficients, at previous wage levels()-'isi&gj);and an interaction term (ES;Wia jj)If
each industry takes occupational wages as given and substitutes agalnst those
with the most rapid increases, the interaction term will be negative. In fact,
between 1950 and 1960, 103 of the 1942 jndustries had negative interaction
terms, suggesting a general pattern of substitution against skills whose wages
rise rapidly.

Supply of young workers

The supply side of the occupational labor market is examined next in Table
8.4, which records the results of regressing changes in the number of 20-29 year
old men, who were likely to have mzde career decisions in the fifties, on: Withe

Table 8.4
Changed Supply of 20-29 Year Old
Men to Occupations, 1950-1960

Regression Coetficients and 1-Statisficsa

Dependent Variable Constant W Lo Wo s® Esttech. @
1. Men, 20-29 ..ouenenne. -2.36 118 -04 030 080 OLS .21
{2.40) (257) (1.66) (2.83)
2, Men. 20-29 «eeuuennnnn. -2.25 369 -07 012 080 TSLE .11

(3.64) (3.54) (0.72) (2.39)
3. Men 20-29, t or more
years of college ...... -6.02 3.060 -.06 0.60 T™SLS .10
(3.14) (3.18) (4.87)
4, Men, 20-29, less than 2
years of high school -3.07 3.65 -.08 0.23 TSLS .12
(3.77)  {469) (1.54)

a) AN dependent and ncependem n kagant
or fog didlerence fonm

1] $ measured by 1aking a werghted avarade of the log
chandes n the number of a 20-29 year olgs wilh varying
levers o agucation, wilh wesghls £01 by the 1950 educatonal
distribution ol men by ogeuPalon

c) OLS « orcinary beast $Quares

TSLS = 1wo $1200 loag) Squares
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changesin income in each occupation: Lo the number of 20-29 year olds in 1950;
and the base Year (1949) income Wo. The latter term is designed to capture supply
responses to post-World War 1l disequilibria in the wage structure. Regressions 1
and 2, dealing with the entire 20-29 year old group, include a measure of
‘autonomous changes’ in supply, based on the educational distribution of the oc-
cupation; regressions 3 and 4 focus more narrowly onmen with seler? ~d levels of
education. The key resilt of the calculations is that changces in wages were impor-
tant in directing young men to various occupations, with anelasticity above unity
in OLS computations and ranging from 3.5 t0 4.0in TSLS regressions where Wis
endogenous. The other estimated coefficients show only a small effect for the
lagged number of persons in the occupation dnd a moderate response to initial
wage différentials. Changesin the relative suPply of young men to occupations—
the ultimate determinants of the long-run supply of workers—this appears to be
quite elastic with respect to wages, making requirements calculations applicable
to cross-sectional changes of the type under study.

2. Changes in relative incomes, 1949-1973

This section applies the fixed coefficient model of shifts in labor demand to
the Griliches'’puzzle’ of relatively constant or rising« fucationalincome differen-
tials in the U.S. It shows that the relative income of highly educated workers was
maintained in post-World War Il years by an increase in relative demard due to
changes in the industrial structure of employment. At the outset of the 197% s,
demand began to level off while the supply of educated manpower continued to
increase, causing previously stable income ratios to decline.

Salaries, supply and demand

+ Table 8.5 presents the basic time series evidence on changes in skill
differences, relative supplies. and demand for highly educated workers inthe U.S.
Column (1) records the ratio of the income f college graduates to high school
graduates; column (2} gives the ratio of the more volatile starting salaries of
college men to average wages; columns (3} and (4) show the relative supply of old

_and new college graduates; and finally, columns (5) and (6} ¢ive the ratio of a re-
quirements index of demand for college graduates, obtained by weighting
employment in 46 industries by 1960 proportions of college workers, to the com-
parable jndex for high school graduates and all workers. The table shows that the
relative income for all and starting college graduates rose in the 195C"s-early six-
ties: despite increases in relative supply—the puzzle requiring explangtion, It also
shows, howevar, that relative demands increased {columns 52nd 6) and that both
relative salaries and demands began to level off or decline at the end of the decade:
with the ratio of starting salaries to average wages (column 2) falling sharply at
the outset of the 1970s.

Taking the supply of college workers and the requirementsdemand as given,
the role of supply and demand shifts in the educationalincome differential can be
evaluated by least squares regressions of the differentia! on the relevant supply
and deniand variables. When the ratio of college to high school graduatesincome
is used, the sample is limited to 14 data points; with ratio of starting salaries,
every year from 1948 to 1973 can be used. The results of the regressions, sum-
marized in Table 8.6, suggest that shifts in labor demand due to the changing mix
of industrial employment were, as asserted, critical in raising or maintaiming the
college-high school differential in the faceof rising supy lies. In line 1, thedemand
index has a significant positive effect and the relative supply variable a modest
negative impact on salaries. In line 2, where the more sensitive starting salary
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variable is used and the number of observations increased, the results are
stronger. Even here, however, the coefficient on the dermand shift and supply
variables are not equal in magnitude, as would be the case in a perfectly specified
model. This proviso notwithstanding, the puzzling ‘pattern of college-high
school income ratios appears to be resolved by taking account of shifts indemand
in the augmented requirerments model. Analysis of the factors underlying the
shifts in industrial employment and output, which range from changes in the
demographic composition of the population to Federal R&D spending to differen-
tial income and price elasticities, lies beyond the scope of this paper.

Conclusions

The findings of this paper can be summarized briefly: {1} fixed coefficient
manpower requirements calculations are best interpreted as conditional es-
timates of shifts in labor demand schedules in the context of standard supply~

Table 8.5
Relative incomes, Supplies and Requirements
indices of Demand, by Level of Education

Ratio of Ratio of Ratios of Ratos of

College College Employment Demand Indices

Grad. to  Starting

H.S. Grad.  Salary
Income to Ave. B.A.to
Earnings? College Total College  College
Grad. 6  Employ- 10* to
H.S. Grad. ment H.S. Total
1950 ........... —_ .09 - 0.75 86 B7
1852 ........... - 1.00 — 0.53 .80 .86
1954 ........... —_— 1.10 —— 0.43 :]| .90
1956 ....iieuias 1.37 1.14 37 0.44 03 g2
1958 ........... 1.35 1.19 38 0.53 98 97
1961 ........... 1.39 117 40 0.54 102 1.02
1963 ......... 1.33 1.19 44 0.58 1.05 1.05
1965 ......o.... 1.41 1.18 45 0.67 1.08 1.08
1967 ........... 1.45 124 46 0.72 1.12 113
1969 ......ueues 1.45 1.24 A7 0.87 113 1.14
1970 ...l .45 1.22 48 0.95 115 1.17
wno. 1.44 118 .49 0.99 1.7 118
1972 covviena .. 1.43 1.13 50 1.00 1.18 119
1973 ... 136 1.09 52 1.01 119 121
3) cakutated s weighled G0 of $1arLAG Salanes of

enginéenng  ACCOuntdnl  Salgs and Denerdi DUSINGss

Fametd
Incomes ¢ COWmn ¥ a1e TAU0S Of midhan WCOmes 01 men -
wilh 4 Of mOrg Years of ¢OlIBGe 10 mon with & Years ot hgh

school
Sources US Bureas ol Centus Cusment Poputanon
Rapdius Seies P-6) ed US Dep "

of Commerce Survey of Curent Business 10r average
earrangs F Endwon Trands w ine Employment of
Colloga ang Unwortily Geadugiaes v Busmess and
ngusiry  Weeghts dor indicies trom US Census of
Populahon 1960 Indusinal Characieishcs
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demand analysis. Requirements do a reasonably good job of estimating decadal
demand shifts for disaggregated occupations and, because the supply of laboris
relatively elastic, of employment as well. (2) While skill coefficients are sufficient-
ly stable for the requirements model to work. there is a discernable pattern of
change in coefficients among industries. In the 1950-60 decade, industries that

- did considerable research and development, made substantial investment, or ex-

panded rapidly had the greatest change in skill coefficients. Ingeneral, industries
also tended to reduce employment of occupations with rising wages. (3) The post-
war pattern of change in educational income differentials can be explained in
terms of requirements shifts in demand and changes in the relative supply of
highly educated workers. As supplies increased rapidly at the outset of the 1970
and relativedr  nd for college workers levelled off. the relative starting salaries
of graduates began to fall rapidly and the relative income of all college men
dropped modestly. The implication for the future is that, unless the number of
students going to college falls or demand begins to increase at the rapid rates of
the 1960, the college-high school premium will fall.

Table 8.6
Regression Estimates of the Effect
of Shifts in Manpower Requirements and Supply on the
Relative Incomre of Cotlege Graduatesa

Reiative
Demand Relative
Dependent Variablew Constant index Supply R
1. income, college o high
school men, 1956-1972¢ . -2.69 B7 =41 63
(.60 {.45)
2. Starting salary. college men
to average hourly earmings.
1948-1972 «vvinnivninnnnns -9.35 B1 =16 84
{.08) {.04
al Humbers 10 Dar eniheses are standard erears ol eshmate :
b} All dependent vaaabres are 1 10ganthmic fwm
£} Exciudes 1957 1950 due 10 absence of data
Saurce Sec TavleB 5
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9. Scientific Manpower Forecasts From the Viewpoint
of a Dismal Scientist -

This chapter is based ont the oral presentation of Dr. Oi and on his paper. The lead dl's;tussanls were
Herman Travis, U.S. Department of Labor, and Lewis E Solmon, National Research Council.

Walter Y. Oi:
Visiting Senior Research Economist, Industrial Relations Section
Princeton University™

As the title of the paper suggests, these remarks follow in the tracks of
Malthus, Ricardo, and Adam Smith. In reviewing the literature, the whole de-
mand, market response to the demand, and other issues were considered in the
context of an economist viewing a commodity, that commodity being forecasts.

Societies have always sought information about the future. Important public
and private decisions about the allocation of our resources are based on forecasts,
and presumably better information about the future can lead to a better alloca-
tion of resources provided that the information is reasonably accurate. If the in-
formation is not correct at least 70 percent of the time, the actions that will be
taken in light of the predictions will tend to destabilize rather than stabilize the
system under consideration.

The forecasting industry has indeed been one of our growth industries over
the course of the last two or three decades. However, the products are
heterogeneous. Tl : forecasts are very different in quality. Professor Folk has
pointed out one common attribute of projections, predictions, and conditional
forecasis, and that is they are used as forecasts. Despite the label, policy-makers
will use them as predictions.

Scientific manpower forecasts are not only part of the many forecasts
demanded by the public sector. Why does the public sector demand forecasts?
There are at least three reasons that help to explain this public demand. First,
benefit-cost analyses of capital investment projects with long pay-out periods
must rely on forecasts t0 measure the present value of beneifts. Second, evalua-
tion of a government agency is typically accomplished by compiling massive
quantities of data. The availability of these data greatly reduce the costs, and
when the “price” of a forecast is lowered, theye is a rise in the quantity of forecasts
demanded. Third, it has beenemphasized by Kenneth Arrow! that informationis

" Present oddress Graduate Sthoul of Management, Univeraity of Rochester, Rochesier, New
York Co
3 Armows KT “The Orgamzanion of Economuic Activily Issues Pertinent to the Choice of Market
vs Nonmarkel Allocation.” in The Analuses and Eealvation of Public Expeditares  The PPB Sustom, joint
Econonmic Commutive. Vol 11U S Covernment Printing Office. Washington, D C L 1969 pp 4704
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acommodity unlike other commodities in the sense that once produced thecost of
disseminating the information to another party is virtually zero. Therefore, once
produced, information should be widely disseminated. If left to private markets,
not enough information wili be produced. Thus, according to Arrow, it is the role
of government to provide information about future states of the world.

When it comes to manpower forecists, a number of other rationalizations
have been developed on why we need more and better forecasts. Some of these

-are:

1. Forecasts are needed asa part of a manpower planning system tobalance
supplies and demand.

2. Forecasts are needed to help us formulate public policy.
3. Forecasts are needed to provide information to students.

Implicit in these many reasons for needing scientific manpower forecasts are
a number of hypotheses which do not appear 1o have been empirically validated.
For example, in the absence of publicly supplied manpower forecasts and policies,
the labor markets for trained scientists will be inherently unstabie with recurring
cycles of manpower surpluses and shortages. This is the so-called “cobweb” that
Professor Freeman talks about.

It appears that the eyidence which Freeman cites is contradicted by the data
supplied by Professor Folk. it seems that the question of whether or not labor
markets are inherently unstable has yet to be resolved. Yet instability-of {abor
markets is one of the rationalizations for more forecasts.

Three Xinds of Forecasts

We are interestedin theinformation content of three kinds of scientific man-
power forecasts: (1) the academic requirements for new doctorates, (2} the man-
power requirements for specific occupations, and (3) the supplies of college-
educated workers.

Acadentic requirements for new doctorates. Professor Allan CartterZ was the first to
dramatically illustrate the possible numerical magnitudes of the imbalance
between projected requirements and supplies of new doctorates. More recently
Balderston and Radner? have developed a more complicated model. Some com-
ments on these models follow, but a more complete treatment is given in niy for-
mal paper.

The model that is implicit in these projections is a form of a fixed coefficient
model Although Balderston and Radner disaggregate the systemnio six sectors
of higher education—public versus private, university, four-year and two-year
colleges—the essential features of the model are describec by a system of three
equations In the firstequation, the new doctorate requiremerts are assumed to

i Cartter. A M Screntific Manpowetfor 1970- 1988 * Scremce (Aprd 9, 19713 Val 172, pp E32-
140 )

* Balderson. FE . and R Radner “Academic Demand for New Pb 2%, 1970- 1000, Its Sensatavity
to Alternat.ve Iolhiaes.” University of Califoraia paper, p 26, 1971
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be some proportion P of the demand for new faculty with and without degree:
The second equatior: says that demand for new faculty arises from two con
siderations: {1) replacement defnand for those incumbent faculty members wh
‘retire or withdraw fromacademia, and (2) the net change, which js determined b
student-faculty ratios. The third equation states that the number of faculty i
proportional to the number of students.

If one solves these equations, a very simple reduced form jsotitained whict
can be approximated by equation 2.3{b) in the paper. One can then disaggregat«
the forecasts or projections of the academic demand for new doctorates intc
several components. This disaggregation shows that in all these tnodels the new
doctorate requirement depends critically upon three parameters—the marginal
doctorates/student ratio, projected student enrollment, and studentifaculty
ratio. Hidden in thisis the enrichment factor in the proportion cf new doctorates.

if one asks what information is obtained from these projections, jt becomes
quite clear that the informaticn we obtain is determined by what is assumed
about the three parameters described above. The reduced form equation shows
howrthe model is driven, and it appears that the so-called sensitivity tests become
rather trivial exercises. Thus, the information obtained is really what someone
else has projected about student enrollments together with what is assumed
about the marginal doctorateistudent ratio.

The BLS projections of occupational reguirements. Projections of manpower re-
quirements for specific occupations have been daveloped by the Bureau of Labor
Statistics for many years. The equations that are used to project industry employ-
ment cannot be interpreted as labor demand equations. They are naive, reduced-
form equations that totally ignore the fact that observed employment in prior
years was determined by the market forces of demand and supply. If short-run
supply is extremely elastic {implying that workers can easily shift from one oc-
cupation to another), there is little to be gained from projecting manpower re-
quirements for that occupation. Why worry about producing a requirement pro-
jection for an occupation where supplies can adjust to demand requirements very,
very quickly? The need is to get projections which can be potentially useful for
public palicy. '

The supply of college graduates. The implicit model ir all of the supply projections
of college graduates is simply a distributedlag function of population. It is claimed
that the intent of projections is to tell us the implications of trends. However,
current methodology does not make a serious attempt to ex,lain temporal fluc-
tuations in trends. These trends are changing. Thus the information contained in
these projections does not appear to be very useful from a policy viewpoint.

Production and Employiient of Doctorates

| will discuss a preliminary theoretical mrael describing the production and
employment of doctorates. The complete 10del is presented in Section l1l of the
formal paper As Professor Breneman has pointed out, the decision toinvest in a
doctorate degree can be viewed, in part, as an investment in human capital. This
decision can be bioken into two parts. (1) the supply of applicants for graduate
study, and (2) the demand for graduate students by universities.

What determines the supply of students who are going to seek Pn.D.
degrees? Previous studies have fooked at data on the continuation rate from
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bachelor to tirst enrollment in graduate school. If that ratio has remained stable,
the assum ption wasit will remain stableinto the future. If it has dropped. some ad
hoc explanation such as the draft is offered.

It we view the.supply of doctorate students from the context of an optimizing
decision model on the part of the students, then there are at least four con~
siderations which must be included in the model:

1. Theearnings differential that can be expected from the investment in a
doctorate.

2. Costs—both outlays and opportunity costs.
3. The probability of success.
4. The search for a career.

What is the earnings differential that one can expect from the investmentin
a doctorate? In te~ms of 1960 dollars, for both academic and nonacademic doc-
torates combined, the difference in earning « treams between the ages of 26 and
64 years at different discount ratesis rough! s as follows: (a) at zero interest rate
the Ph.D. will earn approximately $36,000 more than a bachelor’s degree; (b) at a
5 percent inferest rate a Ph.D. will earn approximately $10,000 more than a
bachelor’s degree; and (c) at a 10 percent interest rate a Ph.D. will earn ap-
proximately $4,000 more than a bachelor’s degree.

If one considers the costs of education, two concepts are pertinent. The first
is called outlays. The student who chooses to pursue a Ph.D. degree has the ex-
penses of tuijtion plus room and board. In 1960 these costs were approximately
$1,700. Currently these costs are approximately $4,200 for a private school and
$2,400 for a public university. These outlays do not include stipends or tuition
wajvers. They are the out-of-pocket costs of choosing to enter graduate school
rather than to enter the labor market. The second cost is the opportunity costof in-
come which one would forego if one enrolled as a graduate student rather than
earning income as a bachelor. If one combines opportunity cost with outiays, the
costs of a Ph.D. degree for a period of four years at 5 percent interest is in the
order of magnitude of about $43.600 today and was about $22,000 in 1960.

A comparison of costs to earnings for all doctorates shows that the rate of
return oninvestment is very low. It is roughly a 3to 4 percent return. However. it
the individual goes into non-academic employment, then the rate of returnis in
the neighborhood of 8 to 8.5 percent—a quite profitable investment.

The third consideration is the propability of success. It can be argued,
however, that the probability of success is not a very important consideration at
the initial decision point, The student is faced with uncertainty and lack of infor-
mation at the time the initial decision is made.

Robert Hall.! Banfield®* and a number of others have pointed out that a
charactenstic of youth is uncertainty. They are searching. They do not know what
they want, and there is virtually no way to get information about a career choice
in acaddemia other than by trying it. There are two implications that seem perti-

tHal, RE "“Turnover in the Labor Force,” Brookiag. Papers an bagnomn Achiosty, 3 (19723 pp 709-
7ed
<Banfield, EC  The Unkeavenly Cifw. (Little. Brown and Co . Boston, Mass  1970)
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nent to the present discussion. First. if the cost of the search is lowered. more
search will be demanded. The number of searchers and the duration of time spent
in the search activity will increase. The offer of stipends: tuition waivers, etc., will
greatly reduce the cost of search. Thus, if the person wants to gain more informa-
tion about career choice, it pays toenrollin graduate school. Second, wealthier in-
dividuals typically demand more leisure, and for them the nonpecuniary at-
tributes are usually more important than the pecuniary ones. Nonpecuniary at-
tributes are harder to discover without search. Given the wealth of parents to-
day. significant numbers of students are enrolling in graduate school to search
out additional options. There is a value to the search. Further. casual evidence
suggests that the wealthier the individual, the more likely they are to enter
graduate school in search of a suitable and desirable career. There areother non-
pecuniary attributes. The lifestyle of the Ph.D. is very different, and people do
seek ii for the prestige, recognition, and other values. )

The National Science Board and others will claim that the doctorate
represents a high level of training that prepares persons for jops that could not
otherwise be performed. Although this is correct. one must recognize the non-
pecuniary attributes. of having that degree so the straight equating of monetary
returns to monetary costs will not yield the whole story on what determines the
supply of graduate students.

Professor Ashenfelter® surveyed college seniors, mainly in northeastern
coileges, to ascertain their intentions of attending graduate school. and show how
sensitive these decisions are. If one plots the series of first-time graduate enroll-
ment, they rise steadily hetween 1961 and 1966-67, then there is a sharp turn-
around in professional sck s, in the sciences, and in the humanities. If one then
plots Federal fellowship assistance in constant dollars’ per graduate student
enrolled, the peak in this series also hits right around 1966 or 1967, Thereis nota
clear cause and effect relationship, but the relationship between Federal and State
funding and the first enrollment rate musi be considered. Funds are fungible, as
Breneman and others pointed out earlier at this meeting. If anincrease in Federal
support frees funds to be given for fellowships to humanities majors, then one
sees a distorted picture. What is needed is the total amount of stipend and twition
aid that is being granted.

Let me (lose with some implicatioms derived from possible university
response to changing conditions and some thoughts on how one ought to validate
the supply and demand projections that NSF, Professor Cartter, and others have
made. The trends that have been observed are clearly the results of private and
public decisions to enter graduate school and pursue a Ph.D. degree. Of those
who begin, the perceatage who complete their degreesvaries widely across fields,
and there seems to be some ifdication that these percentages vary over time. One
in every nine Ph.D, degrees requires at least fifteen years beyond the bachelor to
complete. Thus at any pointin time thereis ahugeinvertory of Ph.D.’s in process
with all but dissertation completed.

A trend extrapolztion simply tells what {s likely to happen if the variables
which influence the public and private decisions follow the same trends as they
have been doing over the period which thesetrends have been tracked (essentiai-

cAshenfelter. O “Some Evidence on the Response of the Students” Graduate Career Plans to
Market forces” wunpubhshed paper. Prnceton, Nov , 1971)
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ly five years in the NSF model). If forecasts are to be useful, they should provide a
basis for policy decisions. What will NSF do, given the forecasts which show that
at worst one in five doctorates and at best one in twer.ty will be underutilized?
Vf\;l'xal actions will be taken? Will they cut research grants to private institutions?
1fso, how will this affect the market for Ph.D.’s? How does this fit into their ob-
jectives to provide the nation’ with an adequate supply of highly trained people?

If the policy-makers are going to utilize projections in formulating a rational
public policy toward higher education, they must begin to study the factors which
generate the trends. To focus on the numbers themselves, on the projections, is

insufficient.

Herman Travis

Deputy Director

Office of Research and Development
Manpower Administrdtion

U.S. Department of Labor

Usually, a projection shotild not be made if it does not rely on assumptions
that are reasonably probable. This, jn effect, makes it a forecast. Projections es-
sentially forecast what should be expected under stated probable conditions, but
they do not ordinariy include a second order of estimation which attempts to
show what would happen if users of these projections, believing them, take some
other than projected action to profit from or mitigate the consequences of the
original projection. Thus the distin<ticn between projection and forecast takes on
some meaning. If a projection is used as a basis for policy decision or individual
decision, the prolection may well be defeated, although it might have turned out
to be accurate had there been 20 reaction to the projection.

In acomplex society and in: the course of nature, there are unforeseén events
that can change outcomes. Therefore, one needs stated assumputions to allow
some assessment of the reasons a projection did or did not achieve its outcome. By
the same token, a range of projeciions should ordinarily be prepared, although
there are problems here too,as we can tell from the progressive widening of Cen-
sus Bureau population projection options which nevertheless failed to bracket
reality.

There is no defense for either tihe errors or deficiencies of past projections
that have been madé, but an aleuqate case has not been made that a more ac-
curate or more useful kingd of projection can be constructed based on market
madels which provide for some reaction to the conditions and outcomes projected
by the simpler niodels. Market models should be tried even though it also seems
likely that, in the light of the wide degree of error prevailing in the basic data,
neither the added variables required for market and econometricmodels, nor any
exiensive refinement 1t ithe degree of detail, would necessarily improve the ac-
curacy or the usefulneis of the projections resulting from such additional
sophistication in technique.

There is meritin both what De. Ot cays and what he criticizes. Thereis aneed
for explaining variations between projections and actualities ir. terms of
measurable 1.fluences that affected the outcomes. Rather than using events as
alibis, we ought to be looking for relationships between events and 1 heir effects
onprojected results. We should attempt to identify casual events which affect and
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are not merely coincidental with outcomes. However, immense caution is needed
when tracking events and assuming there is a cause and effect relationship, even
though the investigations should be made.

There is not really much difference between the econometric model and
pre vious forms of projections. If carried outat alevel of detail that is fine enough,
the previous forms of projection perform the same function as equilibrium
models when they introduce qualifiers to charted trends based on changing fac-
tors in the market.

We should consider also the problem of gross flows as the perspective within
which to consider any realistic attempt to improve the accuracy of projected net
changes. There are entries into categories, exits out of categories, and shifts
between categories that are several orders of magnitude greater than the net
changes we are basically interested in. If we rely on models that deal only with net
balance changes, we are not only not going to red-ice errors, but there is a great
danger of coming up with grossly incorrect information.

Net change is the payoff that we must find when we can, but in addition |
would suggest that more attention be paid to the immense flows 2 and out.

Lewis C. Solmon

Staff Director

Board on Human Resources
National Research Council*

Dr. (i presented some statements in his paperabout svaluating the accuracy
of demand or supply projections by looking at employment that actually occurs in
the year for which the projection was made. This is because observed employ-
ment is a result of both the demand side and the supply side. Dr. Falk has es-
timates of 2.3 or 2.7 percent underutilization per year, but this underutilization
will only be observed if the markets do not work and if prices (wages) do not
change so that demand equals supply. What we will observe in employment in the
years between now and 1985 will be the result of theinteraction between demand
and supply, and this will result in a certain level of employment and a certain wage
level.

Rather than point projections which assume no change in variables like
wages or non-monetary satisfaction, it might be more useful to project curves
{demand curves or supply curves) based on different sets of wage assumptions or
on different sets of estimates of non-monetary returns to certain kinds of jobs.
Projections which ignore demand and supply are either assuming a part.zular
wa 3¢ structure or are assuming completely inelastic demand or supply curves.
Sunply ignoring markets, by not mentioning them, does not mean that one is
making assumptions that markets have no effect.

In regard to another problem. it seems that with existing data we should be
able to estimate the effect of wage levels on career decistons of scientists, and the

* Present poution Lxecute e Otfier, Higher Education Rescarch lnstezate, Inc, bus Angeles,
Califorma
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effect of wage levels on demand and supply. This is particularly true i we believe
in survey data. There is voluminous data available on surveys in which people
have been asked the importance of various tactors in career choice. Even though
it is not fashionable to admit to selecting a job because of salary. the analyst can
get some feeling for the power of wages injob determination. For instance, in the
follow-ups to the American Council on Education Freshman Surveys, we could
look at the employment decisions. and then compare these decisions with the
responses on the survey regarding important factors in determining career
choice. There are other stucies of this kind, and I think it should be possible to test
the validity of responses in terms of the state of the markets for various types of
skilled employers, and hence to understand the relative impact of wages and
markets on career decisions. -

On another matter. this conference confirms my belief that the Freeman
school should not be considered an alternative to the so-called extrapolation
school or the Goldstein school. Insights from the work of those oriented toward
the markets shculd be incorporated into the NSF-type projections. It doesn’t
appear to me that the new NSF projections have taken sufficient account of
markets. despite claims by Dr. Falk and others to the contrary.

There are other types of studies which can be helpful in refining projections.
If the data collected by the different professional societies could be coordinated,
and if societies and social scientists with longitudinal data sets could begin collect-
ing comparable data, we might be able to begin to understand why peoples’
careers develop the way they do. We might obtain coefficients frgm analyses of
past career patterns rat'.er than make the kind of assumptions which are
necessary in some of the current predictions. We can learn from the past, and one
main reason tor doing history is to improve the next round of projections.

One cannot neglect the fact that the United States economy does not workin
a purely market sense. There are s¢ many restrictions, rigidities, controls.
regulations, etc., that reljance on market rorces ends up with areliance on aset of
unrealistic assumptions. In the manpower business, government intervention
has been very disjointed. more countercyclical than helpful.

Free markets and continuous curves are just not happening. There are
tremendous shifts in supply and demand curves, and that is one reason the
markets do not appear to work when theshifting curves are ignored. However, it
15 not only gu vornment that fouls up free markets. Privateindustry. professional
societies, umiversities, and others, all introduce controls and rigidities into the
system.

Let me give emphasis (o the National Research Council’s survey of doctoral
scizntists, Datoral Scientists and Engineers m the Untted States. 1973 Profile!, as it relates
underutilization of talent and underemployment. Some summary numbers used
in Dr Falk’s presentation are just becoming available from this study. The un-
employment rate for all doctorate saentists and engineers 1s roughly 1.2 percent.
He adds that if doctorates whoare working in non-science areas are considered to
be underemployed. then the total figure goes to 2.2 percent.

Arepurt By the Commiasonun Human Rescurces Based os the 1373 Survey of Daoctord Saen.
trede and Fogineers. Sabianal Academs of Suences. Wadhinsgtan, 13 G March 1997
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Private and social rates of underemployment, however. can be differen-
tiated. An individual can be underemployed from his own viewpoint, orhe can be
underemployed from society’s point of view. A bank president earning $200,000
a year is probably not Jinderemployed from his own point of view. Yet if it is
assumed that this person has been trained ac a scientist and his education was
subsidized with the understanding that he would be using his science, then
perhaps from society’s point of view he is underemployed. By utilizing NRC's un-
published data together with the set of assumptions that those who are working
part-time but seeking fuli-time employment. postdoctorates who took jobs
because other jobs were not available, and Ph.D.’s teaching in the elementary
schools are all underemployed. we can obtain a private underemployment rate in
1973 of 3.7 percent. Adding the number of those who from society’s point of view
might be underemployed the underemployment rate jumps to 13.2 percent. By
some definitions, then, there is a substantial amount of underemployment. We
hope that NRC’s data will throw some light on how future projections will be
affected by this underutilization of talent.

General Discussion

During the discussion which follows the presentations of Dr. Oi, Mr. Travis,
and Dr. Solmon, comments and concerns were expressed as follows:

*  There are market models which give drastically different forecasts of
supplies than those being given under extrapolation models. It isn’t a
question of there being only one game in town. For example, Freeman
and Breneman report on an econometric model of physics doctorates
which forecasts drastically different supplies than some of the ex-
trapolation models. It isn’t a question of market people not having a
workable model.

®  Putting it another way, it is evident that there are not single parameters
which control either the demand or supply tor doctorates. but rathera
complicated interaction of many parameters takes place. Professor
Freeman’s market modeldeals primarily with one parameter, wages. Dr.
Qi and others speak of additional parameters. but the question is: Is it
possible to disentangie the effects of these parameters so that
coefficients or weighting factors can be established? Further, to what
extent will the various parameters affect supply and demand?

¢ Unless an attempt is made to get an estimate of the elasticity of demand
for doctoral faculty on the part of universities, and to get a better idea of
the production function for Ph.D.’s, one is not in a position to utilize the
information recieved by simply extrapolating trends. Once the ex-
trapolation is made, what action dowe take? Too much is being invested
in projections, and not enough is being invested in understanding how
markets a2 Functioning.

*  Basically, no one does a simple extrapolation. There are a number of
parameters to be considered and these parameters are weighted during
the extrapolation in the pragmatic way and sometimes the ex-
trapolations are altered radically on the basis of anticipated new events
or changes in trend. but it is in these steps that simplicity becomesfatal.
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The trouble with judgmental weighting is that it produces uniform

s judge factors. We cannot tell if we are studying the behavior we are try-
ing to study. Further, we cannot pin down the errors in our model, and
we end up in a situation where there are no improvements.

¢  Although some have defended the current projection methodology of
extrapolating trends, this paper seriously questions the wisdom of con-
tinuing this line of research which neglects the structure of labor
markets for scientists.
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The formal paper preparel by Walter Y.. Qi* for this session appenrs below.

Scientific Manpower Forecasts from the Viewpoint
of a Dismal Scientist

-

Socjeties have always sought information about the future, and in earlier
times. the task for foretelling futtire evenis was left to journalists. gypsies. and
clergymen. Advances in the physical sciences greatly incteased the accuracy
of forecasts with respect to physical phenomena such as the movements of
the stars and tides, and the location of oil deposits. More recently. the social
sciences have achieved modest successes in forecasting the outcomes of elece
tions, pattemns of consumer expcnditures. etc. Over the course of the last two
or three decades, the forecasting industry has been one of our growth indus-
tries. Important public and private decisior 5 about the aliocation of cur scarce
resources have been Lased on forecasts. In this paper. | have three objectives.

First, 1 try to explain the reasons for the growth in the demand for scientific
manpower forecasts. Second, the methodology which characterizes the avail-
able scientific manpower forecasts is critically examined in Part IL. Finally, in
Part III, attention is directed to the market for Ph.D.’s. Past and future levels
of doctorate employment and earnings. as well as the productiofi rate of new
dortorates, are jointly determined by the market forces of demand and sunply.
The public funds that have been allocated to higher education in the past and
that are likely to be in the future, are clearly important determinants of both
the demand and supply of doctoral scientists. The extrapolation of recent trends
of enrollment rates, of ratios of non-academic doctorates to R and D spending,
etc., presupposes a very rigid structure of demand and supply that is incapable
of explaining the Fistorical data for the same variables. It is placing the cart
before the horse. The formulation of ratiorial policies toward higher education
must begin with an understanding of the labor market fo~ highly trained man-

" power, and the extrapolation of trends, however sophisticated, simply does

not provide us with the necessary empirical information about the structure
and functioning of these lapor markets

I—The Public Demand for Scientific Manpower Forecasts

Uncertainty is an unavoidable, and for many, a highly undesirable reality.
Individualz and firms aliocate part of their resources to protecl themselves
against the-contingent costs of certain risks.! In addition, the private sector is

*The author 15 a Professor of Applied Economics 10 the Gradwate School of Management at
the University of Rochester and is corrently a2 Visiing Semior Rescarch Economist 1n the Indostnal
Relations Section at Prnceton Umv- v e 1s indebted to the Indwsiral Relavons Sechion for
supplying ham with the execlient htwaiy and clenical assictance provided by Miss Helen Farbanks
and Mrs. rene Rowe

187

191




prepared to pay for information about future uncertain States of the world. A
complex structure of institutions has indeed evolved to provide such informa-
" tion. Firms like Value-Line, totally ignoring the random walk hypothesis, pur-
port to be able to predict the stock market. Corporations hire economists and
statisticians to forecast sales and market conditions. Although it is less obvious
and informal, when students and consumers demand the services of psycholo-
gists, clergymen, vocational and educational ¢counselors, they are to some
extent, demanding information about future uricertain states of the world.
No census classification exists. but there is clearly a “forecasting” industry
whose product is forecasts, information about future uncertain states.

Whatever is demanded by the private sector will almost surely be de-
manded by the public sector, and forecasts are no exception. Scientific man-
power forecasts {SMPF) constitute only part of the forecasts demanded by the
public sector. At least three reasons can be offered to explain this public
demand. First, benefit-cost analyses of public projects with long payout periods
mus® rely on forecasts.? Tlte production of highly trained scientific manpower
surely involves an investment whose payout period extends over the lifetime
of the trained scientist, but this does not explain why forecasts of the retumns
ought to be made by the government. Second, the evaluation of a govemnment
agency is typically accomplished by compiling massive quantities of data
because the performance of an agency is not subjected to the same market
tests of profitability and survival which apply to the private sector. The avail-
..bility of large amounts of data greatly reduces the cost of developing forecasts,
and when the “price” of a forecast is lowered, more of them will be demanded.
Third, information differs from other economic goods because the seller of
information (especially about the future) is unable to appropriate afl of the
returns to his information. Arrow (1969) has argued that the marginal cost of
distributing information which has already been prodaced, is zero, and hence,
optimality calls for making such information freely available to all. If the pro-
duction, sale, and distribution of inforination were left to the free market, the
inability to appropriate all uf the returns might easily result in an equilibrium
in which “too few" resources were being allocated to the forecasting industry.
In the light of this argument, it is not surprising to find that the collection
and distribution of many kinds of information, incuding forecasts, have.fallen
into the domain of the public sector.

More specific rationalizations have been proposed to justify the public
demand for SMF’s. Sin possible justifications were considered and discussed
by Freeman and Breneman; these are paraphrased beiow:?

1. Forecasts are needed as a part of a manpower planning system to
balance supplies and demands because individual decisions do not
reflect economic reality.

=]

Forecasts providz important information to guidance coun-
selors enabling them to aid students in career planning.

3. Forecasts can serve as an “early warning system” directing attention
* « the unforeseen consequences of current market responses and de-
“lopments.

4. Forecasts are needed to advise educators on *he number of slots to be
offered 1n college courses and thus determine the supply of new

speciahsts.
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5. Forecasts are needed to evaluate the potential effect of large scale
governmental programs on the market.

6. Forecasts are a useful device for organizing and analyzing informa-
tion about market phenomena that are taken as given by individual
decision makers.

Freeman and Breneman conclude that in the setting of a free labor market,
only three of these reasons, [3 5, and 6 above] are valid ones justlfymg the
public demand for SMF's.

*

An articulation of these reasons tells us something about the objective
functions of the public agencies that demand these forecasts. Reasons 1 and
4 suggest that private sources will not provide reliable information about
future employment opportunities and student demands for college courses.
Public agencies must thus assume the responsibility of supplying the requisite
(and hopefully accurate) information. Reasons 1 and 3 tacitly assume that in
the absence of publicly supplied manpower forecasts and policies-labor markets
for trained scientists will be inherently unstable with recurring cycles of
manpower shortages and surpluses. Freeman and Breneman reject the thesis
that imperfect student information could generate these cycles, but later in
theiressay, they strongly support the proposition of inherent market instability.
Implicit in these reasons is the theme that public agencies must assume the
responsibility of stabilizing the employment and incomes of scientists via their
controls over the production and employment of scientists. Finally, reasons 5
and 6 arg e that there is a positive value that can be realized from sound
economic analyses on the functioning of labor markets, and on this score, | am
in complete agreement with Freeman and Breneman. ..

Whatever the reason, we have observed a substantial growth inthe demand
for scientific manpower forecasts. The prior availability of data which lowers
the price of a forecast is surely responsible for part of this increased demand.
if the Bureau of the Census and the Dept. of Labor had not already compiled
detailed statistics on employment by industry and occupation, it is unlikely
that a public agency like NSF would have demanded more projections of man-
power requirements for specific occupations. What is less clear to an external
observer like myself, is, ’How does the agency and its policymakers utilize the
information conveyed by these manpower forecasts?”

II~-The Market Response to the Public Demand

An individual or firm that demands a new good or service can either pur-
chase it from an outside supplier or produce it himself thereby becoming a
vertically Integrated firm. In the case of SMF's, the public agency buyers have
done both. The Bureau of Labor Statistics (BLS) initially began by employing
its own staff of analysts who produced the first BLS manpower projections.
Later BLS collaborated with NSF thus becoming both a supplier as well as a
demander of SMF's. Other agencies like NSF, various national commissions
and task forces have typically turned to what | have called the forecasting
industry which, in these instances, usually consisted of non-profit research
organizations and academic consultants. None of the principal investigators
who produced these manpower forecasts in response to the public demands.
possessed the audacity, chutzpah, or reliance on a competitive market for their
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services that was apparently exhibited by Prof. Nibio.*

"Six (professional clairvoyants} advertised in the San Francisco
Chronicle, the day before the 1906 earthquake, and of these, the boldest
was a Prof. Niblo whose academic affiliation was not given: His
generous one dollar offer concluded with:
*411A Ellis Street, permanently located at his own home'
In the issue of the Chronicle for May 24, 1906, the first available
after the earthquake, he was the only member of his craft to advertise:
‘Prof. Niblo, clairvoyant has warned the public of San Francisco
for years of the earthquake of 1906. Permanently located at 12_20

st

Broadway’.

*The forecasts that have been produced are quite heterogeneous, but they do
share one common attribute that has been pegceptively described by Hugh Folk
as follows: & .

"Despite attempls to shield forecasts from criticism by labelling
them ’projections’, they are used as forecasts, therefore must be treated
as such. . . . Policy-makers must be continually cautioned on the appro-
priate use of these numbers, but one might as well put a ioaded pistol
in the hands of a child and caution him that it is not a toy. as place a
conditional projection inthe-hands of a decision-maker and warn him
that it is not a forecast. ‘Toys’ are what children play with, and they
play with what they have. ‘Forecasts’ are what policy-makers use to
foretell the future, and they use anything that comes to hand.”

* [Folk (1970) p. 240]

Many manpoiver forecastss have been produced in the last thirty years, and
these. have presumably influenced public policy and individual ecisions.
The usefulness of these forecasts as guides to policy-makers has been ques-
tioned by among others, Folk (1970), Ahamad and Blaug (1973), and Freeman
and Breneman {1973). There is a substantial literature which critically discusses
the methodology and accuracy of previous manpower forecasts. | shall not try
to summarize that literature but propose instead to direct attention to two
related issues:

1. What information do these forecasts convey to policy-makers and other
users?

2 How do policy-makers and other users utilize this information in their
decision processes? :

In this Part of the paper, | try to determine the information content of three
kinds of forecasts: (1} the academic requirements for new doctorates, (2) the
manpower requirements for specific occupations, and (3) the supplies of col-
lege-educated workers.

2.1 The Academic Requirements for New Doctorates

The employment outlook in higher education for the decade of the 198)'s
is bleak. Anyone who had thought about the implications of the historical
data on U.S. birth rates would have reallzed that the population of college-
age youths will decline sharply in the 1980's.” It seems. however, that the gravity
of the problem was not fully appreciated by. pollcy-makers until Allan Cartter
dramatically iflustrated the possible numerical magnitudes of the imbalances
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between projected requirements and supplies. More recently, Balderston and
Radner (1971) developed a slightly more complicated model which Woifle and
Kidd (1971) described as "a test of the sensitivity of Cartter's projections to
some of the underlying assvmptions.”® The Balderston-Radner (BR) model is,
however, simply an exercise in simulation which translates alternatjve data
inputs into numerical descriptions of the time path of a dependent variable
(new doctorate requirements jn academia). It js not a test in the scientific sense
of that term. The BR projections convey little additional information to the
policy-maker other than what he could have inferred for hilnself from the
underlying projections of college student enrollments. This conclusion be-
comes apparent when one writes out the reduced-form equation implied by
the BR model.

BR begin by disaggregating higher education into six sectors according
to control (public vs. private} and type‘oF inslilutipn (university, four, and
two year colleges). The model specifies a system of four structural equations
for each sector which can be solved for a reduced-form equation in which the
requirement for new doctorates in year t by schools in the j-th sector, Di(b) is
a function of five exogenous variables: Py = the proportion of new faculty
appointments with doctorate degrees, R, = the student/faculty ratio, k; = the
fraction of all students enrolling in the j-th sector, S(t) = projected student
enrollment in all six sectors, and o = 1-§ = the continuation rate of incumbent
faculty members (i.e. the fraction of last year's faculty who do not retire or
withdraw).?

@1 D =[PL1$:;i'l]sm - of

Py(tk,(t-1)
—Red ]S(t-1)

By summing over the six sectors, the academic requirements for new doctorates
in all six sectors of higher education, D(t), is described by a first-order dif-
ference equation.

(2.2a) D() = WHS(H) — oV(-1)S¢-1), + [t = 0,1,2,...20]

where t = 0 corresponds to the starting point of the projections, 197C. The
parameter W(t} can be interpreted as the marginal doclorate/student ratio for
the entire academic sector, while V(t-1) is akin to a LesPeyres index being
equal to the marginal doctorate/student ratio in the preceding year multiplied
by the assumed increment in the doctorate share of new hires. More precisely,

_ 8 POk(n)
(2.2b) W) = 51[__—1{,0) ]

Pi(t)ki(l'l)] = P(t)
R(t-) 1~ VP-1)

Jwie-1)

6
(2.2¢) Vit-1) = 21[
l=

Finally, o = 1-§ js the survival rate of incumbent faculty which is assumed
1o be equal to .98 over the entire projection period. The parameters (P, Ry, k)
were initially equated to their observed values in 1967, while the time path of
aggregate student enrollment, 5(t) was taken from two earlier projections, one
by Cartter and the other by G. Haggstrom. BR then jnvoked judgemental as-
sumptions about the time paths of the parameters lo generate six different
projections of new doctorate requirements.
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We can get a simpler picture of the information content of the BR pro-
jections by adopting the following notation:

W() = W(-1) + AW = W+ dW, S() = S(t1) + d5 = S + dS

- dp
Vit-1y = [1 + (T)]w

e P72 In 2

Upon substitution into (.’Z.Za‘), we get, i -
(2.3a) D{t) = (W+dW) (S+dS) - 0'[1+(—P£)]WS ,

Recalling that o = 1-8 and ignoring the second-order term in dWdS, the aca-
demic requirements for new doctorates in Year t can be written,

(2.3b) D(Y) = W(t-1)S(t-1) [5 + (—-) - b5 ) F 8(——-)]

where‘;é make use of the identity; W = PR so that,

dw _dP 4R
TP R

{2.3c)

Thus, in the BR model, the academic requirements, D(t), can be decomposed
into a scale parameter, WS = W(t-1)5(t-1), times the bracketed terra describing
the relative time rates of change in student enrollment, (35/5), student/faculty
ratio (dR/R), and the doctorate share of new appointments (dP/P).

In their "no change” projections, BR assumed that the doctorate share of
new appointments P; and student/faculty ratios {; would remain unchanged
at their 1967 values. Using their judgements (presumaply supported by a perusal
of some time series data), they assumed that the public four and two year
colleges would increase their total shares of total student enrollments over the
projection period, 1970-90. The parameter values for all :..x sectors applicable
to the ’no change” projections can be found in Table 9.2-1 by Jooking at the
entries for 1970. '

Tahie 9. 2-1
Assumed Parameter Values for the
Baiderston-Radner Model

S University Four Year Céllege Two Year College
Public Private Public Private Public Private

"k = allocative share of students

Lig=ki(70) ... .242 *.082 255 183 .239 020
- T -0017 -.0015 0012 -.0011 0031 0
3.K(90) ....... .208 252 279 A4 204 019
R = student/faculty ratio '
4. Rj= Rj(70) ... 16.864 . 11.26 17.86 14.54 2184 172’
5. GFvevvnnnns 32 083 143 077 132 236
6. Rj(90) ....... 14.00 10.00 1500 13.00 19.00 13.00
P = doclorate share Of new appointments
7.Pi=PI{70) ... 543 .543 389 .389 059 059
& Hi ............. 01785 01785 01805 01805 01205 01205
9. Pi(90) ....... 800 500 750 750 300 .300
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In the "no change” projections, the marginal doctoratelstudent ratio for
public universities is X, = PR, = .0326 meaning a’student to new doctorate
ratio of UX, = 30.6; the corresponding parameters for two year public colleges - -
. were Xy = 27 and UXy = 367 students per doctorate hired. This ratio for
all six sectors, W(), declines linearly over the projection period because by
assumplion, the two public sectors that are assumed to increase their shares
of aggregate student enrollment had marginal doctoratefstudent ratios below
the mean ratio.!® However, the secular fall in W(t} is slight, and for all intents,
the projected requirements in the “no change” case can be expressed as follows:

2.4) D) = Wos(t-1)[5 + (-dsi-)]

" where W? = 0225 is the marginal doctoratefstudent ratio in 1970. It is evident
from (2.4) that the sign of D(t} is entirely determined by projected student
enrollments S(f) which is exogenous in the BR model. If projected enrollment
declines by more than the assumed attrition rate of § = .02, the new doctorate
requirement, D(l) will be negative irrespéctive of the value agsigned to We. A
larger value for Wo [which could have been obtained by assuming either a

- L higher doctorate share of new hires P or a lower student/faculty ratio R] simply
) magnifies the temporal fluctuations in D(t) and expands the accumulated sum
of new doctorate demands. The BR “no change” projection reveals a negative
requirement, D{t) < 0, in 1984 when the projected student enrollment falls by
more than 2 percent. '

For each projection of student enrollments, BR generated two additional
projections which they labeled “intermediate” and “adequate finance”. The
authors arbitrarily assumed that the student/faculty ratios Ry would fall, and
the doctorate shares of new appointments Py would climb according to linear
trend equations which are shown below. The numerical equations on the right
pertain to the first sector, public universities; the parameters for the remain-
iig sectors are given in Table 9.2-1."

(2.52) Py = Py +Hy P.(t) = .543 + .01785t.
(2.55)  R{Y) =R, - Gyt R = 16.64 — 132t
(250  k{) =k = fi ki(t) = .242 — 0017t

where t = 0,1,....20. BR arbitrarily assume that over the twenly year period,
1970-90, the student to faculty ratio R {(which is a proxy for class size) will
decline from 16.64 to 15.00 for public universities and that the proportion of
new appointments with doctorate degrees, Py, will climb from 54.3 percent to
90 percent. The tworeinforce one another so that the marginal doctorate/student
ratio W(t) rises at an increasjng rate. For public universities, the ratio climbs
from 0326 to .0643, and for two year public colleges, from .0027 to .0158. In
the "“adequate finance” projections, an exact functional form for W(t) involves
a ratio of two polynomials in t, and this non-linearity suggests that in this
case, there may be a need for the simulations. However, equation (2.3b) gives
us nearly all of the information conveyed by the “adequate finance” projections.

The relative rate of change in projected student enrollment, (dS!S), is exo-
genous in the BR model and comes from another study that presumably was
available to the policy-maker. One could insert his own assumption about the
relative change in the studentfaculty ratio, (dR/R). The driving force in the
“adequate finance” projedions is the time path of the marginal doctorates
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student ratio W() whick determines the size of the scale parameter, WS =
W(t-1)S(t-1), in (2.3b). By using the approximation of (2.3¢) based on the
identity, W = PIR, {which ignores the aggregation of the six sectors], a policy-
maker can substitute his own judgments about the doctorate share of new
appointments P and the student/faculty ratio; the requisite calculations could
be done on the back of an envelope.

At} excerpt from the BR simulations of the academic requirements for new
doctorates is presented in Table 2.2A. A decomposition of the projected re-
quirements for selected years, using the approximation of (2.3b), is shown in
Table 2.2B. It will be noticed that in this decomposition for the ”adequate
finance” projections, the growth in the scale parameter, WS, dominates the
projection. Balderston and Radner pointed out that their projections for D(t)
were "'more sensitive’” to assumptions about P than they were to assumptions
about R. Their conclusion should have been obvious from (2.3c) which divides
the growth in the marginal doctorate/student ratio W between changes in P
and R. Reference to Table 9.2-1 reveals that in their simulations for the "ade-
quate finance” case, the assumed values for the doctorate shares of new appoint-

Table 9, 2-2A .
The Balderston-Radner Projections of New Doctorate Requirements*

Poputation New Doctorate Requirement

18+21 Student No Adequate

Year years Encolimenl Facully Change Finance
1970 . ...... 14540 6303 3746 7.16 8.82
1971 ........ 14870 6755 403.6 11.90 14.69
1975 ........ 16307 8197 §40.4 10,12 15.32
1960 ........ 16790 8537 599.8 6.95 13.80
1985 ........ 14992 9228 597.2 -2.73 =221
1990 ........ 14351 8674 5785 5.29 15.33

Notes: The population figures {in thousands) is a four year moving sum of the 18 yearsold age
class and are thus. unadiusted for death and immigration. Studentenroiiment_S(1) was takenfrom
BR {1971). Table 3-1. Facully figures were computed by mulliplying the weighted mean
faculty/student ratio, 1/R. times S(t). The projecied annual requirements for new doctorates were
taken from BR {1971). Table 3-3.

Table 9. 2-28
Decomposition of the “Adequate Finance” Projections

Component 1971 1980 14985 1990
1. Separation rate 8 .......... rerean e 02 © 02 02 02
2 Stedenl Enrollment dS/S ............ . 0717 0228 =030 .0151
3. Student/Faculty ratiodR/R ........... -.0053 =-0071 =.0061 =.0065
4. Doctorate share. 8(dP/P) .. .......... .0008 0007 0008 0004
5. Sumlines -4 ... ... 0978 0506 =.0034 0420
I T L) B 3021 361.0 3765
7.NewDoc. Reg. D{1) .......cvveevvnnnn 13.9 15.3 =12 158
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ments P; neany double over the projection period, while studentffaculty ratios
R, fall by only around 15 percent.

A systematic critique of the Balderston-Radner model (and those like it)
is deferred to Part Ill. Several remarks can, however, be made at this point:

1. An examination of the reduced-form equation (2.2a) reveals that the
projected academic requirement in year t, D(1), is determined by three data
inputs: (a) the projected student enrollment 5(t), (b) the marginal doctorate/
student ratio W(1) which in turn depends on the assumptions about the doc-
torate share of new appointments P and the studentffaculty ratio R, and'{(c) the
attrition rate of incumbent faculty, § = 1-¢.

2. The projected student enrollment, S(1}, in all sectors is exogenous and
is assumed to be unaffected by the assumed demands for new faculty. The BR
model implicitly assumes that futurc levels of student enrollment in higher
education will be invariant to the way. in which students are distributed to
the six sectors or to the quality of higher education as measured by student/
facuity ratios or the proportion of college faculties who hold doctorate degrees. 2
Further, optimistic or pessimistic projections of the demands for new doctora* .»
presumably have no effect on graduate student enrollments.

3. A variation of 1 percentage point in the assumed attrition rate of § = 2
percent, changes the projected require ment for new doctorates by roughly 3,000.
The NSF model, [NSF 71-20] derived the attrition rate § from the incumbent
faculty; the deviations from the assumed constant rate of § = .02 were small
over the 1970-90 period.

4. Although the disaggregation into six sectors unduly complicates the
arithmetic of the BR model,'* the reduced-form equation reveals that the
variables driving the projected requirements are {a) projected student enrolil-
ments, S(t) which BR take as given, and (b) the marginal doctorate/student
ratio, W(t} which is judgmentally determined.

5. The so-called sensitivi*y of the BR projections to the underlying
assumptions could have been easily calculated by using the approximation
to the reduced-form equation given by (2.3b). The policy-maker could have
substituted his own assumptions about the marginal doctorate/student ratio
W, the rate of change in student enrollments {d5/S), and the change in student/
faculty ratios (dR/R}.

6. The BR model is essentially a variant of the “fixed coefficients’” ap-
proach to manpower forecasting, and all of the criticisms that have been lodged
against *hat methodology are equally applicabie here.

7. Finally and imost serious, no attempt is made in the study to place the
projected academic requirements for new doctorates into an equilibrium model
for the higher education sector as a whole. The ‘adequate finance” projections
presuppose that funds from somewhere, will become available to finance lower
class sizes and larger fractions of Ph.D.’s on college faculties. If these funds
are raised through higher tuition, is the student enrollment projection plaus-
ible? What is the magnitude of the “adequate finance” needed to atiain the
assumed time tracks for P,and R,? What are the implications of nearly doubling’
the fraction of new appointments with doctorate degrees with respect to
salaries of doctorate and non-doctorate faculty members and with respect to
the conformance of higher education to the affirmative action policies of
H.E.W.? None of these issues is addressed, in the BR study, and the study
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must, in my opinion, be regarded as an exercise in the simulation of a wholly
hypothetical world.

2.2 BLS Projections of Occupational Requirements

Projections of manpower requirements for specific occupations have been
developed by the Bureau of Labor Statistics for many years.!* These projections
are intended to represent estimates of future “demands” or requirements for
particular occupations without regard to the availability of supplies to meet
those “demands”. When these projected requirements are juxiaposed to supply
projections. they are supposed to indicate possxble future im balances in speci-
fic labor markets. Since at least one other paper at this Conference deals with
these projections, the discussion here is limited to a brief review of the BLS
methodology.

The methodology essentially involves three steps. First, projections of
employment by industry E,, are developed for the projection year. Second,
projections of occupational ratios, ru,][the proportion of total employment in
industry i that falls into occupation j] are generated for the projection year.
Third, the two projections are multiplied and summed over industries to arrive
at the manpower requirement for the j-th occupation in the pro;ection year.

(26) E;—in I'u

The BLS methods and their underlying assumptions for estimating E;, and &y
are more fully discussed in Appendix A to this paper. The lack of adequate time
series data on employment by detailed occupations largely dominates the BLS
methodology. If such data were available, one could avoid the two step pro-
cedure of projecting both E, and ©;.'

What can we leam from these BLS projections? The equations that are
used to project indusiry employment cannot, by any stretch of the imagination,
be interpreted as labor demand equations. They are naive reduced-form equa-
tions that totally ignore the fact that observed employment in prior years was
jointly determined by the intersection of market demand and supply functions.
When this fact is acknowledged, industry employment projections cannot be
interprefed as manpower requirements or “demands’’; they represent BLS esti-
mates of what they think will be the equilibrinm industry employments in the
projection year.

That occupaticnal ratios are likely to vary over time, is acknowledged in
the following excerpt:

"The relative importance of particular occupations changes over time,
however, in response to technical advancementand changes in the scale
of production, produict mix, and organization of industries among other
factors.” [BLS Bulletin 166, Vol. 1V, p. 9]

OF the reasons enumerated here, the substitution of factors in response to
changing factor prices is conspicuous by its absence unless it is included in
the “other factors”. Hollister {1966). Folk (1970), and others have roundly criti-
cized the BLS for neglecting the substitutability of factors in production. But
despite these criticisms, the BLS has never attempted to rationalize their pro-
jections of occupational ratios by developing companion projeztions of occupa-
tional wage differentials. In passing, the opportunities for factor substitutions
through product substitutions have received litle attention in the critical
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literature. Even if every production function involved fixed technical coeffi-

- cients, a rise in the price of a factor will lead to a decrease in the demand

for that factor because consumers will reduce their demands for products using
this factor.'¢ A defender of the BLS methodology might contend that there is,
in principle, some structure of occupational wage rates and product prices
such that the projected occupational ratios (and industry employments} would
have been optimal. cost-minimizing combinations. This is surely correct, but
what are these shadow wage rates and product prices?

Several researchers have assessed the accuracy of the BLS projections by
retrospectively comparing the projected requirement to the realized employ-
ment in each occupation for the projection year. Two conclusions can be drawn
from these retrospective comparisons. First, the magnitudes of the relative fore-
cast errors are quite large, especially for detailed occupational specialties. When-
detailed occupations are aggregated into larger groups. [the upper limit being
all occupations or economy-wide employment], the size of the forecast errors
typically gets smaller and can sometimes be traced to discrepancies between
assumed and actual values for some’ of the exogenous variables such as real
GNP, the size of the Armed Forces, etc.$Second, if the relative forecast ertors
are decomposed into errors in industry employment projections vs. errors in
occupational ratios, the latter accounts for the largest part of the forecast errors.??
In the light of these findings, [ agree with earlier writers that the BLS projections
of occupational requirements do net provide policy-makers and other users with
accurate predictions of future labor demands when judged by conventionat
criteria for good statistical predigtions.. .

The impossibility of the BLS methodology is articulated in the conclud-
ing remarks by Gannicott and Blaug (1973):

It is not enough to assume, as seems to be implied by the latest works
from the BLS, that forecasting errors will be reduced if only the data and
statistics can be refined. What is needed is what the BLS has not carried
out in the ten years we have reviewed, a fundamental assessment of the
relevance and objectives of. the manpower requirements approach it-
self.” [p. 76] '

The BLS methodology still does not adequately cope with the obvious facts
that the occupational employment patterns which were observed in the past
and which are likely to prevail in the future are jointly determined by the
market forces of demand and supply. If the short-run supply for a specific
occupation is extremely elastic, [ meariing workers can easily shift from this
occupation tu another and vice versa], there is little to be gained by projecting
the manpower requirements, for that occupation. Until the BLS methodology
embraces a theoretically sound model of labor markets, their projections only
convey to us, information’ about the extrapolation of trends in occupational
employment patterns based on the guesstimates of the BLS analysts.

2.3 The Supply of College Graduates

The basic methodology for projecting the future supply of college graduates
[or for that matter. supplies of persons with various levels of educational attain-
ment] has apparently changed little in spite of the criticisms voiced by Alice
Rivlin (1961) over a decade ago. The methodology can be described in a nut-
shell as follows: the projected supply in yeart is obtained as the product of the
Census projection for an age-specific population (say 18 or 22 year-olds}) times
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& trend projection for the appropriate continuation rate (or rates). Since nearly
all of the children who will be entering the higher education sector during the
next eighteen years are already born, the Census projections of the pertinent
age-specific populations will be extremely accurate. The issues thus come down
to an evaluation of the methods that have been used to devise the appropriate
continuation rates and to project them into the future.

Various aspects of the current supply projection” methodology could be
critically analyzed, but in this paper, I shall limit the discusdion to three topics:
(a) extrapolations via weighted trend lines, (b) compoundlng of several linear
trends, and (¢) the economic determinants of continuation rates.

(a) Extrapolations via weighted trend lines: This technique which has been em-
ployed in the NSF supply projections can best be analyzed with the aid of an
illustrative example. The projected supply of high school graduates in year p,
Y, is usually obtained by multiplying the Census projection of an age-specific
age class X, (usually 17 year-olds, but sometimes a moving average of 17 and
18 year-olds) and the projected proportion H, of the future age class that is
predicted to complete high school,

(2.7a) Y, = X.H,.

As T argued earlier, X, is likely to be quite accurate so that attention can be
directed to the method used to project H,. It is typically assumed that H, will
follow a trend. and in the NSF model, a linear trend.!®

(27b) H_Q+BT|+Q|

where T, is the trend variable, and ¢, is a random errorterm If (&, ﬁ) denote the
estimates for the parameters of (2.7b), then H, = & + BT, and the projected
supply of high school graduates Y,, is seen to be a non-linear trend extrapolation
of the specific age-class X,.

(.79 Y, = X,H, = &X, + BX,T,.

The novel feature of the NSF procedure lies in the estimation of (a.8). Ordi-
nary least squares which attaches equal weight to all observations yields one
set of parameter estimates (&, 3,). The NSF procedure contends, however, that
the most recent observations should be given more weight. Mote precisely, the
estimation is based on data only for the last ten years with double weights
given to observations for the most recent five years. The parameter estimates
(& B)) in the NSF procedure describe a weighted trend line estimated by
generalized least squares, GLS."” No attempt is made to provide either a statis-
tical or theoretical justification for ignoring sample data from the preceding
decade or for attaching double weights to the most recent five years of ex-
perience. One could, as well, have assigned triple weights to the most recent
three years, double weights for the next ree years, and unit weights for four
years of observations of H,: let me call this Jast set of parameter estimates (.84}

The historical data on high school graduates as a percentage of the 17 year-
old age class H,, are presentec in Table 9.2-3 for the weriod 1948-67. The data for
the last ten years, 1958-67. were used to estimate me parameters of a linear
trend line. (2.7b), assuming equal weights, double weights for 1963-67, triple
weights for 1965-67 and double weights for 1962-64. The results are shown
below:

(2.82) Y, = &, + BT, = 62. 33 + 1.541T,, [equal weights, OLS]
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- Table 9. 2-3
Continuation Rates from High School Graduation
to Bachelor's Degres .

—

Year of Year of . .

HS Grad. -H € B degres {1-0) f=HE (1-q)
1948 ........ 540 . 4187 1952 58.52 15.1
19 ... 56.5 4519 1953 4,97 14,00
1950 ........ 59.0 42 1954 57.16 14.4
. 1951 ... 58.8i 43600 1955 61.41 15.7i
852 ... 586 44.49 1956 5848 15.2
* 1953 ........ 59.3i 46,731 1957 60.14 16.7i
1954 ... ... 60,0 48.97 1958 5853 17.2
1955 ........ 60.4 49.45 1959 £7.65 17.2
1956 ........ 623 50.53 1960 55.23 17.4
1957 «.iivann 63.0 43.90 1961 55.68 175
1958 ..o.oeee 64.8 51.28 1962 54,10 180
1959 ..., 634 49.93 1963 55.07 174
1960 .. .o.uee 65.1 - 4952 1964 54.02 174
1961 ceennnne 7.3 51.67 1965 52.92 19.5
1962 ........ €85 - 53.54 1966 53.47 19.9
1963 ....ee 705 53.66 1967 56.85 218,
1964 . ...... 763 53.49 1968 54.42 222
1965 «..oan.n 756 54.10 1969 53.38 21.8
> 1966 ........ . 749 51.57 1970 60.03 3.2
1967 ........ 76.5 53.69 1974 60.99 251

Mean ..o 64.99 49.585 56.651 1832 -
SD. ci..iiie 711, 3.5% 269 308

Symbols:

H = percentage of the 17 year age class graduating from high school.
€ = percentage of the high school graduating class who enroll for the first time in college.
1-¢ = the survival rate defined a5 bachelors in year t expressed as a percentage of first time

enrollments in year t-4.
{§ & the percentage of the 17 vear age class t~4 years earlier who earn 2 bachelor's degree.

(2.8b) Y, = & + BT, = 62.57 + 1.507T, [double weights, GLS)
(2.80) Y, =&, + BT, = 62.67 + 1.475T, [triple weights, GLS)

The three fitted trend lines were used to predict the percentage’of the 17-year
age class that would complete high school in 1967-71. The results are tabulated
below where the first line gives the actual observed percentage H,.

‘Predicted Values of Percentage of High School Graduates H,

1967 1968 1969 1970 1971

Actual, H; 76.5 76.7 76.0 75.7 75.9
Projected, H,,
(2.8a) equal weights 77.73 79.27 80.81 82.25 83.89
(2.8b) double weights 77.64 79.15 80.66 82.16 83.67
{2.8¢) triple weights  77.43 78.90 80.38 81.86 83.33
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The relative forecast error, (FIJH)) is less than 1.6 percent in 1967 and is smaller
for the weighted regressions (2.8b) and (2.8¢). All of the trend lines overesti-
mate H so that by 1971, there is nearly a 10 percent discrepancy.

1 cannot logically. explain the reasons for the NSF procedure. It seems to
assume that the parameters («,B) of the linear trend equation (2.7b) are not
stable over time. By attaching more weight to the most recent observations,
the resulting weighted parameter estimates will presumably give us a better
linear approximation to an unknown non-linear trend relationship. If the NSF
procedure was intended to capture non-linear trend relationships, the estima-
tion of a weighted linear trend line will unavoidably lead to biased projec-
tions.2® Finally, there is #o reason to suppose that the variance of the error
term €, should be smaller for the tnore recent observations. In short, the NSF
method for projecting future values of Fl, or any other continuation rate [by
extrapolating a weighted 1 tear trend lmej has no logical foundation.

(b} Compounding of Several Trend Lines: The methodology for projecting the
supply of college graduates differs from that for high school graduates in three
respects. First, the projected supply of high school graduates. Y, is often as-
sumed to be an exogenous data input. Second, a projection must be developed
for the percentage of each high school graduating class who will enroll for the
first time in college, ¢,. Third, one must estimate the fraction of each freshman
class who will complete the four years of college and earn a bachelor's degree,
¢ = 1-a, where a; is the attrition rate in college. If we let Z, denote the pro-
jected supply of bachelor degrees in year P, we have,?!

(2.92) Z;= cpy€py Yo

where ¢, is the completion rate applicable to the cohort entering in year p-4.
Again time series data are used to estimate the parameters of fwo trend equa-
tions.

(2.9b} €& =a+ bT; + .
(2.9¢) g=A+BT, + v,

where u; and v, are random error terms. The parameters of these trend lines can
again be estimated by using the historical series for ¢, and ¢, = 1-a,.

If the high school completion rate H, the first-time enrollment rate ¢, and
the college completion rate ¢=1-«, are multiplied together. we can compute
the percentage of each age class that completes college: this is denoted by 8.

(2100 Bt = He(l-a).

These completion and continuation rates for the period, 1948-67, are presented
in Table 9.2-32 A few descriptive remarks about these data may be in order. The
fraction of each 17 year-old age class completing high school climbed from
54.0 percent in 1948 to 76.7 percent in 1968; since then, H, has declined slightly.
The first-time enrollment rate ¢ also exhibited a positive trend rising from 47.7
to 64.0 percent. The percentage of each freshman class who earned bachelor
degrees, 1-a,, followed a flat U-shaped curve being slightly higher in the early
and late years of this twenty year period, 1948-67. Finally, 15.1 percent of all
youths who were 17 in 1948 ultimately went on to earn a bachelor’s degree, and
this figure rose to 25.1 percent for those reaching 17 in 1967; see the series for
B, in Table 9,2-3,

The carrent methodology fits separate trend lines to each completion and
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continuation rate. The final cupply projection for college graduates Z; is, how-
ever, simply a compounding of these trend lines. Thus, when the three trend
lines from (2.7b), (2.9b) and (2.9¢) are substituted into (2.10), we get,

B = (@ +BTY (a+bT) (A+BT) = g0 + ¥;T, + YT + YTy

where Yo = aaA, ), = [@aB + abA + BaA), etc. Thus, when the projected supply
of high school graduates Y, is endogenous, [as it is in the NSF model], the pro-
jected suppiy of college graduates Z, is linked to the population of 17 year-olds
four years earlier, via a cubic irend equation. There is no a priori reason to
suppose that fitting three separate trend lines and multiplying them together
improves the predictive accuracy f a forecast. Indeed, one might do even better
by directly fitting a polyniomial trend equation to the historical data for 8, and
project bachelor supplies from the size of the 17 year age class as follows:

Zo = BoXoy, Bo=to+ WTo+ T2+, ..

A drawback to this latter approach is that the analyst cannot intuitively inter-

pret the ¢ parameters, but he can use his judgment about the plausibility of

the parameters of separate trend lines. From the viewpoint of predictive accur- N
acy, one cannot judge in advance, which is the preferred approach.

The methodology for projecting the supplies of advanced degrees, {(masters
and doctorates) is qualitatively similar. In some instances, the supplies of
bachelor degrees in specific fields are taken to be exogenous. Some forecasts
assume fixed time lags between the baccalaureate and doctorate degrees; I shall
comment on this lag in Part Il below. The data in Table 9.2-4 show the n-_mber
of degrees awarded and the implicit completion rates which assume fixed two
and five year lags between bachelor and either master or doctorate degrees.®
The proportions of each college graduating class who continued on to.eamn
masters and doctorate degrees have climbed dramatically. For the classes grad-
uating in the 1960's, nearly 30 percent went on to earn masters degrees and
around 6 percent received doctorate degrees. The naive extrapolations of these
trends accounts for earlier projections of 55 to 80 thousand doctorate degrees
supplied in 1980. The NSF method which attaches more weight to the most
recent data must, by its very nature, generate volatile supply projections; i.e.
the forecast of the doctorate supply in 1980 that was developed in 1969, [ before
the recent levelling off of first-year graduate enrollments] will be very different
from the projected 1980 supply utilizing the historical data through 1973,

To sum up, a model that projects supplies at all levels of educational attain-
ment, [high school, baccalaurate, masters, etc.] can almost always be reduced
to a trend projection of some multiplicative combination of trend lines times the
Census projection for the size of age specific populations. Further, the existing
models [like NSF 71-20]utilize simple linear trend equations. By appealing to
logistic or logarithmic functional forms, I suspect that one could get far better
fits to the historical time series,

{0} The Economic Determinants of Completion and Continuation Rates: My prin-
cipal criticism of the current methodology is that no serious attempts are made
to explain the temporal fluctuations in the historical data on completion and
continuation rates. The strong upward trend in the percentage of each age class
completing high school must surely be due. in part. to the dedining oppor-
tunity costs of attending high school as more and more of the U.S. population
is residing in urban areas, the growth in real family incomes, and the secular
rise in teen-age unempioyment rates. if we could establish stable empirical




-Table 9. 2.4
Bachelor and Advanced Degrees Awarded

by All Institutions, 1948-71
No. of Degrees Continuation Rates’
Bachelor Master Doctorate .
Year Bt Mt - Dy M /B2 D/Bis Dt/Bis

1948 .. 272311 42449 3989 )

1949 .. 368698 50763 5050

1950 .. 433734 58219 6420 0.214

1951 .. 384352 65132 _ 1338 0.176

1952 .. 331924 |, 63587 - 7683 0.147

1953 .. 304857 61023 8309 0.159 0.0305

1954- ... 202880 56832 8998 0.1 0.0245 0.0252

1955 .. 281401 58204 8840 0.191 0.0204 0.024

1956 .. 311298 59204 8903 0.202 0.0232 0.0232

1957 .. 340347 67955 - 8756 0.216. 0.0264 0.0257

i9s8 .. 365748 65614 8942 0.211 0.0293 0.028%

1959 .. 3685151 69564 - 9360 0.204 0.0320 0.0317

1960 .. 394889- 74497 8829 0.204 0.0342 0.03M1

1961 .. 401784 78269 10575 . 0.203 0.0340 00338

1962 .. 417846 84855 _ | 11622 0.215 0.0341 0.0343

1963 .. 450552 91418 12822 0.228 0.0351 0.03582

1964 .. 498654 101050 14490 0.242 0.0376 0.0379

1965 .. 538930 112195 16467 0.249 0.0417 0.0418

1966 .. 551040 140555 18237 0.282 0.0454 0.0450
L1967 .. 584862 157892 20621 0.293 0.0494 0.0487

1968 .. 666710 176749 23089 0.321 0.0512 0.0507

1969 .. 769683 194414 26189 0.327 0.0525 0.0528

1970 .. 827234 20820 29865 0.312 0.0554 0.0564

1971 .. 877676 230509 3o 0.299 0.0583 0.0527

Sum ... 5.0680 0.71520 0.68400

Mean .. 0.2304 0.03764 0.03800

S0 ... 0.0534 001146 _ 0.01145

* The base for the [ast column i5 defined as:
Be:5 = (1/2) [Bt-4 + Bt-s + Br.e)

relationships between H, and these variables, it would providc us with a far
sounder basis for projecting H, into the future. The first-tim: enrollment rate
as freshmen ¢, depends on, among other things, the cost of a college education,
the impact of military conscription, and again, family incomes.2* Although the
temporal variations in the college completion rate, ¢, = 1-a, are smaller, they
are still substantial. My observations suggest that the completion rate, 1-, is
systematically related to the size and control of the institution being higher in
smaller and private institutions. Further, to the extent that coliege education
represents an investment in human capital, the earnings differential between
coliege and high school graduates should affect both ¢, and 1-«a,.
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The naive extrapolations of trends in these rates will yield accurate fore-
casts of future supplies if and only if the causal variables which generated the
historical time paths for these continuation rates just happen to be correlated
with the same continuation rates in the future as they were in the past. Such a
fortuitious outcome is highly improbable. Insteid of devating more research
funds and resources into collecting more reliable and current data to develop
better trend equations, it is my considered opinion that far more can be learned
by developing sound economic models to identify the causal variables which
are responsible for the temporal variations in the pertinent completion and
continuation rates.

1II—On the Production and Employment of Doctorates

The public sector at both Federal and state levels has dearly assumed the
responsibility for promoting the growth of higher education. Increasingly larger
shares of general tax revenues have been appropriated o finance the expansion
of both public and private colleges and universities. The allocation of these
public funds has been uneven, understandably favoring public institutions and
to a lesser extent. graduate as opposed to undergraduate study.?’ Further, the
NSF and NDEA fellowship and traineeship programs were expressly intended
to expand the supply of one kind of highiy trained manpower, namely science
doctorates. Expanded support for state universities and the research grants to
academia from public agencies and foundatlons also contributed to the financial
aid that was needed to subsidize a growmg population of graduate students. As
Wolfle and Kidd (1971} pointed out. our decentralized higher education system
responded admirably by fearly tripling the annual production of doctorates
between 1961 and 1972. The predictions in the late 1950’s of a severe shortage of
doctorates never came to pass, but predictions and fears, like bad pennies, keep
tuming up, and the latest vintages foretell of a glut in the market for Ph.D.'s.
According tc Balderston and Radner, if public polides do not provide the
"adequate finance” that is needed to finance an enrichment in the doctorate
shares of faculties and reductions in student/faculty ratios, the nation may have to
suffer the consequences of a “hole” in the flow to academia of new doctorates in
the mid 1980’s. Cartter (1971) and others generally agree that we need not worry
about unemployed Ph.D.’s, but the danger is what might be called *"under-
employment”. Indeed. Caritervoices the fear that new doctorates in the 1980's
will be forced to accept employment in positions well below what they had
aspired to as Ph.D. candidates. On this point, I agree with Gannicott and Blaug
(1973) who wrote, “. . . that the concept of an appropriate job for a given level of
education is meamngless * {p. 76). Others, however, disagree with this view.
One thing is, however, clear; more public resources are being devoted to refine
the projections of doctorate supplies and requirements even though it is unclear
how policy-makers, students, university adm:mstrators. etc. utilize the
information conveyed by these projections. :

To place the problem in perspective, I first review the NSF projections
of doctorate supplies and requirements in 1980. The NSF projections and others
like them are mainly extrapolations of recent trends. modified occasionally by
judgments about certain parameters which dcscribe the links between inputs
of doctorate faculty {or R and D scientists) and the outputs of student enroll-
ments {or R and D outlays). They do not come to grips with the factors that

. determine the prior observed equilibria of Ph.D. labor markets or that are
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likely to determine equilibrium rates of production and employment in the
future. In my admittedly non-comprehensive review of the literature, I have
come across only three studies, [Breneman (1970A), and (1970B) Freeman and
Breneman (1973)] that seriously view the Ph,D. labor market from this latter
perspective. In sections 3.2 and 3.3, I sketch the outlines of a model describing
the production and empibyment of doctorates.?® In developing this crude
model, it became apparent to me that many facets of the Ph.D. labor market
have not been analyzed in any systematic fashion. Finally, it is hoped that
the model may help us in evaluating’the plausibility of the current projec-
tions for a glut in the Ph.D. labor market.

3.1 The Projected 1980 Surplus of Doctorates

-+~ Several recent articles and studies have apparently reached a concensus
that the Ph.D. labor market in the 1980’s will be characterized by substantial
excess supplies of Ph.D. scientists seeking appropriate jobs:27 In order to illus-
trate the magnitude of the projected surpluses, I have selected the most recent
published doctorate supply and utilization projections deveioped by the Na-
tional Science Foundation [NSF 71 -20] .28 Although the NSF study identified
five broad fields, | have combined the physical sciences, life sciences, engineer-
ing, and mathematics into one category which I cali the “hard sciences”.

I shall not, at this point, criticize the NSF methodology but direct atten-
tion to the numerical results of the NSF projections for 1980 which are showa
in Table 9.3-1. Line 1 presents the utilization [employment which is also equal
to the 1969 stock Supply] of doctorate scientists as of Jan. 1, 1969. The high

Table 9. 3-1
Supply and Utilization of Science and Engineeting Doctorates
(actual, Jan. 1969 and projected 1980)

Had *~ » Social

tiem Total Sciences® Sciences

1. Actual 1969 Utilization .. ..cvvveivarnnnns 158.0 123.0 35.0
1.2 ACABEMIC «.vuvrri i e iaeas 94.3 68.8 255
1.b Nom-academic ...........ccvecvnae 637 54,2 95
2. High Projected 1880 Wtilization .......... 297.4 226.9 70.5
2.2 ACAHEMIC «nvernenresurnnsernnenonss 165.1 116.6 48.5
2.b Non-academic ......c..convinniinnnn 1323 110.3 22.0
3. Low Projected 1980 Utilization ........... 269.7 203.7 66.0
33 AcademiC cueveerniaiiniaiininaan. 163.5 1151 484
3.b Non-academic ..........ccocvvene.n 106.2 88.6 17.6

4. Supply Projections
daHogh ..o i 335.6 2483 873
Ab Low i i 3148 2335 813

5. Maximum Surplus
{line 4-a MiNUS lineJ} -v.rvnenrmrrnnuns 65.9 44.6 213
{19.6) {18.0) {24.4)

B. Minimum Suiplus
{lined-b minus line 2) ......cc.vvueunns. 17.4 8.6 108
(5.5) 2.8 (139

Source: NSF 71-20, p. 6 and p- 24.
* The hard sciences include Physical scrences. IMe sciences. mathemalics, and engineering
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and low projections of 1980 utilization, shown in lines 2 and 3, invoke different
assumptions about Federal R and D spending, faculty/student ratios, etc. The
hlgh and low projected 1980 supplies (lines 4-a and 4-b) ayere derived by taking
the initial 1969 supply, adding the projected production of new doctorates,
and deducting losses due to death, retirement, and emigration. An estimate
of the maximum surplus is obtained as the difference between the high supply
and low utilization projections; this is shown on line 5. Similarly, the dif-
ference betwcen the low supply and high utilization give us the minimum
surplus shown on line 6.

For all sciences combined, the projected 1980 surplus of doctorates, [the
excess of projected supply overdemand j varies between 55.9 and 17.4thousand.
If these surpluses are expressed as percentages of their corresponding pro-
jected supplies, [indicated by the figures in parentheses on lines 5 and 6 of
Table 9.3-1], they are 19.6 and 5.5 percent. The NSF projections thus tmply that
at worst, one in every five Ph.D. scientists will be ynable to find suitable
employment in 1980 that “requires” the tiaining and skills of a Ph.D. The
optimistic picture implies that one in every twenty will be "under-employed”.
The employment outlook is considerably bleaker for the social scientists ac-
cording to these forecasts.

The historical data on the actual number of doctorate degrees conferred
in the academic years ending in 1961-72, as well as the NSF projections of
doctorate production rates through 1980, are presented in Table 9.3-2. First, it
will be noticed that there are some discrepancies between actual and projected

Sfows in 1970-72. The NRC doctorate record file indicated a drop of —2.2 per-
cent in the output of Ph.D’s in the hard sciences, while NSF projected a modest
growth of +3.4 percent. Since the actual data for 1970-72 were not available
at the time that the NSF projections were made, the discrepancies represent
forecast errors. Second, it will be noted that the growth rate of hard science
Ph.D.’s in the period 1970-75 is considerably below the projected growth rate
of social science Ph.D.’s. This outcome follows from the NSF methodology of
linking doctorate production in year t to first-year graduate enrollments some
five to eight years earlier. The data for the period 1967-69 exhibited sharp
declines in first enrollments in chemistry and physics, while no such break
in the trend was observed in the soft sciences.?? Since the NSF projection
methods place more weight on the most recent experience, (without really
trying to explain that experience), we get the results reported in Tables 9.3-2
and 9.3-1, namely a much larger increase in the projected supply of soctal scien-
tists accompanied by a larger estimate for the 1980 surplus. Finally, selected
data on doctorate production rates by field are shown in Table 9.3-3 mainly to
show the wide variance in growth rates across fields.

3.2 Investment in a Doctorate Degree

In order to explain previous historical trends and to gain insights into
possible future developments, we need a market model for that part of our
higher education system which produces Ph.D.’s. A convenient point of de-
parture is an analysis of the. individual student’s decision on whether or not
he should enroll for graduate study. In his excellent paper, Breneman (1970A)
initially considered the possibility that the quest for a Ph.D. might involve
elements of both consumption and investment. However, given the sizeabie
costs and a commitment to a particular field, the decision to seek a doctorate
should, in Breneman’s view, be analyzed as an investment in human capital.
In the context of a human capital model, the student’s decision should depend
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& Table 9. 3-2
Doctors Degrees Conferred by Fleld
(actual 1961-72, projected 1970-80)
All Fields Hard Science Social Science Non-Science
Year NO. change No. change No. change NO. Change
Actuat
1961 ..... 10411 —— 5047 —— 1.829 —_— 353 —
1962 ..... 11.507 10.5 5675 124 1.944 6.3 3888 100
1963 ..... 12720 105 6345 N8 2082 7.1 4293 104
1964 ..... 14324 128 7942 126 2.329 11.9 4853 130
1965 ..... 16302 138 8200 161 2411 35 5,601 154
1966 ..... 17.865 8.6 8,945 7.9 2,708 12.3 6,211 109
1967 ..... 20206 13.6 10003 118 3.187 12.7 7005 144
1968 ..... 22834 125 11926 N2 3579 12.3 8120 144
1969 ..... 25734 127 12314 107 . 4051 13.2 9368 153
1970 ..... 29436 144 13603 105 4,700 160 11133 188
1971 ..... 31,772 . .9 14,276 49 5316 13.1 12,180 94
1972 ..... 33,001 39 13866 -22 5574 49 13461 105
Projecied (NSF)* T
1970 ..... 28.4 84 1282 53 4,06 10,8 1154 110
1971 ..... 314 10.6  13.82 7.8 453 116 1309 134
1972 ..... 337 7.3 1428 34 494 9.1 14.49 10.7
1973 ..... 35.9 65 1473 3.1 5.25 63 1580 9.7
1974 ..... 384 7.0 1574 6.9 5.65 7.6 1694 65
1975 ..... 394 1.8 1590 1.0 6.05 7.1 1712 1.1
1976 ..... 404 3.3 1632 26 646 68 17.56 2.6
1977 ..... 414 25 1681 1.8 6.86 62 1786 17
1978 ..... 426 28 1697 2.2 7.26 58 1842 3.1
1979 ..... 438 3.1 17.33 2.1 7.67 56  18.87 24
1980 ..... 452 30 177 25 8.06 5.1 19.42 28

Source: Acwal degrees conferred taken Irom National Research Council. Doclorate Record
File. Projections are from NSF 71-20, Table B-1, p. 26.

* TheNSF projections were hased on Office of Educaliondatacn earned dociorate degrees. and
noton the NRC estimates shown in the upper panel of this 1able. The two senes {NRC and Ofliceof

* Education) are, however. quite simifar.

on the expected costs and retums from his investment in a doctorate degree.
However, to the extent that the working conditions for a doctorate recipient
differ from those in alternative employments, [in terms of the prestige, recog-
nition, hours, places of work, etc.], the “returns” cannot be mechanically
equated to estimates of monetary earnings differentials, There are also compell-
ing reasons to suspect that for many. graduate study may be part of the search
for a career as well as elements of consumption—the sheer joy of learning. A
‘correct calculation of the rate of return to the investment in a doctorate must
somehow allocate the costs [of foregone income, tuition, incremental living
expenses, etc.] to these joint products of human capital, consumption, and
search. Breneman cogently argues that a key variable in this investment deci-
sion is the student’s subjective estimate for his probability of success meaning
the successful attainment of the Ph.D. degree. If one also believes that the
prestige of a doctorate degree is an important element of the “retums”, and if
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Table 9. 3-3
Doctorate Degrees Conferred for Selected Fields

s Growth rate*

Field 1561 1966 1870 191 1872 1961-72
Physics ... .covvcinennnns har 1.048 1.657 1,740 1,635 9.58
Chemistry ............... 1,150 1.580 2,223 2204 201 521
Engineering ............. 940 2,283 3.432 3435 3475 1252
Mathematics ............. 33z 766 1,218 1,236 1.281 13.06
Heatth Fislds ............ 101 175 300 349 318 10.99
Zoology .....civiininnaan 265 395 518 572 551 6.88
Psychology +........c.... 820 1,133 1,883 2116 2.262 9566
Anthropology ............ 80 108 225 258 278 14.96
Economics ............. ' 413 622 L | as1 980 8.17
Sociology .....evviennn 167 258 506 583 634 12.96
Geograph¥ .............. 50 55 137 158 177 12.18

Source: National Research Gouncil, Dociorate Record File.
* Figures represent the annual compound growth rate between 1961 and 1972 .

an academic post provides more prestige, then the chances of securing an aca-
demic position will be another important variable. In this section, I try to
combine these considerations into a model of the supply of applicants to
graduate schools. The juxtaposifion of this supply function and the Univer-
sities’ demand for graduate students determines the equilibrium flow of first-
year graduate students. The supply of Ph.D.’s is then linked to these first-
year equilibrium enrollments via a theory of attritions from doctoral programs.

A. The Monetary Earnings Differential: A standard procedure in measuring the
returns to education is to calculate the present value of earnings differentials
over the working life.’ Let Yy, and Yy, respectively denote the wage earnings
of bachelors and doctorates t years after completing the bachelor degree. if
the successful completion of a Ph.D. degiee entails k years of full-time graduate
study, the present value of the earnings differential which accrues to the doc-
torate is given by,

T
3.0 E =t§ I((l-rr)" (Yoo — Ygo

where r is the discount rate at which future income streams are discounted,
and the individual is assumed to retire T years beyond his AB degree. Given
the agé-eamings profiles, (Yp, Yed, it is apparent that E will be larger, the
loweT is the discount rate r, or the shorter is the period of full-time study k.

Estimates of the age-earnings profiles of all doctorates, non-academic doc-
torates, and male college graduates (bachelor degree holders) for 1960 are pre-
sented in the top panel of Table 9.3-4.30 If | assume that all workers retire at age
65, the undiscounted lifetime earnings are giver. by the sums shown in panel
1. {This also assumes that the Ph.D. earns nothing during his period of grad-
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Table 9, 3-4
Annuat Earnings of Bachelors and Doctorates, 1959-60"

All Non-academic
Item Bachelors Doclorates Doctorates

1. Annual Eamings at Age: -

22 i rrrrrrrer e 3.032 0 0

. . 5224 8.197 7.588

A0 e rrrrrrr e L1099 1614 9,230

< - R [P [ P 8,863 9,235 11,220

L 10,218 11,240 13,634

A . rriiirrerrrrarerr ey 11,199 14492~ 13.061

L 1 10,534 12,519 14,701

- 11.626 12,755 15.802

S 11,435 129428 16.7359

T 11,181 13,1832 17,9848
Sum 2264 rneinnrniennas g 407,155 426,421 522,926
2. Present Value of Earnings Y.

2aatSpercenl ..oovrrnninnnninineeaa. 148.914 143,967 174.759

2b at10percent ..o 74,693 64,909 78,634
3. Annual Equivalent Income Y.

QaatSpercent cevvnnrnirnnncnnienns 8,083 9,794 11,889

ab ati0percent «vovsorernnnnnninaas 6.905 8,855 10,727
4, Differeniial in Present Value of Eamingss

daatSpercent ..eveeeaanaa..... - -4.947 25,845

db at10percent ... ..l -9.784 3,90

. S;;E:e: The bachelor ligures are the 1959 incomes of White males with 16 vears of education
from the 0.1 percent sample. The Joctorate figures are the geometric means of six cohorts in 1960
taken from: " Careers of Ph.D.s. Academic v5, Non-academic”, A Second Report on follow-up of
doctorate cohorts, 1935-1960. (National Academy of.Sciences, Publication 1577, washington.
D.C. 1968). see especially Tables S and 7, pp. 26 and 31,

&. Calculated by extrapolating the annual compound growth rate between ages 56 and 55toages
€0 and 64.

b. Calculated from lines 2.a and 2.b.

uate study, ages 22-25.] The present values of earnings | where bachelors have
a longer wor: ng life of 43 years vs. 39 for doctorates] at interest rates of 5 and
10 percent are shown on lines 2-a and 2-b.3!

The earnings of all doctorates exceed the eamings of bachelors, but the
difference in accumulated lifetime earnings (at a zero interest rate) is small,
+19.3 thousand dollars tn 1960. At a 10 percent interest rate, this difference
in the present values of lifetime earnings becomes negative, —9.8 thousand.,
due to the loss of income during the assumed four years of graduate school.
If, however, doctorate salaries are measured by the earnings of non-academic
doctorates, the differences become sizeable, 115.8 thousand at a zero interest
rate and 13.9 thousand at 10 percent.3?

The differences shown on lines 4-a and 4-b of Table 9.3-4 are not the same
as the differential in monetary earnings E {defined in (3.1) above] that accrués
to the Ph.D. holder. To get E, sve must add to the differences in Table 9.3-4,
the present values of the incomes of bachelors over the first four years eval-
uated at ifiterest rates of 0, 5, and 10 percent; these were 16-3, 15.0, arid 14.0
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thousand in 1960. Using both the all doctorate and ncnacademic. doctorate
income profiles for Yo, I calculated the following earnings differential to the
Ph.D. degree: -

Earnings Differential E for Alternative Interest Rates*

r=0 r=.05 - r=.10
All doctorates 35,577 10,093 4,175
Nonacademic doctorates 132,082 40,885 17,698

Lo

*derived from Table 9.3-4 using equation (3.1)

These figures indicate the rough orders of magnitude of the monetary returns
to the Ph.D. degree. The earnings data, (Y, Yn) were geometric or arithmetic
mean earning¢ that mask the wide variations of incomes across fields, indi-
viduals, and types of employment. An able engineer with a BS degsee might
easily earn more over his lifetime than a Ph.D. in agronomy. Further, these
calculations were based on the earnings differentials (by education and age)
that were observed at one point in time, 1960. The measured mone.aiy return
E for any given interest rate r [e.g. E = 10,093 for r = .05] will understate the
realized differential in monetary returns E* if all money incomes rise over time
due to inflation and economic growth. More precisely, if {Yp:, YoJ describe the
cross-sectional age-earnings profiles, and we want to calculate the present value
of the monetary returns to a Ph.D. at an interest rate of r = .05, the appropriate
formula is given by,

T - r-g
3.1 Y= ' -Yuds = —
(3.1 E l-'zku +r)" (Y _Ym) wliere r* Tig
In this equation, g is the annual compound growth rate of money incomes due
to inflation and secular growth in labor productivity. Over the period, 1959-
73, the Endicott series on the starting salaries of college graduates in business
exhibited an annual compound growth rate of g = 4.75 percent per year, and it
is probable that this will continue into the future.>? Some writers like Banfield
(1970) have asserted that youths attach a high discount rate to futuré ‘income
streams. If so, the use of adjusted interest rates r* of 5 and 10 percent give us’
the right measufe for the earnings differential E* that correspend to personal
time preference rates r of 10 and 15 percent.3!

The question of whether salary differentials have widened or narrowed is
of considerable importance in an analysis of the Ph.D. labor market. The start-
ing salaries of Ph.D.’s who received their aegrees in 1930, 1955, and 1960 fas
well as an interpolated value for 1963] can be obtained from the NRC Survey.3$
The NSF Roster of Doctoral Scientists also gives us estimates of the median
annual salaries of ali Ph.D.’s of all ages. The NSF medians are considerably
higher than starting Ph.D. salaries due to the older age of the NSF sample.
These Ph.D. earnings data are shown in the first four lines of Table 9.3-5. The
starting monthly salaries for business placements of college graduates, [the
Endicott series] were converted to annual salaries and appear in line 3 of Table
9.3.5. The ratios of bachelor to doctorate salaries for selected dates are pre-
sented in lines 4 and 5. Over the period 1955-63, all doctorates earned nearly
50 percent more than bachelors {line 4-a). Line 5 suggests that the relative
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Table 9. 3-5
Comparison of Annual Eamings of Doctorales and Bachelors, 1950-73

1950 1955 1960 1963 1966 1968 1970 1973

1. NRC Cohont Data

1-a Al Doctorates ......... 4975 6,062 7.614 BH448
t.b Academic ............. 4525 506 6,976 7.98328
1-¢ Non-academic ........ 5957 7.324 9,200 10,1828
2. NSF Median Ph.D. .
Salanies ..ocvcvrivrrraranne 10,000 11,500 13,200 15,000 16,00 20,890
3. Starting Bachelor
Salaries
{Endicott. Business) ....... 2935 4060 5256 5912 6,816 7458 9,004 9695
Relative Earnings of Doctoratas
Aa={1ayd ......ovvrinninnns 1,694 1493 1.449 1462
4b=(01-bM3 ..t 1541 1,309 1327 1350
4= (1CH3 .ivriiiiiiiinna 2029 1.804 1768 1722
LI R, rer 1.903 1945 1937 1906 18331 2154

Sources: “Careers of Ph.D.'s" NRC {1968 and NSF Roster of Doctoral Scigntists and Engineers).
a. Dbtained by extrapolating the 1963 salaries back by three years assuming that doctorate
earnings increase at 4 percenl per additional year of experience.

salary differential has not changed much over time.

B. The Cousts: In defining the appropriate concept for the cost of a Ph.D it is
useful to distinguish between “outlays” and “economic” costs. The Full
economic costs of the investment in a Ph.D. include tuition, fees: travel, extra-
ordinary living expenses* and the opportunity cost of foregone income during

the period of graduate study. From the student’s viewpoint, his private economic

costs may be less than the full social economic costs by the amount of any
scholarships, fellowship stipends, or income from part-time employment (such
as through research and teaching assistantships) that he earns during his period
of “full-time” study. Educators and graduate deans are cfterrconcerned about
the out-of-pocket outlays that are needed to sustain a full-time graduate stu-
dent. These “outlays” include tuition, fees, travel, and all ltving expenses.

All of the cost items that enter into both outlays and economic costs vary
across fields of study, institutions, and individuals. In panei A of Table 9.3-6, |
have assembled some of the background data on tuition and room and board
costs.37 In deriving the Jdata appearing in panel B, I invoked the following
assumptions:

1. Tuition is the arithmetic average for public and private universitles.
This is ir rough conformance with the ratio of graduate student en-
rollments in the two types of institutions.

2. Living expenses for graduate students, (who are older and more Likely
to be married), are assum.ed to be 50 percent higher than the room and
board expenses shown in panel A.

3. Roughly 20 percent of living expenses are extraordinary expenses that
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would not have been incurred jf the individual had not elected to
attend graduate school.

4. The calculations for both outlays and economic costs assume that the
student receives no financial aid and earns o part-time income.

The last two columns of Table 9.3-6 were included for the curious who might
want to conjecture about the reasons for different growth rates in these cost
components.

Table 8. 3-6
University Tultlon and Living Expenses
© {selected years)
Growth Rate
Item 1959 1963 19F9 1973 1963-69 1968-73
A. Background Datas

1. Tuition

Public .veeeeniinnaan. 281 377 522 6.05 B.08

Privale ....cocecvvuevaan 1,216 1,638 2412 6.14 8.05
2. Room and Board

Public ....vvnmnenansns. 745 = 968 1.147 310 573

Privatp ................ . 899 1.035 1376 309 5.86
3. Foregone Incumen ... 5.064 5912 7,868 9,656 5.89 4.27

8. Constructed Cata

1. Tuition ....vecuenanan.. 590 749 1.008 1482 6.12 8.02
2. Living Expense ......... 1,084 1,225 1427 1512 3.10 4.89
3. "Outlays” ..vvevveennnns 1.674 1.947 2,435 3474 4.89 6.75
4. "Privale Econ, Cost” .... 5.871 6.906 9461 11620 581 4.67
5. Present Value of “Private

cosl" atr-.05{000) ..... 2186 22,70 34N 43.28 —_— —

a Source: Digest of Education Statistics, Table 128 p. 113,
b Source: Endicott Series on Starting College Salaries for Business Positions.

According to my constructed estimates, the annual “outlays” that must be
incurred in the quest for a Ph.D. have roughly doubled between 1959 and
1973. Tuition now accounts for 40 percent of the outlays. The pTivate economic
cost [which equal the full ecgnomic costs given no financial aid] are dominated
by the opportunity cost of foregone income accounting for around 87 percent
of the economic cost in 19732 At a 5 percent interest rate, the present value
of the economic costs for a student contemplating four years of full-time, un.
subsidized graduate study, would kave been 21.9 thousand dollars in 1959 and
43.3 thousand in 1973. These economic costs can be compared to the monetary
returns in 1960 of 10.1 thousand for all doctorates [at r = .05] anrd 40.9 thousand
for nonacademic doctorates. It is evident from these illustrative figures that
the return to the investment in a Ph.D. for an unsubsidized student whose
representative earnings stream is that of all doctorates, is below 5 percent.
However, if he elects to enter nonacademic employment with its 20 percent
higher salaries. the rate of return is just below 10 percent.?” These *‘representa-
tive”” calculations again conceal the wide variance across individuals. Tuition
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at private universities is three times that at public although the differential
seems to 'be narrowing. '

A comparison of the private economic costs to the monetary retumns yields
very different rates of retum. A survey of graduate student finances in Spring
1965 revealed that 43 percent of the 477,535 graduate students received spme
stipends.4® Weiss (1971} found that the nef eamnings of graduate students | de-
fined as stipends and income from spouse or part-time employment less tuition)
‘were positive and varied between 39 and 64 percent of the full-time eamings
of comparable bachelor degree holders who did not pursue a graduate degree.
He found that the median income of graduate students in 1966 was $5,900.
When Weiss deducted the net student eamings from economic €osts, the rate
of retun to the investment in a Ph.D. climbed from 6.67 to 12 percent. It is
evident from these results that the size and availability of fellowships and
part-time income have substantial effects on the profitability of an investment
in the Ph.D. in terms of monetary rewards.

C. The Probability of Success: Not all who embark on the quest fora Piv.D. suc-
ceed. Our casual observations tell us something about the magnitude of the
proportion 7 of each entering graduate class that ultimately completes all of the
requirements for the degree. Rodney Stark (1966) compiled the records of several
cohorts of graduate students at Berkeley. The completion rates of these cohorts
from the Stark data are shown below:

Percentage Distribution of Degree Eamed by 1966: Berkeley"
{for cohorts entering in 1951, 1954, 1957)

No. in Percentage who eamed:
Department Sample Ph.D. Master  No Degree .
Political Science 8 73 317 61.0
English 81 11.1 33.3 55.6
Chemistry 125 75.2 1.2 13.6
History 74 21.8 216 56.8

*taken from Breneman (1970A}, Table 2, p. 9

What surprised me about the Stark data, was not the proportion 7 who eamed
the Ph.D. but the fact that aside from Chemistry, over half of each entering
class went away without even a Masters degree which in many departments
that | have observed is awarded in lieu of a certificate of attendance. A study
of 3,450 Woodrow Wilson Fellows by Mooney (1968) is even more startling. Only
34.4 percent of these presumably able and adequately financed students com-
pleted the requirements fora Ph.D. degree.*! A discussion of the determinants
of the completion rate 7 [across fields and institutions) is deferred to sectiori
3.3 below. The issue here is, “How does the student’s estimate of = affect his
decision to enroil in graduate school?”.

Let v denote the private net economic cost for k years of graduate study.
{3.2) y= 32 {(1+1) (C:‘S:).

where C, is the full economic cost including the opportunity cost of foregone
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income, and S, is the sum of stipends, tuition waivers, and part-time income.
If we ignore the attrition risk, the expected net present value of the investment
is simply,

(333 V=E-~y,

where E is defined in (3.1). The mode! proposed by Breneman (1970A) tacitly
assumes risk neutral students who maximize the expected net value, V’, ad-
justed for the probability of completing the degree requirements .

B.3b) V' =gE-7.

Clearly V' will vary across students depending on, among other things, ability
and the chosen field of study which will affect 7, the monetary returns if success-
ful E, 2nd the net economic cost y. In this model, a student will apply for grad-
uate school if V’ > 0; i.e., if the net present value of returns is positive implying
a profitable investment in human capital. The data in panel B of Table 9.3-6 pro-
vide some illustrative comparisons. A student who received a fellowship cover
ing tuition and living expenses would have incurred a net economic cost of
v = $15.6 thousand in 1960. Since the rmonetary return to all doctorates was
only E = $10.1, the Investment in a Ph.D. was no? a profitable one at a 5 percent
interest rate, even if w = 1. If, however, we compare y to the income stream of
a nonacademic doctorate, E = 40.9, the net present value V' will exceed zero
when 7 > .381. It should be emphaslzed that these comparisons (which are
based on admittedly crude data) describe the net returns to the “representa-
tive” student. The values of (w, E, y) obviously vary across students. Although
V'’ may be negative for the “representative” individual, it will be positive for
some able students who are confident of their ability to earn the Ph.D, or who
perceive high monetary return E which exceeds the average return.

D. Non-Pecuniary Returns and Search: The attainment of a Ph.D. degree is
generally accepted as evidence of scholarly excellence and bestows upon its
holder, preference in securing certain kinds of employment as university pro-
fessors, heads of prestigious research organizations. or jobs involving original,
independent research. If prestige, research, and teaching {especially at the
graduate level) are desirable attributes (for which most individuals would be
willing to forego some monetary [pecuniary] compensation),*? competitive
labor markets can be expected to establish equalizing wage differentials. The
equilibrium wage rates for jobs with more prestige and better working condi-
tions, will be lower by the equalizing differential R which represents the im-
plicit monetary value which the marginal employee attaches to the attributes
of the job or occupation. Introspection suggests that for many, academic salaries
contain elements of economic rent; i.c., if all universities were cartelized and
salaries reduced by X percent, many of us would still choose to remain in
academia. This is not implying that the supply of Ph.D.’s to academia is com-
pletely inelastic, but rather that in measuring the pertinent supply price (the
compensation needed to attract the last Ph.D. into academia), we must include
the size of the equalizing differential R for the marginal worker. The difference
between the eamings of academic and nonacademic doctorates (the latter earn
about 20 to 30 percent more) gives us a rough indication of the nonpecuniary
returns to academic employment.

The hiring and salary policies of universities and the heterogeneity of
Ph.D.’s and jobs are two of the factors that may impede the attainment of a
Pareto optimum equilibrium in the Ph.D. labor markets.** Virtually all uni-
versities have adhered to a policy of never cutting the nominal salary of an
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incumbent faculty membgr. Since roughly two-thirds of all facuity members
are tenured, the burden of adjusting to changing market conditions must
largely be bome by new doctorates. Further, the matching of individuals and
jobs often entails substantial hiring and training costs because of the wide-
diversity in the traits of Ph.D.’s and the varying demands imposed by specific
jobs. High labor tumover in an academic faculty or in a research organization
greatly reduces the productivity of the organization. Given existing tenure ar-
rangements and salary policies, new Ph.D."s may be unable to obtain preferred
jobs even though the employing institution (and the new Ph.D.) would be will-
ing to exchange the new Ph.D. at a Jower salary for an incumbent. As of Jan. 1,
1969, 59.7 percent of all science doctorates were employed in academia | confer
Table 3.1]. If the potential supply of new Ph.D.’s prefer, on average, academic
to nonacademic employment, the future availability of academic posts, [meas-
ured by the probability of securing such posts] must affect the non-pecuniary
returns. More precisely, if the likelihood of getting an academic position is
reduced, (as it is likely to be in the years ahead), it lowers the “retums’’ to the
Ph.D. degree (including both monetary and non-pecuniary retums) thereby
reducing the supply of students who will apply for graduate study.

The decision to continue beyond the AB degree may be prompted by a
search motive. The inherent instability and uncertainty that surround the tran-
sition from school to work, manifest themselves in high labor tumover with
frequent job changes and intervening spells of unemployment. Hall (1972)
found, for example, that teen-agers typically hold three or four diffevent jobs
in a single year. For the non-college bound, the period following high school
is characterized by the search for a suitable job. The situation is not qualitatively
different tor the college graduate. For some individuals, the search fora career
may be most economically carried out by entolling in graduate school. Brene-
man (1970A}) argues that most first-year students are ignorant abeut the objec-
tive chances r of eaming a Ph.D. degree. 1 suspect that even fewer know how
they would value the non-pecuniary attributes oi the kinds of jobs which Ph.D.’s
hold. Such information can only be obtained by enrolling in graduate schools.
Others who do not find *suitable’ employment in their senior year may apply
for graduate school either as a way of staying in a “holding pattem” or as a
means of switching fields of study. We have only limited empirical evidence
on the retums to an investment in graduate education that does not culminate
in an earned Ph.D. degree.** The cost of a graduate education, (at least for
some individuals) should not be treated solely as an investment in human
capital, but a part of the cost may be properly viewed as a cost of search.

The economic literature on job search yields two pertinent implications.
First, 2 decrease in the cost of search increases the demand both in terms of
the number of searchers and the duration of search. Second, wealthier indi-
viduals demand more leisure and attach higher implicit values to non-pecuniary
attributes of employment which can on) be determined by search. The avail-
ability of fellowships, TA’s, and RA’s groatly Jowers the cost of search and
should thus expand the supply of first-year graduate students. Further, stu-
dents who do not have to migrate to universities confront lower search costs
thereby implying higher first-year graduate student supplies (in relation to
bachelor degrees) at the large urban universities. With the secular growth in
the real wealth of our economy, 1 get the impression that more and more stu-
dents are extending the time between formal schooling and full-time employ-
ment. The Vista volunteers, travel to Europe, ora stint in graduate schoot may
all be reflections of an increase in the demand for a more leisurely search for

214

218




a lifetime career. The wealth hypothesis [i.e. that the value of search is larger
for wealthier persons] further implies that at a point in time, the family wealth
of graduate students should be larger than that of undergraduates. The search
motive thus suggests that other things equal, [specifically the monetary returns
E and the cost y), the projected groivth in real incomes should lead o an ex-
pansion in the supply of first-year graduate students:

The expected net present value, V”, of an investment in grfacluate education
can now be defined to incorporaie"these considerations. Let H denote the im-
plicit value of search. while Q represents the implicit value of the non-pecuniary
attributes of doctorate employments.

(34 V'=aE+Q +H - .

All of the variables determining V" can vary across individuals. The private
cost v. for example, is to a considerable extent determined by Federal, state,
and private university policies concermning the amount and allocation of fellow-
ship, TA, and RA funds; moreover, y is likely to bé smaller, the more able the
student. Each graduating senior can, conceptually, be imagined to formulate
subjective estimates about the value of search H, the probability of eaming a
Ph.D. m, the gross retums to the Ph.D. (E+Q), and the costs. ¥ — his estimate
for y is likely to be the most accurate. Hence, for each student, there is, in
principle some V”, and we ¢ 1ld conceptualize a frequency distribution of net
present values, f(V"). The population of graduating seniors B who form the
potential population of first-year graduate students, and the supply of first-
year students, G,,~will then be given by.

(35 G, = [, f(Vydv. B=[17 f{V)dv".

In this abstract model, only individuals who perceive a net positive value for
the investinent in graduate education are presumed to enter graduate schools.
The effect on G, of changes in H, =, E, Q, and y are obvious. There is some
evidente corroborating these obvious anticipated signs. An unpublished study
by Ashenfelter (1971) revealed, for example, a close positive correlation between
the percentage of college seniors who intended to go on to graduate school,
and the real (deflated) Federal outlays per graduate student for fellowships
and traineeships: this result is consistent with dG,/dy < 0. The tighter labor
markets for new Ph.D.!s, (especially in academia) in recent years, 1970-73, indi-
cate a decline in both the monetary and non-pecuniary retums, (E+Q), to the
Ph.D. degree. A fall in (E+Q) should be accompanied by a decline in G,, and
the recent data do, indeed, show a drop in the ratio of first-year enrollments
to bachelor supplies, (G,/B).

The aggregation implicit in the supply model outlined above conceals the
ways in which market forces can influence the allocation of graduate students
across fields. In the NSF supply model, the supplies of first-year graduate
students in each science field are linked to the output of bachelor degrees in
the corresponding fields.** An important omission in the model is the impact
of the professional schools, [law, medicine, optometry. dentistry, business,
etc.] on the supply of applicants to the science fields. There seems to be ample
room for rnore empirical research on how the monetary retums. the psychic
value of non-pecuniary returns, and the costs of the Ph.D. influence the supply
of graduate students, both in the aggregate and to particular fields.

3.3 The University Demand for Graduate Students

A university can be imagined to be a firm that produces several joint
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products—bachelor degrees B, masters degrees M, doctorates D, and research
X. Some might want lo add another “outpult”, service to the community. These
“outputs” are produced by combining inputs of undergraduate students U,
graduate students G, faculty F, and other resources—buildings. facilities, ad-
ministration, and support personnel. The specification of a model describing
the behavior of a university is beset by two difficult problems that have not
been satisfactorily resolved in the literature. The first, (and simpler of the two),
is the identification and estimation of a joint préduction function which
describes how input flows of faculty and students, (F,U,G), are technically
transformed into output flows of compleled degrees and research, (B8,M,D,X).
In short, we want to know more about the properties of what Nerlove (1972)
called the joint production function of an educational institution.

(3.6) . (BM.D.X) = g(F,U.G)

The second and more formidable problem is the specification of the university’s
objective function. Advancing the frontiers of knowledge. training tomorrow’s
leaders, solving pressing national and social problems, are but some of the
phrases that appear in alumni magazines to describe the goals of a university.

At a more disaggregative, partial level, Breneman hypothesizes a departmental
objective function whose arguments include a prestige index for the reputation
of the faculty, and the quality of its Ph.D.’s as measured by their placement
in quality institutions. If degree recipients and research are properly adjusted
for quality,*® the arguments of a university’s objective function should only
include “outputs” and be something like,

(3.7 W=HB.M,D, X

where increases in any of the arguments enhance the measure of achievement
of the university which is denoted by some index W.

In striving to maximize achievement W, the university is constrained not
only by the properties of the joint production function (3.6), but also by a
budget constraint which might be written as:

(3.8 FP +ZP, =R +E. [R = R(U.G.X)]

where FPr = the compensation of faculty, ZP, = the cost of other resources,
R = net revenue from tuition and research. and E = endowment income in-
cluding the “fixed” components of Federal and State grants.*” The model is
complicated by the fact that each university is a slightly differentiated firm.
The “price’” of comparable faculty inputs can vary within narrow fimits depend-
ing on the quality of the institution, of colleagues. of research facilities, and
of graduate student inputs. Likewise, the “prices” that can be charged to com-
parable undergraduates U, may vary, but competition among institutions for
these students limits the range of these price (tuition) variations. It is beyond
the scope of this paper to attempt to derive the properties of the equilibrium
for the university as a whole. | propose, instead. to direct attention to two
special cases dealing with the demand for graduate students.

A. The Short-run Trade-off Between Undergraduate and Graduate Degrees: Con-
sider a case in which research output X, other resources and their costs ZP,,
and endowment income E are fixed in the short run. The budget constraint
facing the university can be simplified to:

(3.8") FP,=R4U.G) + K,

where K is the net revenue from endowments and research contracts less ZP,,
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_ the costs of other resoutces. The "fixed coefficient” models that are used to
project supplies, imply strong separability of the joint production function
(3.6), x?amely, undergraduate inputs U do neot affect the output of graduate de-
grees, and vice versa. The production functioly implied by these models are of
the form:

(3.6a) B=(1-®}U,
(3.6b) D= (1-8)G,,

where for simplicity, | assume only one kind of graduate degree, doctorates D.
Thus, in (3.6a), the output of equivalent bachelor degrees Bis linked to the lagged
input of first-year undergraduates U, via the attrition rate « in undergraduate
education. Similarly, D is'linked io the lagged input of figst-year graduate stu-

. .denfs G, via a different doctoral attrition rate 8. This is sutely an over-simplifi-
cation,*® but it enables us to see how the budget and production function con-
straints limit a university’s demand for graduate students.

Consider a university that increases its demand for graduate students in
an attempt to expand its output of doctorates. It can do this i two ways; (a)
offer more stipends to applicants of a given quality or (b) lower the minimum
qualifications for admission to the doctoral program. If G and G, are measured
in equivalent quality units, the revenue function, R = R*U.G), will exhibit
rapidly diminishing retums.*® Further, an enlarged doctoral program must be
accompanied by an increase in the size of the graduate faculty, F,, in order to
prevent an unwanted rise in the doctoral attrition rate 8. We can define a net
marginal revenue, NMR,, as the difference between the marginal revenue
generated by the student, (dR/dG,), and the incremental cost of the added
faculty needed to maintain a constant attrition rate 3.

d dr
NMR, = (—2y - (-5

4G, 4G, WP

It 4s probable that NMR, becomes negative rather quickly when the unjver-

sity hires new faculty to staff the doctoral program.5® When this happens, the

budget constraint is violated, and the university must adopt another means of

financing ils increased demand for graduate students. The requisite graduate

faculty could be obtained by reallocating the incumbent faculty from under |
graduate to graduate programs. Such a reallocation must, however, be accom- ‘
panied by curtailing undergraduate student enroliments U. If this is not done,

a lower faculty to student ratio in undergraduate courses must lead either to a

higher undergraduate attrition rate « or a lower quality of bachelor degrees;

both result in fewer equivalent-bachelor degrees.

In the absence of more ‘external funds from endowments, research grants,
or public funds, a university’s short run demand for graduate students is ef-
fectively limited by its budget. The net marginal revenue of a graduate student,
NMR,. eventually becomes negative as {a) larger stipends are offered to attract
students, (b} lower quality students are adrnitted, and () more faculty are hired
to staff the graduate program. The enlatged doctoral program can only be fi-
nanced within the university’s budget constraint by cutting back on the produc-
tion of undergraduate degrees.

B. A Digression on the Incubation Period from Bachelor to Doctorate: The NSF
model for projecting future supplies of Ph.D.’s is qualitatively similar to the
“fixed coefficient” model of equation (3.6b) above. The assumption in {(3.6b)
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of a fixed ratio, (1-8}. of the output of Ph.D. degrees to thelagged input of first-
year graduate students is an over-simplification. The “incubation period” from
AB to Ph.D. degree clearly varies across individuals and fields. Let G, denote
the number of first-time enrollments to a graduate program in year L. Some
fraction 72 of them will complete all of the requirements for the degre jn two
years, another fraction w3 in three years, etc. The doctorate yield from this
cohort will then be the sum of these proportions where ] is the upper limit,
(wy + 75 + ... + m)). I these completion probabilities are stable over time, the
actual number of Ph.D. degrees conferred in yeart, D; will be a distributed lag
of prior first-year graduate enrollments, G..,.

(39) Dt. =‘_£211'}G;.1 = 1'1‘36:.2 + ﬂaGt.s + ...+ ‘H'JGI-J-

The NSF Roster or the NRC Doctorate Record File could be used to estimate
the profile of these completion probabilities ). In the time available for this
paper, | was unable tO gain access to these files. If, however, one assumes that
neatly all students enter graduate school immediately after receipt of their
bachelor degrees, the biographical data in American Men and Wonten of Science
allow us to infer the length of the incubation period from AB to Ph.D. degree.
A sample of 368 individuals was selected from this source, and data on the time
interval between AB and Ph.D. degrees were cross-tabulated by major field and
the year in which the Ph.D. degree was conferred. The results are presented jn
Tables 9.3-7A and 9.3-7B.

For the entire sample, the mean length of time from the bachelor to the
Ph.D. degree was 8.48 years. One of every nine degrees was awarded to an
individual who required fifteen or more calendar years beyond the AB before
he completed hijs dissertation. In this sample of 368 degree recipients, the

interval ranged from two years, [one of which was a Ph.D. in forestry awarded

to an Indonesian whose previous degree was not easily translated into U.S.
terms] to thirty years [for an undergraduate from McAllister who eventually
earned his Ph.D. in inorganic chemistry] .5t The data of Table 9.3-7A reveal dif-
ferent frequency distributions for the physical and biological sciences vs. the
social sciences. Fully 45 percent of the Ph.D.’s in the hard sciences were com-
pleted in four to six years. The social science distribution was essentially flat
between four to nine years.

The incubation period as well as the probability of eventual completion
[i.e. the sum of completion probabilities m] should be affected by the same
market forces that influence the supply of graduate students. The analysis of
section 3.2 suggests the hypothesis that the probability of completion should
increase during periods of rapidly rising demands for Ph.D.’s. The percentage
of late finishers [ten or more years t0 earn a Ph.D.] seems to have increased
in the 1955-59 and 1965-73 periods, but the sample sizes in Table 9.3-7B are too
small to show statistically significant differences. Aside from the Stark (1966)
study, [reported in Breneman (1970A)]: 1 was unable to get reliable estimates
on the probability of ultimate completion, & = Za,. | have the impression that
7 is around .2 to .4 in the social sciences and around .5 to .7 jn the physical
sciences.52 If these guesses are near the mark, the long tails in the frequency
distributions of incubation periods, suggest that at any point in time, there is
a substantial reserve of “all but dissertation” Ph.D. candidates who could be
induced to finish their degrees thereby augmenting the supply of new Ph.D.’s
in a period of rising demands. Conversely, in a period of falling demands for
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- Table 8. 3-7A - ,
Distribution of Incubation Period
from Bachelor to Doctorate Degrees

Totat Sample Degree Gramed Since 1960
Years from Cumulative Cumulative
Ab/BS to Ph.D Freq. Percent Percent Freq. Percem Percent
Physicat and Biological Sciences
b 9 495 4.95 3 3.95 395
L 29 15.93 20.88 11 14.47 1842
5 et 28 15.33 36.26 1" 14.47 3289
- . 25 13.74 50.00 12 15.76 48,68
AN 17 9.34 59,34 8 10.53 59.21
[ SO N 15 8.24 67.58 6 7.69 67.11
L I U 10 5.49 73.08 1 1.32 668.42
| L7 A 1" 6.04 79.12 6 7.89 76.32
L B 4 2.20 61.32 2 2.63 78.93
12-14 ...... temrnaanaas 14 7.69 8J.01 8 10.53 8947
15ormore .......... . 20 10.99 100.00 8 10.53 100.00

Social and Behaviorat Sciences

23 i e " 591 591 3 3.26 3.26
. . enamnranes 21 11.29 17.20 5 5.43 8.70
L . 17 9.14 26.34 9 9.78 18.48
< 22 11.83 38.17 12 13.04 31.52
7 i irinea PO 20 10.75 458,92 15 16.30 47.83
; J eeneen 28 9.68 58.60 " 11.96 59.78
- 18 9.68 68.28 9 9.78 T 69.57
| 1 " 591 74.19 4 4.35 7391
L} I cenean " 5.91 80.17 4 4.35 78.26
12-14 ...... PR 14 7.44 B7.63 3 3.26 B81.52
1Sormore ........... 23 12.37 100.00 17 18.48 100,00
All Sciences

b S 20 543 543 6 3.57 357
L 50 13.59 19.02 16 9.52 13.10
B i Gerannens 45 12.23 K] 1] 20 11.90 2500
L JU emamneanens 47 12.77 4402 24 14.29 39029
R 37 10.05 5408 23 13.69 5298
[ J - . 3 897 63.04 17 1012 63.10
L 28 7.61 7065 10 595 69,05
| 1 22 5.98 76.63 10 £95 75.00
"..... renmaenranra. . 15 4,08 80.71 6 357 78.57
12-14 cveiiininiess . 28 7.61 88.32 1" 6.55 B5.12
150rmore ........... 43 11.68 100.00 25 14,88 100.00

Ph.D.’s, we should expect to observe a fall in the ultimate completion proba-
bility « (implying a rise in the doctoral attrition rate §). The vast quantities of
data in the NRC Doctorate Record File, and the diversity across fields in the
market demands for new Ph.D.’s can be used to develop economic models that
can be empirically implemented to test some of these hypotheses. Aside from
Breneman (1970B),%* the research to date has largely been addressed to project-
ing future supplies and 1ot to further our understanding about the underlying
production function for Ph.D.’s.

C. The Longer Run Determinants of the University Demand: In the long run, a
university’s demand for graduate students will clearly be influenced by its fi-
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Table 9. 3-7
Percentage Distribution of the Iincubation Period
from Bachelor to Doctorate
(classified by hroad fieid and year of doclorale degree)

Years irom AB to Ph.D Standard
Year 2-7 814 15ormore No. Mean  Deviation

Physical and Biologicat Sclences

before 1939 ........cccvuiuie 91.7 0.0 8.3 . 12 6.00 2.98
194049 . ............. P 571 332 9.5 21 782 4.43
1950-54 .. .oiiciiiniaiinas 65.7 343 0.0 35 669 .0
19585-59 ....iiiiiiinininnn 447 RYE 8.7 38 989 5.97
1960-64 .........coiaatls 58.8 5.3 59 34 832 5.83
1965-73 .. .iiieiiiriraens 59.5 26.2 143 42 867 5.10
Total oovnrrivrininiinnnes . 592 29.7 1.0 182 8.18 5.03

Social and Behavioral Sciences

before 1939 . .........cuutu . 471 529 0.0 17 77 . aan
194049 . ...l " 65.0 30.0 5.0 20 660 2.07
1950-54 .....iiiiiiiinnns 40.0 60.0 0.0 25 as52 .66
1955-59 L v.iieiiiiiiineas 50.0 4.4 15.6 az 8.66 512
196064 .....iiiiiiiiienns 333 41.7 25.0 24 10.75 563
1965-73 . ..ceiiiinnn 52.9 309 16.2 68 9.13 5.40
Total ..ovvenniiiiiisen 489 < 12.4 186 B.77 4.88

Combined Sciences

before 1939 .......vcvivnnns 65.5 ao a4 29 7.00 a30.
194049 ... 61.0 3.7 73 ) 712 .82
195084 ... .....ioiiiiaan 55.0 45.0 0.0 60 7.45 3.39
1955-59 ......iiiiiiine.. 47.1 az29 20.0 70 933 5.60
196064 ... ..oiiiiiniesn 482 are 13.8 58 9.3 5.83
1965-73 . ..iviiiiirinenes 55.5 29.1 155 1o 895 5.27
Total L .vireririeinnennnns 54.1 342 1.7 Jod 8.48 495

nandial (budgetary) resources and by the market demand for new Ph.D.’s. Very
few untversities admit all applicants for their doctoral programs because tuition
simply does not cover all of the incremental costs. These costs include not only
the direct costs for the higher faculty/student ratios in graduate courses,> but
also the indirect costs of diverting faculty ime away from contributing to the
research output and undergraduate teaching of the university. In determining
the size of its entering class which together with attrition rates fixes the size
of the graduate program, [in terms of graduate enrollment and degree produc-
tion], each department also considers the hidden costs deriving from the im-
plicit. quasi-contractual, [and sometimes even paternal] relationships that
often develop between graduate students and faculties. The process of dropping
students from a graduate program is distasteful to many faculty members, and
they would rather not admit marginal students even when the student is pre-
pared to pay for the incremental costs.5*

A university demands graduate students to produce Ph.D.’s who will
hopefully contribute to the university’s reputation and achievement. The value
of more Ph.D.’s, in terms of the university’s objective function (3.7), depends
critically on'the market demand for new doctorates. Breneman (1970A) assumed,
for example, that each department behaves as if it had a “perceived demand"’
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for its Ph.D.’s. In his model, a Ph.D. who can only be placed at a two-year
community college, detracts from the department’s reputation; i.e. he has a
negative marginal value. If these are the only kinds of jobs available, the de-
partment will simply limit its output of Ph.D.’s either by reducing its demand
for new graduate students or-by incn2asing attrition rates.®¢

Information about the job market i$ often imperfect. Students seek the
advice, guidance, and assistance of their principal advisors ih finding suitable
employment. These faculty advisors are often the channels through which
mformation about *he market is funneled back to the admissions committee.
Graduate deans are continually surveying degree recipients and compiling data
on their employment. Several writers have asserted that these information
channels are imperfect, and they il for a national employment service for
new Ph.D.’s. The Ph.D.’s and the institutions that employ them are very hetero-
geneous, and organized national exchanges like the wheat pit do not function
well when buyer and seller must determine for themselves, the precise attri-
butes of the other. My impressions are that the existing information channels,
at least in the older established doctoral programs, function quite well. The
newer programs with little prior experience in producing and placing students,
seem to have more difficulty in perceiving current market conditions. For
roughly comparable budget conditions, these impressions imply that in re-
sponse to the recent downturn in the employment opportunities for physicists,
the older established doctoral programs in physics should have exhibited
sharper reductions in graduate enrollments.5? Employment opportunities for
new Ph.D.’s in academia and research are thus likely to affect both the uni-
versity demand for graduate students as well as the supply of qualified appli-
cants. Given current tuition rates and stipend policies for graduate students,
the production of advanced degrees, (especially Ph.D.’s), constitutes a drain
on the university’s financial resources. With a declining market demand for
new doctorates, universities will, in all likelihood, contract the size of their
doctoral programs because Ph.D.’s in non-research and predominantly under-
graduate teaching positions contribute little to the institution’s reputation and
prestige.

3.4 On Market Equilibrium and Projections of the Ph.D. Labor Market

The current NSF projections of the future supply and utilization of science
doctorates predict the development of a serious glut in the Ph.D. labor market.
By 1980, some 6 to 20 percent of all Ph.D. scientists are projected to be unable
to find suitable employment m academia and in nonacademic research posi-
tions. The supply projections are mainly predicated on extrapolations of recent
trends in the production of new doctorates. Thus, when first-year graduate
enrollments dip, [as they did in 1971 and 1972], these supply projections are
drastically revised downward without ever really trying to determine the
underlying causal factors that produced the dip. Although surveys of the deans
of graduate schools contradict these supply projections,5¢ the trend projections
still seem to command the attention of policy-makers.

On the other side, the utilization or requirements projections invoke rather
rigid assumptions about the structure of the market demand. The projected
academic requirements for new doctorates are based on arbitrary judgmental
assumptions about the future time paths of two critical parameters, (a) the
students to faculty ratio and (b) the doctorate share of new faculty appoint-
ments. The teaching load of American professors is absurdly low when com-
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pared to that of Soviet professors in non-research university positions.
University professors, especially thos~ with Ph.D. degrees, are expected to
produce some research even when they are not explicitly provided with ear-
marked research grants; the role of academic research is wholly ignored in the
current demand projection methodology. The relative values which a university
attaches to the research and teaching outputs of their faculty, will surely in-
fluence the equilibrium ratio of students to faculty.*? The assumptions about
the doctorate share of new appointments also largely neglect market consi-
derations except for ad hoc rationalizations for the particular assumptions in-
voked for the projections. Ph.D. and non-doctorate faculty inputs are clearly
imperfect substitutes. The rational university can be expected to vary the pro-
portions of doctorate to non-doctorate faculty inputs in response to changing
relative prices (salaries) and relative productivities where the latter is measured
by their respective contributions to the research and teaching outputs of the
university.6? In fact, these substitutions are also likely to affect the university’s
demand for graduate students when they are also employed as teaching assist-
ants. [ have not come-across any empirical studies that attempted to estimate
the magnitudes of the elasticities of substitution between doctorate, non-
doctorate, and teaching assistant faculty inputs; in fact, 1 know of no theoreti-
cal studies on this topic.

The neglect of market equilibrium is also evident in the methodology be-
hind the doctorate supply projections. Expectations about the salaries and em-
ployment opportunities for new Ph.D.’s, as well as the private net costs of an
investment in the quest for a doctorate are, from a theoretical viewpoint, im-
portant determinants of the supplies of first-year graduate students; these
factors are totally ignored in the cument projection methodology. Moreover,
many of these same variables are also likely to affect the ultimate supplies of
conferred Ph.D. degrees via their impact not only on the university demands
for first-year students, but also in the departmental practices which influence
attrition rates from doctoral programs.

1 can only conjecture on the ways in which policy-makers might react to
the projected 1980 giut in the Ph.D. labor market. They could try to reduce the
future supply of science doctorates by cutting back on fellowship and trainee-
ship funds. They might try to augment the demand for Ph.D.’s by expanding
the flows of Federal and state funds to finance more research and development.
If universities could be assured of a continued exponential growth in their
budgets, it is virtually certain that the academic demands for science doctorates
would also expand. The simplest economic models, common sense, and intui-
tion are sufficient inputs that enable us to predict the direction of change of the
policy alternatives before us. We know that more Federal and State funds to
subsidize graduate education will expand the supply of Ph.D.’s. What we do
ot know is the empirical magnitudes of the response of the Ph.D. labor market
to the various policy altematives, and the existing information that is conveyed
by the scientific manpower forecasts do not tell us these crucial magnitudes.

The available projections of doctorate supplies and utilizations tacitly as-
sume that whatever has happened in the recent past, will continue to prevail
into the next decade or two. The projection methodology simply assumes away
the fundamental facts of market equilibrium. The past and future supplies and
demands for Ph.D.’s represent the equilibrium cutcomes of private and public
decisions. It is contended that the available projections give policy-makers an -
indication of the probable state of the Ph.D. labor market if the policies that
were followed in the recent past were continued into the future.%* But the ra-
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tional formulation of public’policies toward lfigher education can only be
achieved if we, as analysts, are able to idenlify and quantify how past and
future public policy actions affect the equilibrium in the Ph.D. labor market.
In spile of these criticisms which have been voiced by earlier wrilers, public
agencies continue lo demand more scientific manpower forecasts thal differ
only in the refinement of the available statistics and in insignificant alterations
in 1he basic melthodology. The pressing need for more manpower projections

© of essentially the same ilk, [backed by the funding to produce Ihese projec-
lions ], seems somehow to have gotten the priorilies reversed.? Forecasls that
can be polentially useful in guiding the formulation of public policies, musl
be based on a sound economic model of the market for Ph.D.’s. Such a model
would provide policy-makers with empirical estimales of the relationships
describing the behavior of universities and olher institutions (mainly research
organizations and govemment) that employ science doctorates, as well as the
behavior of college graduates who form Ihe potential supnly of new Ph.D.’s.
The existing projection models that foretell the future of the Ph.D. labor markel,
do not ircorporate these behavioral relationships and thus are incapable of
providing us wilh valuable insights about the functionings of the Ph.D. labor
markel. ‘

FOOTNOTES

! Matket insurance and sell-insurance via savings offer two ways of spreading the costs of some
random events such as lires, ilness, death. etc. Other risks and costs can be affected by allocating
resources to protection; ¢.g. instelling sprinklersystems, hiring public and private police protection,
buying nonflammable fabrics, ete. F.H. Knight (1921} drevr a distinction between “risks” and
"uxcertainties” . According to my interpretation of Knight, risks pertain to situations in which the

. probability distribution of the random event is stable implying that the event is potentially in-
surable. Uncertainty, on the other hand, refers to a situation in which the probability distdbution
is unspecifiable or unstable. it would seem that the random cvents which scientific manpower fore.
casts purport to predict, are closer to Knight’s concept of uncertainty.

2 This reason applies equally to both public and private demands. An oil ccmpany contemplat-
ing an investment in another ocean-going tanker must somehow forecast the future retums whether
that forecast be explicit or implicit.

3 The six reasons cited here are direct quotations with only one minor omission. The reader is
urged to consult the full text, [ Freeman and Breneman (1973), pp. 16-18], which presents the authors’
arguments for vejecting reasons 1, 2, and 4 as valid justifications for manpower fore¢casts.

¢ Freeman and Brencman (1973), pp. 1618, contend that students distrust guidance counselors
and that college administrators are quite responsive to changing demands for study in different
fields. In their view, the objectives sought by reasons 1 and 4 are already being accomplished
{without forecasts) by the decentralized decision processes which characterize the U.S. higher
education system.

$ This description appeared in G.J. Stigler, Tite Theory of Price (The MacMillan Co., New York:
1952), second edition, pp. 156-7.

¢ Although 1 appreciate the important distinctions between forecasis. conditional forecasts,
and projections, the éxposition is facilitated by referring to all of them as “forecasts”. | shall, how-
ever. distinguish between requirements or demand forecasts vs. supply forecasts.

+ T The magnitude of the decline is evident by examining the data for a specific age dass. In
the table betow, | present the Census data for the actual and projected population of I8 year.olds.
The figures are five-year averages for both sexes in thousands:

1930-54 2,120.4
1955-39 2,279.6
1950-64 2,790.8
15965-69 3,620.0
1970-74 3,953.6
1975-79 4.215.2
1980-84 3.936.4
1985-89 3,569.0

It should be remembered that the 18 year-olds in 1989 were already born in 1971 so that these
population projections will be extremely accurate.
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* In their review atticle, Wollle and Kidd (1971) p. 789 winte, *"For example, Balderston and
Radner's work was, 1o a considerable extent, a test of the sensitivity of Cartter's projections of
faculty employment to changes in some of the underlying assumptions.”

* The four structural equations are: (1) new doctorate requirements D are equal to the doctorate
shire of new apmointments P, times total new faculty appointments Ny, D, » PN, (2) total new
faculty appointments are ¢qual to the change in the stock demand for faculty plus rzplacement
of faculty whe retire. it can be written,

NAY = [F{) = Fe1)] + 8F{t-1) = Ft) = oF{t-1),
where § = 02 is the retirement rate and o = 1-5. (3) the stock demand for faculty is equal to the pro-
jected student enroliment in the j-th sector 5, divided by the studentifaculty ratio Ry, F, = §/R;. and
(4) student enrollment in the jth sector is equal to the allocative propantionality share ky times total
student emollment.

Sgt = k{0S().

12 If the assumed trends in the allocative shares of students, k{t), are substituted Into (2.2b), we

get,

Wi = W, — gt = 0225 - 0001227

Thus, W(t} declines from ,0225 in 1970 to 10200 in 1990, In interpreting equation {2.4}, it should be
remembered that in the “no change” projection, Py and R, do not vaty,

"1 T have only shown the parameters for the “adequate finance™ case. The “intermediate’” pro-
jections assume target value s for the doctorate share of new hires, Py, which, by 1990, witl equal the
observed 1967 percentage of associate professors in each sector who held doctorate degrees,

13 According to the Digest of Educational Statistics, [(1972). Table 88, p. 75], resicent degree
credit enrollment in all institutions of higher education as a percentage of the 1821 population,
climbed from 4.01 percent in 1899-1900 to 51.89 percent in Fall 1970. The Diges! figures of 7,545¢
thousand enrolled in Fall 1970 differs from the Carti2r projection_for 1970 of 6,303 thousand [as
reported in Table 3+1 of Balderston and Radner (1971), p. 18], The discrepancy is prebably due to
the use of full-time equivalent students in the Cantte; projections. The Cartter student entollment
projections imply that colicge student enmliments as a percentage of the 18-21 population will rise
from 43.3 percent in 1970 to 60.4 percent in 1590.

It is my understanding that the current version of the NSF projection model incorporates a
feedback effect. Using a Phillips curve type adjustment model, the projection for first-vear graduate
enrollments is lower, the larger is the excess supply of doctorates. Hence, the projected academic
reguirements for new doctorates affects projected student enrollments in the “market” versiun of
the NSF model.

1 Disaggregation serves a useful purpose when the behavior and/or parameter values for the
disaggregated sectors are substantially different. The principal difference among the six seclors is
in the doctorate share of new appointments Py, A disaggregation between undergraduate vs. grad.
vate cnroliments wouid, [ suspect, have been far more efficient in describing the prior “‘demands”
or requirements for new doctorates. ™~

14 The most recent BLS projections are reported in, "College Educated Workers, 1968-56" BLS.
Bulletin 1676, Projections for 1975 appear ia ‘Tomorrow’s Manpower Needs”, BLS Bullgtin 16%.
The BLS methodology is described in Appendix A of Bullatin 1606, Vol. 1V.

. ¥ In actuality, the nmrethodology is more complicated. For some occupations such as aulo
mechanics, dentists. etc. for which time series data are available, occupational requirements are
directly estimated by relating employment in the occupation to various explanatory variables such
as vehicle registrations. disposable income, frequency of repairs or visits to dentists, etc. Tam also
skimming over the difficult empirical issues of comparable data and consistent occupational defi-
nitions.

* With fixed technical coefficients, the prices of products that are more labor intansive will
rise faster when the wage rate of labor is fncreased. The higher relative prices for labor intensive
goods will prompt consumers to demand fewer of those goods thereby reducing the aggregate
demand for labor. This principle was demonstrated by Friedman (1962) in his ¥ Theory of Distribu-
tion with Fixed Proportions™. .

1 The ratio of the projected requirement to actual employment in the j-th occupation, {E JE)
Is simply the preduct of the corresponding ratios for industry ¢mployment and occupational rahos.
1f there are N industries, we have, .

£ § ety (B
E, iz} n o K

where k, is the i-th industry’s share of employment in the j-th occupation. The relative erroran the
projected occupational ratles, (i, ) is found to be four & five times the relative error 1n projected
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industty employment, (EiJE)). )
' The linear trend is the simplest functional form. but one could posit polynomial trends.
.exponential trends, or logistic trend equations.

3% The NSF procedure is equivalent to invoking the following assumptions about the variance
of the error term: {a) E[e.’] = x, for alt t prior 10 the [ast ten years of the sample data, (b) E[¢?] = o2
for the first five years included in the admissable sample, and () E[e] = 0,502 for the most recent
five years. Finally, it Is tacitly assumed that the random eirors are serially independent: ..
E[e,sy) = 0 for all j # 0. Given these assumptions, the parameters are estimated by Aitken’s
generalized Jeast squares to get a weighted trend line.

3¢ One way to see if the relationship has shifted is to estimate it for subperiods. I fitted the
lincar trend (2.7b) feT two five-year subperiods where T, = 1in 1958 and 10 in 1967. The ordinaty
least squares trend lines were:

, Hi=63.07 + 1.010T, [wss-ez period
Y) = 66.27 + 1.0GOT, 1963-67 period
The samples are too small to apply significance tests, but it seemns that the intercept a shifted inthe
most recent five-year period. The linear equation is one of many trend relationships that could
have been fitted to the time series data. One could have experimented with logarithmic trends,
logistic trend equations, ete. But as I shall argue in section () below, trends can only deseribe a
time series and do not “explain™ the time-path of the variable in question.

3t It is assumed here that students go directly from high school to college, and the production
pericd for a bachelor's degree is four years for everyone, The NSF supply projectlons do allow for
delays in starting college and in the time required to carn the degree. However. thesc lags are re-
ported to be stable over time, and neglect of them here does not alfect the principle that is being
analyzed here.

32 The Digest only reported data from the biennial surveys. Diata for the odd years were taken
from Social Indicators published by the Burcau of the Census, First-time enrollments (Digest. Table
90) include returning veteransas well as students who do not go directly from high school to college.
The completion rate, ¢ = 1-a, was caleulated as the ratio of bachelor degrees in yeart, Z,. divided
by first enrollments four years earlier, Eyy: 1-ay = Z¢E,,. The data of Table 9.2-3 apply to both sexes.
The NSF methodology computes separate rates for males and females.

23 The[ifth column of Table 9.2.4 presents the ratio of doctorate degrees awarded in yeart divided
by bachelor degrees awarded in year t-5. A thice-year moving average of bachelor degrees awarded
in years t-4, -5, and -6 was used in the denominator of the ratios appearing in the sixth column.
Since the number of bachelor degtees awarded exhibited a faily simooth upward trend ov~1 this
period. the two raties of doctorates to tagged bacheors are not appreciably different.

24 The cost of a college education has fallen with the rapid expansion of low tuition public
colleges and, universities. The available cross.section data indicate that the income elasticity of the
demand for college education is positive and large. To the best of my knowledge. we do not yet have

. good empirical studies that estimate the response of first-time enroliment rates to the private cosls
of college education and family ircome.

25The following data on student enrollments {in thousands) by control of institutlon were taken
from the Digest of Educational Slatistics, 1972, Table 87,

Year Total Public Peivate PubligPrivate

1952 2,13 1,101 L033 1.066

1960 3.583 2,116 1.467 1.442

1971 8,116 6.013 2,102 2.861
19711952 3.80 5.46 2.04 —

Enrollments in the public institutions over the period 1952-71 increased at an annual compound
growth rate of 9 3 percent while that of the private institutions was only 3.8 percent. Fusther, Table
88 of the Digest revealed that graduate students constituted 10.1 percent of total enrollment in 1952,
and 11,9 pescent in 1970. The shift toward more graduate study s thus considerably tess than that
toward more publidy fininced higher education.

36 | have borrowed heavily from Breneman {1970A) and strongly recommend it to the reader,

1 Jn their review article. Wollle and Kidd (1971) summarized several projections of doctorate
supplies and requirements including those by Cariter, NSF, Balderston and Radner, and others.
The eaveat that projections are not forecasts, is reiterated in this article. However, the authofs wnte.
~The agreement ainong these three studies indicates that the projected faculty requirements given
in Table 3 can be taken 25 2 reasonable base for estimating the future academic market for new
doctorates ** A skeptic would ask if these were “independent” studies and would question tharr
underiying projection models before accepting the “reasonableness™ of the estimates.

3 It js my understanding Pat N5F is tevising these projections by re-estimating trend equa-
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tions jn the light of more recent data on first-year graduate enrollments, supplies of doctorates,
Federal R and D spending, etc. The inventory of doctorate scientific utilization is also being updated,
and the methodology attempls to incorporate a feedback in which first-yearcenroliments are related
to the supplylutilization projections.

3 Further evidence on the sensitivity of this methodology can be found in Lincoln E. Moses
(1972). Moses using a similar technique but having the advantage of more recent time series data on
bachelor degrees and first graduate enrollments in physics, developed his own projections of the
output of Ph.D. physicists which were (not sutprisizgly) considerably below the earlier projections
by the Office of Education and by Cartter.

% The data for doctorates represent geometric means of annual incomes from all sources for six
cohorts of Ph.D.'s who responded to the NRC survey; confer “Careers of Ph.D.’s", NRC (1968).
The NRC questionnaire asked each respondent to report his 1963 annual income and to report
{baged on recollection) his income In 1960, 1955, and on back to 1935. In developing Table 9.3-4,
assumed that cohort 6, (degree rcipients in 1960} was, on average, 30 years of age. The income for
35 year-old Ph.D.*s was taken to be the geometric mean for cohort 5 (degrees conferred in 1955),
eic. Annual eamings for the intervening ages (e.g. 32 or 58) were calculated from log-lineas inter-
polations and extrapolations. 1 also assumed that in his first four years of employment, {ages 26-29),
annual eamings increase at { percent perannum, and jump by 10 percent upon receipl of his degree.
The income data for "bachelors’” are the annual incomes of white males with exactly four years of
college education as reported in the 1960 Population Census. I wish to express my thanks to Prof.
Sherwin Rosen who supplied these data to me.

¥ The annual equivalentincome streams appearing onlines 3-aand 3-b of Table 9.3 -4 are simply
the constant income levels that would have generated the present values shown on lines 2-a and |
2-b. Lines 4-a and 4-b simply show the difference in lifetime eamings.

" The “'always nonacademic” group eams roughly 20 percent more than all doctorates due
largely to the fact that the always nonacademic doctorates are more likely to be in engineering,
chemistry, physics, and some of the biological sciences.

2 Technological advances and an increasing ratic of capital to labor are the two most fre-
quenty cited explanations for the secular growth in real per capita income. The permanent rate of
inflation cannot be predicted, but growth rates for moncy incomes of 3 to 8 percent seem plausible.
In deriving (3.1°}. | taditly assume that relative incomes {;.g. ratios like (¥p¥s)] will be unaffected
by inflation and growth.

¥ The importance of this adjustment for the secular growth in money incomes was recognized
by Weiss (1971} who used. data for 5,868 scientists to estimate the monetary retums to the Masters
and Ph.D. degrees. Ina sense, the distinction between rand r* is akin to the distinction between
real and nominal interest rates. ..

¥ The NRC data on starting Ph.D. salaries pertain to individuats who have just received the
degree. They are thus no! representative of the starting pay on the first appointment immediately
following foll-time graduate stud

35 Since living expenses will be incurred irrespective of the decision to invest in a Ph.D., only
the extmordinary incremental living costs arising out of having to Yive in specific localities, should
be included in the full economic costs. )

37 The data were taken from Table 128 of the Digest of Educational Statistics, 1972. The same
table presents data from the survey on tuition and room and board expenses for four- and two-year
colleges. | have limited the data shown in Table 936 to universitics.

+* The Endicott data on starting salaries are higher than the 1959 Census data on camings of
white male college graduates, 22-24 years of age. Similar discrepancies are also observed lor 1949
and 1969, if [ had used the Census figures for foregone income, it would have reduced the economic
costs by around 15 to 20 percent.

¥ Weiss (1971} estimated the intemal rate of return to the Ph.D degree for an unsubsidized
student with no autside income at 6.67 percent. Confer Weiss (1971} for comparisons with other
estimates of the Fate of retum.

42 The data reported in Table 98 of the Digast do not indicate the size of the stipend. The sample
is a head count with 45.5 percent of all graduate students being 29 years of age or older. The pere
centage holding stipends fell with age, but this may be due to a contemporanecus correlatton with
larger fractions of older students being part-time graduate students, only 26 percent of part-time
students held stipends. Some 66 percent of [ull-time students received stipends. There was very
little difference between public and private universitics, this may, in part. reflect different ratios of
full to part-time studants.

4 The Mooney sample included fellowship recipients in 1939-61. His cut-off data of 1966 may
partially account for the low completion rate. It will be shown below that only 54,1 percent of all
Ph.D. recipients complete the requitements in less than cight years,

41This does not mean that the Ph.D. is a pre-requisite for these positions. Non-doctorates
do hold down important positions on graduate faculties and make important contnbutions to the
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scientific literatuze. The value of the Ph.D. in securing such positions {s, however. substantial as
evidenced by the recent errbartassing confessions by two heads of rescarch organizations in Colo-
rado who admitted that they had fabricated their Ph.D. degrees.

43 A truly optimal (ideal} equilibrium would be one in which given the salaries and attributes
of various jobs, no Ph.D. would want to trade positions with any other Ph.D. and no employing
institution would want to swap with another. This presumes that the Ph.D."s invoived in these
conceptual exchanges possess comparable talents.

1 Weiss (1971) found very low rates of retum to the masters degree, and in some fields, it
was even negative, Breneman (I970A) scems to feel that the monetary returns to graduate education
are negligible for those who do not complete the Ph.D. degree, The issue here is an empirical one
that could, in principle. be settled by a good empirical study on the retumns to partial graduate
education.

3 The ratio of monetary retumns to cost, (Efy} has exhibited considerable variations across fields.
In the 1930°s, when fellowships, TA, and RA funds were relatively scarce, medical schools were
able to attract the very best of each senior class. As more public funds were allocated to fellowships.
it was alleged that the quality of first-year medical students declined. Finally, the previous links
between undergraduate and graduaie fields seem to be breaking down. Most of us would agree
that an AB degree in history is unlikely to qualify a study for admission to a doctoral program in
physics. Medical schools 7ould not have admitted history and mathematics majors only a decade
ago, but many are now dolng just that.

*¢ The problem of quality adjustments is present in all studies. We must somehow combine
Ford Pintos and Pontiacs in constructing a measure of the output of the automotive industry. The
problem here is relatively simple since market prices provide a measure of quality differentals.
The heterogencity of individuals who are awarded the same degree, creates a difficult problem in
defining the “output” of equivalent degrees. Inthe model proposed by Breneman (1970A), Ph.D."s
are classified according to a five point scale. By attaching a cardinal measure to the scale. it would
be possible to construct a measure of the output of equivalent Ph.D.’s.

*? State appropriations for higher education are often tied to student enrollments(U.G), and the
variable part of such appropriations should properly be included in R. The marginal revenue from
an increase in undergraduate inputs. R, = dR/dU, should include the “net tuition® [Icss scholar-
ships] plus tied appropriations. If fellowship, TA and RA awards to students exceed tuition plus
state appropriations, it might happen that the marginat revenue of an additional’gmduate student,
R, = dRIG, could be negative. Research X that is fund ed by public agencies, non- profit organiza.
tions, or private pasties, usually contributes to the university™s revenue. I, however, more fescarch
is financed out of the “general funds” of the univesity, R, = dR/dX will be negative. Presumably.
when R, << 0, the rescarch contributes enough to the achicvement W to warrant the outlay.

8 The effects of faculty inputs on the outputs, (8,0), are buried in some unspecified relation.
ship of Fto the attrition rates (a,8). Further, more graduate students can affect the output of bache.
lors, especially if they are used as TA's. The difficulties of measuring cquvalent outputs and inputs
will be discussed In the text.

+* This conclusion is obvious under the first path since increasingly larger stipends must be
offered to attract qualified applicants away from competing institutions. The marginal revenue,
R, = ARG, would be negative If stipends over and above tuition waivers Were needed to attract
another student Under the second path, we must somehow convert students into equivalent quality
units. The exceptional cases of students with low GRE scores from poor schools who do well in
grduate school [and eam Ph.D.’s], prove the rule that there are trade.offs along the quality
dimension. There is, in principle, some number of students with GRE scores of 80 ftorn Ferdonia
State who together are equivalent in quality to one student from Reed with a GRE of 95.

30 Senior, tenured faculty are more likely to be assigned to the graduate courses, and the new
faculty are often used 1o replace senior faculty in undesgradirate courses. If the expansion is accom.
plished by hiring temyred faculty, the university incurs 2 long run obligation that may have serious
impacts on future budgets.

$1 It should be repeated that the incubation period Is measured hete in calendar time and not
time spent in flull.time graduate study. The observations in the right tail of these frequency distn.
butions refiect (a) delays in beginning graduate study, (b part.time study toward the degree. (¢
delays In completing the dissertation after taking a full-time position, cte. Weiss (1971) reponts
that the variance of the time input needed to cam a Ph.D. {measured in semesters ur quarters of
fuil-time registered study} is considerably smaller than the vanance in calendar time.

3% 1t is my undetstanding that the NSF supply model is based on estimates (by field of study)
of the rime profiies of completion probabilities, ., calcutated from the first-year graduate enrotl-
ment data assembled by the Office of Education. There ate substantial differences in both the mean
incubation periud and the ultimate completion probability. Women and Blacks tend to take longer
to complete the Ph.D. and smalier feactions of them eam the degree.

$1 Breneman specified a producthion function in which the output of Ph.D.’s (in relation to
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graduate enroliment) was related to the output of terminal Masters degrees, the facullyistudent ratio,
the proportions of graduate students receiving felloavships, RA’s, and TA's, and the AEC rating of
the department. He assumed a lincar forms for this production fundction and estimated its parameters
using cross-sectional data for a sample of Berkeley departments. Brememan's model tacitly assumes
that all depaniments (Chemistry. French, Economies, ete.) confront the same technical production
function for producing Ph.D.’s. Further, his data implicitly assume that students are homogencous
both within and across departments. His model is suggestive, and it would be enlightening 1o
urge further rescarch along these lines. The model could. for example. be extended to incorporate
micro-cconomic data on the student inputs, to allow for the allocation of faculty time to research a3
well as to undergraduate and graduvate teaching. etc.

4 The following formula was reported by Breneman (1970B) as the one which was used by the
California State University system to determine 1h€ number of full-time ¢quivalent (FTE) faculty
positions in ¢ach department.

;'-TE - 1O0LDy + l.S(UD;s-!- 256, + 3.5G;

where LD = Ipwer division caroliment. UD = upper division entollment, G) = first-year graduate
enrollment, and G; = advanced graduate enrollment. The direct faculty cost per graduate stident
is 2.5 to 3 times greatee than that for an undergraduate, even though the two pay the same tuition.
The formula makes no allowance for authorized faculty slots that are supporled by intemal or ex:
temnal research funds.

38 According to Breneman (1970A), many students intetpret their ad mission to a doctoral pro-
gram as implicit evidence that in the view of the department’s faculty, they possess the necessary
qualifications 10 cam a Ph.D. degree.

5 In his scenario of the Berkeley Chemistry depariment. Breneman argued that nonacademic
appointments were “nevtral” with respect to the depariment’s reputation and prestige index W
that was presumably being maximized. Hence, the Chemistry department expanded its demand
for graduate student enrollments by lowering the attrition rate and the time required to eam the
degree. | suspect that many of these nonacademic chemists were employed in research positions
that encouraged publications and participation in professional meetings and conferences., I so, their
research output would make 4 positive contribution to the depasiment’s prestige. I the nonacademic
jobs wete rot in rescarch, would the Chemistry department behave ih the same manner?

# Moses{1972) pointed out that between 1969 and 1972, the fifieen largest departments reduced
their physics enrollments’by 30 percent. while physics enrollments in all i nstitutions fell by only 17
percent. It seems reasonable to suppose that the fifteen Jargest departments are likely fo be the older
instititions, No clear inference can. however, be drawn since it might have been the case that the
contraction in Federal and public funds was larger for these fifteen depariments.

#0 In the light of the long incubation periods that are needed to produce Ph.D.'s. it should be
possible to assemble faidy reliable data on the inventory of “Ph.D.’s in process™. Neady all of the
students who will be receiving doctorate degrees in the next four to six years, either are already in
the pipeline or have accepted admission offers to erter the doctoral programs for the coming f3ll
semester. The graduate deans who presumably have such data at their disposal. predict virtually
1o change in the annual output of Ph.D.’s for the next four to five years.

# Certain private and one or two public universities point with pride to their tack records of
emg’aying faculty members who have made significant and ofigiral scholarly contributions to the
advancement of the sciences and asts. It is not surprising to find that these institutions typically
have lower student to faculty ratios because their faculties are making substantial contributions to
scientific and literary research. Morcoever, to the extent that public agencies and non-profit e
search organizations are prepared ty allocate research funds to the universizy’s budget. these finan-
cial considerations will also affect the ¢quilibrium students to faculty matio.

% |nstitutional practices with respect to tenure amangements and salary policies may prevent
a university from implementing some of these substitut?.as.

1 The validity of even this modest contention can be debated. If there are lags :n adjustment, a
policy initiated and undertaken in year t may affect doctorate suppties in demands in years t+1,
t+2,  Inthisevent, the policies prevailing in the recent pasi maygenerate ime paths for doctoate
supplies and demands that are very different from extrapolations of trends on the dependent
vagiables.

1 |t is reminiscent of the story of the two rabbis who wete siwdying the question. "Which s
more important, the sun or the moon?™. After considerable debate, they concluded that 1t was the
moon because it gave light in the night when it was most needed.
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Appendix Note A: BLS Projections of Industry Employment and Occupational
Ratios

The employment projections by industry are. developed in various ways.
One approach s to begin with prior projections of firal output demands which
are then converted into industry employment requirements by using input-out-
put matrices. A second approach is tc relate industry employment to certain
aggregate variables. According to Bulletin 1606, employment for many indus-
tries were projected from regression equations of the form,

(B.) Ei = Boa + BiXy + .. - + BsiXa + @

where E;; = employment in industry i in year t, X = GNP in constant dollars,
Xar = the national unemployment rate, X3 = the number of persons jn the Armed
Forces, X, = the civilian non-institutional population 14 years of age and older,
and X;; = t = a trend variable. The parameters of equation (B.1) were estimated
by ordinary least squares using annual historical data for the period 1947-66.1
If we let Xy, denote the assumed values for the explanatory variables jn the pro-
jection year p, [h =1.2... 5], the projected employment for the j-th industry is
obtained as follows:

(BZ) EL = Elp = ﬁOI + 5‘“)(., + ...+ Bﬂ)‘(”.

Thus, projected industry employment is a conditional forecast which depends
on the assumed values for the exogenous aggregate variables. Since the para-
meter estimates, {8q, . . . B51) are random variables, it follows that E, is also a
random variable. If the projections generated by this simple model generated
implausible results, [or if it did not exhibit an acceptable statistical fit to the -
sample data), it was replaced by a projection based on judgfent or extraneous
information possibly including a rcgression equation with explanatory variables
other than those identified in equation (B.1). Finally, the industry employment
projections. E;, are normalized to be consistent with the assumed projected
level of total employment jn the economy as a whole.

The BLS method for projecting occupational ratios js less clear. The Census
data for 1950 and 1960 were used to calculate the observed occupational matrices,
(ry), for all industries and occupations. Such detailed data were not available
for intervening years. but for a smaller set of broader occupation/industry
groups, it was apparently possible to estimate observed ratios by using data
from the CPS and other industry sources. Trend equations were apparently
fitted to these time series data, and the extrapolation of these trend equations
gives one set of estimates for the occupational ratios jn the projection year. |
assume that ratio projections f, for all occupations and industries were some-
how generated by interpolation using the complete occupational matrices in
1950 and 196C as bepchmarks. Again, when the trend equations and interpola-
tions yielded implausible ‘values, subjective estimates based on conventional
wisdom, employer surveys, or judgments by experts and BLS analysts were sub-
stituted. The projected occupational ratios can surely be regarded as random
variables even though the BLS methodology does not allow us to identify the
probability distribution of . .

The projected manpower requirement for the j-th occupation, E ;, is simply
the product of the two projections summed over all industries.

E.f..
il

(B8) E;=%"ijj
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1t is tl..us the sum of the product of two random variables, If we knew the proba-
bility distributions of E, and %y, we could, in principle, derive the sampling
distribution for the occupational requirement E ; thereby allowing the construc-
tion of a confidence interval.2 However, a confidence interval is useful-to a
policy-maker if and only if the estimate of the occupational requirement, E,, is
unbiased, and the retrospective evidence relating the projection to subsequent
realization, soundly rejects this hypothesis.

The industry employment data used for these regressions referred to wage and salary em:

ployees. The projections of wage and salary employees were then inflated to include the “other
employed persons’’ with suitable adjustments made to net out multiple job.holders. Equation (B.1)
describes the initial model specification. If some explanatory variables were insignificant, they
were omitted from the final equation that was used for the projections. Some examples of these
equations are shown in BLS Bulletin 1606, Vol. IV, Appendix A.

et Z,; = hE; denote the product of two random variables. If Ty and E,, were independently

nommally distributed, a Bessel function describes the probability distribution of Zy. When iy and
£y, are jointly normally distrjbuted and their correlation approaches plus one, the distribution of
Z,) approaches a non-central chi-square distribution. In short, deriving the sampling distribution
of Zy Eet alone the sum of such variables] calls for more information than that which can be pro-
vided by the BLS methodology. It is thus not surprising to find that no attempts are made to indi-
cate the sampling errors implicit in the BLS projections.
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10.‘Roundt§ble Summary

, ' Mina S. Rees :
Herbert E. Carter , .
Coordinator of Interdisciplinary Programs Presldent'Eme-rltUS, Graduate School
University of Arizona and University Center
- City University of New York

Russell D. O'Neal Lewis M. Branscomb

gae:lg::gifézgo?;?;tlons Vice President and Chief Scientist
. A IBM Corporation

Southfield, Michigan*48976 Armonk, New York

Kenneth E. Clark ,

Dean, College of Arts and Sciences g;rg:tgi;ord Stever

University of Rochester National Science Foundation

Alan M. Cartter

Professor in Residence

Department of Education

University of California at Los Angeles -~

Herbert E. Carter, Presiding:

In 1968 Congress saw fit to alter the statutes with regard to the National
Scienc “dunaation and the National Science Board, and some very deep-seated
and important changes were made. The wording was changed from NSF“may”
support social science to NSF “should” support social science. Applied research
was to be given greater attention.

The National Science Board was required toissuea yearly report, 2ndits first
report (1969) was jssued in two parts; the first, more general, section was entitled
“Toward Policy for Graduate Education.” The second part, prepared by Mr, Hart-
man, had an enormous amount of data about the graduate educational process

. over the past hundred years.

* Present addfess: Chairman of the Board and Chief Executive Officer. KMS Fusion. Inc.. Ann
Arbor, Michigan.
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That first Board report. prepared largely by Phil Handler and Charles
Slichter, expressed the optimism and euphoria which were just on the verge of
disappearing at the end of the golden age of science. The philosophy of the report
was that it is impossible to educate too many or too high a percentage of our
bright people to the limit of theijr intellectual ability as long as there is an ade-
quate diversity to the process {not every member of the Board accepted this
caveat).

At that time, the Foundation and the Board were suppofting and getting
funds for centers of excellence for institutional grants to expand the Ph.D. com-
petency of this country. Departmental grants, fellowships. and then traineeships
were being provided. It was, indeed, an optimistic and expanding economy at that
time.

The change began. slowly. and later came ever more rapidly. Space and
defense began to cut down. then there was a transition to cuts in civilian sectors
of the economy. The traineeships program disappéared: fellowships were
reduced to almost a minimum. Unemployment began to appear somewhat later.

Some in the scientific community made bitter accusations against the Foun-
dation for having engaged in policies over the years that were now contributing
to putting scientists out of work. Indeed, NSF and the National Science Board
have been deeply and increasingly concerned about the manpower problems.

Increasingly in this transition period from a goods to a service economy. and
with changes one can foresee in the universities. there were and are questions
such as: Should graduate education be dissociated more from basic research?
And, of course. with the advent of economists at the Board table new imputs were
added. We began tolearn that in the last four or five years the sophistication and
methodology for studying manpower problems was expanding at a rapld rate.
This has been an area of ferment. of research. of bright young people devoting
their attention to these problems. Of course, a better understanding of these
problems is fundamental to a number of the challenges that the Foundation faces.

We felt that if a group could get together for aday or so, there might be some
progress in understanding the manpower problems and wecould better establish
our priorities as a board. We wanted to provide catalyzing interactions which
would be useful to experts in the field and to others. ! hope that this will be the
first of a series of such meetings that might be held over the next five years orso
to enable us to do a2 much better job of looking at manpower.

Russell D. O'Neal:

The National Science Board Manpower Subcommittee has been charged by
the Board with carrying out a critical, comparative study of existing manpower
analyses and the assumptions which underlie them. Bob Dicke, Glenn Campbell,
Marshall Hahn. and Harvey Brooks have joined me in this task.

In structuring this seminar, we sought the participation of people who would
present various points of view regarding the valne of projections, and whether
and how projections might beimproved. We wanted to bring together leading ex-
perts. as well as users in industry, government, and universities, for the lively dis-
cussion ‘and controversy which this forum would generate. Perhaps it will be
possible in this roundtable summary to develop some conclusions and gurdelines
for future efforts. even if they need to be tentative.
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We wish to focus on three topics. listed in order of priority as follows:

1. Whatis the status and use of scientific and technical manpower projec-
tions? What are their limitations and impacts? And, what canbedone to
improve them so that they will be more useful to various users. but par-
ticularly to students (either directly or indirectly) in making their career
decisions?

2. What trends can we see in supply-demand, and particularly what is
happening in the demand area?

3. What can or should be done to design programs more Hexibly so that
students can have more options for meeting changing jobopportunities,
particularly in industry?

Given the whole of this seminar, it is my impression that significant im-~
provements have been made in projections. Dr. Oi and Dr. Freeman have
proposed more sophisticated approaches and analyses. Yet wemust still goalong
way before projections really become useful. There is a need for a greater dis-
aggregation. Bob Evans and Fred Bolling pointed out that all engineering dis-
ciplines should not be lumped together, and Bill Hamilton has talked of great
differences in trends between various fields of engineering. Lee Grodzins pointed
out a need for both global and microscopic data, and suggested that a bottom-up
rather than a top-down approach is needed when looking at manpower re-
quirements.-

Dave Breneman and others have emphasized the inability of models to take
into account Federal policy changes. It seems important that Government policy
and legislation be incorporated into projections, at least on a “what if” basis. Dr.
Lecht spoke of environmental legislation. Mr. Goldstein mentioned that an im-
pact study was made at the beginning of the Space program. That study shouid be
examined 10 see how it looks in retrospect. We have a golden opportunity right

now, as Lowell Paige and | discused briefly, to study the impact of the energy
program, and to collect data in such a way that :he accuracy of theprojections can
be checked at a later date.

Dr. Breneman empnasized ilai we noed research on behavioral factors
affecting supply and demand. and Ken Clark has said that much useful data is
available just waiting to be analyzed. Harold Goldstein warned that manpower
projections must not be done on an ad hoc basis, but must be carried on with con-
tinuing and unremitting research, within the broad context of the entire
economy. It has been emphasized that there is a need for a much deeper study of
the causal effects of deviations of actual experience with forecast results.

Bob Evans made an interesting suggestion when he asked whether a bell-
weather can be found that will wield trends. He suggested computer systems. Are
thereother bellweather areas that should be considered? The comment was made
that there exists a need for a range to be given to the projections, and certainly
Charles Falk has given us two ranges.

There is a lack of good data from industry on manpower projections to in-
dustry. Long-range manpower requirements are only as good as the long-range
technology forecasting and the long-range business planning. Business planning
is becoming much more sophisticated, and it probably can be expected to provide
better manpower data. However, as Bolling told us yesterday, we will always be
affected by major impacts such as energy.
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There is no_reason not to plan. On the contrary, it is important to have a
baseline plan. If there is a good baséline plan: it is easier to make Intelligent
changes as dictated by impacts. Sophisticated business planning includes con-
tingency plans. Perhaps this is analogots to the “what if” efforts of impacts on
projections which -have been mentioned during thjs seminar. Dr. White has
pointed out that projections have not been jn a form which js very useful to in-
dustry, except possibly in long range planning.

Inregard to the second priority item, frends in demand, the seminar has not shed
much light on trends. On one hand, we know that engineering unemployment is
under 1 percent and there is a lot of talk about potential shortages in engineering
and chemistry, while on the other hand Bill Hamilton (Boeing Aerospace) told us
that he is doing the same dollar business with one-half the engineering people
that were used four or fjve years ago.

In regard to the third pridrity item, motivation foward greater flexibility, a number
of comment; were made. Dr. Kidd pointed out that pecple must be trained to be
able to movz or transfer. Dr. Hubbard said that attitudes and behaviors of the
schools must change in order to'meet the challenges ahead. and Dr. Barrow
pointed out that Exxon was hiring fewer Ph.D.’s. because Ph,D.’s had become too
specialized. Or. Grodzins said we need to formulate policies that could transfer
easily. In concluding. it is for others to tell us the specifics of what shouldbedone
in these various sreas of the manpower projections and policy related matters.

Dr. Kenneth E. Clark:

Although we have been talking about a series of models and devices tomake
predictions, this is a society in which career choices are not controlled. The
system is one in which there are widely dispersed influences operating at widely
dispersed control points. The choice of options is sometimes in tite hands of the
individual who js selecting a major or selecting an institution, and sometimes isin
the hands of the faculty, or the admissions office, or of employers. We are trying
with our analytical approach to understand how the whole system works. These
analyses will improve if our data base improves, and that’s a necessary
prerequisite. Some of the analytical descriptions presented here include untested
assumptions which are made in order to develop the system but which may be
wrong. Guesses should be avoided when empirical evidence is available.

As a second point. it should be mentioned that in order for an individual to
make educational and career decisions in a realistic fashion, it is not a necessary
condition that an individual know precisely which factors influenced his decision.
Asking him to tell why hedid things may not provide the sortof information that
will be most useful. )

On the other hand, any prediction system or any form of analysis of the total
should define the separate parts or factors of the system and indicate the way in
which they operate.

[am uncomfortable with statistical pragmatism in which the only intentionis
to see whether or not the prediction comes close to an end result. We want tobe
able to predict the effects of any sort of intrusion into the system. and toknow in
some rational fashion that those intrusions work as predicted, because it is then
that we can see how the total model works.
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There are several things which need to be done in order to improve the
analysis of manpower problems. First, there is a need for better organization of
manpower data; most of our data is pretty disorganized. Itis not even collected in
an orderly fashion. Specifically, thereshould be an up-to-date taxonomy of scien-
tific manpower. Everyone likes to cite his own index numbers. Why is it that the
last available student figures are for 19717 This is the academic year 1973-74.
Enrollments have been known since las: September, and it is already known what
degrees are going to beawarded in May and June. But what is known locally will
not be known nationally for two more years. The need, then, is for a system
which is orderly and up-to-date.

Certain data ought to be collected ih some sort of telegraphic fashionearly in
every year or even in every <emester, including: student choices of courses and
majors, the number of students in certain key beginning courses, the number of
beginning graduate students, the number of fellowships and assistantships. and
the number of degrees to be awarded.

Second, thereshould be some way of assessing the effects of various forms of
influence on choice of fields and choice of jobs. This requires more than merely
counting large numbers. 1t requires the collection of data on cohort groups with
the same subjects being followed over a period of time. Studies of cohort groups
have been initiated before, but it is very difficult to keep the files going. It turns
out to be so expensive that most think it not worthwhile. But we suffer in the
long run by not having thisimportant information. Manpower data systems also
need to be more sensitive to quality. A zero change in numbers does not
necessarily mean that everything is in an eQuilibrium state.

A third point is that the present methods for making projections include some
assumptions which are testable, yet remain untested. There should be com-
missioned a series of planned and coordinated reviews of past data collection pro-
jects in order to evaluate the possibility of testing some of the assumptions inour
current models. We then need to translate these reviews into a new set of data
collection procedures and analytical methods which we can progressively im-
prove by a series of jterations. Such a sequential procedure might also lead tothe
discovery of other, not yet recognized influenceson the total manpower picture.

Allan M. Cartter:

One good thing is that the discussion is coming together again on the
problem of fixed coefficient models versus recursive feedback models. The issue
has been thrown up in some kind of stark relief. The so-called fixed coefficient
models are not necessarily constant coefficient models. That distinction should be
made. It is true that merely extrapolating trends does imply a certain in-
dependence of market forces. However. the last two or three years have en-
couraged us to look more and more at the market.

The market models are a major step forward, a step toward the real world.
Yet even in a model with elasticity assumptions, thereis a kind of fixed coefficient
once removed because the supply and demand schedules are not linear, and small
changes will have somewhat different effects than large changes.

Most of the models prior to 1970 were more or less fixed coefficient models
and were intended to be projections, not predictions. They were intended for
their shock effect, to show that the system was on a collision course and
something needed to be done. Most people who built fixed coefficient models
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qualified their conclusions with the recogmt:on that the real world can’tact that
way—that the system would have to (indeed does) respond to changes in retire-
ment. relative salaries, etc.

It would be a step forward to build such adjustments into the models and
really try to predict the future. We are moreinterested now in real forecasts, and
understanding response mechanisms and adjustment processes Sf the real world.
in the context of this conference, we are concerned about whether or not public
policy should intervene, either to reduce the time lags or to attempt to stabilize
the system by anticipating future market needs.

Another distinction which should be made between the extremes of fixed
coefficient and pure market models is that different procedures may be ap-
propriate at different levels. If one is talking about high school graduation rates.
they may be S percent market influenced and about 95 percent determined by
State policy, plus parental and societal expectations. In regard to college attend-
ance or graduation rates, the influence is perhaps about 15 percent market and 85
percent non-market. However, at the graduate and professional school level, the
ratio is 50/50, or perhaps 7S percent market and 25 percent non-market.

Another way of saying it, in economists’ terms is that undergraduate educa-
tion is probably 85 percent consumption and 15 percent investment, whereas
graduate and professional education, because of its career-oriented nature, is
probably 75 percent investment and only 25 percent consumption.

* Thus, when looking at the market for doctorates, you have to build in market
assumptions or ignore reality. Similarly, for models such as the NSF supply and
utilization models, the further ahead you look the more you have to build in the
market. If one only fooks five years ahead the market can probably be ignored.
Students are already in the pipeline, and the market does not have muchinfluence
on those individuals. If Clarles Falk starts looking fifteen or twenty years ahead,
however, then obviously it has to be with a market-oriented model.

I would like to second Ken Clark’s remarks. If we are to know more, we must
improve the data. The one thing about building market models is that it reveals
what data are needed. On the other hand, if one merely extrapolates and uses
fixed coefficient models, you can keep score on your accuracy. but know nothing
new when you're finished.

The point made by both Freeman and Qi is valid. Forecasting ought to be a
learning experience. You should have feedback so that the model can be im-
proved, so that it reflects the real world. Weneed to better monitor the system, to
know more about the flows in specialized disciplines. The physics society has
done a first-rate job. If all disciplines had done what physics hasdone over the last
seven or eight years: manpower modeling would be much further advanced.

We need better data on employment: on mgbility, and on compensation. In
any given year in the academic market place there are new teachers hired; there
are faculty members who switched institutions but stayed within the system;
there are senior people who retire; there are people coming and going from
government and industry; and there are individuals who have offers to move but
chose to stay. Taken together, all of these categories add up to 25 to 40 percent of
all college teachers. 50 in a sense this many are subject tomarket influences in any
given year. The assumption that Faculty members are insulated from the market
appears to be inappropriate. We need much better data on this subject.
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One example of the problem of limited information is provided by the Office
of Education statistics on college faculty. Two large surveys were conducted in
1962 and 1963. Blenmally since then, OE has done small sample surveys of college
faculty. Yet the Digest of Statistics gives a series of data going back 10 or 15 years
which is half-guess and half-interpolation. The 1972 Projections of the National
Center for Educational Statistics rewrote the history of the last 10 years, and
reduced by 12 percent the number of faculty previously claimedin the systemin
the early 1960’s, and raised other numbers for the early 1970 by ten percent.
changing definitions and interpretations.

There is not even a good faculty survey that has been done since the year
1968. How can one hope to build a sénsible model, if he finds 1hat the whole
history of thelast dozen years has been rewritten and changed. The incremental
faculty-student ratio additions have been changed by something like 25 percent
for the last decade.

It should also be clearly stated in advance that all projections of so-called doc-
torate surpluses or shortages are pound to be disproved by the facts. There are
not going to be empty classrooms. and Ph.D.’s will not be selling apples. Economic
forces really do clear the market bycausingchangesin hiring standards and salary
rates. If doctorates are in short supply: individuals with lesser qualifications are
hired, and if doctorates are in abundant supply. individuals with stronger
qualifications are hired. Salary levels, particularly at the point of entry, are flexi- -
ble. If there are insufficient jobs in R&D or teaching. then there wiil be large
changes in the so-called “other employment” category. The Ph.D."s will be
employed somewhere, even if self-employed or driving taxicabs; unemployment
is an unlikely alternative for doctorates.

Finally. Dr. Solmon’s comments on the nature of the definition of un-
deremployment are veryimportant. This Is an area that needs serious attention.
Often, the terms "underemployment” and “enrichment” are used as though they
are synonymous; however, in a qualitative sense these are two very different
states. S0, in conclusion, I would plead for much better data, more research, and
more forecasting with a variety of more sophisticated models.

Mina S. Rees

Dr. Hubbard talked about government policy being an overriding variablein
its impact on projections, and the government policy of equal opportunity,
translated into the various rules for operation, does raise some questions for
women about how to interpret what has been going on.

How should young women view the projections which should make free per-
sonai choice better informed? We have been talking about that problem. People
have been warning about lowering standards if the requirements for womenon
faculties are to be met. | take the position that that is quite false. There is no
reason whatsoever to believe that women will not be just as qualified and just as
able as men.

There were eighty-six finalists in this yea. - Dissertation Fellowships in
Women’s Studies administered by the Woodrow Wilson National Fellowship
Foundation. Virtually all eighty-six of these were absolutely first-class. Their
thesis proposals were interesting and quite imaginative, and they were
tecommended {(usually by men) as among the best students at their universitiesin
their many disciplines. Each of these women was planning toteach, and none had
been turned off by recent threatening projections.
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However, if we follow Dr. Breneman’s suggestion and explore behavioral
parameters, it would be well to investigate how universities are threatening the,
employment of women. Are women to have preferred positions in new hires, or
are they not? Young women are assuming that they are going to get jobs, but itis
unciear how universities are going to treat this situation.

It was interesting to hear from Dr. Kelley earlier that the most recent resuits
of the National Research Council indicate women areearning Ph .D."s in thesocial
stiences, a fair number in the biological sciences, but not many in the physical
sciences. However, the pattem is apparently changing.

Nevertheless, it is extremely important tnat unjversities kave rolemodels on
their faculties, as Dr. Cooke suggested, particularly in the natural sciences. Vir-
tually all of the professional societieshave been compiling rosters of qualified and
available women, and the AAAS has been coordinating these various rosters so
that they may be presented in usable form. There are still many frustrated older
women who are well qualified and who simply feel that they are not getting
recognitions and it is extremely importan: that there be role models in the
sciences 50 that additional women do go into science.

How are graduate schools reacting? A little overa year ago, I reported onthis
at a meeting of the American Council on Education devoted to women in higher
education. Jn most good graduate schools, there has not been serious discrimina-
tion on admission and fellowships, but the reports on dropout rates and comple-
tion of Ph.D. have been generally unfavorable in the past.

However, at the City University of New York where an institutional study
was made last year, the findings were that on the average, and in nearly all fields,
women are performing at about the same level as men. The City University is an
unusual institution and has unusual students But one of the most unusual things
about the University is that I was head of the graduate program in spite of my be-
ing a woman. This role model may have had real impact. Universities are now
attempting to appoint women to important administrative posts. However, until
this is realized ona broad scale there willbe animportant factor weighing against
the attainment of rates of completion of graduate school comparable to rates for
men.

Jf we do achieve public debate on the manpower budget needed to support
the kinds of new programs that were discussed earlier, hopefully a few of you will
remember that womanpower is an important aspect of what is called “man-
power.” Particularly in new programs of energy research and environmental
protectionthere is need foraffirmative action.} hope that NSF willincorporate an
affirmative action programin its research activities by making an effort toinclude
the competent women who are becoming increasingly available.

One final comment: Dr. Hubbard observed more or less parenthetically that
birth rates have falien specifically in the societal groups that have provided the
graduate students in our universities. I call attention to the fact that, provided the
birth rate does not fall to zero, there will be twice as many people in the ap-
propriate age group, eligible to be gra juate students as Dr. Hubbard was coun-
ting since, if present trends continue, both men and women should be counted jn
the future while a very large proportion of the graduate students included in the
past statistics have been rgen.
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Lewis M. Branscomb:

1 will treat myself as a test subject for this conference. Because lam not an ex-
perienced manpower forecaster, | associate myself with those in industry who
don’t really know how to use manpower forecasts in their aggregate form. These
are my questions: Am | supposed to worry about whether or not there will be
enough engineers in 19857 Do government fellowships and traineeships have
anything to do with the quality or quantity of scientists andengineers? Are the
present surpluses unfortunate side-effects of the self-prescribed medicine of
fellowships. traineeships, and institutional support programs advocated by those
who saw a need for scientists and engineers for the space and other programs? Is
supply highly responsive to wages or not? If it is, what is jt that keeps employers
from paying what it takes to get all the good people?

Professor O impresses me very much with his discussion of the risks of
focusing on numbers alone. The hidden assumptions and difficulties of definition
that plague the art of making projections perhaps should be, themselves, the sub-
jects of primary interest. We really ought to study the process of people under-
taking scientific and engineering careers, and try to understand the conditions
that affect quality and various career patterns. Perhaps weshould not attempt to
define boundaries so narrowly that single numbers can be used in aggregate
descriptions. If in manpower studies we identify the phenomenology and then
focus on that phenomenology, then we will be less likely to draw the wrong con-
clusions from numbers.

Macro-analysis obscures skill levels, quality, and the dynamics of utilization.
1f ] am told that 5 percent of the science and engineering pool each year are going
to have to find something else to be, 1 don’t know how to respond. It is quite cer-
tain that this country could get along with at least fifty fewer universities giving
Ph.D.’s in chemistry and physics. Certainly IBM does not want tohire thebottom
quartile of that production, and neither does anybody else, although someone
probably will. It may be that society will be better off for the something elsethey
do, and weshouldn’t assume that the fact that some Percentage of the people who
receive this very expensive education only utilize it for ten years then leave,
represents a poor return on investment. The total investment in the educational
system is clearly reflected in the aggregate contributions of all of jts products. If
amortizing the investment ofthe bottom quartile over five or ten years and then
moving them out enables the system to have a quality competition that serves to
raise the quality of the top quartile, then we may be very much better off.

So | would endorse Dr. Freeman’s stress on the need for policy models, that
is, models which incorporate policy alternatives of appropriate institutions.
There has been a moderate, but not very great. amount of discussion of govern-
ment policies. There has been only a little discussion of industrial recruiting
policies, and verylittle discussion of university policies. The feedbackis there, but
it is a loosely complex system.

Since Freeman tells us that occupational structures are more flexible than
wage structures, [ assume that aggregated numbers of people are not really of
primary interest.

Indeed, | find it difficult to take the aggregate numbers seriously, when Isee
engineer, sdentist, and discipline breakdowns, but nowhere breakdowns for
programmers. systems architects and engineers, information specialists, or other
such specialties that IBM would like to have in large numbers. In fact, IBM
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employs full-time teachers to teach electrical and mechanical engineers the skills
needed to enter the above professions. Although computer science departments
of universities train people which IBM finds exceedingly valuable inits research
division, and indeed 90 percentof thepeople jn IBM’s R&D are trained by the uni-
versities, there still remain specialties that have been overlooked by the
educational system.

The IBM business Strategy for the next fifteen years is based ona technology
with a future growth that is limited by the availabilityof skilled manpower for its
customers. Because of the need for new professional specialties, IBM is actively
involved with a number of universitics in the creation, development, and support
of new graduate programs.

Dr. Kennedy made a point in which he noted the very fortunate fact that
M.D. researchers receive the type of training which permits them toevolve from
research activity into practitioner activity very e.sily and with very little social
strain. Perhaps medicine is unique in this, because the practitioners are well paid
and highly respected. You are not taking a step down to go from researcher to
medical practitioner. One might think-jt js a step down to go from physics
research to product development, the analogy for engineering, but this should
not be the case.

A very hard look should be taken at the structure of the professions and the
kind of training people receive. We should ask whether or not there is a way in
which young people can get practical training early, training with enough basic
science and excitement to stimulate interest in research. It would be easier for an
individual, at a later time, to make the choice to get deeper and deeper into
research or to be an even better practitioner than otherwise.

If you look at a number of very outstanding basic scientists in this country
who came to America from abroad, you will find a number who were graduates in
electrical or civil engineering in some far-off university. Many had strange un-
dergraduate backgrounds, very sophisticated basic science training in graduate
school here, and then combined in their future lives that extraordinary ability to
mix application and basic knowledge.

Finally, this cc aference really has not talked much about R&Dproductivity
{i.e., the dollars of business produced from a manhour of R&D effort} and thein-
flation in costs of R&D manpower. In some sense, NSF needs to help address for
the society as a whole the problem which some at IBMcall the“technical vitality”
issue. That is, how does onemaintain an jnnovative and flexible R &Dcommunity
in a growing economy where manpower growth rate is significantly slower than
economic growth rate? This is one of the broad questions we need to ask about
the country’s R&D infrastructure.

Very little attention is given to the question of research and development
productivity and the many things | think the government can do to enhance it.
The load-leveling of the universities is another important issue, as is the whole
problem of mid-career guidance and evolution. These two issues are related.
Whenever the utilization rate falls short of supply, the dynamics should be
managed by lateral transfer throughout the career chain, rather than by im-
posing the burden on the universities and on the students where both the finan-
cial and emotional impact js hardest to handle.
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H. Guyford Stever:

The level of research support for manpower studies should be raised so that
there are more accurate and better understood manpower projections. It should
be pointed out, however, that when projections are published, other people will
take the data and put their own construction on it, so we tust be cautious about
what we say.

Which way should we be going? That is a question ‘being asked by this
seminar. There is not yet a convincing rationale to reestablish large-scale, direct
support of graduate students, but this does not mean the NSF and the National
Science Board will not work for more fellowships. Science must haveits share of
extremely qualified people, but the numbers who can be aided by the fellowship
programs will be so few that their effect on the total number of graduate students
will be minimal.

The National Science Foundation and the National Science Board keep
pressure on many programs—fellowships, basic research, applied research,
education support, etc., but necessarily concentrate on a few. This year, emphasis
was placed ontwo things. The first and overwhelming activity wasthe support of
Project Basic Research, 98 or 99 percent of which is carried onin the universities.
Second, NSF's position in the energy field, both basic.and applied, was
strengthened. The budget for these two items went up 25 percent.

The results of this meeting seem toindicate that even if the NSF were to con~
centrate on fellowships for next year, additional financial support might well not
be forthcoming. However, the basic research program does support first-rate
graduate students, and it does focus on the best universities. There is a very
strong connection between quality of university and battmg average on
proposals in basic research. "

The United States needs a very strong science community. Scientists and
engineers are going to be deeply involved in such problems as energy. materials,
and food. Communicating with society on that relationship may be the most
effective way to influence this manpower supply. There is some evidence that
enrollment in graduate schools and in engineering schools and enrollment in
courses that relate to a modern and long-lasting problem, namely, energy,
reflects the influence of societal problems on students. Yet itis important to go
forward with manpower studies. Such studies may begin to give us the detailed
structure of the future of manpower needs, and manpower supply. and will help
sort out major policy questions. That is our hope for the future.

General Discussion

Comments and concerns were expressed as follows in the period of general
discussion which followed the Roundtable Summary:

¢ There are some who react simplistically to projections that appear to
show statistica! oversupply, and some in the larger community of non-
scientists who parrot back casually, “Why do you want fellowship
money when there are teo many doctorates?” At thisconference, there
has been a considerable demonstration of the awareness of the real
problem, the character of the problem, and the meaning of projections. It
is unfortunate that the larger number of people, those who have been
making simplistic decisions, could not participate in this discussion.
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An opinion was offered that fellowships probably have something todo
with encouraging bright kids to try for graduate degrees and therefore
might be used to strengthen certain disciplines. It was explained that
NSF fetlowships are given on a straight talent basis and that studentsare
free to choose school and field of study. If physics were to be strength-
ened. for example, traineeships, no* “ellowships, would be required.

Rhetorically it was asked, "Is there going tobe a single job open for white
males in 19807 It may turn out that with theatfirmative action program
and the Civil Rights Act in effect, there may be zero jobs for some.” In
reply, it was suggested that what was interpreted as affecting white
males affects all and that the biggest manpower problem in science and
engineering today is, “What do we do to jnsure that we do not have a
missing generation of teachers and researchers in the universities?”

Dr. Cartter spoke of looking at this question by applying apparent
academic needs and supply to the future age distribution of college
faculties, taking into account retirement rates, senior people into and
out of various fields and other factors. Suddenly, by 1990 only 3.5 per-
cent of college teachers are under age thirty-five, That's the missing
generation, byt the market wont work that way. What will happen is
that there will be somewhat lower retirement ages, and deteriorationin
the relative salary of academic as against non-academic people. During
the 1960’s about 3 percent of faculty left each year to take jobs in in-
dustry and government, while an equivalent number came back fromin-
dustry and government. However, if there were a change in the wage
structure so the outflow were 4 percent and the inflow were 2 percent,
then 6,000-7,000 new jobs per year would be created for young graduate
stuaents. Yet if there is a period of roughly fifteen years when there is
no expansion in higher education and theonlyjobs are created by retire-
ment and death, then there could be’a missing generation of teachers
and academic researchers.

“Is there any concrete suggestion that might come out of this con-
ference, about specific activities at specific agencies which could be in-
jtiated to explore inadequacies in manpower data and determine ways of
improvement? For example, the whole area of the humanities, whichis a
large part of the university view of the whole manpower problem, is ex-
cluded from the excellent data collection and related activities of NSF.”

It was suggested that if these kinds of comprehensive data were
now being collected by the Office of Education, that somehow the NSF
and the National Endowments for the Artsand Humanities might joint-
ly undertake such an effort. Further remarks brought out the point that
neither of these national endowments is heavily involved in manpower
production, The endowments are growing successfully, so why should
they become involved in this controversial area? But on the other hand,
the Modern Language Association does have considerable worry about
the market.

A distinction should be made between two kinds of data. One kird is
status data, such as the number of students and amount of fellowship sup-
port; the other is behavioral data. Enough longitudinal data have been
collected so that with very marginal amounts of mc 1ey, much of it can
be brought up to date and made useful. The Office of Education should
concentrate on publishing the status data quickly. We dont need
another longitudinal survey.
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It was pointed out that models which emphasize one variable, such as
earnings, and ignore others could lead to erroneous conclusions. The
question appears to be: “If it should turn out that all sorts of factors are
involved—the employment of the parents. socioeconomic class, and
other social matters—would it be possible to determine whether or not
these sophisticated and complicated correlations could actually be
dominating the whole system?”

Dr. Freeman responded, saying that most market models have not
been one variable against another. They have been mutual regression
models that often use somewhat sophisticated techniques. The distribu-
tion of family backgrounds does not change much over five to ten year
periods, so this type of question can be appropriately addressed at a
different level than in these models. Further. this type of information
does not necessarily alter the elasticity estimates. They are derived
through the use of multiple equations.

In further discussiors it was pointed out that it may be true that
family background, etc., may not change rapidly. but public attitude or
what one may call the rhetorical climate does change profoundly in short
periods of time. Thé prevailing attitude toward things like science and
technology may change abruptly. If the rhetorical climate is swinging at
the same time that some measurable parameter in 2 model is changing,
thé analysis may glve a fallaciously large wieght tothis parameter. One
must be aware of this type of problem. It is true that non-quantifiable
factors make big differences in the way people behave.

It would be erroneous to assumethat data are so lacking or soconflicting
that one cannot make decisions about any aspect of the manpower
problem. For example, it is known that the average age of the faculty in
physics is increasing at an alarming rate. Further, the number of physics
graduate students is declining, and the number of postdoctorals is, at
best, not increasing.

There are two questions about the above facts. First, is the quality
of graduate students in physics changing? Secondly, who is going to do
the physics research? When university professors are asked to teach
more because the student to faculty ratio is increasing, then they willdo
less research. There are enough data to address the above two questions
in a substantive way; it is hoped we do not go away thinking that we
should ig nore the future while we wait for some better understanding of
the available data.

Using American Council of Education ratings: we can count the number
of new Ph.D.s who took their first jobs in institutions of equal or
superior quality to their graduate institution. For the time period 1967
to 1972, the percent of male Ph.D.’s who took jobs in institutions of
equal or superior quality dropped from something like 22 percent to
about 16 or 17 percent, while for women Ph.D.’s it rose from about 15
percent to 18 percent. One can only guess at the situation ten years in
the future. but for now it looks as though discrimination in terms of the
kind of institution where men agpd women took their first jobs has now
disappeared. Beginning salary and level of appointment are another
matter.
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-- Marketplace equifibrium needs to be studied very ca!refully. Itis unfor-

tunate that the university marketplace has not been discussed vis avisa
drop in fellowships. There are all kinds of pressures on state colleges lo
keep student enrollment high. A reservoir of teaching assistantships is
needed for instructional purposes and for this the states supply, or a
school supplies its own money. Fellowships tend torepresent a fixed and
inflexible amount of money, but teaching assistantships and research
assistantships can be increased by cutting down on post-doctoral,ap-
pointments. This kind of tradeoff is made when it is necessary to keep
enrollment high so that professors doing research have an adequate
number of research assistants.

A zero-growth phenomenon for universities, when suddenly imposed at
the end of a rapid growth phase, has very drastic and serious conse-
quences that must be met by some kind of response. Some universities
are spending resources to encourage early retirement. An attefptis be-
ing made to change the structure of the faculty in terms of the distribu-
tion of ages because it is absolutely necessary that theseschoolshkave an
opportunity to bring in bright young men and women. With one, two, or
three-year terminal contracts, the lower ranks can be turnedaround un-
til the top ranks move out at the other end of the system, and a better,
distribution can be achieved. There are other pressures also—those
related to civil rightsissues, the failure to bring in sufficient women and
blacks. The onus of proof of compliance is on the university.

in regard to the dissociation of undergraduate teaching from the
graduate basic research activities, it was suggested that careful thought
be given to whether a complete separation of basic research from the
university or reorganization of the structure within the university is
needed.

Finally then, it was stated that the conference had shown that the real
issues for scientific manpower lie in the strength of the university, and
in the total resources available for graduate ediication and in the dimen-
sions of quality of that education. All of these are affected by Federal
fellowships—even though such fellowships are a relatively small part of
the total complex of factors which relate to saentlﬁc and technical man-
power issues,
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