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FOREWORD

In June 1973,a task grotip'of the National Science Board felt that the scientific
and technical manpower trends which have developed in the recent past, were of
such iMportance that they should be the subject of more detailed analyses anti
study. Accordingly, the Board appointed a subcommittee qf its Planning and
Policy Committee. This Ad Hoc Subcommittee on Manpower, under the
chairmanship of Riissell 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 its study, tht
Subcommittee decided to hold a seminar at which the major concern was to
develop an understanding of scientific and technical manpower projections of
supply an d demand, since such projections could serve as a major tool in effecting
policy decisions. All levels of scientific and technical manpower were addressed,
but with concentration at the doctorate level. The seminar was structured to
include participants with v-arious points of view regarding the value of
projections, and whether and how they might be improved. Among those present
were experts in the preparation of supply and demand projections of scientific
and technical manpower, as well as users in ind ustry, government, and academia.
Allan M. Cartter served as chairman and moderator of the Seminar, as we'.I as
assisting in its planning and organization.

Six major papers were commissioned and presented at the Seminar, held on
April 16-181974, 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 realizability of their anticipated futures

After consideration of the many problems and possible solutions offered at the
Seminar, their kasibility and timeliness, the Subcommittee formulated its
recommendations. These are found in its report, Scientific and Technical Manpowes..-.4.
Projections (NSB-74-286). Also to be found in that volume are an overview of the 1:

Seminar and highlights of the presentations.
This volume contains the proceedings of the Seminar, including the

commissioned papers and a complete listing of an participantS.

Norman Hackerman
Chairman
National Science Board
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1. Opening Comments

H. Guyford Stever:

Director,
National Science Foundation

I am very glad that the National Science Board has decided to establisha n 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 pail of that is insuring an appropriate supply of
manpower. Also, we a re 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 a lack of knowledge about the
elements of scientific and technical manpower issues. The effecti oFgovernment
support and the effects of technical opportunity are still riot 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 lade 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 or traineethip money
available. We know, 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, govern men t has never thought out very ca refully its
role in supplying first-class talerit ir science and engineering. 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 Mr affected by change in government policies. All of us, in
both institutional and industrial settings, have shared in the consequences. ln
these brief remarks, let me emphisize our need for a greater depth of
understanding of manpower issues iflhere are to be more effective policies and
programs, and if we are to present young people with useful information
concerning career choice and career opportunity to enable them to make
intelligent dedsions, both for themselves and for the scientific en terprise.



Allan M. Cartter
Seminar Chairman, Professor in Residence,
Department of Education,
University of California at Los Angeles

I would fike to express my appreciation to Dr. Stever and to the spedal com-
mittee of the National Science Board, which has taken such a lively interestin the
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 partidpants, 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 Waffle was
almost "Mr. Manpower" in Washington, D.0 He kept a Nei); interest, had more
insight- than many, and encouraged others to work in the area of manpower. The
predictions and projections of Barney Berelson have turned out tobe surprisingly
accurate, and he had a significant impact on a number of us. Dick Freeman
probably iias 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 devke 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 art in 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 Universities and has been asindely
analyzing trends in doctoral production. My own name would be on the citation
fists. 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 I were so critical in the early
1960's of the National Educatiori Association's biennial surveys on teacher supPly
and demand from 1953 through 1963. The criticisms helped destroy the surveys,
and that was unfortunate because NEA had collected more good data and spent
more time focusing on teacher supply and demand thai my other agency. So
much for the past.

_

The market for doctoral scientists is intriguing, in part, because the demand
for Ph.D.'s is di videe almost equally (perhaps closer to 55145) between academic
and non-academic demand.'Nearly two-thirds of the latter depena on 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 need s..Un til 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 the past two

2
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or three years are disabusing us of this assumption. While we ail recognize 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
education progression for the last ten to fifteen years (Table 1.1..) This gives us a
common beginning point. In addition, it might be interesting to conside r why the
assumptions made in earlier projections turned out to be false.

=MOM....o

Table 1.1 -
Selected Key Ratios of Educatienel Progression;

Actual 1955/56 through 1973/74, and Projected to 198W81

Year

High School
Graduation

Rates

College
Entrance

Rate2

College
Graduation

Rat&

First-Year
Graduate

EnroltrnenN

Ph.D.
COnitation

Rate

1955156 .631 .496 n.a. .45 n.a.
1957/58 " .653 .501 n.a. .51 n.a.
1959/60 .726 .501 .522 .57 n.a.
1961/62 .689 .517 .517 .02 .075
1962/63 .696 .535 .521 .66 .075
1963/64 .824 .528 .535 .70 .076
19ev!5 .712 .535 .516 .74 .080
:065/66 .757 .541 .508 .76 .081
1966/67 .760 .516 .537 .79 .083
196'1,68 .771 .537 .556 .81 .082
1968/69 .785 .603 .546 .79 .083
1969/70 .782 .618 .561 .76 .084
1970/71 .765 .615 .596 .73 .082
1971/72 .768 .600 .571 .69 .079
1972173 .764 .576 n.a. .67 ..076
1973174 ma. *478 n.a. *.66 n.a.

Protected

1975176 .776 .586 .579 .65 .072
1980/81 .801 .617 .580 .62 .070
1985186 .821 .643 .. ,IniMM ..,
1990/91 .836 .669 MM,INIM. ..,..,

Prehmtnaly cam
, Hop sebosl graduates/average al age 17 and 18 popula.

hen
0 fust.time eoNege degree meat enrollmerWhign sCnoOt

graduates of previous academic year
0 Baccalaureate degree/avenge Mst.trme enrollment of

three and lout yeart eatka

Firsl.year gramme enreliment/vverghted average of
a A 1 one to four years earlier (Nattled tostiotr graduate
stuoents aro not use ante at first.Omegraduatestudents.the
lama constitute only about 40 percent et Me former )

Psi D $ avamtectiaversar tirstlear enrollment tow to
sato Yeas *aka

The time series of high school graduation rates rose fairly consistently to a
peak about the year 1965, 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 point per year until ap-
proximately 1980, then kvel off at about 90 percent of average 17-18 age 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
dra ft.

3
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Consider also the college entrance ratethat is, first-time college entrance
in relation to high school graduates. This is a rising series that peaks in years
196990. Again, analysts in the late 1960s and early 1970s assumed that college
entrance rates would continue to go up steadily over the next decade. The rever-
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 Ado 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 fairlysharp drop. This drop occurred at the
time when the public became aware of tate 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 interesfing 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, no projections are estimated for 1985 and
1990 in the thr.e right-handcolumns because that is where 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 school and 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 first-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 schoolthat is, the ratio of column 3 to column 1peaked in 1967 and
has decreased sharply since then. In the case of the professional schools, the peak
occurred about 1970-71. While the absolute numbers seem to begoing up at a rate
not quite keeping up with the increase in baccalaureates, by 1973 we appear to be
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 FCensus 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% 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 census series is the 20 to 24 group, that is the one shown. There is an
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 ao 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 Pprojections, 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. ,

Table 1.2
Ratios of Estimated First-Time Student.; in Professional andGraduate
Schools in Relation to Weighted Average of B.A.'s 1-5 Years Earlier

Year

Weighted
Average
of B.A.'s

(000?s)

First-time
Professional
Enrollment

(0047s)

First-time
Graduate

Enrollment
(000"s)

Ratio

2/1 3/1 2+3/1

(1) (2) (3)
1955 291 26 60 .09 .21 .30
1956 282 27 ea .10 .23 .33
1957 295 27 69 .09 .23 .32
1958 313 27 79 .09 .25 .34
1959 334 28 a .08 .26 .35
1960 350 28 94 .08 .27 .35
1961 361 29 103 4 .08 .29 .37
1962 374 31 113 .08 .30 .38
1963 395 ' 33 127 .08 .32 .40
1964 427 35 146 .08 .34 .42
1965 466 36 166 .08 .35 .43
1966 492 36 178 .07 .36 .43
1967 524 38 196 .07 .37 .45
1968 576 45 210 .08 .36 .44
1969 648 55 226 .08 .35 .43
1970 720 63 242 .09 .34 A2

.1971 779 66 248 .09 .32 .40
1972 832 68 2257 .08 .31 .39
1973 '883 70 2269 .08 .31 .38

t Prolimonary data.
4 Increases based On ETS/CGS PevoYs

1.......,

Table 1.3
Actual and Projected Degree-Credit Enrollment, Selected Years

(000's)

Year
First

Undergraduate Professional Graduate Total
PhD:s

Awarded

1955 2258 160 242 2.660 8.9
1960 3058 169 356 3.563 10.6
1966 4689 218 619 5.526 18.2
1970 6677 343 900 7.920 32.1
1975 7690 443 1064 9.197 39.5
1980 8531 507 1136 10.174 43.7
1985 8186 560 1216 9,962 45.8
1990 7910
1995 7333
2000 8197

5
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Figure 1.1
Projected Size of 20.24 Age Group to Year
2000, According to Alternative Census Series
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Many of us have been critical of the Of fice of Education projections, riot only
because the data were usually several years out of 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, I
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 projectbns 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 1962 decade will be only 34,000 faculty members. This is
fewer than were hired in the single year 1965. During the period from 2962 to
1972 the number of full-time faculty expanded by 211,000. For the coining
decade, the Office of Education suggests that the net increase in 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 OE'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 vP- the late
1970's.

14
6



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 1990's than it has at any time
in the past.

I am pleased thatNSF 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 meeting we will have a much better grasp of
wha t we do and do not know, and how we can better monitor and improve man-
power projections.

I would like to give special credit to Dr. Russell O'Neal of Bendix, enairman of
the Ad Hoc Subcom mittee 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 chapter is based on the oral presentation of Harold Goldstein and on 'his paper.. The lead
discussants were David W. Braemar:, National Board on G raduale 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 decisions. 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
periodrBifore investing years of, time, effort a nd 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.

#
Government. Projections 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 franie 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 recruftment, training, and retraining.

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

It was for this first groupyoung peoplethat 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 information is published every two years in
the Occupational Outlook Handbook which is widely used by high school and college

9
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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 Handbook help young people make rational.
decisions, for themselves, by providing accurate and timely information.

The Statement
In making predictions to aid decisionmaking, we can either 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. I 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 particidar 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 is used 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 engineers and 4oper-
cent of the scientists in the U.S. work in industry. Of the engineers in industry,
about one-third work in R&D; of the scientists, about one-half work in R&D.
Thus, R&D expenditures in industry in particular have an important effect on in-
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 activities 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 2.1 shows, a large number of scientists work in government.
But governmental needs are not strictly market-oriented. The decisions of
government to engage in particular programs and hence to create demands for
this or that kind of personnel are ultimately based on the decisions of legisla tures.
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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Figine
Distribution of Engineers and Natural Scientists by
Type of Employer and Percent Engaged in R&D (a)

1. PRIVATE INDUSTRY
2. GOVERNMENT
3. COLLEGES & UNIVEK1T1ES
4. NONPROFIT INSTITUTIONS

CO PERCENT PRIMARILY ENGAGED IN R40
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b2s__ A ./a-7.%;1234
ALL ENGINEIRS '

I 2 3 4
ALL NATURAL

SCIENTISTS

1 2 3 4
SCIENCE Ire ENG R.

00CTORATES

(a) Data for doctorates are for 1973; data foe all
engineers and natural scientists ate 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 specifk 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 sdentists and engineers
are utilized in each sector. These activities, however, donot function in isolation;
they are interdependen t with national activities such as th e growth and changing
composition of the pojiulation, national income and production, and the distribu-
tion of products.

11

18



The Method

The Bureau of Labor Statistics, as part of a federal interagency research proj-
ect on economic growth, 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 in the composi-
tion of each sector, ... ,

In making the projections, assumptions are made about the rate of economic
growth which in turn is based on the projected growth of the labor 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). lf that assumption is not satisfied, it will affect the employment of
scientists and engineers. The projections include the useof inputloutput analysis
which allocates final demand for consumed products to the various producing in-
dustries. For example, the demand for automobiles relates to the auto industry,
but it also relates to 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 regresiion analyses of the relation of production or
employment in each industry to the major variables affecting it.

One difficult factor to assess is the occupational mix of industries; 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. Aho, the mix is affected by
technological changi.. 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 in industries, the decennial census has been the only 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.
Labor is 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 workers in all
occupations were issued in December 1973. The projections for sdentists and
engineers are shown in Figure 22, based on data in Table 2.2 in the paper. The
projected requirements of 1985 indicated much slower growth from 1980 to 1955
than is expected fob- the period up to 1950. The tentative conclusion is that when
occupational requirements are projected against projected supply, there will be,
in the early 1980s, more persons qualified to work in thescientific 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 in
the past: that is to say, they will be underemployed.

Again, however, all this could beand, we hope as a result of publication of
the projections, will beaffected by changes in choice and preparation of
students.
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Figure 2.2 .
Employment arid Demand for Engineers
and Natural Scientists, 19721985
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SOURCE: H. Goldstein. based on data from the Bureau of Labor Statistics.

The Outcome

A rea sonable question to ask is, "How well ha ve past projections been made?"
The response comes with caveats. Projections cannot be tested accurately against
the actual; first, because assumptions underlying the projectionssuch as full
employment and no warare not borne out, and second because demand v s ex-
plidtly plotted without consideration of supply, and supply without considera-
tion of demand. It was expected that adjustments would be made in both supply
and dema nd as decisionma kers reacted to the projections and to unfolding events.

The projected requirem.- -Its for scientists were fairly.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 percent of GNPand in the 1970's
tapered off to 2.7 percent. This led to overprojection.

A review of projections made since the beginning of the 1960'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 a large part of future employment opportunity. A lot of time is
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 organizations to
technological change, relative wages, and general supply and demand
factors.

Occupational data must be analyzed and disaggregaied by plants in
order to be of maximum usefulness.

_

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

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

Continuing and unremitting research on manpower projections is need-
ed and must be carried on in thebroad context of the whole economy and
for all the relevant occupations. We need to know how occupations os!e
interrelated. Responsible analysis requires a continuing across-the-
board research program in the field of manpower projections.

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

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 in his written paper and in his remarks
commented on this problem when he noted that ". . .economic information plays
only a modest role in career decisions," and that ". . .psychological and social fac-
tors as well as personal commitments Io a field of interest" play a role in the
ghoice. 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 physks no matter"what. When this type of
argument arises there is a tendency for the arguers to say eitker that the.
economic models of student response to demand 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. There is 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 curve for manpower can-
not be drawn incorporating all classes of students, with this analysis used in man-
power projections. Empirical estimates of how responsive the supply curve is 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 Force on
Gra duate Education . Onefinding was tha t du fing the 1960's when large amounts
of federal money wtre spent supporting science and engineering in the univer-
sities, the proportion of Ph.D.'s in science and engineering did not increase with
respect to total Ph.D. production. The conclusion reached by the Task Force was
that universities had been substituting federal funds for their own in the sciences
and shifting their own funds to humanities and the social sdences. This is a fun-
damental policy issue and one that those who have been making projections
should be in a position to comment upon. ln spite of all the work on factors affect-
ing supply an d demand, an evaluation of the conclusion cannot be made, in pert
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 reached
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 to analyze 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 analyzed
Universities.will not expand or contract simply as a means for pumping out
trained manpower. To make adequate projections, present techniques must te
augmented and an analysis of the producing sector of the market included if im-
plications of various policy options are to be understood.

B. a Evans, Discussant .

Office of the President, IBM Corporation

Mr. Goldstein's approach, forecasting demand by analytic methods based on
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 dn-
reliable. IBM's experience isian example of what might occur.

In 1950, IBM employed less than 3,000 scientists and engineers; in 1964 the
number had risen to 10,000; in 1973 it had risen to 20,000. This sort of increase in
demand for scientists and engineers could be forecast. What would offer more
difficulty is predicting the mix of specialties within that demand. The mix changes
as a resuh of technological changes within the business, the technological
changes in turn being stimulated by the scien tists and engineers.

The spedarsty chan ges were dramatic within IBM. For examples in 1950, 50
percent of the scientists and engineers were mechanical engineers. There were
no programmers nor were there any significan t number of physicists. In 1973,
mechanical:engineers comprised less than 8 percent of the work force, with
programmers now "comprising 36 percent. Physicists accounted for 5 percent.
The question is raised as to whether the macro approach ("top-down') would be
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sufffdently 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 to industry offer
a means to develop some of this data. qome way must be found to get industry to
pay attention to the questionnaires "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, businesses; and in-
stitutions that will generate professional requirements in the future. Analysis of
specific requirements of the computer industry might in this sense give a valuable
indication of future needs for sdentists and en*Ineers in the society.

General Discussion

Following the remaAs 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 question of how inclusive econometric models actually are was
raised. It was agreed that conceptually they could be made to be all in-
clusive, but in fact they are not. It was suggested that a promising area of
research would be to see how far the models could be pushed even in
their present states.

The question of the real meaning of percentage changes in manpower
demand was examined. Lee Grodzins presented data on migration of
faculties in physics departments from 2972-73 to1973-74. While the ac-
tual change in positions was only 23 (a drop), this small change was
accomplished by 292 faculty leaving and 256 entering (t he two sets are
-independent) for a flux of 547. Thus, while the actual number of faculty
employed changed from 4,482 to 4,458, this was accomplished by 547 in-
dividuals actually switching jobs. This same situation is probably true in
industry. Grodzins stressed that upgrading in employmentthe hiring
of Ph.D.'s into positions held by non-Ph.D.'sis proportional to the flux
of employment (the 547 figure above) and not on the net change (the 23
figure, above).

The possibility of substitution was discussed; it was noted that while
engineers are lumped together in projections, there is probably less of a
chance of one engineering specialty substituting for another 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, 220 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 manpower to 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 response has not been well informed.
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A need does exist for intermediate projections (i.e., projections of five
years or loss). It is 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 demandonly half of the
total subjectbut since demand and supply are not independent, I will consider
that I 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, anct conclude with some suggestions for their improvement.

The major purpose projections serve is to provide information 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 their chances of getting a job in
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 pmgram
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 workersin 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 peopk who will enter the
labor market annually are potentially the most flexible participants, since they
have as yet no investment in 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 im methate situation, we
might avoid the crazy 0e-5-Aging 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

17

2 4



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 ou tlook. It was with this need in mind
that a President's Advisory Commit tee on Education recommended in 1938 that
an occupational ou tlook service be set up in the Bureau of Labor St atis t ics. The in-
terest in this information is illustrated by the sales of the Bureau's biennial
publication, Occupational Outlook Handbook(14);108,000 of the last edition were sold
at the hefty price of about six dollars a copythe equivalent of more than three
copies for every high school and college in the United States.

Having said this, we have to realize that economic informationon employ-
ment opportunity, wages, working conditionsplays only a modest role in career
decisions. Anyone in contact with youth knows this, and the literature on
vocational choice bears this outemphasizing psychological and social fac t o rs, as
well as personal commitment to a field of interest. This is true evenof the studies
in which not only psychologists and vocational guidance specialists but also
economists worked (21,28). At most, one can say that among all the studentsin-
terested in a field there is, as a result of the value system of each student, a con-
tinuum of degrees of commitment, at one end of whicha re those who would most
readily change their goal if employment opportunity o r economic reward seemed
less promising than elsewhere,and this provides some margin of adjustment (32).
One of the questions is whether the information available to themfor example,
on relative wagesis 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 cost 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 the industry, the
way work is organized, and institutional factors such as unions, professional
societies, licensu re 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 make in considering new programs require
not only information on the kinds and approximate numbers of highly skilled
workers needed fora given type and amount of expenditure, but also theoutlook
for the demand fsupply picture for these workers in the economy, excluding the
contemplated progt am. Changing the pace of introduction of the new program,
or stimulating additional training are some of the decision responses that might
follow.

From these comments on the nature of decision-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 to be at least as far into the future as the length
of the period of education or traininga minimum of four or five years for
professional occupations, and longer for many of them. Employers 1Ind
educational institutions may be able to make their decisions with less lead time.
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Since the uncertainty of projections probablyincreases with time, projections for
a series of/ears into the futuresay, every five yearswould 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 what is likely to happen. Since the purpose is to help people to make
decisions that will affect the outcome, a forecast of this kindeven 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 whether any action is
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 production and
other needs if the growth of the economy and the patterns of utilization of scien-
tists were to continue as in the recent past. (This is, more precisely, a projection of
"requirements" 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 in the number
of students entering the field, and in other patterns of behavior affecting the
supply (retirements, etc.) were to continue. Comparing these estimates, we learn
whether present trends are leading to a balance of supply and demaqd 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 situationboth 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. .. It is unlikely that deficits of the magnitude projected for
engineering manpower, for example, will be clearly observable in 1970.
Accommodations to the existing manpower situation will occur each
year, and adjustments will be made 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 over a
longer 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.
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* * *

Illustrative projections of the supply of scientists, engineers and
technicians likely to be available in 1970 were also developed to illustrate
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 to the 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 tvents which might
radically alter currently foreseeable trends, such as special 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 xesults of which could greatly af fect
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 all Orobability
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 madewhether they can be accomplished with a
minimum of dislocation to the economy and without disturbing the free
market 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 be left to them rather than be-
ing taken over by whoever dnes 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 engineero 43 percent of the

kek, natural scientists, and even 23 percent of the Ph.D.'s in theU fields. EducaHonal
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 operate 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 ihead) and for long-
term projections, but its use is diminishing as experience has often shown poor
results (22, p. 146; 20, p.1.9 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 Developments 1970

Type of EmPloyer

Total
Private industry
Government
Colleges apd universities
Nonprofit inititutions

All
Engineers

All
Natural Scientists

Percent Percent
of Total of These

Em- Engaged
Ogled in R&D

100.0

13.9
3.8
.5

32.4
30.6
43.4
91.4

Percent Percent
of Total of These

Em- Engaged
ployed in R&D

0/0.0
42.9 47.3
17.4 332
37.6 31.5
2.2 80.2

Science and
Enginaering

, Doctorates

percent Percent
of Total of These

Em- Engaged
played in R&D

t00.0
22.7
t0.7
60.4
6.2

7t.2
55.5
23.7
48.6

&weer Emmen end natutal Scientists: Employment of
Smentats nd &sweets. 1950-7970. Sinew el tabor
Statistics Bulletin U. 1781. 1973, p. 33.39. 43 and 49.

Science and ationeertng doctorate= Based 04 Doctoral
Scientists and I tweets et the Undid Shoos. 1973PPM*.

National Academy of Sciences, March 1974 and unpublished
date. Oata tepresent 1973 status of all those teeming doc-
tonnes thtough mid497,2.
a major activity repotted by tespondents: additional pet.

sons. partsculady in colleges and wine/silos= are also
engaged in R&D.

If a firm has given careful thought to its long-term economic prospects and
investment plans, it should be able to make 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 Unstatedand possibly
inconsistentassumptions 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 exists in
industrial management; these will be referred to again.

Applying analytical methods to projecting the requirements for scientists
and engineers involvef 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 exphcitly into account such new developments as a
massive energy research program and to spell them out in termsof the sped AC in-
dustries or occupations affetted. 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 States is a pig in 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 way in which the sector
is changing its patterns of utilization of occupations, including R&D progra ms. 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 Statistks 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 h undred occupations.
(8. This publication lists earlier reports.) The most recent report was issued
several months ago, with projections to 1980 and 1985 (13).

The attetpt is to project the long-term trends in industrial and occupational
growth, rather than to pinpoint demand or employment in any one year, which
might be affectedby temporary aberrations such as a recession, a war, or a fuel
shortage. The projections explicitly assume a low levet 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 pet:cent of the projected civilian labor force will
be employed, that output per man-hour will grow at its long-term rate,
and that average h ours of work will decline somewhat.) In the latest 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 a declining 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 a: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 industryincluding those providing raw
materials, transportation, components, and servicesrequired 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 coeffkients from a base year are adjusted to reflect
subsequent and expected future technological changesfor 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 output in the industry and the major factors that
have been found to affect it, such as GNP, gross private domestic ir vest-
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.

t.
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S. 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 discussad with management to get insight into
market, technological and other factors that haye impinged on- 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 their 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 teaching in
each field, assuming a constant telationship of teaching load to students
majoring in the field (a dubious assumption in the case of tool subjects
like mathematics). R&D sdentists in higher education are projected on
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
employmentschools, 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 activit y and manpower in industry. .

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 woni'en

,
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 wit h projections of colit.ge 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 absorption 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 courses students select were to
continue, shortages of graduates would occur in medicine, chemistry, and
engineering, and oversupply in teaching and the biological sdences (13).
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Table 2.2
Employment of Scientists and Engineers, 1972 and

Projected Requirements, 1935

(in thousands)
Estimated Projected

Employment Requirements
1972 1985

Scientists end engineers. total 1,573.9 2,185
Engineers , 1,066.3 1,509
Scientists. total 507.6 676

Mathematicians 78.1 107
Physical scientists, total 249.8 334

" Chemists,
Physicists

133.5
46.9

184
61

Geologists and geophysicists 31.3 43
Other physical scientists 36.1 46

Life scientists, total 181.7 235

Source &mu of Labor Statistics

Table 2.3
Job Openings for Scientists and Engineers Resultkig from Projected Increases

in Requirements and Deaths and Retirements, 1972-1985

increases in
Requirements

(in thousands)

Deaths and Total
Retirements Openings

Average
Annual

Openings

Scientists and engineers, total 611 401 1.012 78
Engineers 443 246 669 53
Scientists, total 168 155 323 26

Mathematicians 31 24 55 4
Physical scientists. total' 84 ea 149 11

Chemists 51 38 88 7
Physicists 12 a 20 2
Geologists and geophysicists . 12 6 20 2

Life scientists 53 66 120 9

Source: eureati of Labor Masks.

Includes other physical scusnusts, for whom no separate projections were 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 Cinderella's coach, the most
pervasive is technological innovation. It is not easy to predict scientific break-
throughs or their effec ton technology, markets, and the kinds ofoccupations and
industries affected. Although the BLS has a staff constantly studying the subject
and watching innovations as they are introduced into industry (some years back 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 protections 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 the price
of energy cannot easily be anticipated. This requires a re-evaluvion of the latest
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 hack 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.

Protections of the labor force for up to 15 years ahead, the foundation of the
general economic growth rate and GNP projectiqn, 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 bf women). The assumption of 4 percent un-
employment may be overly optimistjc; the average since World War lla period
that includes two wars and five recessionshas been 4.7 percent. But this in-
troduces an error of about one percent in'the estimate of total emyloyment, and
somewhat more in 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.1-132). 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 be introduced
in the projections of industry employment and of the occupational co mposftion elf'
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 acp heavily affected by how final demand is estimated, and the
translation of activity levels into employment by a projection of productivity
(whkh reflects technological change).

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 tb the technological and organizational changes that have occurred, in-
cluding 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
otsupply-demand factors in the past. (6, 2)

For scientists 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. For thoseengaged in
R&Done-third of the total in industryemployment is related to decisions on
R&Dexpenditures, which are more independent of current production, more dis-
cretionary, more like capital investment. Moreover, while change in the employ-
ment patterns of production workers Allays introduction of new technology, and
therefore can be more readily anticipated for some years ahead when the
technology is being introduced, 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 in an industry, on the
hypothesis that the industry's total mixin 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 each industry. 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 pla nt-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 expe n di tures, and use projected growth in the latter as
a factor in the projections. For example, the projections for scientific and
engineering nanpower 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 fror 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 thc study (3, pp. 10-14). (Actually,
R&Dexpenditu res a mounted to only about 2.7 percent of GNP in 1970, and R&D
scientists' and -engineers' employmen t increased by only 38.7 percent from 1960

. to 1970 (12, p. 1, 3). The difference between projected and Sctual R&Dscientists'
and engineers' employment in 1970 was 237,000 after adjustment is made for
revision of the base period employment estimate.)

While an at tempt is made to discount market effects on theoccupational mix
at this stage in the projections, this information is needed later in examining the
possibilities of adjustment to imbalances. Research is needed on these effects and
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: tria t, for ex-
ample, utilization of pilots by airlines is less affected by relative wages than that of
reservation derks, or, lo take an example closer to home, a construction firm
employing one or two engineers is less likely to react to their relative wage rates
than is a large electrical manufacturing firm that employs hundreds ofthem. 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 in estimating dea ths a nd retirements
in occupations are developed for all males and females. While differences in mor-
tality rates by occupation have probably narrowed in recen t years as health and
nutrition standards improved, there are probably still some differerices, and the
same may be true of retirement rates. Research in this area could be fruitful, since
a very large part of the an nual requirements for new workers in most occupations
is associated with this component of the estimate (Table 2.3).

t.
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In decision-making on the basis of projections it wriuld 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 macre stiowing the effect on the
outcome of a range of estimates reflecting reasonable possible limits above and
below the estimate used for such critkal 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 payoff in 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 ahernatives, 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
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 a vailabilityof a measure 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 th at they would not necessarily coincide, for
two reasons:

1. The "normative" assimptions of a fuH-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 requirementsmost likely
lower if a shortage had been projected, higher if a surplusunless all of
the adjustment was made in the supply.

While we cannot judge the projections sokly 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, stkh as the industry activity or einployment re-
quirements projections, should be kss subject to the effect of dema nd-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 year a nd projections to 1970; this was a methodological study (2). A
second was published in 1963;used 1960 as a base yea r, and also projected to 1970
(3). Employment projections for industries were made to 1970 as well as 1975 in a

,
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' mule for a limited
number of important Industries, the majority were projected by their
relationship to total employment, which was taken as a proxy for the general level
of econemic activity. Employment for each industry was correlated with too)
employment, so that what was achieved was a distribution of the previously es,1
timated total among the various industries in line with their average past
relationship.

The industry projections in the study of technicians were done by a more
sophisticated method, described in a study prepared for the National Commission
on Technology, Automation and Economic Progresi, which used essentially the
same projections (5, p. 45; 4, p.112-15). In addition to intensive studies of some.of
the major industries, a general framework analysis of national economic grovith
similar to the first six steps of the seven-step method described above was useld,
but since input-output coefficients were not available to distribute final produc-
tion among industries, a multiple regression method was used, relating prodtic-
tion or employment in each industry to major economic variables. Occupatiolal
projections were made separately for engineers and a number of other importrt
occupations and reviewed against projections made using the occupational mixtof
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 tii;.chart (Figure
2.3). Since the base year data on employment has been subsequently revised
(usually by small amounts), all comparisons of projections with actual 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 evaluation in detail is 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 occupations for
1970 made a decade eadier correctly identified 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 larger in the 1959-1970
projection. A 90 percent expansion in 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 amount.

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
ea rly 1960's 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

oo
S.
0

.1 o
i 5

PROJECTIONS ARE IDENTIFIED
BY THE BASE YEAR FOR EMPLOYMENT
AT THE TIME THEY WERE MADE.

REFERENCE

1959 2
1960 3
1963 5
1 972 13

0 PROJECTICIS AT
YEAR INDICATED

to 0 e 01968 19720 i9 01963l- 59to It
I=z SI960la

z ENGINEERS4 0
000 0)

C
.-- la

usz easea g ® 1972z *
us

14.0 oI- 0Z * SCIENTISTS

1950 1955

1960
1959

1960 1965 1970

YEAR

1,75 1980 1985

In the projection from 1963 tO 1975, implicit projections inter-
polated for 1970 showed a 39 percent increase in requirements for scien-
fists and engineers, while actual employment rose by 25 percent. It is
likely that this difference, too, represented an overstatement of re-
quirements, since there was an adequate supply of engineers 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 for the varying periods of the projections (I.I.
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 Z percentage points per year. This means
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that in a five-year projection the rthe of growth projected would be 10
percentage points off, on the average. The most recent projections, us-
ing better methods;rnay 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 of the
three projections shows distinct improvement from the earliest to the
latest; the average error in projecting the_rate ci growth for individual
industdes dropped from 19 to 6 percentage points, or, after correcting
for the varying periods, the red uction in error Was of the order of 40 per-
cent. Techniques are improving in this area. The average error in projec-
ting employment change in an industry was down to one percentage
point a year.

4. On the other hand, the projecdon of the occupational composition of in-
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 the ac-
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 projectrons 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 technimes, are more accurate;
industry employment projections are more reliable than projections of the ratios
of sdentists and engineers employed; and the farther away the target, the harder
it is to hit it.

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. I
will 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 to be
extended), and then analysis of the differentials in occupational coin-
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?
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2. Tables of working life should be developed shoWinirdifferential 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 ins titutional 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 retirements is 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. I fail to see the magic of years ending in
5 and O. 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 he gets the
most payoff in accuracy for additional investment in research. The cost
of alternative projections might be offset by this saving alone.

3. While I believe that the procedure 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 Ill say it 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 occupationsthe 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 last few years? Those
broadly interested in science havea deep and abiding interest in the total
picture.
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Appendix

Evaluation of Projections Made in
1959, 1960 and 1964

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 causes of errors in
the projections, and the areas In which method can be improved.

The analysis wili deal with some of the earliest projections, one made with
1959 as a ;use year and 1970 as a target year (2), and one made with 1960 asa base
and 150 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 to 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..

to

Relative growth rates of scientific occupations

One simple question that 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 requirements 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 t
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 aztual 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. en the average (using the median) the projected changes differed
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from the actual employment changes hy 29 percentage points (ignoring signs),
a nd in only three of the eight cases was the projection within 10 percentage points
of the actual employment change. A weakness in this projection Ms 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 trenils:

1960-1970 study

The projection based on 1960 data used new industry employment projec-
lions; a sped -I study was done lf the ailcraft, missiles and spacecraft industry
(which was affected by the burgeoning Space program) including projections of
NASA and Defense expenditures and civilian aircraft purchases. A special projec-
tion of R&D employment was made. A new projection was made for colleges and
universities, using Census pplections of enrollments instead of those by tl:e Of-,
fice of Education. Also, a more thorough projection of supply was undertaken.

The results of this study (Table 2.A3) were somewhat closer to actual
employment changes for engineers and scientists as a wholeprojected re-
quirements rose by 60 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 in 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 a requirements in both the 1959-
70 and the 1960-70 projections was the general expectation at that time of a much
larger growth in research and development expenditures than in fact occurred.
This expectation reflected the tenor of the times in the early 1960's when the
national space effort was being launched at the same time that health research
was accelerating. This assumption was implicit in the 1959-70 projections, and, as
noted above, it Ms explicitly built into the 1960-70 projections; requirements for
scientists and engineers forR&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&D rose by only 38.7
percent to 535,400. This difference of 237,000 amounts to 88 percent of the
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 in 1970 was 1,594,700, or
270,000 less.)

1963-1975 study

A third comparison between projectedrequirements and actual employment
growth may be made fom a projection made in connnection with the study of re-
quirements 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 (5). Since the projections purport to describe long-term trends, it
would not do inordinate 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 noted in the text of this report, the methods used for the projections in the
study of technicians were more sophisticated than the ea rlier ones. The resuks
were closer to actual employment changes. As can be seen in the table, the projec-
tions for all scientists and engineers was an increase 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 the last projec-
tion was only seven years into the future, while the others look*d ahead eleven
and ten years respectively; Tcradjust for this factor the median deviations may be
divided by the number of years, with the following results:

,

Median
Deviation Average

Number (Percentage DeviAtion
Projection of Years Poin,$) per Year

195?-70 11 29.3 2.7

1960-70 10 26.9 2.9
1963-70 ? 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.

Analysis of differences between projected requirements grow"th and
employment gains by reference to pupply 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 fora complete appraisal,
since we have no data on the total 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.

Ensineers

Table 2.A5 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 basisof 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,Al2, 2.A13) and no more workers were drawn into engineering from
other occupations (net of engineers leaving for other occupations) it appears that
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
arefully, 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 the projected supply is adjusted 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.

e 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 origTnal report
were even closer; revisions in the base employment figure for 1959 result in a
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. .e.

A somewhat similar picture emerges in the comparisons for the 1960-70 pro-
jection. A requirements increase of 244,000 was matched with a projected
263,000 increase in supply, suggesting a rough balance. (Revisions in the base
figures af(ect 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 its-first 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 to 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-
quirements 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 error was alloca ted to the re-
quirements for engineers but not those for sdentists.

To take apart the projections further in Order to identify sourcesof 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 rafios 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 ca n 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
engineeriwith 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. On the average, then, changes in employment
requirements of these industfies 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 actuaHy occurred; for the 15 industries com-
pared, the projected increase was 19.4 percent; the actual was 20.8 percent. Eight
of the 15 projections were too high 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.

A later projection was made for the study of technicians, using 1964 industry
employment data as a base. As noted in the text of this report, the methods for in-
dustry projeoions represented improvements over those used earlier. The com-
parison is shown in Table 2.A1 1. Total employment rose by 21 percent; it had
been projected to rise by 16 percent. In 26 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. Some of the difference reflected Vietnam war
defense expentres, since defense-related industries were uniformly higher
than projected.

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

Median
Devution Average

(Percentage Number Deviation
Points) of Ymrs per Year

1959-70 to 4 11 1.70
1000-70 8 5 10 .85
1964-70 0 0 0 1 00
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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. There a re insufficient observations on which to develop
understanding of the factors affecting the relative use of occupitions in industry.
In making the projections, an attempt was made to project changes in the ratios of
scientists and engineers because it did not seem plausible that the ratios would re-
main constant.

Examfnation of the two tables (2.A14 for the 1959-1970 stud y 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 -the 15 projections were too high.
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
for an expansion of R&D that did not take place.

Table 2.A1
Estimated Employment of Scientists and Engineers, Selected Years,

1950-1970,

1950 1959 1960 1963 1970

Scientists and engineers. total 556.7 1.057.9 1.140.0 1.280.8 1.594.7
Engineers 408.0 768.0 801.1 922.7 1.098.2
Scientists, total 148.7 289.9 302.9 358.1 496.5

.Physical Scientists. total 89.1 1662 172.0 194.1 248.8
Chemists 51.9 95.4 99.7 110.0 132.9
Physicists 14.0 28.6 29.8 36.: 49.1
Geologists and geophysicists 13.0 20.9 20.4 22.5 30.6
Other 10.2 21.3 22.1 25.3 36.2

mathematicians 13.8 31.7 34.2 43.6 74.3
Lite scientists, total .......... ..... 45.6 92.0 96.7 120.3 173.4

Agricultural; 16 9 29.5 30.4 38.5 49.3
Biological 19.9 42.5 44.3 51.3 71.t
Medical 8.8 20.0 21.5 30.5 53.0

12, pages 31 and 15
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0 Table 2.A2.
Projected Increases in Requirements tor 'Scientists and Engineers,

Compared with Actual Increases in Employment, 19594970

.,

.
Original Projections'

Actual
Percent

Change in
Employment
1959-1970'

Deviation
of Projected
From Actual,
in Percentage

Points
Percent

1959 1970 Change

Scientists and engineers, total .. 1,096.3 2,032.2 85.4 50.7 34.7
Engineers 782.8 1,484.0 89.6 43.0 46.6
Scientists, total 313.4 548.2 74.9 71.3 3.6

Chemists 95.0 163.2 71.8 39.3 32.5
Physicists .......... 28.2 57.2 103.2 /V 31.5

ik Metallurgists 12.9 23.3 80.0 -- -
Geologists and

geophysicists 22.0 31.0 40.9 46.4 5.5
Mathematicians 28.8 59.8 .107.3 134.4 27.1
Medical scientists 29.8 52.7 76.7 165.0 88.3
Agricultural scientists 40.8 69.7 70.8 67.1 3.7
Biological scientists 37.2 64.4 73,1 67.3 5.8
Other natural scientists ....? 18.7 26.9 43.6 - -

Median devialion,.8 fields 29.3

2. page 41.
I 12. pages liana 1S.

Table 2.A3
Projected Increases in Requirements tor Scientists and Engineers,

Compared with Actual Increases-in-Employment,49804970

Original Projections'

Actual
Percent

Change in
Employment
1960.1970'

Deviation
of Projected
From Actual,
in Percentage

Paints
Percent

1960 1970 change

(000)
Scientists and engineers, total 1,157.3 1,954.3 68.9 44.4 24.5

Engineers et 822.0 1,374.7 67.2 37.1 30.1
Scientists. total 335,3 579.6 72.9 63.9 9.0

Chemists 103.5 169.5 63.8 33.3 30.5
Physicists 29.9 59.3 98,3 64.8 33.5
Metallurgists 14.5 24.4 68.3 -- -

24.6
Geologists and

geophysicists 23.2 29.1 25.4 50.0
Mathematicians 31.4 65.1 100.3 1 t7.3 10,0
Medical scientists 31.4 59.7 90.1 146.5 56.4
Agricultural scientists 39.5 66.1 67.3 62.2 5.1

Biological scientists 40.7 76.6 88.2 60.5 27.7
Other scientists 21.0 29.9 42.4 ---

Median deviation. 8 fields 28.9

3. page')
/ 12. pages Il and IS 4 5
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Table S.A4
Prole Oed increases in Requirements for Scientists and Engineers,

1063-1975, and Interpolation for 1470, Compared with Actual
increases In Employnient;1063-1970 ,

Original Projections

Interpolation Actual
for 1970 'Percent

(7/12 x 1983-70 Change in
Percent Employment
Change) 1963-1970)1963' 19752

Percent
Chabge

Scientists and
engineers. total .. 1.271.6 2.119.4 66.7 38.9 24.6
Engineers 924.9 1,466.5 68.6 34.2 19.0
Scientists, total .. 346.8 652.9 88.3 515 - 38.7

Chemists 107.5 194.7 81.1 47.3 20.8
Physicists 36.1 71.9 99.2 57.9 35.3
Mathematicians 42.1 87.5 107.8 62.9 70.4
LIM scientists 112.1 222.3 96.3 57.3 44.1
Other natural

scientists' 49.0 76.6 56.3 32.8 39.3

Median deviation

Deviation
of Projected
From Actual.
in Percentage

Points'

14.4
16.2
12.8
26.5
22.6
7.5

13.2

6.6

14.2

to

/ 5. page SS
I 5. gag* 117.

0 12. page IS.
' Includes geolOgiats, geophysiciPs. metallurgists. and

other physicaS scintilla.

Table 2.A5
Comparison of Projected end Actual Net Changes in Requirements,

Supply and Employment for Engineers, 1959-1970

N

Figures as Originally
Published

Adjusted for
Revision in 1969

Employment
EstimatV

.9
Project changes

Requkements:
Projected. 1970' 1.484.000
Employed. 1959' 782.800
Net change 701.200 687.900

Supply:
Graduates entering* 451.000 451.000
Nongraduates entering' N. 209.000 205.000
Deaths and retirements* --187.000 -183.000
Net change . 473400 473.000

Difference: "shortage" . 228,200 214,900

Actual changes

Employment* - 1970 . 1.098100
1959 768.000

Increase . 3309200

Graduates entering' 345.000
Projected net change in supply (473.000)

*Ousted for "shortfall" of 106,000
graduates 367.000

2, page Se
/ 260.000+ 212.800* tel. the adjustment faCth 112. P 11)
/ 2. PPP 33
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/ 2. page 31
/ 12. Page II

12, page 10
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Table 2A11
Comparison oi Projected and Actual Net Changes in Requirements, -

Supply and Employinent for Engineers, 1960-1970

Figures
u Originally

Published

Adjusted for
Revision in 1960

Employment
Estimate2

Projected changes

Requirements:
Projected, 1970' 1,374,700
Employed. 19602 822,000

Net change 562,700 538.900

Supply:
Graduates entering, 294,700 294.700
Others entering:

With degrees in other fieldss ,
immigrants and those without

degreiss_

73.000

105,400

71,000

102,800
Deaths and retirements

Among those in the field in 19602 123,400 120,300
Among new entrants* 22,400 21,800

Engineers shifting to other occupations2.. 41,000 40,300
Net change 286,200 286,300

Difference: "shortage" 266,500 252.600

Actual changes

, Employment' - 1970
1960

1,098.200
801,100

Net change 297,100

Graduates entering" 308.550
Projected net change in supply (296.300)

adjusted for 13,850 additional
graduates 300,150

3.page 6.
I 3. 9649 16
* 001.100+ 922,000. 975. the *element factor
' 3. pap 23
s 3.page 24,
s 3.page 25

e. page 16
*3.page 2$

12, page Il
** 12. page 10

4 7
40
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Table 2.AT
Comparison of Projected end Autos! Net Changes In Requirements,

Supply and Employment for Scientists, 1959.1910

.110

.w1=111MIM

Figures as Originally
Published

Adjusted br
Revision in 1959

Employment
Estimate

Projected changes:

Requirements:
Projected. 1970' 548.200
Employed. 1959' . 313.400

Net change 234.800 217.200°

Supply:
Graduates entering. 1959491 277.000 277.000
Deaths and retirements4 44,000 40,700

Net change 233.000 236.300

()Moreno.: 1.800 19.100

Actual changrx

Employment:5 1970 ...... .............. 496,500
1959 . 289,900

Net change 208.600

Graduates entering,' 307.900
Projected net change in supply. adjusted

for 30.900 additional graduates ..... 287200

s 2. peg**
* MAO + 313.400..925. the adjustment factor.
* 2. Page 34.
' 2. Page 32.
6 12. pep I t,
' it Rages 44. A 413. &child gradttations adjusted ft

follows to show those actuallyeelenne sclantilto holds: e.s
x2s,m5x.4e.Ptso.xi0 -

6
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41

. ......-



Table 2.A5
Comparison of Projected and Actual Net Changes in Requirements,

Supply and Employment for Scientist% 1960-1970

"Nixes
as Originally

Published

Adjusted for
Revision in 1969
Employment

Estimate'

Projected changes:

Requirements: -

Projected. 19701 579.600
Employed. 19601 335,300

Net change 244.300 220.600

Sup*:
Graduates entering' 256.300 256,300
Others entering:

.. With degrees In other fields' 61,200 55,300
Immigrants and those without

degrees' 7.900 7.100
Deaths and retirements:

Among those in the field in 1960' 33.800 30,500
Among new entrants* K°C° 10.400

Scientists shifting to other f
occupations! 16,800 15,200
Net change 263,310 262.600

Difference . 19.000 42.000

Actual changes

Employments - 1970 496.500 .

1960 . 302.900
Net change 193.600

Graduates entering'," 296.000
Projected net change in supply (262.600)

adjusted for 39.700 additional
graduates 302.300

3. page 8
3. page se
502.900 I- 335.308 903. the atrtustnient factor
3. Oage 23

* 3. page 24
3.page 25
e. page 16
3. Dago 28

12. Page II
IS. pages 44. 48. 48 Actual graduahons aulusted as

fonows to show those actually entering sveri1416 holds 85
x 25,NtSx 40.0h0 x 10

4 9
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Table 2.A9
Projected Employment Changes In Seitsted Indttstries,

Compared with Actual Changes, 1959-1970

Projected
Percent
Change'

Actual
Percent
Chang&

Deviegon
of Projected
From Actual,
in Percentage

Points

Total. selected industries 29.3 14.6 14.7
Mining -, 282 -14.9 43.8
Construction 54.7 142 40$
Manufacturing. total - 30A 16.0 14.8

Food 12.2 -0.4 12.6
Textiles and apparel 114 7.8 3.6
Lumber and furniture 12.8 -1.1 13.9
Paper 38.4 20.1 18.3
Chemicals 32.7 2.6 3.1

Petroleum and coal products 20.0 -11.5 31.5
Rubber products 30.1 55.6 25.5
Stone, clay and glass 31.8 8.0 25.8
Primary metal products 31.6 11.2 20.6
Fabricated metals and ordnance 20.8 13.8 7.0
Machinery 41.2 38.5 4.7
Electrical equipment 69.1 37.3 31.8
Transportation equipment 40.6 10.0 30.8
Professional and scientific instruments 54.9 33.3 21.6
.Miscellaneous manufactunng 202 10.7 9$

Transportation, communication, and public
utilities 16.3 12.0 4.3

Engineering and architectural services 28.5 63.7 35.2

Median deviation, 19 industries 19.4

' t: 090 41.
t 10, page viii.
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Table 2.A10
Projected Employment Changes in Selected Industdes,

Compared with Actual Changes, 1960-1970

Projected
Percent
Changes

Attual
Percent
Changes

Devietion
of Projected
from Actual,
in Percentage

Points

Total. selected industries 19.4 20.8 1.4
Constrrttion 32.9 17.2 153
PliPor 16.4 17.4 1.0

Chemicals 25.0 263 23
Primary metal products 9.9 6.9 3.0
Fabricated metals and ordnerica 22.6 193 2,9
Machinery 15.4 .34.1 183
Electrical equipment 50.4 303 193
Professional and scientific instruments 43.8 29.9 13.9
Motor vehicles and equipment 11.2 10.1 1.1

Aircraft. missiles and spacecraft 7.2 6.5 .s
Petroleum and coal products 4.0 -10.0 14.0
Communications 1.2 33.4 32.2
Electric. gas and sanitary services 5.8 12.3 6.5
Engineering and architectural services *49.6 58.3 8.5
Federal government 7.8 17.4 9.6

Median deviation. 15 industries 9.5

3 (Computed (iom toloonetion given In psges4541.)
110, page mi.

ix.
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Table 2.011
Projected Employment Changes In Selected Industries,

Compered with Actual Changes, 19644970

Projected
Percent
Change'

Actual
Percent
Chang&

Deviation
of Projected
from Actual,
in PercenteCie

Points

Total nonagricultural employment 16.2 21.0 4.8
Mining -3.9 -1.7 22
Contract construction 20.7 10.9 9.8
Manufacturing 647 9.2 2.5

Ordnance '' -2.9 -0,8 2.1
Lumber -7.8 -5.2 2.6
Furniture t 1.9 13.3' 1.4
Stone. clay and glass products 3.9 4.3 1.4
Primary metal products -0.5 6.7 7.2
Fabricated metal products 10.7 16.0 5.3
Machinery t5.4 211 7.7
Eiectrical equipment 17.8 24.2 6.4
Transportation equipment 2.9 t2.1 92
Instruments 17.9 24.5 6.6
Miscellaneous manufacturing t0.0 7.1 2.9
Food products -4.1 1.9 6.0
Tobacco products -3.6 -8,t 0.5
Textile mill products -1.9 9.4 11.3
Apparel all 4.8 '4.0
Paper products 11.0 12.8 1.8
Printing and publishing 9,3 t5.8 6.5
Chemicals t4,0 t9.4 5.4
Petroleum and coal products -11.6 3.8 15.4
Rubber and plastic products 16.2 33.t 16.9
Leather products -1.0 -7.8 6.8

Transportation and public utilities 3.1 13.7 016
Trade 16.9 22.6 5.7

-Finance, insurance and real estate Ka 24.7 8.0
'Services and miscellaneous 24.8 33.3 8.5

Federal government 6.5 152 8.7
State and local government .. 37.5 35.6 1.9

Median deviation. 29 industries 6.0

Rom oripuolohed data provided 6y Bureau of Lobe Stsititice. repre6e00ep Profedierte end ki Builetio 1512 010. 5).
1 10. pow WI
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Table 2.Al2
Median Annual Earnings of Engineem Compered to Times of Male Workers

in Selected Occupations, 1161 to 1672

1956 1962 1966 1999 1971 1972

Engineers 67.736' 113772 610621 $13672 $14629 $15,130
All male workers 4,068 -4614 5609 6699 7,388 7,991
Professional, technical and kindred

workers 6,132 7636 8,330 10,516 11,24 12,097
Salaried professional, technical and

kindred workers 5,938 6642 8,115 10,225 10,992 11,777
Salaried managers and officials 6,247 7638 9.1L1 11,284 12,456 13,473

Reis live earnings of engineeers to
those of:

All mate workers 1.902 1.622 1.863 1.995 1.899 1.893
Professional, technical and kindred

workers 1.262 1.247 1.299 1.243 1.247 1.251
Salaried professional, technical and

kindred workers 1.303 1.2112 1633 1.278 1.276 1.285
Salaried managers and officials 1.239 1.212 1.181 1.159 1.130 1.123

Soule& Omar Of the Census. Department of Commerce
19561969 hoot Stetdrical Abstract ol Ishe Wiled &Wes. 1971. potps 229.

Itom Senn P43. NO. SS (1972)
1972 from Sodas P40. NO. 90 (1973)

Table 2.A13
Annual Percent Increases in Average Salaries, 19111-1673 for Selected Occupations;

Average
Annual
Nate of

Percent Increase Over the Previous Year Increase,
132 '63 "64 5 "56 137 '68 '69 70 71 '72 73 1961-73

Engineers 2.6 4.4 2.9 3.2 3.7 4.3 5.4 6.2 5.5 5.7 5.2 5.1 4.5
Chemists 3.9 3.8 3.3 3.9 4.8 4.4 5.1 6.5 5.9 5.5 5.1 3.7 4.7
Accountants 2.8 3.3 2.8 3.5 3.8 4.6 5.7 7.0 6.7 5.7 5.6 4.9 4.8
Engineering

tech n icians 2.9 3.6 2.3 2.8 3.7 5.1 5,8 6.3 6.5 5.1 4.7 14.4

Crafting 3.2 3.6 2.6 3 1.5 3.5 5.3 5.8 4.9 5.8 7.2 6.2

Cumulative
Increase,
1961-73

69.7
72.8
75.0

0uret.1 Of Labor Statistics. Nikons) Survey Of PreleefrOrtal. Adrernietrairve,
reeferreeland Creme Pr. &War 1973. 999ehn 1904 119731.000s3 ands Data
are bued on a stingy of establishments

I Not suiseyed for 5965. average annual rate h for period 1962-1973
Conway:We data not 0511.1able lot both 1964 and 196$
Compansonover this penal was not possible Document Changes in defiriMon

Of the oseupanon
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Tabl. 2.A14
Scientists and Engineers as a Percent of Total Employment in Selected Industries,

Pro Kited 19591970, Compared with Actual Data

Original Estimates' Actual Osnas
Deviation of

Projected from

1959
1970.

projected
Percent
change 1959 1970

4 Percen1
change

Actual, in
Percentage Points

Minitvg 4.2 8.6 104.8 4.3 5.2 20.9 83.9
Construction 3.4 4.5 32.4 1.5 1.6 6.7 36.9
Food products .7 .9 28.6 .8 .9 12.5 16.1
Textiles and aPPIlrel .3 .3 0 .18 .25 38.9 38.9
Umber and furniture .5 .6 20.0 .3 .9 200.0 100.0
Paper 1.7 2.7 58.8 1.8 2.8 55.6 3:2

Chemicals 9.0 12.4 37.8 9.2 10.2 10.9 26.9
Petroleum and coal products 7.5 8.8 17.3 6.5 8.6 32.3 15,0
Rubber products 2.4 2.6 8.3 2.5 2.6 '4.0 4.3
Stone, clay and glass products t.8 2.4 33.3 1.6 1.9 18.8 14.5
Primary metal products 2.6 4.0 53.9 2.3 2.3 0 53.9
Fabricated melal products -

and ordnance 3.0 5.7 90.0 3.8 5.1 34.2 55.8

Mach?nery 4.2 5.6 33.3 4.1 4.8 17.1 16.2
Electrical eqipment 7.6 10.2 34.2 7.8 8.4 7.7 26.5
Transportation equipment 6.4 10.2 59.4 6.4 7.3 14.1 45.3
Professional and scientific inslruments 6.9 9.3 34.8 7.0 8.2 17.1 17.7
Transportation, communicaiion and public

utilities 1.5 1.9 18.8 1.1 1.4 27.3 8.5
Engineering and architectural services. ... 30.3 30.3 0 40.7 35.8 -12.1 12.1

Median deviation, 18 induslries 22.1

' 2. Page 40.
1 12. Paget 9 and 2000. pap vili,
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Table 2A15
Scientists and Engineers as a Percent of Total Emloyment in Selected Industries,

Projected 19604970, Compared with Actual Data

Original Estimates' Actual Data'
Deviation

Projected from

1960
1970,

projected
Percent
change 1960 1970

Percent
change

Actual. in
Percentage Points

Construction 2.2 3.2 45.5 1.6 a, 1.6 0 45.5
Paper products 1.6 2.5 56.3 2.3 . 2.8 21.7 34.6
Chemicals 9.6 13.0 35.4 9.3 10.2 9.7 253
Primary metal products 2.5 3.7 48.0 2.3 2.3 0 46.0
Fabricated metal products

and ordnance 3.3 6.7 103.0 4.3 - 5.1 18.6 84.4

Machinery 4.2 3.5 19.1 4.2 4.8 14.3 4.8
Electrical equipment 7.7 10.0 29.9 8.1 8.4 3.7 26.2
Professional and scientific instruments ... 7.4 10.1 36.5 7.5 8.2 9.3 27.2

Moto( vehicles and equipment 3.3 4A 33.3 3.1 4.2 35.5 2.2

Aircraft, missiles and spacecraft 12.3 21,0 70.7 22.6 24.8 9.7 63.0

Petroleum and coal products 7.5 10.7 42.7 8.2 8.6 4.9 37.8
Communications 2.6 3.5 34.6 1.6 2.0 25.0 9.6
Electric, gas ancrsanitary services 4.2 4.5 7.1 3.5 4.4 25.7 18.6
Engineering and architectural services 30.7 33.0 7.4 39.8 35.8 -10.0 17.4
Federal government 4.6 6.5 41.3 4.3 5.8 30.2 11.1

Median deviation, 15 industries 26.2

3. papas 4541.
* 12. pages 9 and 20. 106 page vie.
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3. An Overview of Projections
and the Supply Side

,

This chapter is based on Dr. Kidd's oral presentation and on his paper. The lead discussants 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 Ameiican Universities
Washington, D.0

I would note that the conventional analysis of fixed factors which looks at
supply and demand as separate and unrelated events has its problems and thatit
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 dif ferent
people make and the kinds of decisions to which projections are'relevant is quite
elaborate. So many purposes are served that individuals and gro(ips will force
continuing attention to projections. There is a widespread feeling that neither in-
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, and/or R&D money from the Federal government. Breneman and
Freeman make the point that projections would be of little usejn a central man-
power planning system or as a provider of information to guidance counselors, or
educational institutions. They feel that students are highly responsive to market
opportunities, and their behavior will keep markets near equilibrium thus ob-
viating the need for forecasts. A case can be made that these observations a re not
wholly correct since, when -government provides fellowships, support 'for
students, and general R&D tupport, a degree of rationality must be present in the
procedure. If more people are t rained 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 Aeld, 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 (c) providing an informational and diagnostic device which
directs attention to market problems beyond the purview of individual decision
makers.

,
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Other uses of forecasts tend to be more indirect. They are not used to make
specific decisions, but rather to consider secondary and terfiary consequences of
prospective changes in the labor market. For example, peojections have drawh
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
academk 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 upfirst-time enrollment increased 2.9 percent in 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 probablycoming 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 ma rket, 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 all, the effect on graduate enrollment of the cutback in Federal
fellowship support has been muted for various reasons. While first-time graduate
enrollments have increased, the output of Ph.D.'s has been lower in 1971, 1972,
and lq73 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 is a breakdown of the stable trend of the 1900's when there was a good
correlation between forst-time enrollment and Ph. D. output four to seven years
later. Over the last few years a smaller percentage of students has continued on
to a graduate degree. This is an important variable, and it is probably less stable
than was pi eviously believed. But again, we have an indication of change in the
nature of the process in which Ph.D.'s are produced.

Some Unresolved Problems

Protections and predictions are interactive. To the extent that people believe
rrunpuwer 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 forecasts Are not simp!y efforts to foretell what will happen, theycan and
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do often influence the course of events. Many draw sharp distinctions between
projections and predictions. Operationally, the distinction tends to breakdown as
people insert judgmental factors in order to preclude obtaining silly results. The
extent to which judgmental factors are int roduced 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 process or about the
quality of the people being trained. Measures of quality are difficuk to postulate,
but they must be considered.

Two related problems are those of disaggregation in forecasts and sub-
stitutability. Disaggregated data of individual disciplines orareas win 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 dif ficult 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 probleins of forecasting supply
and demand then begin to merge and become indistinguishable. It should also be
noted that demand in predsely 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 I's an inadequate measure of the supply of per-
sons capable of working in that specialty.

The rela tion among supply, demand, transferability, and informationcollec-
tion represents an extremely difficult forecasting problem both conceptuallyand
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 speciahies and the
need for retraining be translated into action, the difficulty of the task of defining
the supply of persons trained for specific disciplines or fields will be compounded.

. Underemployment is another feature which forecasts have not dealt with in
detail. lt is generally assumed that Ph.D.'s, particularly in science and engineer-
ing, will not be uneMployedat least not in large numbers. But there is the
possibility of underemployment if we continue to train Ph.D.'s forone type of 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:

income. Is an individual's income lower in relation to the average income
in the field?
Sotto! poduttivily. 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 relatWe to his peers
in universities.
Dern, of use of :kith. Is a person employed in a position which allows the
reasonably full use of the skills acquired?

However, I conclude that a definition of underemployment might not be as
beneficial as simply having better measures of what highly t rained people are do-
ing, by occupation and income. Perhaps a better measure of what highly trained
people are doing, by occupation and income, win gie 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 forces of 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 thith,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 context of forecasts.

..

Lee Grodzins, Discussant:
PrOfessor of Physics
Massachusetts Institute of Technology

I 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 point is 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 effectas the prestigious schools found
funds to recover their share of the total student bodyof accounting for much of
the net decline in the population of graduate students in 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 iciences 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 in. 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 pgriod. Given the uncertainties in the manpower demands in any five-
year projection, let alone the ten- to fifteen-year per!od which is act ually relevant
to an undergraduate's career plans, projections must be constantly updated, and
mechanisms must be found by which the various time delays can be shortened so
that the supply-demand system can respond to changes. Here, too, we see the
argument for an undersupply of scientists for saturated fields have little 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, there is at most a sluggish response either within
the pipeline or within the demand sectors.

Reference has also been%ade to my second point. The supply-demand equa-
tion is not a "chicken and egg" problem. If you need to build more bridges, you
probably need more civil engineers; but a large 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 a coherent approach emerges.
This means there is need for both global information and microscopic informa-
tion. No large organization will act on information too narrowly basedthe
global view must be present. But individuals and individual institustions never act
on global data. They act on the information pertinent to theirparticular problem.
Their horizons are limited, 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 sdence 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.

In 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 a re 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 the generous margins of error
within the calculated projections.

One such overriding variable is the instability of the general econorrty, and
another is the populist political trend that leads to a life style ihatassumes 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 assumed in 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 research support 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 a much more important source of gross
deviations is the evolving policy of the government toward providing public serv-
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 to be iden-
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 to public 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 educationissising 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 a combination
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 educationparticularly graduate and professional educationhas been
resisted heretofore but it is now essential to the improved productivity that is a
condition of survival.

Another example of an intolerable rate of increased service costs is in the
realm of health care. Diagnositc and therapeutic technology defines the limits of
an ef fective productivity of the individual health practitioner, while efficiency of
the practitioner is a function of the distribution system of which this person is a
part. The distribution system has been notoriously 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 costs in 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 iri our society and the largest source of new jobs for scientific and
engineering manpower. This totality of local, state and federal government is the
most dynamic growth industry in our nation, and yet it is hardly recognized as a
factor-in calculating projected manpower demands in science and engineering.

The application of technology to agencies of government servke 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 to be
improved so they can serve the public at a tolerable cost.

Since scientific manpowersupply is a function of the educational process, I
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 cakulated 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, iden tified through competitive selection. However, I have referred alreadi
to a developing life style that assumes equality of outcome rather than equality of
opportunity which is more poiular among the socio-economk 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 giaduate students adds to the
challenge to traditional practices. We must recorisider the social utility as well as
the intellectual validity of a graduate 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 nonmenclature 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 educhtibn 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, I 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 departmentai. 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 fve have made immunologists instead of biologists 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 to be changed if
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 predicfions 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.

lf 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 process itself.

General Discuqsion

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 piace.

57

66



Although total first-time enrollment has risen despite cutbacks in
Fecjeral fellowship support, there is a decline in the ratio of number of
first-year enrollments versus total baccalaureates graduated. This
suggests that the Federal acton 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-campus or to go
too heavily into debt. Also, the accentuatbn of graduate school as a
middle-dass opportunity, with denial of opportunity to those who can't
afford it, is questionable. .

The removal or sharp reduction of the Federal support for higher educe;
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
insure that the best of our young people are able to goon to training in
whatever field they wish.

Decisions affecting graduate education have a political 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 efkcts 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 still be an increase in the inventory 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 btaffected. We must take seriously
the early contribution to research of bright young scientists and
engineers.

The supply of manpower has direct impact upon the demand for Federal
funding whenever on-going projects are considered. There are severe
losses to the disbandment of laborMories which took years to build, the
investment in training, in team coherence, in success, is so valuable 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 there are thousands of Ph.D. physicists available.
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The formai paper prepared by Ckrks V. Kai for this session appears below.

An Overview of Projections
and the Supply Side

1. Introduction

My first assignment is to present an overview of protections, a chore
accepted without adequate thought. Finding the field too Vast I decided to 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 have they been, and how precise do they need to be. That is the first
part of the paper.

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

&fore proceeding to the substance of the paper, I should firstilike to suggest
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 partly responsible
for past and current methodological problems. When methods for estimating
supply are worked out with emphasis on factors affecting supply and demand is
approached in terms of factors affecting demand, the e ffects of the market tend to
be ignored, or played down. This is because market forces are neither supply nor
demand but mechanisms which tendhowever imperfectlyto bring supply and
demand into balance. In addition, the feedback mechanisms that are constantly at
work tend to be ignored when separate projections of supply and demankare
made and the match between them is measured at some given time in the future. I
shall return to proposals for dealing with these problems.

As another prefatory note, I want to make dear in case it is not obvious to
everyone, that this report does not contain the results of any new research. It is a
series of reflections based on the work of others, rather than an effort to deal
systematically with all of the issues. The central purpose of the paper is to 02rive

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

11. The Use of Projections

I take it for granted that projections are useful for a wide variety of purpofes,
that they will continue to be made, that they are now inadequate and that efforts
to improve them are urgently needed. These propositions are not universally
accepted, so I shall 'explain how I 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 I.etter 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, ptivate
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 Trained Manpower

Cecisions and Decision-Makers

DecisionMakers

Colleges Federal &
Decisibn to Which end Uni- Stete Privete

Projections Ara Relevant versities Government Employers Students Employees Counsellors

A. Legislation sad Approprielions

Research X X X X
Institutional support X X
Student aid X X X
Construction . X X

B. Personal choices

College attendance X X X X
Field of study X X X X X X
Level of study e X X X X X
Choice pi initial job X X X
Career changes X X
Retraining . X X X X

C. Allocation of Institut lope:
Resources

Student aid X X
Construction X X
Departmental budgets . X X
Faculty hiring, promotion and

retkement X X

D. Business Decisions
,

x

Freeman and Breneman have analyzed the uses of manpower foreCasting
and analysis and they came up with three major uses:1 .

(1) A tool for evaluating governmental policies;

(2) An early warning system which may reduce adjustment problems; and

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

They belie 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, over the long
haul, to keep markets at or near equilibrium.")

t Freeman, R B. and Breneman. D. Feiwohtbile Ow Ph Ci Loki' Marla Pitfall. for Polky Notional
Board on Graduate Edutatton, November lb, 1073. 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. ..")

(c) Advke 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 suffidently fkxible to permit substantial changes in graduates
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 projeciions 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 futu re. Manpower 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 pointedout that education 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.2

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 aR levels is not somethinr to be feared but something
to be encouraged. It shoud not be "strait jacketed" by detailed central
planning based on labor market considerations. Centratplanning of the
educational system/whiCh implies rationing places invariouf 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 response to dubious labor market
projections.

Finally, Bowen has made the point that

The manpower theory of educational p)anning is based on a grand
misconceptionthe input-output or the means-ends fallacythat
permeates society. The world is regarded as divided into inputs, primari-
ly in the form of work or effort, 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 tech nology; rather, it
is intended to educate people of vision and sensitivity, who wiii be
motivated to direct technology into humanly constructive channels.

2 "Manpower Management and Higher Education: Edurahotial &Tod. Wittier 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 places in
various fields of graduate education by a central manpower plan. Many find a cert.
tral manpower plan objectionable because it would deny to a subsiantial propor-
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, I have some reservations with respect to the 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 certatn 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 money 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 tha t the shape of the economy can not
be predicted .30 to 60 years in the future, I 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, 1 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. I find
this a congenbl philosophy of education, but it does seem to me important to dis-
tinguish among levels of education jrt 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.

3 For an elaborateon ohhes theme, see. John K. Folger, Helen S. Aston, and Alan E Bayer, Human
Resouros and filker Ed:Kahan (New York: Russell Sage Foundation, 1970), chap. 7.
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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 netessary to the
operation of society. To a greater degree than is true at other levels of education,
graduate education is training for a spedfic 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 mpply and demand is, M
principle, a useful activity. it is not a tragedy or a complete waste to have a Ph.D.
in English or history employed in publishing or secondary education. riut 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 notbeing able to hire 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 legifimate 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 investmentas, for example, between expenditures for graduate and
other postsecondary education. in this sense, we do indeed 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 prod ucfive thaq 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 errorbut 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.be less 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."4

III. 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 School at Cornell, reviewed forecasts made from 1901 to 1934,a nd
found them curious.s. For example, the President of Harvard stated in 1901 that,
"Everybody knows that there are tocr 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."o

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 cane to the conclusion that, "Projections of
manpower needs and probable supplies have been so superficial and unsubstan-
tial and our current understanding is so lirnited 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."7

He had good reason to be pessimistic based on the recent record. The NSF
projections of 19614' 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-

4 Ahamad, B. and Bbug, M (eds 1. Thr Prettur at Manpower Fore4aohng. (Jossey-Bass, Washington,
D.C. 1973), p. 24.

lournal of Proceedings and Addresses of the Assouation of Graduate Schools in the Association
of American Universities. Twenty-third annual conference (Washington. AAU. 1171)

0 Cordon. M.S. (ed.). kfigher Mohan and she Labor Marlat. Article by Allan M Cartter, The 'Juliann
Labor A 4arial. Carnegie Commission on Higher Education, (McGraw-Hill. New York) 1974, p 282,

Dresch. S P, An Economic Perspective in the Evolution of Graduate Education, TechnicL1
Report Number One Nattonal Board on Graduate Education. Washington, D.0 March 1974., p. 15.

° The Long Range Demand for Scientific and Technical Personnel. a Methodological Study NSF
61-65, 1961. (M. Cobern of NSF analyzed the proiected and actual degrees awarded in Erabatiou of Prwr
Poirawits 4 Demand for and Sup* of 5ansirso awl Enguiten. (NSF. SRS, Nov 8. 1973)
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derest imate 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 9 percent (54,000 projected and 59,000 awarded). The projec-
tions were based essentially on extension 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 I 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 in
the science and engineering fields. The clear statement of method& assumptions,
rationale and sensitivity of various factors in the 1971 report, and the care with
which the projections were prepared make this the besof the projections based
upon what might be caned conventional manpower forecasting techniques.

The NSF reports bring into sharp focus the question 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 dropped from
50,000 to 6,600.

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

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 2J percent, and
between 1972 and 1973 by 3,5 percent.30 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 r
fellowships have almost disappeared?

' )4 km, and Engrnetrolg ()morale Sorb, and littharhon. 14es- ztt) NSF 09.37 November, 1909. Sarni?
and Logtoreerntg De,loretr :n4pgdy and Ihtlgation ;Urn ion() Nsr 71-20 May, 1971

1" C (0S-CRLB Survey 72
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,
First, all federal support for gradua te students provided only a small fraction,

perha ps 10 to 15 percent, of the funds supporting gradua te students even in 1968.
(This would count as "support" all fellowships from federal, state and
institutional sources, all earnings from teaching and research assistantships, all
earnings from non-academic sources, earnings of spouses, loans and family
contributions.) Sq, all things considered, a sharp decline in federal fellowships has
not meant a sharp decline in funds for the support of graduate students. licnow
that I sometimes tend to forget this, and perhaps others do too.

Second, it ices appear tha t there has been enough additioiyal money from
vitrious sources to compensate for the dedine in federal fellowships. Students are
apparently willing to work more, to use savings to a greater 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 financinggraduate 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 Education for analyzing the figures."
They have shown that there have been re.ducttts in first-time enrollmeht in
fields where careers are primarily academic and increases in fields where career
srospects seem brighterhealth professions, city planning, dentistry, medicine
and law, for example.

First-time enrollment in 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.0 The continuing increases in enrollment in
education probably reflect what card be called "defense 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 tha t further complicates
forecasting. That is, under certain conditions, worsening of career prospects in a
field may tend to increase rather than decrease graduate enrollment in the field.

2. Ph.D. Output

Ph.D. output has been lower in1971,1972 and 1973 than most projectors ex-
pected. With the exception of Allan Cartier, 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, 1971-19731s
(in thousands)

Comm. on
Human

Year Actual Haggstrom (C) 1../ S.O.E. N.S.F. Cart ter Resources

1971 31.8 31.9 31 9 31.4 30,7 29.1
1972 33.0 34.5 )3.8 33.7 31.3 32.1
1973 33.7 36.9 37 9 35.9 32.3 35.5

ii National Board on Graduate Education, Doctorate Manpower Forecasts and Policy Technical
Report No. 2 November 1.213.

12 CCS.CRF13 Survey
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3. Enrollment and Output '
To begin with first-time graduate enrollment has proved difficult to forecast

accurately. The most careful work is that of Haggstrom. In 1970,he projected the
following percentage increases froreithe preceding year:

Fall of High Medium Low
t

1971 11 s s
1972 11 8 s
1973 9 8 7

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

Fall of All Universities Private Universides

1971 1.21$ -L2
1972 2.114 - .9
1973 3.51$ 4.7

Third, it appears that the jobarOcareer outlook has been primarily responsi-
ble for first-time graduatt enrollment to rise less than even the most conser-
vative projections called for. I doubt that the decline in federal fellowship support
had much to do with this adjustment.

In any event, the market seems to be working, so far as enrollnient is con-
cerned. (One has to take into account the anomalous ialitinuing rise in first-
time graduate enrollment in education in the-face of a dismal job outlook. Here,
however, the response is a rationale response in the specific education jk,b 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 enrollmentand first-time enrollmentare 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 field differ. ln 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

11 Achial from NRC Summary Report 1972. Doctorate Recipients. Forecasts from Woifle and
Kidd. The Future Market for ph.ccs stows. Vol. 173, 22 Aug. 1971, p. 78S.

Peterson,. R. E. American College a nd Unwersity Enrollment Trends ut 1971. Carnegoe Com-
mission on Higher Education (McGraw-Hill, 1972), p.10.

3' Counc. of Graduate SchoolsGraduate Record Examination doard 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 60's.161-le found that,"Overall retention rates at
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 (ur men during the last two
years."The data show, .1 that for the entire decade of the 60's the number of doc-
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 til 5 percent. For the combined group it hovered close to
15 percent.

tHowever, the ratio reached a peako£16.3 percent for 1970 and has declined
4teadily to 11.6 percent for 1973 (Table 3A). If the 15 patent ratio of the 60's had
held up, 43,500 Ph.D.'s rather than 33,700 would ha4e 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. or a
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,
attritionleaving without a degreehas to be taken into account. Accordingly,
the niimbers and kinds of degrees to be awarded toa group of a given size of new-
ly enrolled graduate students or to a total enrollment group of any given size 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 graduategoo1.17t

It might be possible to foiecast such changes with greater precision by such
means as determining 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 abovelevelling off of graduateenrollment and
Ph.D. production, and a reduction in the proportion of first-time graduate
students who are later granted Ph.D. degreesthe 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 that 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

It. Haggstrom, G W. The Growth of Graduate Education on the Post-Sputruk Era. p. 50. Un-
published paper cited on Wolfle and Ktdd. The Future Market for Ph D 's. '$arni,. Vol 173,27 August
1971. p 793)

1" Cain, C.D., Freeman, R B . and Hansen, L W., Labor Market Analyses and Technical Workers.
Johns Hopkins Press, 1973. In this excellent report the authors note an additional factor that in-
troduces a fairly quick and marked supply response to market conditionsdecisions of un-
dergraduates to pursue graduate worklater reflected in changes in first-time enrollment They ate
ip. 68) the fact that only a thirdof the bachelorsdassof physicsmajors in 1970 expected tocontinue in
the field, compared with 55 percent on 1967.
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make them erroneous as predictions. Allen Carttet has noted this phenomenon in
more specific terms: "My projections of 1964 and 1965 that the academic labor
market would reverse itself in 1969 and 1970. . . could be called unsuccessful in
the sense that few persons took them seriously, thus permitting them to become
accurate predictions. Today. . . it is likely that projections indicating even more
marked imbalances in the late 1970s and 1980's will be at least partially countered
by Adjustments in enrollment patterns."'s

AMINO,
Table 3A,

Ph.D.'s Awarded Compared with First-Time Enrollthent in
Earlier Years

Yeti

(1)

Awarded'

(2)
Awrage

First-Time
EnrollmenP
4 to 7 years

Earlier

Percent Ph.D.'s
Are of Earlier

First-Time
Enrollment

(000) (000)

1973 33.7 290 11.6
1972 33.0 244 13.5
1971 31.8 223 14.3
1970 29.5 199 16.3
1969 25.t. 176 14.6
1966 2'2.9 152 15.1

1967 20.4 132 15.5
1966 171.9 118 15.2
1965 16.3 106 15.4
1964 --- . 14.3 96 14.9
1963 12.7 OS 14.5
1962 11.5 77 014.9

` NRD Summary tleport. 1972. Doctorate laeciprenta (Prehmmary 19731140re added).
Happlrom. Table 6, p 35.

1411.11t

Finally, the fact that projections tiave 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 academic jobs are cor-
rect, they will be useful because they will stimulate corrective action even if the
precise dcgree 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 section discusses some of the poorly resolved problems
and some possible solutions.

--18 Cordon. M . op. ot 76
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A. Projections and Predictions - A
Prologue to Methodological Improvement

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

Those who undertake lo 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 turnout
to be poor predictions of actual events. . . . Thus, all manpower projecfions
should be treated with great skepticism as predktions."19 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 Wake them predkt the effects of
theif own forecasts. In the sodal sciences forecasts are not simply efforts to
foretell what will happen; they can and do often influence the cou rse of events."20
Freeman and Breneman have noted that, "The hypotheticit and provisional
nature of the calculations is invariably stressed, of ten by distinguishing them as
projections, not predictions, despite the effort in obtaining the 'best' parameter
estimates a.id the exteruive use of judgmental assumptions to give good results."

The foreword to the latest N.S.F. projection, 1969 and 1980 Science and Engineer-
ing Doctorate Supply and Utilization (p. iii) notes that, "It must, of course, alwa ys be un-
derstood that projections art not 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 on definitive 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 predsion be
attributed to numerical values in view of the limitations of the data and
methodologies, the complexity of the system and the unpredictability of future
events."

Yet Cartter notes that he has used his own judgment to modify projections
that seem unreasonable, and the N.S.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 1.0 percent
and 20 percert higher than the doctorate-to-total-scientist ratio existing in the
particular :dtegory in 1969. This assumphon Is based on the conviction that in the past the
utilizatir.i of dodorates was restrickd by short supply.- (p. 15. Italics added.)

Accordingly, the sharp distinction which we are urged to make between pro-
jections and predictions is in fact often blurred by the desire of the authors to
avoid making projections which are obviously silly. It is further blurred by tech-
niques which take market forces and futurt 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.

Cmiter, A M , 1 he Atademu. Libor MArket m Ibgher Edthategm and I he Labor Mmket p 2.82
:e Kidd. C. V fin) Many Suenn>t>' Brnanneca Yearbnokof Suence and te! IS tore, 1073,p 415
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B. Inadequate Measures of Quality

A prominent characteristic of forecasts of supply for highly trained
manpowerand of demand, too, for that matterhas been that they have paid
little attention to qualityto 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 generally ignored. This is
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 institutiohs or departments can be measured, an.] t hat 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 it 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 sttidy. This (together
with the natural interest of counsellors, planners, faculty members, students at
all levels, employees and employers in industry 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 will in-
crease, and that increasing efforts will be exerted to produce detailed forecasts.
The results to date are spotty. The professionalassociations are a logical source of
forecasts, but many of them have neither the resources nor t he interest required
for a competent job. A fewmost notably chemistry and physicshave produced
sophisticated analyses. Further stimulation of studies of forecasting and of
production of forecasts in specific fields is clearly indicated. However, some of the
limits to the utility of forecasts by discipline or fields should be mentioned. The
narrower the fields covered, the greater the problem of substitutability. Wv-ien
training or skills in one specialty 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 mealuring supply in narrowly defined specialties. This problem is like-
ly to become more .complicated if graduate education becomes, as it should,
capable of educting 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 iri forecasting by precise field is generated by the fact
that every field is affected by gross factors common to all fields. For example,
demographic trends and the rate of growth in G.N.P. and trends 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 obviously not additive.

Despite the conceptual, methodological and practical problems in forecasting
by disdpline, more work should be done. It is not possible to know the limits of
projecting by sector until the limits are tested, and the process of worldng 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-
tidpated 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."21Since
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. in 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.?

If projections purport to tell how many Ph.D.'s will be "needed"either in
terms of effective demand or in terms of numbers required if some defined social
or economic goal is to be metthen the characteristics of employment that are to
be considered as a legitimate parfof the need must be defined. In other words do
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
cowited. A number of criterid could be used, separately or in combination.

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

1 t Gordon, M S , led i Higher Education and the Labor Market tMtGraw-Hill Book co 1 New
York 1073 p 12

4
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Social productivity 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 to sodety, 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 un-
deremployed. Probably not, but it might depend on who is doing the classifying.

Since it may be impossible to frame and apply a satisfactory definition of un-
deremployment the way out of the difficulty may be simply to secure better data
on the characteristics of the employment of Ph.D.'sin terms of income, type of
employer, skills currently used and so forth. 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 I 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 of market forces to be such a significant question
that no overview of the problems of projecting can be satisfactory if this question
is excluded.

&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 for h ighly trained manpower.ItIn 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 in the Economies of Omer Choice in 1971 was there further serious
work on the interrelationships among supply, demand, career ch oices 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 b .sed fundamentally upon the extrapolation of such
ratios as

2: Amther important kind of economic analysis is the mlea c)( t )Iriputing rates of return on %n-
vestments in education Rates Jf return in a given field that are lugher than rates of rejurn in com-
peting fields <an be taken as evidence of a shortage This approach, like the market approach, s quite
different from the protection of historic ratios Distcbsants may wish to consider thus approach m
gre.uer deta
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employment to output, student faculty ratios, and R&D expenditures per sden-
tist. Projections based upon ratios do not take into account a wide arra y of market
forces. These indude 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 aceount the decisions of employers to hire more or fewer
highly trained persons as earnings kvels 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. -,Z

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 groupsincluding 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's.

In the context of this approach, the very concepts of "shortage" Ind "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 analysi3, 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 eari 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 decisionsas, for ex-
ample, decisions to enter a school of divinity. Economic responses are somejimes
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 connection, Freeman and
Breneman have described the potential gains from the market approach and
proposed a research program in Forecasbq Me Ph.D. Labor Market. Pdfalb for Policy. (A
Working Paper for the National Board on Graduate Education. November 16,

74

81 .



r 1973.) They specifically suggest the construction of a model which would take
into account six kinds of responses, which I have elaborated somewhat, to
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 fo faculty (hiring, promotion, ret..%-
ment) and students (enrollment, support) and (6) governmental initiatives and
resOnses. The isefulness of models builearound these factors can, within the
limits set by the availability of data, be teited retrospectively.

In conclusion, it seems tome that one of the most significant developments in
projecting the supply of and demand for high level 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 injlational 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 Ralph K. Huitt. Natiomil Association of State Universities and Land Grant Colleges.

Leonard A. Lecht
Director of Priority Analysis
National Planning Assodation, 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 outmoz1....d 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 siutplici-
ty, but mistrust it." 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 choires 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 aiternat ve developments, for example, an increase or
a decrease in defense spending in Federal support for fellowship programs in
aeronautical engineering. 1-"...,wever, projections are not the same thing as predic-
tions. While individt.::: projections based on continuing relationships from the
past will often te- oorne out, for example, the size of the labor force in 1980, it is
apparent t'.., the social sctehces are many light-years away from being able to
make sustained quantitative predictions fora five- or ten-year period. This is true
of manpower projections as it is also true of projections of birthrates or of the
fluctuations in stock prices.

Many organization3 and individuals have been concerned with the study of
one or another of the forces that influence the utilization of scientists ant:
engineers. Economists, such as Hugh Folk I or Richard Freeman,2 have attempted

' Pro.eni .kIJrc t lee Inc 64 Special Prolec t h Research. The Conference Boar& 85 Tturcl Avt New
York. N Y . i4o27

Folk. Hugh. Th Monogr of Stsenibt end bettor r, 1070
Freeman, Richant Thr Martel far Collesr-Trated Mmiuneer 1971
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to devise models of the labor market to assess the relationship 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-
output analysis to project employment requirements in different industries based
on assumed rates of growth in GNP and changes in the composition of the
economy's output.3 Others have attempted to develop techniques for an-
ticipatipg the utilization of sdentists 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.4

Present research ..nniques, such as the input-output analysis, have made
signifkant 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 the industries supply-
ing goods and services to the firms producing the end 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 feweradvances in explaining whythe 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 df manyof the discontinuoas 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'

ion nullions of dollars)

. Changes ra Outlays Between.

Type of R&D 196e & 1966 1966 & 1969 1969 & 1971

Total R&D $8,536 $3.913 $671
Federally Funded R&D 5.240 921 143
Defense R&D 40 1.671 1,091
Space R&D 4.495 2,015 210
Non-Federally Funded R&D 3.296 2.992 814

. Dewed from Nabonat S4m4424 Foundabon Nationei Petterns ot RED Resowcos Funds any Monpowei rn me
Undid Stases F95,1. 172 NSF 22400 197! Taboos 13-5 13-9 pp 32-34

' t.I 5 17c part nwnt of 1.4b04, Bureau of Labor Stattstns, 1.powtoroManrorro Mr.1.. Bulloin No
1137. 1071. ihni Pathili, ot b0000n4 tootett. Bullehn No ion, 1070

+See Na.tonaI Sciente CouNiation, Iin !mg Rangt non,oul to st nook ati,1 loin:14A P.sumnel A
1,1efirodobrhoi %flaw 4S1 of -n5, fool. Aronson, Robert I . I oh I'd !./s7any for 'hook., aod bigtnter Lntrivw

med. U 5 Ikpartmerte of Labor. Bureau ..11 Labor Stanstn.s, Bulletm No 1003. WO. p Z
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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. Mole than five-sixths of the growth in Federal outlays in this
period-86.percentstemmed 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 a $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 alid 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 fina nced 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 in unemployment and the
concern with undEftmployment 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&D expenditures. In effect, the activities undertaken to
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 illustrated by the enactment
of Medicare and Medicaid, a nd also by the expansion of employer-financed health
insurance, offer another 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
priorities and expenditures often undergo marked changes in response to emerg-
ing problemsra nd opportunities, many of the unmet social demands of the present
are likely to become translated into market demands for manpower, including
sdentists and engineers, in the next decade. ,Employment projections that
attempt to take these aspirations into accodM 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.

U.

Changes in Aational 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

$ Annual Rtporl of the Coutud of Ea wow Mows. I972. p 1
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because of their consequences for employment within government, or the
employment created in the private economy by government purchases from in-
dustry, or by the adoption of standards based on legislation which affect re-
quirements for scientists and engineers in the private sector.

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 utilization of scientists and engineers in one
important priority areathe abatement of air and water pollution and solid waste
disposal.6 The study illustrates an impoztant instance drawn from a large group
of acfivities in which national priorities are largely implemented by the
introduction of standards leading to greater expenditures in the private sector.
Automobile safety, efforts to establish a "miles per gallon"standard to economize
on the use of gasoline, or airport noise control are other instances.

More than nine-tenths of the outlays for air pollution control in the 1970's,
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 thet generate the reouirements 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 morny. They are the food, paper, chemicals,
primary metals, and petrokum refining industries. The projections refer to two
different scenarios illust rating differences in the priorities assigned to the control
of pollution. One is a Present Policy scenario indicating the increases in scientific
manpower requirements expected to come 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
amend ment s, other than the 1972 amendments, are instances. The other, the En-
vironmental Goals scenario, presupposes an extension to air pollution and solid
waste discharges of the goal in the 1972 amendments to the Water Pollution Con-
trol Act of seeking to approach 100 percent abatement of most types of pollution
by the mid-1980's. Weighting the levels of pollution abatement projected for the
different types of pollutants by the estimated physical volume of each, the Pres-
ent Policy scenario implies an approximately 65 percent efficiency in pollution
abatement by the mid-1980's as compared to the 90 percent implied by the higher
priority in the Environmental Goals alternative.

The differences in manpower requirements in the alternative scenaricc come
about because of the differences in the expenditures they specify for plant a.- d
equipment, operations and maintenance, and reseai ..1-1 and development to co.,:e

Let hi. L , Gutmann, 1, and Rosen. K J , Asse.fing the impaa of Changes in Nedv ..1 Prionnes tio
Uhlaahon tof :vtirnsist, awl Eng+ Iltfr, National Science Foundatson, Grant GR32404, 1974

Derwed from Countd on Emu onmen tal Quality. tretironotonel Quahty. I72, 276-277
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t..

with pollution, These outlays are summarized for the twn scenarios in Table 4.2.
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 Ave industries if the minimum levels of pollution abatement in
effect in the late 1960's were continued through the-next decade.

Table 4.2
Projected increases in Expenditures for Pollution Abatement in 1900,

Alternative Abatement Scenarios'

[in billions of 1963 dollars)

Type of Expenditure
Present Policy

Scenario
Environmental
Goals Scenario

Plant and Equipment 632.3 $53.5
Researcti and Development . 1.1 1.8
Operations and MaintenanOe .. 8.7 14.1
Total 42.1 69.4

SOuccoKLOChl. L. Gunnand. o .nosen. R .I., ARretton9
the Impact ot Changes to Nehood Ptionhes tot the
sibbletten el Screhhets end Enginee4, Wood Science
foundation. 1974. Tabbk 1-7. p 1-22

The major differences in the expenditure totals for the two scenarios are
those listed for plant and equipment and, to a lesser extent, to operate and main-
tain the pollution control fadlities. "The massive plant and equipment outlays in-
clude many expenditures for otherwise desirable items of equipment that have
the side effect of producing fewer pollutants. Only the relatively minor "force ac-
count" construction part of the capital outlays, about 5 percent of the total,
generates employment within the five industries. The projections, other than for
research and Jevelopment, are based on engineering estimat*s prepared for the
U.S. Department of Labor of the capitaroutlays and maintenance expenditures
required to reach different levels of efficiency In reducing pollution in the in-
dustries considered.6

The manpower figures listed for the pollution control scenarios show the an-
ticipated increase in "direct" requirements for scientists and engineers al the five
industries because of the greater expenditures for pollution control. They also in-
clude 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 Tabk 4.3..

The projections suggest that the recently ae...pred :xtandards for pollution
abatement, other than the 1972 Water Act amendments, would increase re-
quirements for scientists and engineers by an estialatel! 91,000 in 1980, and by
over 165,000 if the more stringent standarn ti'e 1972 amendments were

3 Gutmaini. Iv ars and Schapanka, Adek, Put:whew Cern-rating fottsstans a mi Abatement Casts m the Linde,'

State.. 100 and 1015 prepared for the interagency Growth Proiea U S Department of Labor, 1972
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generalized to include the other types of pollutants. Three-fourths or more 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 the in-
crease for scientists is expected to take place within the five manufacturing in-
dustries. The massive indirect emplo) ment listed for engineers in the "second
round" industries is largely attributable to"purchases of plant and equipment.
Operations and main tenance, and research and development outlays are of abou t
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 .melhodology by which the projections were
derived, together with the estimates of employment requirements by oc-
cupational ipecialization within science and engineering and by industry, aredis-
cussed in detail in the report on the study.

Table 4.3,
Estimated Increases in Direct Requirements and Indbect

Requiriments for Sdentific Manpower, Alternative
pollution Abatement Scenarios, 1930'

Projected Requirements irt 1980

Present Policy Scenario Environmental Goals Scenatio

Category Direct Indirect Total Meet indirect Total

Se ieqtists 14.298 6.789 21.087 30.445 11.610 42,055
Engineers 19,787 50.516 70,303 35.639 87,965 123,604
Total 34,085 57.305 91.300 66.084 99.575 185,659

' Soucte Ledo, Guimanos. and Rosen. oP cot- Table I'S. V I16

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 in 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 man-
years of empkyment. A thirct 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 force on manpower inpu t 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 levels into job openings consists of 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.

III.
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-

t.
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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 thne, or, the changes in technology can be an-
ticipated, primarny because they are expected to represent an extension of
technology that is already available, at least in 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 occupatiorial composition of the increment follows that of the
total to which the increment pertains. The prbrities and the standards that are
currently expected to provide "surprise free" scenarios for thenext 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 "surprise" 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 consequences-of
implementing the pollution control measures considered for costs, prices,Ind
output in the industries affected, or in hastening the introduction of new
technology. 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° Tbe. survey inchchted that 200 to 300 plants
would be forced to close down Ix _ise of the pollution abatement regulations.
Prices for the output of these industries were esb mated to increase from zero to
ten percent in the four-year period supplying the focus for the study, 1972 to
1976. The direct job loss resulting from the environmental regulations in these
hidustries was proiected 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 periods, 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. Over 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 kw things change other
than the pollution reguiations, and that the effects of introducing these measures
then work 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
introduction of new technologies, or the more general use of technical advances
that have been available before, which were more efficient in aba' ng pollution. in
the production of iron and steel, tocite an instance, the pelletizing process used in
producing iron ore and the continuous casting processes for producing steel are
expec ted tocorne into everyiLy use by 1,480, in Part because their arrival would be
speeded up due to their lesser propensity and add to air and water pollution. In
petroleum refinmg, environmental considerations are likely to encourage a shift
to hydrogen refming, a shift hastened because this rrocess gives off almost no
carbon monoxide, nitrogen oxides, or particulates. The extent to which the

1..1: tr...,,n, hr.; Qua tou 072, I, <. rp .1141'-:"Stt
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technological advance's 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 polluthin 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 percen tto 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 eff easel the capital ou days in increasing
economic activity and employment arertine 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
offset by reductions in output and emvloyment 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 jdnd 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 significance of the requirements lister: 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 io the early 1970's, they presuppose a
minimal reduction in the inventory of 1.)ollutants. Accordingly, the Department
of Labor's projections could mot be e)pected to allow for the effects of rapid
growth in demand for scientific manpower in the fields related to pollution abate-
ment for the supply of scientists and engineers. A high priotity for pollution con-
trol would increase salaries and opportunities for advancemen t ior 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 e nroiiments in technicil subject, coocerned with pollution, enlarge the
supply of scientific manpower:Antrair the increases in salaries, and add to the
economy-wide utilization of sckn Lists and engineers. The magnitude of these
changes can be illustrated by the. judgment that half of the increase in re-
quirements for scicatific manpower for pollution control becomes translated into
a greater supply of scientists and engineers. This adjustment, or even a larger
one, would make foi only modest changes in the Department of Labor's es-
tima ttts, changes a under $ perzent. The relationship between the additionM
scientific manpower requirements 5or pollution abatement and the economy-
wide utilization anticipated on this bazis is summarized in Table 4.4:

' /ha 302 90
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Table 4.4
Additional Requirements for Scientific Manpower Resulting from

Pollution Abatement Priorities as Percentages of the
Projected Economy-Wide Utilization in 1930

Additional Require-
ments as Percent ot

Additional Economy-Wide
Requirements Utilization

Estimated Erwiron- Enyiron-
Economy-Wide Present mental Present mental

Utilization Po licY Goals Policy Goals
Category in 1980' Scenario Scenario Scenario Scenario

Scientists .... 514.542 21,0115 42,055 4.1% 8.3%
Engineers ... 1,533,151 70,303 123.604 4.6 7.9
Total . 2,017.694 91.388 16:3,659 4.5 8.0

Adapted Korn lt 5 Department et Labor. Buta.0 of Labor Stallsica. Tomorrow's ANDPOove Needs. &Mewl No 1,37. Vol IV.
%Wt. p. la

The estimates in Table 4.4 suggest that a high priority fbr` pollution aliate-
ment, as in the Environmental Gools scenario, would involve a growth in 're-
quirements for scientific manpowei 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 percentases refer to overall re-
quirements without regard t%) the industries involved or the occupational
specializations. Adoption of the standards in the Present Policy scenario, for ex-
ampie, is estimated to add an eighth to the industry-wide utilization of scientists
and engineers in the chemicals industry in 1080. The global projections,
therefore, will frequently have limited relevance as a basis for policy.

Problems of feedback effects and countervaiiing 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 know 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 engineers, or for persons with
bachelor's degrees in physics. The problem with .hese projections is that they
typically imply a one-to-cone relationship between level of educational attainment
in specific occupational specializations and jobs. In some instances, as in projec-
tions of quirements for'Ph. D.'s in the sciences to reach in four-year colleges and
graduate schools, customary tenure requirements as well as historical student-
teacher ratios provide an ekment of stability to the estimates. In most areas,
however, engineers and scientists of different levels of educational attain meiot,
or. for that matter, engineers, scientists, and technicians, are toa 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 substitute for persons with more ad-
vanced professional training. In periuji ,f glut in the scientific manpoWer
market, persons with.advancecl degrees, including Ph.D.'s, may frequently find
themselves. in jobs and at earning levels previously regarded as unsuitable. Pro-
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jecting requirements by level of educational attainment involves, a Seriec of
judgments, expressed or implied, above the overall labor market prospects for
scientific manpower in industry, government, and in college teaching.

Iv.
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 -.me 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 fo4 a greater or a lesser change in tht. estimates 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 underlyini scenarios were changed.

The-changes in national 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 titne. The
changes in priorities and programs are themselves "exogenous" to the darket
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 in explaining changes
in the supply and demand for scientists arid engineers in terms of rates of return
on investments 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. .4 basis for improvements in the predictive power of the
forecasts should include a mode of analysis that takes account of the role of
government as a variable with an important influence for the manpower utiliza-
tion process.

Emphasis on the importance of government programs and expenditures is
suggested by the evidence from what are, as yet, limited studies of the responses
of unemployed professional workers, including scientist s and engineers, to offers
of employment. A study undertaken by Battelle Laboratories for NASA surveyed
a sample drawn from 40,000 persons who had lost their positions between 1966
and 1970 as a result of cutbacks in the space programs a t 30 establishments.' 1 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 movemen t to a new community as well as a new job was at stake.
These findings are summarized in Table 4.5:

I t Battelle La bora t ories. A Surrey ot Arrowate bnployo . Mead by grareatuns in N AsA Cmirat is study
urufertaken for the National Aeronautics and Space Administration, 1071
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Table 4.5
Minimum Salary Required to Accept Employment by Unemployed Professional

Workers Laid Off in NASA Cutbacks Between 1966 and 1970'

Average Weekly Salary f Salary Amount

At time of lay-olf
To accept a position at preseot locahon
To accept a position in another community

$276
247
304

' Souris: Banta Labonnorres. A Surrey of Aetospacs Ems *roes Matted by Redutbons ifl NAtheortbacts. Whom!
Aeronautics and Space Administration. 1971. sem

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 jdblessness 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, to abandon 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 sonsiderable underutilization of scientists and engineers.

4

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-
pirer technology in health services are instances. While it would be unreasonable
to & peel the government to undertake such programs primarily to create jobs,
the availability of highly educated and trained manpower can be an irriportant
coisideration 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 usefulness 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 ihe coefficients indicating input re-
quirements in the input-output matrix. The other could involve the crea tion of a
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 ihe 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 for an
early warning system to trace th rough in advance the consequences of changes in
the Federal government's priority choices, actual or under consideration, for
manpower demand. A budget along these lines would present an overview of the
areas where a lesser willingness to commit resources for particular goals, for ex-
ample, the manned lunar landing, 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 putchases, and the employment in 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 seeking 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 train 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-
tablish ing.a manpower budget, the Federal government's annual budget reports,
especially the Spertal Analyses reports, should include a manpower section showing
the expected colsequences of the program activities listed in the budget for man-
power requirement- 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 t f
judgment in manpower projections. Changes in na tional priorities, demograplu.
changes, technological advances, and shifts in the economy's growth rate will
continue to outmode many of the projections of saentifk manpower supply and
demand 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 ahem. 111,e policies and developments, or the continuation of
past trends and the emergerice of new ones for the utilization of manpower, in-
doding scientists and engineers.



W. T. Hamilton,'Discussant .-

Vice President and General Manager, Research and Engineering
Division
Boeing Aerospace Company, Seattle, Washington

On reviewing Dr. Lecht's paper, I findthat much of it appears to parallel our
activit;es 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
program and by skill for both thf 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 economicil attractiveness to the
company. Both government and privat e contracts are affected by national and in-
ternational pressures, and by the pressure to make a profit. Requirements for
scientists and engineers are difficult to r redict with any degree of precision
because there is a time delay; the problem is a dynamic one.

Boeing Aerospace has about 6,000 engineering personnel. More than $,000
of these are graduate engineers and scientists, and about a thousand have doc-
torat es. 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
predktions can be made is not very great, though there is a greater opportunity to
be certain today than in the past because there are a larger number of programs,
all highly technology-intensive. We have a continual flow of engineers in and out
of the programs. It is necessary to have the right level of engineer or scientist at
the right time, but for ec,nomic reasons this person must be shifted when not
needed on a given progn m.

At present Boeing ic doing a reasonable job of predicting. We are a little
shorthanded now, which is proper from an economic standpoint. 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 commercial
airplanes would be sold ,ind 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 Aerorpace 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 a 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 wen educatNI people.

In the i960's Boeing Aerospace Confpany was predorninantlya budderof air-
plane and missile-type structures --id actuation equipment, with a lesser
emphasis on electronics, guklance, control, and navigation. Now 40 percent of
our employees are in struct ural and mechanical activities and 60 percent in elec-
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trical and electronic activities. Any variation in the future will depelid on con-
tracts received and the activities we are engaged in but change is certainly in-
evitAle.

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

Their retirement is going to cause Boeing to shift entirely to electronics, if the
trend is not reversed. When Boeing 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 perteption of the Federal Government
as the big disturber of the peace in the manpower field is, I think, absolutely cor-
rect. All political systqms must change; ours is not alone in making switches in
priorities, but it may be tharthere is something peculiar to our system in the ex-
treme changes that it makes.

Professor Gabriel Almond of Harvard pointed out a numberof years ago that
oar 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
worsmbeca use as government grows, its effects on universities, oa m-npower,
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 is a proper budget in the sense that in-
come is related to outgo and a *fiat or a presumed surplus is mentioned, so ail
the elements of a budget are there

This budgoing procedure was initiated in 1921 with the Budget and
Acwunting Ac Jst 132 years after the birth of the republic. Before then the
President simply requested money when he wanted it, and nine separate com-
mittees tone called "appropriations," and eight called "autho..zing" commit tees/
Lonsidered the netessail, appropriations. Nov., more than a half tentury after the
Budget and Actoo..nting AL t, the Congress of the United States is beginning to 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 to a
rhythm of its oWn. Congress is paying attention now to the possibility of relating
income to outgo because it protestecknot 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 viere 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 to have a manpower budget attached
to the budget because the budget tends to increase every year.

Let me add'a 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 as long as it wants it, 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 Mgher education is the Federal Govern-
ment.

General Discussion

The discussion following the remarks of Dr. Lecht, Mr. Hamilton 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 useful if not based
on a multi-year look ahead? We are not now and not likely to be in a posi-
tion to be making Federal budgets with lead-time. Dr.. Lech t replied that
the President's budget document, in its section on special analyse*
usually has Administration program estimates for the next two or three
years. If expanded to five years, this would increase the significance of a
manpower budget. Also, such a budget would provkle 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 derangement in the labor market. It is only
necessary that there be rapid growth tor a while, followed by a leveling
off.

What about the capability of Federal agencies 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 called 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 we look at estimated impact of federal programs over the next
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.

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

Wayne It Gruner* spoke of making a five-year manpower budget and il-
lustrated some of the relationships to be considered (Figure 4.1). The up-
per part of the diagram shows total level 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 employment 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 turnover
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.

If we look at Dr. Grodzine version of manpower flow, the baseline would be
higher but the recruitment peak would be correspondingly higher also, so instead
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 dear message for students, faculty, and job seekers is that employment
opportunity is a moving target and that their most promising weapon is flexibili-
ty.

National Science Foundation

..:
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Figure 4.1
Comparison of Total Level of Employment in a
"Growth industry" andRate of New Recruitment
Required to Maintain That Level of Employment
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5. Management of Industry Needs for
Engineers and Scientists

This chapter is based on the mut presentation of Dr. W hitt. and ern his paper. The lead discussants
were G. F. Boling, Fori Mo fir Company, and Margaret Gordon, Carnegie Council on Policy
Studies in Higher Education.

Phillip C. White:
General Manager of Research
Standard Oil Company (Indiana), oiicago, Illinois

This presentation deals with current industrial patterns in manpOwer plan-
ning, and with methods of ptilization of the available supply and demand data. A
few industrial probleins 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.i
Their recommendations, all of which have been 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 the govern ment, and es-
pecially for government to respond to the impact of its own programs...,

-t

Industry Patterns in Manpower-Wanning

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 then can
be diVided into various components as follows:

Industrial Demand Components

Increments to Staff
Sales Projections
Contracting Level
New Facilities
New Lines of Business

Maintenance of Staff
Retirements
Resignations
Deaths
Trans fers

1 National Academy a Engineering, Engintaing and Seientifie Manpower. Ittommendatipts for the Seven.

ties, 197,3.
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The president of M. W. Kellogg, a large construction firm, recently presented
a gaper on manpower needs in the field of construction engineering. He pointed
out that give- the ritlivpower needed at the present time to construct and operate
plants for coat gasification, oil refining, and the production of petrochemicals, fer-
tilizer, and synthetic fuel, it is obvious that there will be a 10 to 20percent 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 evert,before the job is started. Obviously this is a
wasteful practice. Lump sum bidding or other methods would help reduce this
large was te 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 miiket, but then faces decisions about the possible need to recruit 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. For txample, in the
early 1950's it appeared that expertise in radiation chemist ey and radiation
engineering in the process industries would be in great demand. The technology,
however, did not have a commercial impact, and the bulge in demand for these
particular skills never materialized.

Still another factor in manpower planning is replkement. 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 e steady growth of
industrial R&D over the period from the mid-1930's to the mid-1960's, and now
the replacement load may be larger than forecasts have indicated because there
has not yet been much retirement in the major R&D popillation.

The general manpower picture is reflected in the responses to our telephone
canvas§ of representative companies. Questions were asked a_botit kich'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 is those made by the Engineers Joint Council, NSF, and the American
Chemical Sodety; 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. All of the 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. Thek
spokesman added that he thought.his 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; one is 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 hiting 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 ef fort 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 afFediiiting. 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 that a dis-
tinction between information transfer and behavior change should be made. If
behavior change is the goal, then one must be especially careful 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 between
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,
Utilization of and Demaml for Engineers and Scientists in Industrial Researa,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 part of 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 supply/demand 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 obtainingdata, but this ap-
proach should not be given up. A centralized effort would help. A single
authorita tive groupa government agency such as OMB, BLS, or NSFshould
be in charge of the data acquisition. Perhaps there should be a statutory question-
naire, carefully developed and pilot tested. Such a questionnaire could be useful in
determining year-to-year trends in requirements for various disciplines. 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 is 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 generate supply by
providing continuing education for its people. One company, while not planning

4. The survey was published by Industrial Research Institute, Inc , New York, N.Y., April 1973.
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itself to retrain B.S. chemists as chemical engineers, suggesteJ 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 previously mentioned, one way to obtain better overall management of
supply and demand is to stabilize hiting..This would be useful, but how to go
about spreading this practice most rapidlkis nos clear. An interesting approach to
stabilized hiring is given in the following illustration. One company made a
careful projection of requirements and then hited 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 to be
accepted as a kind of national responsibility, much would have been done to
achieve strengthened manpower management.

Disaggregation

Disaggregation of specialties would be helpful. For example, industry is in-
terested in corrosion engineers, process development men, etc., rather than
chemkal engineers per se. Some of these special ties 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 greaterpush toward
defining and establishing the role of government in manpower planning. There is
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 ach:eved 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.pespite the fact that the current demand for chemical engineers
exceeds the-Vol:if*, 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 5m 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 varioul levels of high school and college.
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G. F. Bolling, Discussant:..
Manager, Product Strategy Planning
Ford Motor Contpany, Dearborn, Michigan

Ford Motor Company makes several different kinds of forward projections
in time. There are planning groups in ecOnomics, manufacturing, research,
technkal planning, and so onover 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 at least on a twelve month basis, but there
can be a turnaround in three months if there is change such as we recently ex-
perienced when we knew that automobile sales were going to drop substantially.

Ford does not really use the projections that are available, although 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 dile GNP, so if one of the major corporations in this industry does
not pay very dose attention to the projections, then who in the twenty-seven
companies surveyed by Dr. White does pay attention?

Ford has difficulty cutting off the peaks and filling in the valleys, aid it has its
own lags in obtaining particular types of engineers. Eighty percent of the
engineers that Ford hires are mechanical engineers. They fill approximately thir-
ty different kinds ofjobs. Mechanical engineers are just one of the five bask kinili
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 pu rsue 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 bei:ore a threat tocompany survival. Changes in
profits are a strong incetitive 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.

., VI 1

Care must be taken in preparing questionnaires because it is so very difficult
to get adequate answers. One should avoid the "Edsel questionnaire
syndrome"the market survey used prior to the design of 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, l agree.
Ford is currently starting a program which it calls a college sponsor program.
There are between thirty-five and forty executives in the company who are in
close contact with either deans or presidents of as many major universities in the
United States. The purpose of these contacts is to understand more about univer-
sity problems and to open a line of communications to the Ford Motor Company.
Ford hires a significant proportion of the engineers in 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. 104
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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 ar follows:0.2
percent in 1970 (a recessive period for Ford), about 2 percent in 1971 and 1972,
about 3.7 percent in 1973. If ithe au tomotive industiy has a turnaround in August
1974, the figure for 1974 might run to 0.6 or 0.7 percent versus a previously pro-
jected figure of 1.5 to 2.0 percent.

Ford hai projections to the year 1983,and our personnel and organization
sta ff assumes a shbrt fall in engineering. However, the money necessary for
recruiting activities ieprojected by the finance staff, and this staff is not con-
vinced that the shortfall is real, since the supply of engineers for any company can
be made exactly the number it wishes to hire. If an 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 producing a lot 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 to couple 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 governmen t, is the purpose to un-
derscore policy? lf 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 which 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 automofive industry if
there were a crisis in energy that occurred drastically rather than gradually?" As a
truism it can be said that projections are only as worthwhile as the sta tistics 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 to learn 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 Pm his general position that there should be manpower
budgeting. His position, however, might be phrased in a slightly different
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.
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One topic which has not 6een discussed very much at this meetingilthe field
of health manpower. The enactment a the Medicare and Medicaid legislation in
1965 led to a general shift to the right of the demand curve for heahh manpower
and health services. In the years following the implementation of that legislation
there was a very sharp increase in the rate of inflation of the medical care compo-
nent of the Consumer Price Index.

.This demand curve may be4heading toward another sitift to the right. The
Kennedy-Mills pact on health insurance legislation is probably bringing the day
much closer when Congress will enact a national health insuranCe 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 supporttng a national health insu rance 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 problem of supply of.
physkians 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 be a continuing steady or in-
creased inflow of foreign medical graduates, despite the fact that there has been a
substantial increase in the number of entrants to U.S. medkal schools over the
last sb.c or seven years. In the face of the substantial increase in the supplyof U.S.
medical graduates, it is now unreasonable to assume that the demand for foreign
medical graduates will rise or even remain constant.

What should be the- US. 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? I believe that as the wealthiest nation in the world we ought to be export-
ing highly trained health care manpowes rather than importing% and we ought
not to be forcing large numbers of U.S. students to get their medicaleducation 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 no longer assume, for exam-
ple, that U.S. salary levels for engineers and scientists are so 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 granted in the sciences and engineering. The 1950's and 1960's were years
of exceptionally expanding demand for highly educated manpower, despite the
huge increase of supply that was occurring especially t .he 1960's. There were
two main reasons for this expanding demandone was an increase in the
percentage of GNP going for research and development expenditu res, and the se-
cond was the marrh of the cohorts of postwat babies through the school system
and up into the colleges and universities. Dudng this time pe,..xl, the most
pronounced increase in the proportion of degrees being granted was in educafion.
A number of the degrees in the humanities and social sciences were also granted
to those who were training to be teachers. Even though there were increased doc-
torates in science in terms of numbers, there was also an increaspSdemand 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 some 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 has a
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, there is a need to disaggregate 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 -a 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 consideration 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 iftobk in1971, 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 idea 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 maintain the high quality of its leading
schools, there must be stable support from the FeSeral 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 ase. 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 changes in student choices of field
at the undergraduate level is extremely inadequate. One searches and finds, say,
an artkle 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.

Director and Senior Vke President. Exxon Corporation. New York. New York.
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Exxon, one of the largest multinational corporations, has about as many
American scientists and engineers working abroad as 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 Amerkan Geological Institute' recommends
that universities improve their planning in regard to disciplines and
degree output, and that employers hire more evenly, avoiding peaks and
valleys, in order to insure a more uniform flow of personnel through
universities 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 this policy in
the past, although it will in the future. The domestic affiliate has h ad less
than 10 percent variation in the hiring of engineers and scientists over
the last five-year period. The research a ffiliate, however, has cut staff 10
percent below the high for tha t same period, so there have been substan-
tial differences within this single large organization.

On the matter of foreign enrollments. There i,s an increase in the
proportion of foreign students in graduate engineering schools. What is
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 also of the qua li ty of
foreign students; overall quality may be a matter of total educational
background, so foreign students are likely 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 degrees
simply because the Ph.D.'s are cheap? Dr. White responded that in
research Standard Oil of Indiana hires 60 to 70 percent Ph.D.'s, so there
is already a considerabk use of Ph.D.'s. This might be increased by 5 per-
cent. Dr. Bolling commented that Ford has hired more Ph.D.'s outside its
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 than it did in the 1960'sor
probably will in the 1970s for two reasons. There were fewer oppor-
tunities for Ph.D.'s in other areas then, so more were interested in Ex-
xon; also, more Ph.D.'s in the 1950's tended to be generalists than those
who are graduating in the 1970s. Good Ph.D. generalists are hard to
find right now. ,

Dr. Branscomb remarked that there is a need to distinguish between ad-
justment of the load level for universities and stabilization of the scien-

tal 001.

I American Geological Institute. Committee on Manpower. Matspekw Sop* rod iihnotsi sn Earth
Sumo. 1909,1 974. American Geological Institute. Washmgton. D.C. 1070.
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tific and engineering manpower pool. There has been much discussion
about supply (rom educational institutions and the demand, for the
product of educational institutions, but there is a need to know what is
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 the rates
at which members of the pool move to oiher 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 sdentists 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 hirMg 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 should be
applied to manpower management as it rdates to both universities and
the total science and engineering pool. Flexibility can be achieved by in-
house training and by early retirement, but it is 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 dosed economies like the U.S.S.R.?", Dr. Grodzins responded,
saying that if anything, the U.S.S.R. is doing worse than we are. There is
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 mis-matches between the needs of industry
and the outputs from the universities seem to be quite universal.

The flow of expertise and talent within a given organization is not nearly
so difficult to understand as the flow of 'talent and expertiseirom one
segment of the community to another segment. Within an organization
the pe rson involved iF a known ifaanti ty, but the individual who changes
organizations and at the same time becomes a generalist, or changes
specialties, has a more difficult time. There is 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 situation for 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 contiibutions to make in higher education. For example,

-, an able woman professor has the capacity to stim ulate 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.

One of the most spectacular changes has occurred in enrollments in
medicine where the percent of women entering medical school has
jumped from 7 to 20 percent over 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
survey 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. Schroder for this session appearsbelom.

Management of Industry Needs for
Engineers and Scientists

L introduction

Effective management of the supply and demand of engineers and scientific
manpower has not been achieved in the United States. The shortage-oversupply
cyclic imbalances are known to us all. Voluminous information is available on
what has happened in the past. Much has aho been written on the need 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. Theserecommendations boiled down to: (I)
need for continuing (versus ad hoc) systematic, soundly based, and timely man-
power trend analyses, (2) national organization for such manpower planning and
decision-making with leadership from the Executive Office of the President, 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.



My remarks will cover current industrial patterns in manpower planning, in
cluding how available demand and supply data are being utifized. I hope to giv
you a brief insight into industrial planning problems, together with son .
suggestions on how improvemehts can be accomplished, rather than what th4
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 study" nor is yet anotho
study needed for what I wish to communicate today. Since I +vas asked to speak
for industry, however, I felt it incumbent on me to seek beyond the experience of
many years which I and my associates in Standard bit 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 engineedng /construction,
metals, foods, and automobile industries. In most cases, the pers.on 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
paver.

II. 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 kvels and kinds of manpoyker
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 new lines of business,
this has particularly critkal 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 into an
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 fivd- to seven- or
even ten-year manpower plan but admit that they are doing a poor job. Such plans
are, of course, updated annually so actions 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 Corhpanies usually maintained excellent contacts at 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's, 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 heavily oriented
toward governmental contracts, such as aerospace. This story is well known and
has been communicated many times. In fact, i t was over-communicated and is one
cause of our present rapidly developing shortage.

While the loss of Government contract support has a direct and by far the
most significant impact 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. I believe they will give you a clearer picture of how industrial
concerns approach this manpower problem than any summdry I 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 people up to
80% of the forecast manpower level. Although the forecast is for one

:=4 year, it has worked well and there have been no layoffs for over 25
years."
"Planning is for one year and we felt that longer range plannickg is not
meaningful. We do forecast needs in anticipation of the business we ex-
pect to do. The effect of Government contracts is not as great as in the
aercispace 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 build the plan starting at the operating division.
Input such as work project analysis, market demand, funding, and many
others are induded. 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 work and what we have is fairly predictable."
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"Our manpower plan is on i V 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 maxket."

"Manpower planning is 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."

"Our plan is greatly improved this year. Each plant and division now
sends manpower needs to the corporate headquarters. E'very 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 cyde. We will
not go all out in a high need period and will not stop hiring during a
recession. I believe we halie all (i.e., major companies) been doing a pret-
ty poor job in the past. We are a big company and think we can help
dampen the cyde."

"We have a corporate-wide planning group which works up the entire
manpower story. They get input from every subsidiary. We have a one-
year, five-year, and 5- to 10-year plan. The plan may not always be
followed, but at least it spots trouble areas. We are very concerned about
better manpower planning and are working on a policy that would set a
tertain level of hiring each year despite the economy. If enough com-
panies are willing to do this, we can tlien commu nicate the action back to
universities."

I think 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 in-
dustrial side that can contribute to solution of the problem.

III. Role of Sppply/Demand Projections

Now you will note thatl while I have talked a good bit about how industry
carries out its manpower planning efforts, I have said nothing about the use made
of the numerous supplyidemand 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 is extensively frr industry'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 co ntrol, etc. Another problem is
the definition of an engineer (non-degree persons doing engineering work are
reported in many surrys as engineers).

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

"Do-not use any of published statistics.'

"Are not used directly and areof secondary interest."

"Do not pay much attention, although ocently. have been concerned at .

low freshman engineering enrollment." --
"Not much used except to anticipate costs of recruiting:"

"Do not use when they become ;Vaila ble. Particularly need informatioh
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 is very best available, John Alden even validates other sources.
Haven't needed data on scientists since late 2960's."

"ASEE is best, due to breakdown by discipline. Generally aware of
supplyldemand 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 past by
such measures as extrapolation of economic and other data, by Government
agencie s, ad hoc surveys of indust ry 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 2973 (Utilization of and
Demand for Engineers and Scientists in Industrial Research). This forecast used as a base
January 2972 and attempted to forecast demand for 2, 2, 3, and 6 years. Each of
the 86 companies participating was asked to categorize its response in terms of
descriptive paragraphs on reliability. Fully 75% stated that their forecasts
represented "bes t judgments" or "not a good estimate, only a guess.' Only 20%
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 in response to the supply/demand picture they perceived orwere only
guessing about future changes for the purpose of answering the questionnaire.
Thus, from the IRI experience, the business of forecasting demand is in its infan-- cy. There are no current plans in IRI to repeat this survey on manpower.
However, a broader survey on researcktrends by IRI is now in its third year. It in-
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 has just 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 representativeness of the
da ta.

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, I believe
that projections can be improved, made timely, more consistent, better defined,
and certainly much more reliable. One factor tha t needs to be continually
emphasized is the potential opportunity in the technical fields for women and
minorities, particularly in engineering where 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 ingredient 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 a ssistance 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
manpower 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 there is significant room for beiter use of available
talent. For example, better training and continuing dclucation 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 so much can be done with internal supply.

V. improved Supply and Demand Management

It is clear that if we are to irnprove the supply and demand situation overall,
we need setter 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 compan) must improve its manpower
planning. Some companies will need to take the step of corporate-wide centraliza-
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tion of 'such planning. Firm plans are needed for at least one year ahead, and
reasonably firm commitments for five years. All otthe 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 priofity 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 cydes. Minimum hiring go.als, regardless of the economy, need to be set.
It is evident that "dead wood" shodd 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 return on
fifirestment, 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 be u seful somehow, perhaps with governmenta l or

. 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 disciptine.

Third, given better and more stable manpower planning, individuakompany
top management must back the plans, and recognize the company 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 and use
are essential if education is to react more aciurately and reliably to dampen the
supply swings. Better demand figures can result from the corporate planning im-
provements described. The communication step will require closer o-operation
between industry and education. The traditional acfivities of scholarships,
summer jobs, etc., must be continued and expanded. New concepts, and perh.aps
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 I mentioned the National
Academy of Engineering August 1973 report, "Recommendations for the '70's."
Rather Than summarize the report farther, I would commend you to its 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 supplyklemand impacts of its policies and
programs. Ideally we should seek moderation of those programs when they
threaten a severe manpower impact. I would comment on one simple, very small
example that apparently is occurring today. Despite the fact that the current de-
mand for chemical engineers exceeds the supply, the U.S. Immigration Service
and Department of Labor are still operating on the-opposite premise. The result is
that complicated and time-consuming processes are required to obtain approval
for a chemical engineer to enter the U.S.

111

116



C. Feedback to Colleges, Universities, and Secondary Schools. We have
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.S1 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 moist be centralized and so organized and funded as to provide a con-
tinually updated flow of valid, understandable and detailed information to the
colleges and high schools. These data should reflect demand created by Govern-
ment programs, as we. as industry-demand. Our educational institutions would
then have responsibility for communications to students of the evident careff 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 the im-
proved demand forecasts is not clear. Industrial support via scholarships,
fellowships, and teaching awards will obviously help. Careful, thoughiful articles
in the educational and technical journals, avoiding "scare or hard-sell" tactics,
would also be helpful. The same applies to individual company activities.

I suggest that the role of industry, and other organizations which use
engineers and scientists, wher. providing speakers and infurmation 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 high 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 a vailable daily
during "registration week", it might assist those counsellors in balancing student
response.

May I say in closing, there is no doubt in anyone's mind here, Iam sure, about
the challenge we face to improve the total technical minpowerplanning process. I
am optimistic about the effectiveness of the steps that are available to us. I
further believe that we must act decisively and soon, and I amconfident that U.S.
industry will cooperate fully in any comprehensive program at the national level.

Thank you, and I 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

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

...

This One-discussion places emphasis on students; on what they do, and on
what kinds offaCtors influence their career choices. If we examine the progress of
an individual student from high school through graduate school and into a career,
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 to perceive in high school
that if you aren't in the natural sciences, you aren'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 a number of them leave the natural sciencesit 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
:rito domains not considered in the light of previous high school experience.

Another thing we know is that students chose occupations according 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 'Roused Careers, suggest that the
variatioli of ability measures between dif ferent occupations is not as great as one
would think. The important variables in career choice tend to be the motivational
variables. People filter into careers in which they cAn do the things they want to
do.

One wonders where studtnts 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. 11 8
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Another point worth noting is that we know something about the- wayiri
which individuals move into jobs and then change the nature of these jobs. The .

individual and the job interact. A person'decides he is going to seek education in a
particular area. He does-iikand after that continues bidevelop. Whatever the job,
it is changed by virtue of this person's interests in the same way that he is 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
look like electricians; they look like politicians, and they got out of electrical work
by becoming union leaders. Others get out by bein3 electrical contractors; they
look like entrepreneurs.

Nearly everyone changes his job a little bit to make a fairly good match, but a
serious problem develops when a person makes a decision too soon and finds
himself in a position where he and the job are not compatible. Such a person needs
to be retrained. Another kind of problem occurs when a person is perfectly suited
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 beingsinchridualsand how
the whole business of manpower relates to individual decisions.

Lee Grodzins:
Professor of Physies, Massachusetts Institute of Technology

,

We are all aware of the complex factors which motivate career cnoices. We
know that all t000ften, simplistic reasons are simply wrong. Permit me to remind
you that the conventional wisdom still is that Sputnik, streaking across the stars,

. so glamor42- d the field of physics that students flocked to . the field. The
fallaciousness of that myth is demonstrated by Figure 6.1 (whkh 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 satellite launch in 1957. But that did
not happen. Instead, 1961 was the year of saturation 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 didbut in the
graduate not the undergralluate 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 physks to the number,
of B.S. degrees in physics a year earlier rose rapidly from 0.35 to plateau at nearly
0.55. You will not be too surprised to learn that that ratio started to fall in the late
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 claf.sifications 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
abaut the same for MIT as for all the schools in the country? !suspect that stu-
dent mobility carries career information rapidly among undergraduates so that
fads in one area, such as the Northeast, sprcztd quickly and become national
trends.

Figure 6.1
Bachelor of Science Degreei in Physics
Per Year, 1954-1970
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The connection between enrollment figuresoften used as the measure of
student motivationand financial support, is unequivocal. We first consider that
connect ion for physics alone, then consider all gradu ate departments of science in
order to show the effects of the massive reductions, in government fellowship
funds specifically, on graduate enrollments, 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 demorsstrate 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. hlot 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
Enrollments for Graduate Students for Years
196766 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 FY1972, 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; fellowship 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. Teachi ng assistantships, which dropped for enter-
ing students, increased fora 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

-4

FY 1969 FY 1972 Change

lst Yr Total lst Yr Total 1st yr Total

AK Graduate Departments
Total Students 43,677 129,332 39,135 124,381 -4.543 -4.951
Supported by Fellowships 11 241 37,286 7.288 25,763 -3,953 -11.523
Supported by Res. Asst. 5,880 27,690 5,988 26.1 t3 108 -977
Supported by Twist'. Asst. 11,304 31.518 10.194 33.547 -1.110 +2,029

Engineering Graduate DePartments
Total students 10,943 27.659 10.622 26.562 -311 -1.097
Supported by Ce.lowships 2,769 7.216 1,953 4,647 -806 -2,599
Supported by Res. Asst, 2.075 8,058 2.408 8,253 +333 +195
Supported by Teach. Asst. 1.434 3,885 1,552 4,160 +118 +295

Physical Sciences Graduate Departments
Total Students 7,970 29,318 6.513 25,776 -1,457 -1542
Supported by Fellowships 1,652 6,797 870 3,834 -782 2,963
Supported by Res. Asst. 366 9,135 854 8,062 -14 1,073
Supported by Teach. Asst. 4,129 10.019 3.472 10249 -657 230

Lite Sciences Graduate Departments 7.057 22.644 6318 22.246 -539 -398
Total Students 1.762 7,580 1.142 5.384 -620 -2.196
Supported by Res. Asst. 1,356 5,175 1,290 5,271 -66 +96
Supported by Teach. Asst. 1,888 5,319 1.695 5.714 -193 +395

50004 Nlsonal Saence FOundahon

The Federal government supports students mainly through fellowships and
research assista ntships, while institutions support mainly through teaching
assistant ships and partially 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 who obtain a
direct benefl from maintaining their numbers and who can do so in 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 in the abs tract, is poorly protected in 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 ill. The universities took the loss and had fewer students; and much
fewer outstanding students. (First-year reductions in enrollments for all
graduate departments correlate not only over the 4-year span, Table 6.1, but on a
year by year comparison as well). The loss oi fellowship support of those beyond
the first year could not be ignored 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 confirmed in 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 will 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 believe that more educa-
tion is going to give him a less viable position in the market place than less educa-
tion. When confront ed with the choice of subsidized graduate education or an un-
desired job, he chooses the former. If the graduate support is 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 stiglies 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
conference 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 i(very interesting. Many
students M 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 whkh the student is involved as he tries to maximize his lifetime earn-
ings and his lifetime satisfaction.

Lowell J. 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 go on to
college, but it is not a predictor of the field of specialization.

For the high school years, anecdotal experience seems just the opposite of the
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.

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

High school teachers have little influence on career choices.

The literatu ce also shows that high school science students, as a 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 M 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 obtained 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 choice at 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. Thereare 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 anecdotal ex-
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 colleges is 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 hAyeno influence on career motivation. Even in
college, however, science requiretkish 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. It is
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 e5tablish 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 mincnity engineers among the total of about
40,000 graduating engineers. With large companies such cs IBM, 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.,
MS., 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 to enable
industry to fully meet its affirmative action requirements.

The "rok 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 motivation] find
that the problem goes beyond so-called "role models." Consider the implications
of a different term, "zero factor" or "out-of-mindedness." For a person living in a
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 I was growing up, budding
model airplanes, and deciding naively that I 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. In a pre-med
program I found I liked chemistry, and with calculated risk decided on industrial
chemistry. This is an anecdotal story, but I am now convinced that in working
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With minority youth it is essential also to have role models. It is alsainportant 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 Oak 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
groups or 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 have a tremendous impact 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 same school, and of this group, no more than three had been
tending toward matfiematics or science as a possible career choice.

Another more general program comes out of a street academy operation in
the Peter Stuy vesant 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 com pleted 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 a relationship could ex-
ist.

General Discussion

Fullowing 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:

It is time 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 can't
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 to say that these occupations
are open. Young people are tested against a total system. Part of this test
is their competence, part is their acceptability, and part may be accidental
opportunity.

4 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, as 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.

A recent article in the New York Times reported that black kids at 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 academk career. It seems that family environment and
peer group pressures dominate everything else. Unfortunately, those
things that can be brought to bear against these basic pressures, through
counseling and anythink 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 dist
dropped out partly because of peer presiure, yet when these same youth
are exposed to the fruits of academic success, they see a relevancy. They
can go back into the public school and do well.

.

Hugh Folk* noted a similar drop-out with British working class
children. Welsh students are not motivated toward academks 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 time. 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 being better paid

v.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
deviatbn of no more than 10 percent from the mean in that whok period of time
which encompasses both the depression and World War II. 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 descrthed above, an analysis of cohort data.on file would
be required. The data are available, but they have not been analyzed 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 Illinois
" Cyrus Fogg Brackett Professor of Physics, Pnnceton 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 mathematkal and scientific aptitude; Zo 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 rela lively 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 Chokes, and about the degree to which those interests
are intrinsic in the individualso much associated with successes in
some activities and failures in others that they can't be changed under
any circumstances.

What attempts, if any, have been made to study PhD.'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; whit he likes to do;
preferences seem to correlate with actual career dedsions. 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 to do something to make human beings, better.

In regard to the study of.#,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 stu dents 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 department s 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 lust one of the irrationalities of
the educational system.

V
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7. 1972, 1980 and 19115: Science and Engineering
Doctorate Supply and Utilization,

Discussion of a Draft Report

This chapter is based on Dr. Fairs 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

s
NSF is in the process of revising its Orevious two Projections of science and

eggineering aoctorate supply-utilization relationships. We are in the midst of
diveloping 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 revisioi 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 methodology
because, as will be seen, some aspects turn out to be logical but not fbasible 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 for three more years. This
is especially important because when we made our last projections in 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 equilibrium,
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 disequihbri um. 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. Our 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 projections, had be built up from a variety of
surveys of different respondents and methodologies: This time, we have data
that is based on a single survey. This informa tion is the first product of oneof the
components of the new NSF Manpower Charaderislics Systemwhich took the place of
the National Register. I am referring to a new survey of U.S. science and engineering
do-lorates which is carried out for us by the National Research Council. Finally,
we have extended our projection period to.1985.

These are some of the changes. I 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 an important factor, especially when one looks at
an individual discipline. We still know so little about this phenomenon that we
believe that dIsaggregation of forecasts beyond the broad arep of life sciences,
physical sciences, engineering, mathematics and social sciences will not be very
meaningful.

Methodology

We have t ried to ust 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 follow trends similar to those
observed primarily during the last five years. Many of these recent changes have
been quite abrupt. Since we still do not really know whether these changesa reof
a long-term nature, we dampen them by basing our projections on the last ten
years but giving twice the weight to changes observed during the last five years.
The selection of a five-year pericid for this double weighting is not a rb'st rary, 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 dete rmine
future enrichment trends in tht hiring of new scientists and 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 st udents to faculty. This,of course, will ha ve 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. I will discuss this feature later in more detail.
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I should point out that even our basic model really incorporates s9me implicit
market response components. Since our projections place special weight on the
trends of the last five years, when the supply had already begun toreact strongly
to imbalances of the market, we are really using a static or non-recursive market
approach. Iwill discuss later our attempts to convert 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 in new doc-
torates which are occurring now due to market imbalances, we do not 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, I woukl be the first to agree that our method is 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 more later on
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: tbe
production 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 produdion 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 mild consists of actual
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 sex only up to the entrance
to college. After that, we collect and devebp information by sex and by Major
field. What we do essentially is look a t 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 fime that proportion has stayed con-
stant, but in the last two years it has decreased markedly. As Allan Cartter and
others have pointed out, some of the reasons for this change ha ve 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 middle 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 the last four years? Or 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 to decide is
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whether we should extrapolate the trend of the last two years over the next
fifteen-year period, 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, 1972-1985
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As for the market aspects of our supply model, I think that probably
everyone here is in agretment 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 Sm. This in turn produces a
change in utilization, because fewer graduate students mean fewer Ph.D.'s
employed in academia. This adjustmen t process can goon ad infinitum. However,
we planned to use only one cycle.

We realize that this feedback equation is not valid over the full range of WS
because with zero utilization the expression blows up and becomes infinite.
However, this should not be bothersome since in real life a very small %HS is very
unlikely.
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Figure 7.2
Market Feedback to Supply (one.stage)
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However, we experienced a more v. rious problem. For practical purposes, we
have only two data points, namely, data points in the late 2960's when the ratio of
utilization to supply was 1, and one in the early 1979'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 equation. It became very clear that a linear feedback loop was too
strong. I believe that with an exponent n less than 1, one can have a workable
feedback loop with reasonable results. However, any choice of expenent at this
time would be completely arbitrary. Thus, at this time, with our limited data we
will be unable to use this feedback concept in our calculations. Ir. three or four
years when we have more data points of G under various Ws conditions, we can

Iiiiibably get a reasonable fit to the feedback equation and use it in actual projec-
tion calculations. This experience illustrates a point which should be kept in 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.
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Immigration. Until the rapid growth of U.S. graduate education after World
War II, immigration represented' a large share of this nafion's doctorate labor
force. These doctorates are projected in both modds to continue to immigrate at
the same level estimated for Fiscal Year 1973, which is considerably lower tha n in
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 aoctorate recipients
in the 1971-1972 academic year were not citizens of the U.S., and nearly 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 to death and retirements, and was dmputed
for ihe total doctorate population by five year age groups and for each scien-
tistlengineering field. Both men and w.cimen 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 performR&D, academk teaching,
and other. The "other" category includes those engaged in non-academic, non-
R&D activities which still utilize their skills as scientists and engineers, induding
production, consulting, etc. The functional distribution of science and engineer-
ing doctorates in 1972 was:38 percent in teaching, :17 percent in R& D and 15 per-
cent other. Total science and engineering employment has been projected by
work activity in relation to projected changes in economy aid 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 thencalculeted
R&D expenditures from a BLS projection of GNP. I 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 fundingiGNP
ratio to 1980 and 1985 and then uses projected GNP figures one gets a ridiculous-
ly low figure for future g&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 indifferent
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 sower 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. In doing this,
we assume that the cost per R&D scientist and engineer will continue to increase
along recent trends which have been fairly well established. We finally move from
total R&D sdentists and engineers to R&D doctorates by using established
numbers and trends of ratios of these two parameters. In the market utilization
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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 S percent per
year, depending on the sector. The 3 percent growth rate for industry was based
on an Industrial Research Institute survey. This enrichment assumption is based
on the projected easily-available supply of doctorates who are expected to get
some of the jobs presently held by non-doctorates.

Figure
R&D Utilization Model
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Academic teaching. With respect to teaching utilization, an approach is used
based on projected science and engineering enrollments and student-facuIty
ratios (Figure 7.4). In the basic model we assume that the ratio of students to
faculty would essentially remain ccinstant 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.

Figure 7.4
Teaching Faculty Model
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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 wilLtry.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 will also review all

. otherareas of our methodologies. However, there isa 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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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 per year will increase by 7 percent.
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Rather, it indicates that if one takes the total number of doctora terproduced per
year and compares this to the.total number of doctorates existing at that time, the
ratio is 0.07. This annual new doctorate production figure comes out 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 iny 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 is expected to happen in the first half of the 1980's.
Gra duate students would actually be decreasing a little more rapidly. These
decreases in students are not just due to demography because the demographk
effects only come into play toward the end of the fifteen-year period. They reflect
some of the trends discussedearlier, 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
teacifing,ye project fewer doctorates in 1985 than there are now. This is not so
completely out of line if one considers Allan Cartter's report that only about
34,000 faculty in all fields will be hired in the 1970's when thing3 will stilt be going
relatively well as compared to the early 1980's.

FinaHy, there is "other" science and engineering utilizafion, which represents
our Projection of the number of Ph.D.s who are likely to be engaged in science and
engineering activities other than R&D or teaching. This is 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 enrichmentmore Ph.D.'s per total
scientis4 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 empbyed in higher
education to go down.

So then if one has, at best, a 2.7 percent annual increase in utilization and a 5
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 assumptionsand 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 inflationa ry rates this would mean annual in-
creases of at least 10 percent in current dollar terms. Or the average doctorate
production rate would have tobe reduced by over 30 percent from that of today to
produce a balance under ma rket conditions. Since the doctorates for the next few
years are already in the academiclipeline, 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 a re so large that realization of balance is somewhat unlikely.
Our condusion is that the outlook is fairly grim.

General Discussion

Following Dr..Falk'spresentation a number of questions and comments were
offered by the participants. The sense of the discussion was as follows:

With rega rd to the term "R&D," how sensitive are results, not ju st to the
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 which is comparable with product engineer-
ing and development in some industries? The reply was that the
manu facturing 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 dedudng 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 for energy is about $2 billion a
year in current dollars as compared to a total R&D budget of the United
ctates of $30 billion (about 6 percent). There exists a crude estimate of
the possible manpower impact of this program. In the Dixy Lee Ray
report (AEC)I it is stated that the proposed energy R&Dprogram 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 scien tist Or engineer. U we opt for more exploration, n6w 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.

I Tim Nothm 4 ErkroTotun. A Report to Richard M Nixon. President of the United Stato. sub-
mitted by Dixy Lee Ray. Atomic Energy Commission: December 1073
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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 prepared for 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 tl::tt, in
terms of utilization of raw materials, there may be a shift to
technologically-derived substitutes. Perhaps such a module could be in-
serted in the model. lt 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 reproductións of existing types of
plants, then this might possibly imply much smaller utilization of
engineers and scientists. On the otler hand, if new technologies are to
be used, then there would have to be large design and development
programs. But if a neortechnology is in its operating phase, fewer scien-
tists and engineers might be needed.

. With reference to a specific four-year, sixteen billion dollar 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 itis on available scientific and
engineering personnel, not only in chemical engineering but in a 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 cf the supply in
the following years?

Since the model does carry over, it was suggested that this could be a
deficiency in the model because 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 be in
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-
cities and first use, and that it is important that this not be the pressure
point.

Counter to this was the 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 the fact that ex-
pectations were not met.

Assuming then that there is some kind of pyramid distribution of
excellence or quabty in the sdence and engineering community when
students are trained, then the substantial numbers of people who are
near the bottom of thit pyramid must be trained with a flexible career in
mind. By the same token, if this transfer out of the science and engineer-
ing activity is concentrated at the lower levels o(intellectual attainment
where the largest numbers are found, then these projections do not have
to put a large 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 asstimptions and some of
the coefficients may be changed. Nevertheless the numbers shouM give
a feeling of the order of magnitude of imbalances which might be likely
to occur.

The formal document prepared by Charles E. Falk for this session appears below.-.

1972, 1980, and 1985
Science and Engineering Doctorate Supply and

. Utilization*

I. 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 doc-
toral supply and utilization system operates and of the interrelations of the

i

*NOTE

The National Sdence 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 NSF 75-30, Projections of Science mai Enghteering Doctorak
Supply and Utilization, 1980 and 7985.) However, as in the past, drafts of the report
will be circulated to other experts for review and comments. This document 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 are being used now to generate projected supply and utilization
numbers for 1980 and 198$. 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 cohfigurations 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 coristswhich should be borne in mind.

First, the projections in this report are set within a framework of specified
economic growth and the established educational system. They assume a con-
tinuity of past trends and relationships (with a heavy eniphasis 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 ore constrainedby 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 science iengineering
work force, the implications for doctorate degree recipients should not be im-
puted to nondoctoral sdentists or engineers nor to recipients of doctorate
degrees in other disciptines (e.g., Ed.D., M.D., J.D., D.B.A., arld 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 pipeline; thus, the results
for the latter years of the projected period are more speculative than those for
earlie r yea rs.

There are many scenarios of the supply and utilization of doctorates which
could come to pass. All of these possible configurations were not developed. In-
stead, two major configurations were utilized. One, the Bask model, reflects past
and present patterns of doctorate supply and utilization with spedal emphasis on
recent behavior. A second, Market-Related model, takes into consideration im-
balances between the projected Basic doctorate supplies and utilizations and ad-
jus ts both utilization and supply accordingly. These two models represen t 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 1980.1 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, a somewhat different approach to
academic faculty projections, a more sophisticated R&D funding projection, and
the previously mentioned recursive market feedback to student career decisions.

The late 1960's and early 1970's 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

1 Sonny 45 Eninierrtas Dorlorale Sappl y 45 tholtzahon, 1968 SO, NSF 69.37. 1960:and 19096, 1980 Swam

Iv Eagoneenng ()Morale Sapply 45 liblizalton. NSF 71.20, 1971.
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1970's and early 1.980'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 rhe production or expanded demand for doctorates. Some
of these premises are listed below. First shown are those that would foster an in-
crease in the demand for or supply of new doctorates in the face of shortages of
R&D and college teaching positions; diese 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. A doctorate 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 been
shown that this enticement can have a great impact upon the career and
educational decisions of students.

c. Increasing educational requirements are being placed upon many jobs.
Over the years the educational preriquisites of jobs increased as job 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 to indude new activities in 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 preiequisite for positions currently being
filled by non-doctorates, in part because of the availability of doctorates
and in part because of the 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 educationsecondary, undergraduate and graduatehave
been less prone to select 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 a phenomenon
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.

a E.g., Bailey. D. and Schotta, C.. "Private and Soda! Rates of Return to Education of
Academicians" in The Amrritan Ettonemtt Review. March 1972, and Notes to this article by L Figa.
Talamanca and J. A. Tomaske in TA( Ammon &MOM( Review of March 1974.
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h. In the early 1970's 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 sup is of college graduates in relation to available jobs
of the type now being filled by graduates.3

c. 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 hy 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.4 This had led to some under-and
unemployment of college graduates, especially in many less developed
countries (WC's). It 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
I.DC's may have led to reductions in the numbers of their citizens sent to
schools in the U.S. This has been reflected in 1972 enrollment data.5

It is not expected that all of the above-mentioned factors will prevail, hut that
each set will exert a countervailing force upon the other.

II. Summary of Factors, Methods, and Assumptions

Two sets of supply and utilization models for sciencelengineering 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 sciencelengineering students, enticing or discouraging them from
entering graduate school programs leading to doctorate degrees. Thus the

Rosenthal, Neal H , "The United States Economy in 1985, Protected Changes in Occupations,"
Monthly Labor Rem.. December 1973.

See Ivar Berg, Echaahon and Jobs. The Great Traoung Roblwry, Boston: Beacon Press. 1971, and
Special Task Force to the Secretary of Health, Education, and Welfare, Wort, on Ammo, Cambridge.
Mass.: The MIT Press, 1973

NSF survey data to be published as. Graduak Stwient Support and Manpower Resources in Graduate
Some Education. Fan 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 doctorates in the
future. A second predication assumes that the preserve of the doctorate will in-
crease, with new doctorates replacing min-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 positionssuch as manage-
ment, public administration and production. Finally, while some information on
mobility among disciplines exists, because of the lack of dynamic infortklation, 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 component& 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 7.1
Summary of Supply Models

Factor Rationale/Assumptions Method Magnitude Sensitivity

t. All college
students

(00th models)

2. Entrants to college

Mates and females will con-
tinue to exhibit different
behavior patterns.

Different fields of study
will exhibit different
behavior patterns.

Parts of the college-aged
population will continue to

(0olh models) aspire to a college educa-
tion for a variety of reasons.
including the potential to
increase their earning
ability, cultural and social
benefits. etc.

Trends in the rate of college
entrance of the college-aged
population are projected to
continue in a pattern based
on the past decade. with
trends of the second half
of the period being given
double weight:

Separate Projections were made
at each stage of the model
for individual fields of
science and by sex. The onty
exceptions are the new
entrants to college which
were projected by male and
female groups. but not by
field.

Projections are made on the
basis of population reaching
18 years of age in each Year
up to t985. These projections
are not dependent upon birth
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

3. Baccalaureate
degrees awarded

(Both models)

4. Entrants to grad-
uate study

1. (Basic model)

ii. (Market-
Related model)

5. Sclencelengineering
doctorates awarded

(Roth models)

Trends in proportions ot
college entrants continuing
to the baccalaureate
degree will tollow recent
patterns.

The period trom college
entry to baccalaureate
award is not equal for
all entries. However,
the time pattern for
baccalaureate completion
is assumed to remain
constant over the pro-
jection period.

Ratios Ot graduate school
entrants to baccalaureates.
by field and sex, will con-
tinue to tollow patterns
that have been established
in the past.

Potential entrants to grad-
uate school are intluenced
by labor market conditions
for doctorates during the
same year.

,

Since the Proportions of
graduate school entrants
ultimately receiving a
doctorate were relatively
constant during the past
decade, they are assumed
to remain constant during
the projection periods.
it is assumed that once
commitment to enter graduate
study has been made. student
plans will not be influenced
by tuture Or present labor
market conditions.

Future degree recipients are
based upon entrants and pro-
portions graduating within, a
given period ot time. Each
year's graduating class is
composed of the cohort of the
entering chits assumed to
graduate within the appro-
priate number of years.
Trends of the past decade are
extrapolated with double weight
assigned to the.last tive years.

Trends of thr. Wet decade.
weighted do%uble by the last
five years. are eitrapolated
to 1985.

Each cohort of baccalaureate
recipients entering graduate
study is assumed to do so
within a cons:ant time dis-
tribution. Each graduate
school entry class results
trom the addi:lon of the
appropriate cohorts ot
baccalaureates.

The ratios of first time
graduate school enrollments
to science and engineering
baccalaureates are reduced_
by a lacier Proportionate
to the utilization : supply
ratio Projected from the
basic model. The propor-
tionality constants are
derived trom 1964-72 data.
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Generally, rates of awards to
doctorate gracuate school
entrants ot the mid-1950's
were used without change.
The same constant completion
rates and time distributions
ot entry to completion were
applied.

The number of doctorates
awarded each year results
trom the addition ot the
appropriate cohorts of
each entry class expected
to obtain degrees in that
year.

Magnitude Sensitivity
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'Table 7.1
Summary of Supply Models

Fa CtOf RationaterAssumptions Method Magnitude Sensitivity

'

.

. ..

6. immigration of
foreign-trained
doctorates

(Both models)

7. Emigration of
doctorate rect.
Pients from US.
gniversilies

(Both models)

8. Attrition
(Both models)

Immigration patterns reflect
U.S. employment opportunities
relative to those in other
countries and U.S. Immigra-
tion regulations. Although
immigration regulations have
made entry ot scientists and
engineers more difficult
since 1971. it is expected
that immigration will con-
tinue, but M levels abated
from those of 1960s. It is
Ms* assumed that doctorates
will continue to represent
the same proportion of
immigrants that were observed
in the 1960s.

These primarily represent
citizens ot other countries
returning to their homeland
ano are not influenced by
U.S. labor market conditions.

Both men and women doctorates
will exhibit death and retire-
ment rates similar to those
estimated tor all men in the
labor totes. Although women.
in general, have a weaker
labor force attachment than
men because of familiat
responsibilities. it is
assumed that women doctorates
will have as strong an attach-
meo,t as all men because of
their investment in their
careers.
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No explicit allowances were
made for changing patterns
of foreign study entry to
graduate school Of time
required for degree comple-
tion.

-The levels of immigration, by
field, experienced in the 1973
Fiseal Year were continued
unchanged for the entire pro-
jected period, as were the
shares of these immigrants
assumed to have doctorates.

Emigrants were Projected to
continue their 1966-72 abso-
lute trends by individual
field.

Death and retirement rates are
applied to each 5-year age
group of the labor force by
field in each year. These
rates are projected to remain
unchanged throughout the pro-
jested period. They are
directly derived from those
published by the Bureau ot
Labor Statistics.
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Table 7.2
SummarY of Utilliallon Med&

Factor

1. Teaching Faculty
in 4-year colleges
and Universities'

Rationale/Assumptions Method

A. Enrollments and
Student: Faculty
Ratios

(Both models)

Full-time-equivalent teaching
faculty will be proportional
to the number of undergraduate
and graduate students taking
science end engineering
courses.

''Faculty end
students. unless,
notedereler only
to those in science
and enpineering.

1. A. (cont.)

I. (Basic model)

IL (Merket model)

B. Doctorate
faculty

L (Basic model)

ii. (Market model)

It was essumed that student
faculty ratios would remein
constent at the 1972 level
through the projected period.

-
Because of an expectcn con-
tinuation of finencial
pressures on ecademic insd-
tutions, the student : faculty
ratio in this model was pro-
jected to increase.

Doctorates are eSsureed to
Continue to rePresent the
same proportion of the
teaching faculty as they
did in 1972.

Doctorates are assumed to
represent a progressively
growing share of the teaching
faculty because of the greater
availability of doctorates
and the desire of the insti-
tutions to upgrade the cre-
:setials of their faculties.

The graduate enrollment data
were added to derived under-
graduate science and engi-
neering Student numbers. The
latter were obtained by
assuming that the ratio of
undergraduate students taking
Were* in each field ..if
acirinceAngineering to total
undergraduate enrollments
would be proportions% to the.
acience/engineering to total
beccalaureate ratios.

Student faculty ratios were
derived by divldir.g the
sum of undergraduate end grad-
uate students by the total
teaching feculty. This
procedure was carried out for
each field.

Same as ebove, but student
faculty retios were increased
by one percent per year for
the 197245 period.

Magnitude Sensitivity

New doctorate employment is
Projected as a constant share
of growth and replacement needs
of the total science/engineering
teaching faculty.

A compounded growth rate of
5 percent per year was epplied
to the doctorate to total
ratio for openings due to
the growth and replacement
needs of teaching faculty tor
each year.
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Table 7.2
Summary of Utilization Models

ft..

Factor Rationale/Assumptions Method Magnitude Sensitivity

2. ScloncaionginearIng
Faculty of 2-year
Collages

A. Enrollments and
Student : Faculty
Ratios

(Both models)

I. (Basic model)

ii. (Market model)

B. Doctorata
faculty

i. (Basic model)

ii. (Market model)

Total enrollments in 2-year
colleges and technical Insti-
tutes are expected to continue
to grow faster than In Other
sectors of the higher educa-
tion system.

The total student to science/
engineering faculty ratio was
assumed to remain constant -

over the entire projected
period.

The 2-year colleges are
expected to aspire to
improve the quality of
education they provide.

U.S. Office of Education
projections of unrollments
were used and projected
to ti 35.

The total projected numbers
of students were divided by

the student : faculty ratio to
__,.... obtain the number of science/

engineering faculty.

Same as above using a decrease
in the student : faculty ratio
of one-tenth of a student per
year for the projected period.

Between t969 and t973 the rate
of enrichment of these insti-
tutions science faculties
increased at an estimated
annual tate of 6.6 percent.
Two of the factors which may
have attributed to this
the ample supply of new doc-
torates and the vowing role
of these institutions in
providing the first two years
of traditional undergraduate
educationare expected to
continue in the projected
period.

In view of the greater avail-
ability of doctorates. a
higher percentage of doctorates
are exPected to be hired to fill
faculty growth and replace-
ment needs.
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A compounded growth rate of
6.6 percent per year was
applied to the doctorate to
total ratio for openings due
to the growth and replace-
ment of science/engineering
faculties.

Same as abovewith a 9.9
annual percentage rate of
growth.
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Table 72
Summary of Utilization Models

Factor

3. R&D Doctorates

Rationale/Assumptions Method Magnitude Sensitivity

A. R&D expendi-
tufts and total
sciencerengt-
reeving employ-
ment

(Both models)

B. Doctoral scien-
list/engineer
employment In
R&D in academic
institutions.

I. (Bask model)

!

ii. (Market model)

C. Doctoral
scientist/
engineer employ-
ment in non.
academic R&D

I. (Basic model)

ii. (Market model)

The number of R&D workers is
proportional to available
R&D funds with cost per
R&I3 worker continuing along
past trends.

Doctorates are projected tO
continue to represent the
same share of employment as
in 1972.

Doctorates are assumed to
represen a progressively
increasir4 share of the R&D
fatuity because of their
availability and the desire
of institutions to upgrade
the credentials of their staffs.

Doctorates are assumed to
continue to remain at the
same proportion Of total
scientist/engine-sr R&D
aniploymint.

It was assumed that enrich-
ment will take place as
perceived by managers of
mclustriat R&D.
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R&D expenditures ars projected
on the bases of component
activity trends in each of the
major sectors that finance
R&Dfederal Government.
Industry and academia. Dis-
tribution of R&D funds to
performing sectors are pro-
jected on the basis of went
trends, Total science/engi-
!leering R&D employment in each
performing sector was assumed
to be proportional to R&D
funds. with allowanCes for
changes in the costs per
worker projected on the basN
of past trends.

New doctorate employment is
projected as a constant share
of growth and replacemenfneeds
of the total stiente/engineering
research faculty.

A compounded growth rate of 6
percent per year was applied to
the doctorate to total ratio
for Openings due tothe growth
and replacement needs of the
research faculty for each year.

New doctorates were projected
as a constant share of the
growth and replacement needs
of total nonacademic R&D
scientists/engineers. -

A compounded growth rate of
3 percent per year was applied
to the doctorate to total
ratio for openings due to the
growth and replacement needs
of R&D stientists/engineer
staff for each year.
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Table 7.2
Summary of Utilization Models

Factor Rationale/Assumptions Method Magnitude Sensitivity

,4 Other science/
engineering
activities

i. (Basic model)

U. (Market-
related modes)

Doctorates will continue to .

be engeged in otherthan R&D
or academic activities in
proportion to the opportunities
generated for all scientific
and engineering personnel in
these activities.

An increasing proportion
of openings for non-R&D,
non-teaching scientists and
engineers will be filled by
doctorates because of a
relatiiely abundant supply
and their reduced differential
cost to employers.

The current and projected
numbers of total scientists/
engineers engaged In non-
academic non-R&D activities
were determined by subtracting
those in R&D and academic
teaching from the total
employed. The current numbers
of doctorates in "other related
activities" were determined
in the same fashion. The
current doctorate/total ratios
were then applied to the pro-
jected numbers of scientists
and engineers in "other
related activities."

A compounded growth rate of
5 percent per year was applied
to the doctorate to total
ratio for openings due to the
growth end replacement needs
in these activities for each'
year.

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 the levels 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 increa si ng quality of the labor force, as represented by
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the increasing educational attainment of workers.qmphcitly, 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, 1372 and 1935

indicator Unit
.1

1972 1985

1972-85
Average
Annual

Percentage
Change

Gross National Product
(GNP) eillions of 1.155.2 1.942.5 4.1

6 1972
Gross Private Product
" (GPP) .. t019.7 1,767.8 4.3

Total civilian labor force millions 86.6 105.7 1.5
Employed .. 81.8 101$ 1.7
Unemployed " 4.8 4.2

Private man-hours . 1:41lions 144.8 170.9 1.3
GPP per pvt. rnart-hours

(productivity)
$ 1972 7.04 10.34 3.0

Sourft Kutschec Rated& -The united Stated Econoenym 1985. Projechoni of GNP. Income.Output
add EmPlOrnene Monthly Labor &mom Om 1973

Other aspects of the backdrop, implicit In both the GM' and the supply and
utilization projections of this rPport 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 technologists will become more important to the operation of
programs dealing with national, regional and local problems.

Seents of Ecorsosnw Growth ism, the Alterealsets Before Us. New York: Committee For Economic
Development, 1962.
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That the patterns of education Swill continue past trendswith 2-year
colleges increasing their share of vndergraduatesa nd 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-
dergra duate and grathate education patterns.

III. Supply and Utilization Models

SUPPLY'

This study utilizethwo supply models. One reflects trends of the last decade,
with special emphasis upon the- events of the past five years. A second model
(Market) has been designed to utilize the first (Basic) one as modified by recursive
feedback from the utilization projections.

Science and Engineering Doctorate Degrees

The Basic modekonsists of actual data and projections to 1985 for five phases of
the higher education process: entrance into college, acquisition of baccalaureate
degrees, entra nce into study for an advanced degree, earning of Ph.D.'s, and
magnitude of total enrollment for advanced degrees. 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 a varia-
tion for males for a brief period in war and post-war years) a nd is held constant
for the future.

The total number of entrants into college for each projected yea r is arrived at
by summing the number of entrants in tha t year from each relevant age-cohort.

Rates of completion of undergraduate and first-professional degree training
were ascertained for the period 1952-1972 for each sex. These rates were then
developed for the future frop 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 compietibn of this stage of the higlm
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 entra nce-cohort.
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Rates of entrance into advanced-degree study were asc-iitained for each
broad science and engineering field, for each sex, for baccalaureate cohorts of the
period 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 spedfied 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-degre7 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 wai 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 1970-71.)
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 thi 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.

,
In each sex-field, the total number of Ph.D.'s earned each year is 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 a number of years (typically six)
after initial entry. (The percentages of 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 relevant cohort of
entrants enrolled in study that year.

Marktt-Rdakd Model. This model constitutes a variation from the Basic Supply
model in that it incorporates a recursive feedback from the status of the employ-
ment ma rket 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 Markel for College Trained Manpower. Cambridge: Harvard University Press,
1971.
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if ooe thus considers that a weakening of the labor market for doctorate
,scientists and engineers will adversely affect decixions of science baccalaureates
to enter science, one can state this in the following expression:

= Ki
Mt Bt

[
Ri
L. -11

Bt

where (all symbols and numbers pertain only to science and engineering): ,

M = market model

B = basic model

G = rate of entry of baccalaureates to graduate education

Ulm.= number of doctorates employed in R&D, academic or appropriate
DI "other" positions as projected by the Basic Model

. .

Si.,. = total number of doctorates available for employment as projected by the
Dt Basic Model

(Ri = k = rate of utilization of doctorates
Bt 5 Bt

K = consta nt

t = year

= area of science (physical sciences, sodal 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' Bi 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' g 1964 74 1, and 1972 when RB was as
low as .89 for social scientists. Using averages for actual data on baccalaureate ahd
first-year graduate enrollment figures one obtains K' from the following
expression:

Gi Gi

64-67 68-71
Ki

- 1

72

Averages of G for three year periods will be used and since neither G.inor R71
data are available, the R72 figure will have to be utilized as the closest
approximation to R71.
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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 II, 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 immigratrat the same levelestimatedior Fiscal Year 1973which
is one-half to two-thirds the pace of previous yearsas a result of changes in im-
migration regulations in early 19713.

Emigration

Though the total supply of science and engineering doctorates in 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 less developed countries, could decrease, a nd this has been indicated by re-
cent graduate school enrollment data.9 Several factors have influenced this
decline, including reduction of Federal funding of graduateeducation, overabun-
dances of professional workers in less developed countries and the increasing
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-year age
groups, for each year of the projected period for each sciencelengineering field.
Men and worrien were assumed to exhibit the same patterns of labor market al-
tachment by age. The attrition rates applied were those for all men in the labor
force by age.30

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 labor 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.

$ For detail on FY 1072 unnogration see $ 4 mire Rotuma $ Wets. Firshirshts. Immigrant Scientists
and Engineers Decline In FY 1972. Phywlans Increase Sharply", NSF 73-311. August On

4 Urpubhshed NSF data
le Fulkrton, Howard N , "A New Type of Working Life Table for Men," Mott* Lam Rennojuly,

1072
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UTILIZATION

Two utilization models were developed in this studythe 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 sdence and engineering
employment has been projected, by work activityacademic teaching, R&D, and
other sdentifidengineering-related activityin relation to projected changes in
the economy and enrollments hi 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 Ate Basic
model, enrichment trendsthe proportion of new positions that were or would
have been filled by nondoctorates but are projected to be filled by doctoratesare
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 of their availability and relative reduc-
tions in their cost.

The utilization models have been divided into the activities which scientists
and engineer, performacademic teaching, R&D, and other related
science/engineering activities.

A. Academic Teaching

Requirements for doctorate teaching faculty depend on three factorsthe
workload in terms of enrollments and student: faculty ratios and the proportion
of teaching faculty represented by doctorates. In both models doctorate academic
teaching faculty utilizations were projected as products, of projected total science
and engineering enrollments and student : faculty ratios.

Bask Utilization Model. Total science and engineering enrollments in four-year
colleges and universities were obtained by. summing graduate enrollment as ob-
tained above (see section under supply under the Basic model) and undergraduate
enrollments. Total graduate enrollments in each year to 1985were obtained for
each field by summing the numbers of students from each relevant cohort of en-
trants enrolled jn study that year. Undergraduate enrollments for each year pro-
jected were developed by assuming that the ratio of undergraduate students tak-
ing courses in each field of science/engineering to total undergraduate
enrollments would be proportional to the science/engineering 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 : facuhy 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 .6ineering faculties. This rate of enrichment is the same as that actually
experienced in these institutions between 1969 and 1973.
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Market-Relatd Utilization Model. As can 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 (exciudint 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 1972-55 period, in consideration of the colleges'
financial plights of recent years and their attempts to improve prod iictivity and to
hold down the growth of their costs. Then, total science/engineering faculty to be
utilized in four-year institutions was derived in the same manner as in the Basic
Utilization model. Enrichment of faculty teaching positions, ifi 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. i

In two-year institutIons, the student : faculty ratio was decreased by one-
tenth of a student per year for the projected period, as these institutions aspire to
improve the quality of education they provide. Einally, in view of the greater
availability of doctorates, an even higher percentage of doctorates to 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.
Thirrepresents a 50 percent improvement over the aitisal experience of the last
few years.

B. R&D Activities

Bask 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 the industry 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&Dexpenditures projections exist currently.II These differ 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

li Falk, Charles E "Dynamics and Forecasts of R&D Fundmg, rethnolosrcal Cheap am I Sontiy. 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 thiongh 1955 in the Basic model to sim ulate the 1972
situation. No enrichment of total saence and engineering employment by doc-
torates is projected in the Basic Utilization model.

Markel-Related Model. In this model, adjustments are made for academic
employment enrichment, which is projected to increase at a compou nded rate of 5
percent a year, and similar enrichment in the nonacademic sector of3 percent
yearly.

C. Other SciencelEngineering Activities

Basic 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.12 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-Related Model. This model of utilization incorporates a 5 percent annual
cumulative 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 worldif 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 facultywhich
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 m ultiple recursive effects.

14 Rosenthal, Neal H., "The United States Economy in 1985, Projected Changes in Occupations,"
Morsthly Labor Reowto, 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.13

Table 7.4 indicates !hat 93 percent of the doctorates in the sciencelengineer-
ing labor force were employed in technical activities, 5.4 percent were engaged in
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 prokssion al and related workers.14) It is
tempting to define the 5.4 percent of the doctorate labor force employed in non-
sciencekngineering 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 (see Table 7.4)
and second, the income data from the survey show higher earnings for the "non-
science related" workers than for their colleagues in science-related employment.
Thus, while the very presence of unemployment is an indication that un-
der utilization 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 apeengineering and the employment of persons
with doctorate degrees in the respective disciplines. Table 7.5 distributes the
sdence 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 percent of the social scien-
tists. Governments employed about 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 dearly 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&Dresearch, development, and the administration of R&D
accounted for more than 40 percen t of all doctorates. This also varied by field of
employmentnea rly 60percent of the engineers were primarily engaged in R&D

u Data in thus Sectmn are based on a survey conducted by the National Research Council forl4SF.
They are the results of the responses of individuals who received 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 en fields other than science or engineering in-
dicated employment in a science or engineermg field in 1972. NRC. Naomi Snodols mu:Engineers in air
Usso:of States A o 973 Nide. 1974 (in press).

el U.S Council of Economic Advisors, &mono( Report 4 ilu Prudent. February 1974. Washington,
D.C.: U.S Government Printing Office, 1974, Table C-24, and US Bureau of Lai bor Stat istics, Empky-
ment and Earrunp. Nov. 1973, Table A-35.
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related activities, whilt less than 20 percent of the social scientists were similarly
occupied. Those pdmarily engaged in teaching accounted for over 35 percent of
all doctorates, 60 percent of the mathematicians, and So percent of the social
scientists, while daiming a fourth of the engineers.

Table 7.4

Labor Force and Employment Status of Science
and Engineering Doctorates, 1972

Labor Force Status/Employment Total'
Physical
Sbiences

Engi-
neering ,

Mathe-
matics

Life
Sciences

Social
Sciences

Thousands

Total in population' 238.0 892 33.1 13.8 81.1 58.8
Not in labor force 7.8 2.4 0.5 0.4 2.4 1.9
Total in tabor force 228.8 68.9 34.1 13.2 517 55.0

Employed . 225.9 68.8 34.3 13.0 58.1 54.4
In science or engineering 213.4 82.1 33.0 12.7 58.0 49.4
In non-science/engineering 12.5 3.7 1.4 0.3 2.1 5.0

Unemployed 2.7 1.0 0.3 0.2 0.8 0.8

Perdent distribution

Total in labor force 100.0 100.0 100.0 100.0 100.0 100.0

Employed ... .. .. 98.8 98.4 99.2 918 99.0 99.0
In science or engineering . 93.3 93.0 95.2 98.1 95.4 89.9
In non-science/engineering 5.4 5.5 4.0 2.5 3.5 9.1

Unemployed .. 1.2 1.8 0.8 1.4 1.0 1.0

ir

Includes those 10.1 percent) whet unknown IWO ot degree.
, Those not mooning labor totes statue (3 percent) haw been redistributed propsnionately among the categories.

COmponenb may not add to totals because ol independent rounding
Source: nalionel Science Foundation end National Research Councll.
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ii Table 7.5

Field Distribution of Doctorate Employment
In Science and Engineering, 1972

(percent)

Field of Employment

Field of Degree
Physical

Scientists
Mathe-

maticians Engineers.
Lite

Scientists
Social

Scientists

Total 100.0 100.0 100.0 100.0 100.0

Physical sciences 89.6 6.5 . 14.6 7.3 0.3
Mathematics 0.3 74.9 1.6 0.4 02
Engineering 4.3 8.1 81.2 0.5 0.3
Lite sciences 4.5 0.7 1.1 88.3 1.0
Social sciences . 0.5 2.9 0.8 2.8 86.9

Subtotal all sciences 99.2 93.1 99.3 99.3 88.7

Non-sciences 0.9 6.9 0.7 0.8 11.3

Noir Components miry nol add to VAN because of independent rounding.
Somer. 'Winne Science Foundation and National PeseNCIs COunett.

Table 7.6

Estimated Sector and Primary Activity of Employed
Doctorate Scientists and Engineers by Field, 1912

Field of Degree'

Activity/Sector Total
Physical Engi- Mathe- Life Social
Sciences neering malics Sciences Sciences

Thousands

Total 225.9 65.8 34.3 13.0 58.1 54.4

Percent distribution

Primary Activity TotaP ,,, 100.0 100.0 100.0 100.0 100.0 100.0

Teaching 36.0 :, 29.7 24.9 60.3 31.2 51.0
R&D .. 43.2 57.1 58.4 27.8 50.7 19.1

Others 20.7 13.2 16.6 11.9 18.1 29.9

Sector - Totals 100.0 100.0 100 0 100.0 100.0 100.0

Academic 58.5 464 35.8 79.5 67.6 72.4
industry 22.1 35.3 48.3 11.9 11.3 4.5
Government , 10.3 10.1 9.8 5.3 12.7 7.3
Others 9.1 8.2 6.1 3 3 8.5 15.7

' InCludes Only persOns with doctorates m science/engineering fields
, Scums* dale on the chstributiOn by sector ene attrrity were Mg Currently ayailabRe by tpete 01 der ee.
arallabte information on these disinbutiOns by beid ot employment was used Sucn distribution Whole
Of degree will be acmes in a later wail
I, Includes no report

Components May riot add to MIMS DOOM* Of independent tounding
Source National Science Foundation and National Research Council
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8. Manpower Requirements Analysis and the
Skill Composition of the U.S. Work Force

Tlds Chapter is based on Dr. Freeman's oral presentation and Isis paper. The lead discussants were
Thomas J. Kennedy, Jr., M.D.. National Institutes of Health, and Hugh Folk, University of 11.
linois.

Richard B. Freeman: t

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 Policyn 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
wagesdnd prices; failure to link forecasts to policy; neglect of the supply behavior;
ignoring interactions and feedback among economic variables. In the paper
before you. I 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 I raise in the paper is: Does knowing a lot about the changes in
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 forecasts

I tend to believe the supply curves a re quite stable and reasonablyelastk, 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. I am very, very dissatisfied.

The demand side is much more complicated. It is complicated in the science
area because there is a squeaky wheel of government which changes its policies
left a nd right. It's complicated also, in some sense, because price theory tells us lit-
tle about shifts in demand curve.

The paper examines the value of requirements calculations in getting a fix on
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-
agg regate dataoccupation/industry matrices from the 1950 and 1960 Censuses
which relate employment in 228 occupations to 142 industries giving us two
matrices with nearly 26,000 elements. It assumes that we knew, in fact, the 1960

1 Freeman, R.13 and BreneniA, aW .-Forecasting the Ph D. Labor Market Pitfalls for Policy."
. National Board on Graduate Education (April 1974)
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industry totals and examines how well occupational employment could be predicted
using the 1950 industry/occupation matrix. The model will do a good job if: (a)
there is a lot of change in the distribution of employment among industries; and
(b) there is relatively little change in manpower coeffidentspercentage of
workers with different occupational skillswithin industries. Put another way,
the fixed coefficient model will work if there are large shifts in demand due to
changes in industrial mix and reasonably small elasZicities of demand.

The first evidence that bears on this empirical issue is given in Table 8.1 (in
the accompanying paper), which reccirds 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. For income, 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, I must stress, mean that in-
comes in particular areaslike the sdencesdo not change greatly relative to
those elsewhere. The Freeman-Breneman paper shows very sizeable changes in
the income of Ph.D.'s relative to that of other workers. What it does mean is that
in the broad aggregate the composition of employment changes a lot while the in-
come structure changes only moderately.

There are two possible explanations. One, which I support, is that the supply
structure was very elastic and stable and responds to large shifts in ...emand. The
other explanation is that demand is very elastic, adjusting to large shifts in supply.
Either is 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 inemployment, as forecast by the fixed coefficient model, ai--
count fora large 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 arid 55 percent 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 gready from the impact of the shift variable.

Table 8.3 goes a step further andwith two-stage least squares
regressionsestimates directly the extra "oompa"weget 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 elasticity, which "a clearly a gross simplification. It ig-
hores differences in the elasticity among occupations, connections between oc-
cupations, and so forth. It's very, very crude. Even so, there ;s 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 is small relative to

, that in the employment structure, a much larger elasticity is needed for wage
changes and substitutions to have a major effect on employment via changes in
manpower skill coefficients. As far as can be told from the disaggregate cross-
sectional changes in the Census data, the elasticity is not that big. Knowledge of
changes in wages and substitutions matters, but nut thal MA h. koncluded that AS
a first approkiniation, 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 perspective does not, however, mean that in fact c oeffiuents are con-
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s&nt. 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? I 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 lotexplaining 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, I 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 a nalysis does hold up
in the framework and data of this model also.

Finally, I 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 d.ita that shows substantial declines in the ratio of college star-
ting salaries to average earnings after I969the dissolution of the puzzling
factwhen 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 I believe these changes to be extremely important, I intend to come back
to this answer to the puzzle in future work.

The lesson of the paper is that fixed coefficient models, treated as estimates
of shifts in 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 informationabout elasticities, which can differ greatly among oc-
cupations; about wage changes, which canalter the position of a particular area in
the income structure greatly (as in physics in recent years); about possible
technological developments; and so forththan is available in an industryloc-
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 policycontrol 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 to changes in industrial
mix, the fixed coefficient models are useful but much more is needed to increase
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 2969. Two
lines of argument were developed: demand predictions based on relatively simple
mathematical models, and justification based on policy considerations.

Figure 8.2 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
scientists and research-trained physicians from graduate schools and medical
schools. For physicians, there is a substantial leak" from the pool into medical
practicewith or withou t part-time teachingof probakly no less than 6percent
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 shift into
an alternative socially productive and economically .rewarding career. In this
sense, medical research for physicians has not been professionalized and the
social prolgern of maintaining them in 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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10.
1' Future dem'and based on the dynamics of turnover of this pool was cakulated

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 a nalyses led us to conclude
that:

NIH, since its contributions to the total cost of graduate training in the
biomedical sciences was relatively small, could not control or probably
even critically modulate the number of doctoral degrees awarded.

The NIH would have to take an unacceptable risk if 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 forscientists 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.

a
,i,

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 dekrees 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
pot 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 conclusionsemphasize the personal; I would not
wish to have these views considered the official views of the NIH:

Federal support for training and the magnitude thereof is 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 system is complex, the rate processes are dif-
ficult to quantify, and the parameters to which estimates of demand are
sensitive (e.g., Federal research expenditures) are highly unpredictable,
etc. If the battle for Federal support of 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 to operational
consequences. Even if future demands could forecast with a high degree
of precision, how could supply be matched to it 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
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I would wonder if Federal support of training qua training should not dis-
appear as a line item in the budget. If there are important Federal objectives tobe
achievedand I, for one, believe that improvement in the quality of the training
opportunities offered graduate students is a most important onea mechanism
that does not rely on head counting should 17e 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 support in a
given discipline or field of science, on the assumption that the most meritorious
research environments are the best for training graduate students.

st

Hugh Folk
Director, Center for Advanced Computation
University of Illinois

First, some brief comments on Dr. Freeman's paper. The special occupational
groups that we are concerned with ma y have different supply characteristics, and
these may not be as elastic as low-skill occupa tions. But the principal condu sion is
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 changes or the elastidties of
demand with respect to wages. Therefore, the very limited help that we do get
from the fixed skill coefficients can permit us toirnake 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
is k 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 or more variables and a
number of trends.

Specifically, I disagree with:several procedures. The use of double-weighting
for the last five years in a study that covers the last ten years, emphasizes the
market situation, and explicit market adjustments elsewhere in the model might
then constitute double counting. I hope that we have seen the last of these basic
models and that henceforth we will be concerned with market models.

In the supply side of the market model,my first objection to making the entry
rate of baccalaureates into graduate school dependent on the utilization rate is a
fairly narrow mathematical one. The limit of the entrance rate in the market
model 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 exdudes 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
proportion 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 investment in graduate
school, that is a real measure of economically significant underutilization; in
other words, an advanced degree is not necessary to teach in primary school orin
high school. 168
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Market models leed to includi an attrition rate which reflects the balance of
supply and demand. A the academically-dominated professions such as physics
(where people are fon:ed 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-yea r institu tions are assumed to have increasing student-
faculty ratios. The junior colleges are assumed to haye decreasing student-faculty
ratios. This seeMs unlikely to occu r since both kirof institutions are facing the
same kinds of economic pressure. Zi., .4. i 1

t .14
The assumption that openings due to growth ad replacement in science and

engineering facilities and industrial staffs will be hicreasingly filled by Ph.D.'s is
arliapsjkocorrect. In order to achieve their a ffirmlive action goals, latit utions
will be required to hire non-Ph.D.'s because the pool'of iloctorate-holding women
and minority candidates is so small. Forexample, in 1..(igs v. DukePowerCompanyit
was established that you cannot impose an educationaliquiremen t for a job un-
less you prove that that education is necessary to perforr) the job. Now if anyone
cares to prove that you have to have a Ph.D. to teach in almiversity, then they'd
better not have any non-Ph.o.'s teaching rn that univeri:ty. When the chips are
down, universities will be required to hire non-Ph.D. teachers to meet their
affirmative action goals. This means that enrichment is riot likely to be 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 fixture earnings. The average wage is less signifi-
ca nt than the s'udent'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 a way that suggested that theiroc-
cupation choice did not depend essentially on future expected income.

S. Students would have more use for projected annual or career earnings,
for various jobs, instead of projected manpower needs in those oc-
cupations. What student, 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.

It is simply not socially acceptable in answering questionnaires to say, "I
am motivated by money." But, money factors should not be un-
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derplayed; it is a factor in choke, an obvbus driving factor. People speak
of alienation, but settle for dollars.

Professionals do not accurately peiceive where their career will lead
them, in terms of eventual income. They perceive the first five years or
so accurately, but not the years beyond.

Dr. Freeman's conclusion that supply is very sensitive to small changes
kt wage is in disagreement with thetiews of some persons. The discus-
sion included opinions, without citations to results, and the point was
not resolved.

The formai paper preparedly Rkhard B. Freeman for this session appears Mom.

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.3 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 a pproaches to the analysis of labor skills. Section one argues
that the fixed coefficient model is best interpreted as a tool for analyzing shifts in
demand schedules in the context 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 forlabor, but rather
on its ability to track shifts in demand over time. Secticri two presents empirical
evidence that a detailed requirements model of the U.S. work force does, in fact, a
reasonably good job in accounting for differential shifts in thedemand for labor in
228 disaggrega ted occupations, given changes in industrial employment.
Paradoxically in view of the tie between the requirements methodology and rigid
planning models, the iequirements analysis also provides a good fix on actual
changes in employment, not because demands for labor are inelastic, but because
supplies are elastic. This section also examines intra-industrial changes in skill
composition, using revealed preference index numbers to show that changes in

3 Sec. in prticular Bowles. Pfoonsog Eduiation for Eionooth Croreth (Harvard University Press11969,
Dougherty. "Su boot ution and the Structure of the Labor Force," Lionoon, hurnal.82, 170-182. Blaug.
"Approaches to Educational Planning." Egmont( Journal. 74. 2o2-287. Witter. "Employment and
Human Capital f ormation in I. Taylor. P. Clark and C. BEitzer. eds. Eomenu, War ModrIsatul Drorioporror
Plonolog (Oxford).

2 Neglect of supply behavior is criticized m Freeman. R and Breneman. D. "Forecasting the Ph.D
Labor Market. Pitfalls for ['ober (National Board of Graduate Education, 107.0

' See M I Bowman, "Education and Manpower Planning Revisited." OECD (DASOEID1o9
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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 technological 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 pattern is explicable by changes in industrial mix that raised the demand for
high-level labor by enough to counterbalance thy increases in supply of post-
World War 11 yearr As the relative dem'and for the highly educated has begun to
slacken at the outset of the 1970's, the analysis predicts a narrowing of income
differentials in the future, and some preliminary evidence of sucks development
is also given. .

1. Supply-demand framework 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, ish, the number in industry'-j and aii the
proportion employed in i having skill i in the base period, the model can be
represented as:

(1) IN . Z a ijisli . 7.: a (Ny0j) Oj
I I

where Oi is the output in :he jth industry and isbiOt total labor requirements. ln
logarithmic change form, this becomes:

(2) b. - z 7 A . qr.. Fa') + 7 ij op]1 i u ., . 9 , ,
I

where dots refer to percentage changes and Yii is the proportion of workers in oc-
Cupation i employed in the Ith Indus try.5

In this paper equation (2) is treated as a conditional predictor of shifts in the
demand for skill i in a three equation model, with demand schedule (in log change
form):

(3) Li -- toi 4/i *i

and supply schedule

(4) I. =ii + ei *i
t

where Li = log-change in number demanded

41 i = average elasticity of demand for ith occupation

*1 = change in wages

Li = log-change in number supplied

e i = elasticity of supply

A i = exogenous changes in supply, due, say, to demographic developments

0,....

1 This puzzle is stressed by Grikhes in, "Notes on the Role of Education in Production Functions
and Growth Accoun tong7 on W Lee Hansen, ed , Ehaison. intontt and Human Capiiat National I3ureau of
Economic Research, 1970.

SSince nu = NM, where Nu = number of workers in tth occupation and )th industry, when
we take percentage changes ADA = laulN, =

0 67
.); NiauliNi . 1 Nu NJ Iyu N,

0 DA
It is important lonote that whereas !beau give the distnbution of workers in the ith mdustry among
occupations, the yu gives the distnbution of workers m the ith occupation among industries.
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For simplicity, the a nalysis focuses solely on developments in a single octiipatio
though extension to the case where wages change in other occupations, includit
supply and demand cross-effects, is direct.

The solution of (2)-(4) is a relation between the forecasted change in mai
power requirements (and supply) and employment or wages in the ith occup.
tion:

(5) Li = (ei + rii.) I (e + ni)i i

(6) ifi = ( I 'I' rAj.- ii)/(ei. ni)
j i

Equation (5) shows that holding supply fixed (Sj = o), the fixed coefficient mode
will forecast employment perfectly for any given shift in demand for laborwher
either the elasticity of demand is zero or the elasticity of supply is infinite. With
finite non-zero values of both parameters; D will exaggerate the effect 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 application

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 in 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 assumptions are
needed to apply the model. First, to estimate elasticities from these data, it is
assumed that all occupations have the same elasticity of demand and that the
elastidty 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 ch anges in each to the average change in the
entire sample, implicitly assuming that there are no particular interconnections
among them.6 Third, since the purpose of this paper is to examine the fixed skill
structure model, the factors that determine industrial output and employment,
including feed back from wage and related labor market developments, are also ig-
nored. Industrial employment is taken, as is usual in requirements work, as given
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 c9vered in the
analysis.

2. Changes in tha U.S. skin 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
eniployment in each industry. Following equation (1) the coefficients were then
in4ltipIied by the number of employees in the industry in 1960 and summed
acioss industries to yield a 'manpower requirements' prediction for 1960. The
logarithmic difference between this figure and actual 1950 employment is the
i. 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 fifties if the same patterns of change in coefficients con-
tinue in a positive autoregression manner.

Changes in the supply of workers to each occupation (i) are esfimated by
applying the 1950 sex and education distribution of workers by occupation to the
1960 number of workers in the relevant category. Additional data on income, 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 Si
Logarithmic Changes in Employmement and Income

in the U.S., by Detailed Occupation and industry, 1950-60

mean

(1)

Logarithmic Changes in
Employment

Standard Coefficient Mean
Deviation pf Variation

(2) (3) (4)

Income
Standard Coefficient
Deviation of Variation

(5) (6)

Occupational Changes
Average. 228

occupations .095 .412 4.35 .46 .086 .18
Ten fastest

growing 1.250 - .58
Ten slowest

growing

lndusteal Changes

-.868 .46

Aveedge. 142
industries .140 .290 2.07 .52 .082 .18

Ten fastest
growing .77 .61 -

Ten slowest
growing -.45 .51 -

Source Data calculated born 1./ 3 Census cal Population 1950
Inoustna1Charactertsbes PENo 10
Occupational Characteristics PENo 10
Occupation by Industry PENo IC

1.1 3 Census of Population 1960
Industrial Charactenslocs PC(2) - ir
0ccudatesna1 Characteristics PC42) 7A
Occupation by Industry PC42t - 7C
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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
iN mean value is over 4 in the case of occupations and over 3 for industries. In the
ten fastest growing occupations, employment increased by roughly 125 percent
compared to a decline of 87 percen t in the slowest growing; among industries, the
di fferen tial is similar, +77 percent versus -45 percent. By con t rast, the coefficien t
of variation for the change in incornict is relatively modest, on the order of one-
fifth, and while income increases1 ItSs rapidly in slow-growing than in fast-
growing occupations or industries9 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 structurea pattern which could be due
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 theelastk supply interpretation and
cuggests, in general, that the supply of workers to occupations is relatively elastic
and stable, while the demand for labor skills is more dyna mic or unstable and less
elcutic with respect to wage changes.

Regression estimates t

Itegressfon 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 thecoccupations in 1950; panel B presents
results with absolute changes in shares of employmen t 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 1960 level of employ-
ment (Lo) are entered as explanatory variables. Lines I and 4 of the table show
that, by itself, the requirements calculations give a reasonably good explantlion
of changes in employment, accounting for 44 percent of the log changes an455
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 S raising
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 specificationsinvolving unemployment, weeks worked, and the like
yield similar results As a first approximafion the requirements and augmented
requirements model do a tolerable job in accouting for changes m occupational
employment.

Table 8,3 pursues the analysis of demand a step further with two stage least
squares regression estimates of the structural demand equation of the model, us-
ing the average full-time wage and salary income of men and women aa the first
stage measure of wages. The mean years of schooling ir each occupation and the
inverse unemployment rate are entered as additional expla natory variables to see
whether or not, even with inter-industrial shifts in demand fixed, there was a bias
toward more educated occupations in the fifties and whether employers altered
their demand for skills toward those with excess supply, wage incentives held
fixed.

170

174



Table 8.2
Growth of Employment, By Occupations

Regression Coefficients and t-Statistics
Equation
Number Constant 6 i s Lb F15

Panel A: Logadthmic Equations
1 -.064 1.15 .44

(13.0)
2 .088 1.00 .11 .37 -.01',? .49

(9.88) (3.50) (2.72) (1.70)
3. .077 0.94 0.13 0.18 -.017 .68

(7,26) (2.55) (0.66) (0.94)

Panel B: Share of Employment Equations

4 .077 0.80 .55
(16.43)

5s 0.15 1.38 0.08 0.12 .65
(14.04) (4.29) (5.52)

61, 0.16 0.97 0.08 0.04 ,78
(28.25) (3.76) (3.83)

Numbers In parentheses are 1-Statistics,
M Wept* restricted to occupations whose definition dM

not change (rom 1940 to 1950.
8) sample including agncultural occupahons.
Source; Basic data from U Census ol PopuratiOn 1940.

1950. a..d 1980. as in Table 8 1,

Table 8.3
Structural Demand Equations

Equation
Number Constant if 6 i YRS. 1/(UNE)a Ill

1 0.12 -0.64 0.97 0.11 0.02 .46
(1.06) ' (3.00) (8.90) (3.38) (2.19)

2 0.04 -0.61 0.93 0.10 0.03 -0.28 .49
(0.31) (2.81) (8.44) (3.09) (2.97) (1.99)

Dependent variable ss log-change in employment; echm
hen estimated by two-stage least squares Numbers et
parentheses are 0-statistics Wages are obtained as a
weighted average ol the wages el men and women.uslog the
sex composition of the oCcupation as werghts

a) Mean years of schoohng ii occupat.on
by lnverseof rite of unemPloyment in occupalson in 1950
Souro, See Tels'e 2

The principal finding of the regressions is that both the requirements shift
and wage variables have their expwecl effect on changes in employment, with D
obtaining an approximately unity coefficient, and Wan elasticity on the order of -
.6. In addition, the past 'change in technical coefficient' (T) has a significant
positive effect, indicating that despite the peculiorities of the 1940-1950 decade,
occupations that had greater than predicted increases in demand then also ex-
perienced greater increases in the fifties. Finally, years of schooling obtains a
positive regression coefficient,.revealing a shift in demand toward more educated
occupations, all else held fixed; while the inverse unemployment has a negative
impact on growth of employment, suggesting some independent effect of the un-
employed pool Tin demand.

171

175



..

The relative importance of shifts in demand and movements along the de-
mand schedule due to changes in wages in the differential growth of occupational
employment can also be estimated from the regression results. Mulfiplying the
wage and D coefficients by their standard deviations to obtain the relevant B-
weights yields .03 and .23, respectivelyindicating that requirements shifts are

Fiore important explanations of differential expansion of demanci for labor-skillso
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 shifts in the
demand for disaggregated labor skills. Even so, however, there were significant
nonrandom changes in the coefficients within industries, to which we turn next.

Intra-industrial skill changes

To begin with, the amount of change in occupationalstructures varies great-
ly by industry. Measured by the sum of absolute values of differences between
the 1950 and 1960 proportion of workers in each occupation ( i I A aij l for all j),
the data reveal substantial change in some industries (transportation services
(.39) office 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 71 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 differences in R&D per
dollar of sales and in the ratio of investment to capital:

CSC = .06 + .08 IIK + .12 ROSS Rz=.53

(2.40) (4.71)

where CSC . change in skill coefficient, 19504960: f I Anil I

IIK -.4 ratio of new investment, 1947-1958 to capital stock, 19477

ROSS = ratio of R&D spending to sales, 1957e

numbers in parentheses are t-statistks

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 4 .07 I/K + .12 RIM + .05 z R2 = .64

(2.48) (2.44) (2.41)

...=.
Investment data are taken from U 5 Department c,f Coe tmerce Annual $:irrty of Manufatiarn.s.

capital stock, from Harvard ECOMMIK Research Propect, 1=47 capital stock data
$ R&D to sales data taken from National Science roundation (NSF 04-0), with adjustments for

difference between NSF and Census industry definitions The adjustments of allocated expenditures
to indust ries on t he bases of their relative employment of scientists and engineers, are reported in the
Census
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While these data are not available for the entire 142 industry sannile, a corn-
parabk measure of R&D activitythe 1950 ratio of scientists and engineers to
total employees in each industryis 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- tgchnical work,
and other economic factors, which makes identification oi industries with likely
future changes in skill structures possible.

The extent of substitution due to rising wages i n altering skill structures can
also be estimated from the industry-occupation matrices. To do this, the change
in industrial wage is decomposed into 1.1.0^ narts.due to:changes in the wages of
occupations employed in the industr)(ZiSiW.t.vhere Si isthecost share of occupa-
tion i in the industry's wage bilhn the hase mriod); 'autonomous changes'.in skill
coefficients, at previous wage levels(Ei Si&ip;and an interaction term (ESIW114).lf
each industry takes occupational wages as given and substitutes against those
with the most rapid increases, the interacfion term will be negative. In fact,
between 1950 and 1960, 103 of the 1942 industries 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 made career decisions in the fifties, on: W i the

Table OA
Changed Supply of 20-29 Year Old

Men to Occupations, 1950-1960

Dependent Variable
Regression Coefficients and t-Statisticss

Constant W L 0 WO e Est. tech. R2

1. men. 20-29 -2.36 1.18 -.04 0,30 0.90 OLS .21
(2.40) (2.57) (1.66) (2.83)

2. Men. 20-29 -2.2$ 3.69 -.07 0.12 0.80 TSLf .11
(3.64) (3.54) (0.72) (2.39)

3. Men 20-29, t or more
years of college -6.02 3.00 -.06 0.60 TSLS .10

(3.14) (3.18) (4.87)
4. men. 20-29. less Man 2

years of high school -3.07 3.65 -.08 0.23 TSLS .12
(3.77) (4.69) (1.54)

0 An dependent ao0 independent eawatnes in kvarettlnue
Or tog thfierence toom

b) i measured by talung a weighted average col the log
changes on the number oat a 20-29 year olds %qua varying
levels col Wynne's. with wesgbit eel eY the 1950 educanonae
distribution col men by occupation

O 01$ ordmaty least squaw
ISIS two stage least SilueleS
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changes in income in each occupation; Lo tl-e 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 11 disequilibria in the wage structure. Regressions I
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 select -d levels of
education. The key resdlt bf the calculations is that changes in wept. were impor-
tant in directing young men to various occupations, with anelasticityabove unity
in OLS computations and ranging from 3.5 to 4.0 in TSLS regressions where W is
endogenous. The other estimated coefficients show only a small dfect for the
lagged number of persons in the occupation and a moderate response to initial
wage differentials. Changes in the relative supply of you ng men to occupations
the ultimate determinants of the long-run supply of workersthis appears to be
quite elastic with respect to wages, making requirements calculations applicable
to crocs-sectional changes of the type under study.

V 2. Changes in relative incomes, 1949-1973

This section applie's the fixed coefficient model of shifts in labor demand to
the Griliches"puzzle'of relatively constant or rising t lucational income differen-
tials in the U.S. lt shows that the relative income of highlyeducated workers tkas
maintained in post-World War II years by an increase in relative demard due to
changes in the industrial structure of employment. At the outset of the 197. j,
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 in the U.S.
Column (1) records the ratio of the income 1.4 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) eive 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 index for high school graduates andel] 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 supplythe puzzle requiring explanotion. It also
shows, howevqr, that relative demands increased (columns Send 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 1970's.

Taking the supply of college workers and the requirements demand as given,
the role of supply and demand shifts in the educational income differential can be
evaluated by least squares regressions of the differentia! on the relevant supply
and demand variables. When the ratio of college to high school graduates income
is used, the sample is limited to 14 data points; with ratio of starting salaries,
every year from 1948 to 1973 can be used. Tie 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 maintaining the
college-high school differential in the face of rising sup lies. In line 1, the demand
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 tised and the number of observations increased, the results are
stronger. Even here, however, the coefficient on the demand 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 in demand
in the augmented requirements 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.

Condusions

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 85
Relative Incomes, Supplies and Requirements

Indices of Demand, by Level of Education

Ratio of Ratio of Ratios of Ratios of
College College Employment Demand Indices
Grad. to Starting

H.S. Grad. Salary
Income to Ave. B.A. to

Earnings College Total
Grad. to Employ-

College College
to' to

H.S. Grad. ment H.S. Total

1950 .99 0.75 .86 .87
1952 1.00 0.53 .90 ,86
1954 1.10 -- 0.43 .91 .90
1956 ..... 1.37 1.14 .37 0.44 .93 .92
1968 1.36 1.19 38 0.53 .98 .97
1961 . ..... 1.39 1 17 ao 0,54 1 02 1.02
1963 1.33 1.19 44 0.68 1.06 1.05
1966 1.41 1.18 .45 0.67 1.08 1.08
1967 1.45 1 24 46 0.72 1.12 1.13
1969 1.45 1.24 .47 0.87 1,13 1.14
1970 1.45 1.22 48 0,95 1.15 1.17
1971 1.44 1.16 .49 0.99 1.17 118
1972 1.43 1.13 50 1.00 1.18 1 19
1973 1 36 1.09 52 1.01 1.19 1 21

31 calcutated as weighted averages et starting salaries of
engineering accountant sales and general business
icemen

Incomes so COksmn I ate mass ol median mcomesot men
with 4 01 10010 y441$ 01 C011404 tO 0104 wan 4 yeses of no
school
Sources ti S Bureau 01 Census Cumem Population

ReoCMS Soots P.60 various editions U S Oepaftment
of Commerce Survey of Cem nt Smarm foe average
earnings F Endicott rands m Me Ern/goyim/if of
Codege end (Ineversoy Goaduates m eusoness *nd
buyastry Weights for 414.C+4S from US Census of
Podulei.on 1960 fridusvial Chafaceelishcs
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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 labor is
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 thei950-60 decade, industries that
did considerable research and development, made substantial investment, or ex-
panded rapidly had the greatest change in skill coefficients. In general 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 ra pidly at the outset of thei970's
and relative dr 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
thei960's, 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 Income of College Graduates.

Dependent Variableb Constant

Relative
Demand

Index
Relative
Supply CV

1. Income, college to high
school men. 1956-1972e . -2.69 .87 -.41 .63

(.60) (.45)
2. Starling salary, college men

to average hourly earnings.
1948-1972 -9.35 .81 -.16 .84

com (.041

at Numbers in oar entoesesarestanderd err° f$010SiMate
in mi deoendent variables aro iii logeotomIc I NM
o) Excludes 1957 1960 due to absence of data

Source See Tame e 5
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9. Scientific Manpower Forecasts From the Viewpoint
of a Dismal Scientist

This chapter is based on the oral presentation of Dr. Oi and on his paper. The lead discussantswere
Herman Travis, U.S. Department of Labor, and Lewis C. Solmon, National Research Council.

Walter Y. 01:
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 sous ht 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. It 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. TI : forecasts are very different in quality. Professor Folk has
pointed out one common attribute of projections, predictions, and conditional
forecasts, 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 to 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, there is a rise in the quantity of forecasts

1" demanded. Third, it has been emphasized by Kenneth Arrow 1 that information is

Present address Craduate &hoc)! of Management, University of Rochester, Rochester. New
York

.1 Arrow; K I "The Orgamration i,f Economic &wily Issues Pertinent to the Chthce of Market
ifs Nonmarket Allocation.- in rhe Arudi,4, and Lroinahen 0 Publst Exprndaum rht PPB Systrin, joint
Economic Committee. Vol i CU S Covernmerit Printing Office. Washington, E) C .1960)pp 47464
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a commodity unlike othercommodities 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 will be produced. Thus, according to Arrow, it is the role
a government to provide information about future states of the world.

When it comes to manpower forensts, a number of other rationalizations
have been developed on why we need more and better forecasts. Some of these

.are:

1. Forecasts are needed as a part of a manpower planning system to balance
supplies and demand.

Z. Forecasts are needed to help us formulate public policy.

3. Foreeasts 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 to 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 unstable 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 labor
markets is one of the rationalizations for more forecasts

Three Kinds of Forecasts

We are interested in the information 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.

Academk requiremeth for new doctorates. Professor Allan Ca rt ter 2 was the first to
dramafically 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 my for-
mal paper.

The model that is imp1icit in these projections is a form of a fixed coeffiaent
model Although Balderston and Radner disaggregate the system Ingo six sectors
o( higher educationpublic versus private, university, foor-year and two-year
collegesthe essential features of the model are describeo by a system of three
equations In the first equation, the new doctorate requirements are assumed to

1 Cartter. A M 'Scientific Manpower-for I070-1o8$ titttme (April 9. 1971) Vol 172. pp 132.
140

' Balderson. I E ,anilli [Wrier "Academic Dentand for New l'i Ii.1070-1000.1t4 Sensitivity
to Alternat.ve Policies:" University of California piper, p 20. 1071

11=IIII
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be some proportion P of the demand for new faculty with and without degree!
The second equation says that demand for new faculty arises from two con
siderations: (1) replacement deinand for those incumbent faculty members wh

'retire or withdraw from academia, and (2) the net change, which is 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 forma is obtained whicI
can be approximated by equation 2.3(b) in the paper. One can then disaggregatt
the forecasts or projections of the academk demand for new doctorates intt
several components. This disaggregation shows that in all these tnodels the nets
"doctorate requirement depends critically upon three parametersthe marginal
doctorates/student ratio, projected student enrollment, and studentifaculty
ratio. Hidden in this is the enrichment factor in the proportion cf new doctorates.

If one asks what information is obtained from these projections, it becomes
quite clear that the information we obtain is determined by what is assumed
about the three parameters described above. The reduced form equation shows
how- the model is driven, and it appears that the so-called sensitivity tests become
rather trivial cxercises. Thus, the information obtained is really what someone
else has projected about student enrollments together with what is assumed
about the marginal doctoratelstudent ratio.

The BLS projections of occupational requirements. Projections of manpower re-
quirements for specific occupations have been deyeloped 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 policy.

The supply of collegegraduates. The implicit model in all of the supply projections
of college graduates is simply a dist ributed lag function of population. It is claimed
that the intent of projecfions is to tell us the implications of trends. However,
current methodology does not make a serious attempt to exelain temporal fluc-
tuations in trends. These trends are changing. Thus the information contained in
these projections doec not appear to be very useful from a policy viewpoint.

Production and Etriple)sint of Doctorates

I will discuss a preliminary theoreticil mr...iel describing the production and
employment of doctorates. The complete wodel is presented in Section HI of the
formal paper As Professor Breneman has pointed out, the decision to invest in a
doctorate degree can be viewed, in part, as an investment in human capital. This
jecision can be ()token into two parts. f1) the supply of applicants for graduate
study, and (2) the demand for graduate students by universities.

'What determines :he supply of 'students who are going to seek Ph.D.
degrees? Previous studies have looked at data on the continuation rate from
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bachelor to first enrollment in graduate school. If that ratio has remained stable,
the assumption was it will remain stable into the future. If it has dropped, some ad
hoc explanation such as the draft is offered. .

If we view thesupply 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. The earnings di(ferential that can be expected from the investment in a
doctorate.

2. Costsboth outlays and opiortunity costs.

3. The probability of success.

4. The search for a career.

What is the earnings differential that one can expect from the investment in
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 rates is roughl; as follows: (a) at zero interest rate
the Ph.D. will earn approximately $36,000 more than a bachelor's degree; (b) at a
$ percent interest nate 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,c00 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 tuition plus room and board. In 1960 these costs were apriroximately
$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
waivers. They are the out-of-pocket costs of choosing to enter graduate school
rattier than to enter the labor market. The second cost is the opportunity cestof 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 outlays, 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 $43,000 today and was about $22,000 in 1960.

A comparison of costs to earnings for all doctorates shows that the rate of
return on investment is very low. It is roughly a 3 to 4 percent return. However, if
the individual goes into non-academic employment, then the rate of return is in
the neighborhood of 8 to 8.5 percenta quite profitable investment.,

The third consideration i5 the propability of success. It can he 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 ohnfor-
mation at the time the initial decision is made.

Robert HaH,4 Banfield 5 and a number of others have pointed out that a
characteristic 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 academia other than by trying it. There are two implications that seem perti-

704
' Hall, R L "Turnover in the Labor Force,- Swims. Paper. on Lonoon, ,1ate4 3 (1072) pp 700-

' Ban field, £ C The tinhearotly Conk (Let de. 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 numberof searchers and the durat ion 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 toenroll in 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. Nonisecuniary at-
tributes are harder to discover without searth. 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 It 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 jobs 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 Ashenfeltert. surveyed college seniors, mainly in northeastern
colleges, 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 between 1961 and 1966-67, then there is a sharp turn-
around in professional sch ls, 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. There is not a
clear cause and effect relationship, but the relationship between Fedecal 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 an increase 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 tuition
aid that is being granted.

Let me dose with some implications derived from possible university
response to changing conditions a nd some thoughts on how one ought to validate
the supply and demand projections that NSF, Professor Cart ter, 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 percentage who complete their degrees varies widely across fietds,
and there seems to be some iiidication that these percentages oary over time. One
in every nine Ph.D. degrees requires at least fifteen years beyond the bachelor to
complete. Thus at any point in time there "is a hugeinverinry of Ph.D.'s in process
with all but dissertation completed.

A trend extrapola'.-ion simply tells what is likely to happen if the variables
which influence the public and private decisions follow the same trends as they
have been doing over the periocl which these trends have been tracked (essential-

qkshenkher. 0 'Some Evidence on the Revponse of the Students' Graduate Career Plans to
Market i or«s" iunpublished paper. Princeton, N,m, , 1071)
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i 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 twenty will be underutilized?
Ahat actions will be taken? Will they cut research grants to private institutions?
Irso, 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
insuffident. .

ie.-
Herman Travis
Deputy Director
Office of Research and Df velopment
Manpower Administration
U.S. Department of Labor

Usually, a projection should not be made if it does not rely on assumptions
that are reasonably probable. This, in effect, makes it a forecast. Projections es-
sentially forecast what should be expected under stated probable conditions, but
they do not ordinarily include a second order of estimation which attempts to
show what would happen if users of those projections, believing them, take some
other than projected action to profit from or mitigate the consequences of the
original projection. Thus the distinction 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 no reaction to the projection.

In a complex society and in the course of nature, there are unfoieseen etrents
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 projections should ordinarily be prepared, although
there are problems here too, as we can tell from the progressive widening of Cen-
sus Bureau itopul.ffion projection options which nevertheless failed to bracket
reality.

Mere is no defense for either te errors or deficiencies of past projections
that have been made, but an a Aeuqate case has not been made that a more ac-
curate or more useful kind of projection can be constructed based on market
models which provide for some reaction to the conditions and outcomes projected
by the simpler models. Market models should be tried even though it also seems
likely that, in the hght of the wide degree of error prevailing in the basic data,
neither the added variables required for market and econometric models, nor any
extensive refinement it ihe degree of detail, would necessarily improve the ac-
curacy or the usefulnfts of the projections resulting from such additional
sophistication in technique.

There is merit in both what Dr. Ot says and what he criticizes. There is a need
for explaining variations between projections and actualities ir. terms of
treasurable hifluences that affected the outcomes. Rather than using events as
alibis, we ought t3 be looking for relationships between events and 1 heir effects
on projected 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
previous forms of projections. If carried ou t at a level 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 ma rket.

We sh.Juld 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 rechce 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 I
would suggest that more attention be paid to the immense flows 'ri and out.

Lewis C. Solmon
Staff Director
Board on Human Resources
National Research Council*

Dr. (.1 presented some statements in his paper about evaluating 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 the interaction 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 c'ifferent 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
vo le structure or are assuming completely inelastic demand or supply curves.
Simply 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 Lhould be
able to estimate the effect of wage levels on career decisions of scientists, and the

Present pn.otion Exec utv e Offner, Higher Education Rese.uch Institute. Inc , Los Angeks,
Cilifortna
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effect of wage levels on demand and supply. This is particularly true if we believe
in survey data. There is voluminous data available on surveys in which people
have been asked the importance of various iactors 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 in iob 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 studies of this kind, and I think it shoukl 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 shc.ild 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 coukl 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 frir analyses of
past career patterns rai',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 work in
a purely market sense. There are scs many restrictions, rigidities, controls,
regulations, etc., that reliance on market rorces ends up with a reliance on a set 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 the shifting curves are ignored. However, it
is not only gt y.:rnment that fouls up free markets. Private industry, professional
societies, unwersities, and others, all introduce controls and rigidities into the
system.

Let me give emphasis :o the National Research Council's survey of doctoral
scientists, D.)doral Seienti$1, on.1 Engineers in the thuted States. 1973 Profile , as it relates
underutilization of talent and underemployment. Some summary numbers used
in Dr Falk'ssresentation are lust becoming available from this study. The un-
employment rate for all doctorate scientists and engineers is roughly 1.2 percent.
He adds that if doctorates whoa re working in non-science areas are wnsidered to
be underemployed, then the total figure goes to 2.2 percent.

A !Trost I,. 111. ( ccsono.000 on Malian Kvsourtc.B4Wittbn Clic 14;3 Surcivy o( Dot toralScom.
Cosi. and 1 opncers. Noloonal cadvno of Science, Kashtngloo, I) CI March ion
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Private and social rates of underemployment, however, can be differen-
tiated. An individual can be underemployed from his own viewpoint, or he can be
underemployed from society's point of view. A bank president earning $200,000
a year is probably not Anderemployed from his own point of view. Yet if it is
assumed that this person has been trained as 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 Olizing NRC'sun-
published data together with the set of assumptions that those who are working
part-time but seeking fun-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.

e

General Discussion

During the discussion which follows the presentations of Dr. 0i, 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
whkh control either the demand or supply for doctorates, but rather a
complicated interaction of many parameters takes place. Professor
Freeman's market model deals primarily with one parameter, wages. Dr.
Oi and others speak of additional parameters, but the question is: Is it
possible to disentangle 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 d 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 do we take? Too much is being invested
in projections, and not enough is being invested in understanding how
markets a'2 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 becomes fatal.
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The trouble with judgmental weighting is that it produces uniform
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 brie 'of research which neglects the structure of labor
markets for scientists.
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The formai paper prepived by Walter Y. Oi* for this session appears below.

Scientific Manpower Forecasts from the Viewpoint
of a Dismal Scientist

-

Societies have always sought information about the future, and in earlier
times, the :ask for foretelling future events was left to journalists, gypsies, and
clergymen. Advances in the physical sciences greatly increased 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 dec.
tions, patterns 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 s about the allocation of our scarce
resources have been based on forecasts. In this paper, I have three objectives.

First, I 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 II. 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 productioA rate of new
doctorates, are jointly determined by the market forces of demand and stmply.
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 ,3f demand and supply that is incapable
of explaining the I- istorical data for the same variables. It is placing the cart
before the horse. Me formulation of rational 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 markvs

IThe Public Demand for Scientific Manpower Forecasts

Uncertainty is an unavoidable, and for many, a highly undesirable reality.
Individual: and firms al:ocate part of (heir resources to protect themselves
against the-contingent costs of certain risks.' In addition, the private sector is

'The author es a Professor of Apphed Economics in the Graduate School of Management at
the University of Rochester and is currently a Visiting Semor Research Economist in the Industrial
Relations Section at Princeton Until^ 'v fie es endebtod to the industrial Relations Section for
supplying him with the excellent hbimy and clerical asse.tance provided by Mess Wien Fairbanks
and Mrs. Irene Rowe
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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. Finns 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 uncertain states of the world.
No census dassification 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 (SMF) 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
must rely on foptcasts.2 The production of highly trained scientific manpower
surely involves an irwestment whose payout period extends over the lifetime
of the trained scientist, but this does not explain why forecasts of the returns
ought to be made by the government. Second, the evaluation of a government
agency ii 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 all of the
returns to his information. Ar TOW (1969) has argued that the marginal cost of
distributing information which Kits already been produced, is zero, and hence,
optimality calls for making such information freely available to all. If the pro-
duction, sale, and distribution of infonnation were left to the free market, the
inability to appropriate all of the returns might easily result in an equilibrium
in which "too few" resources were being allocated to the forecasting industry_
ln the light of this argument, it is not surprising to find that the collection
and distribution of many kinds of information, including forecasts, have.fallen
into the domain of the public sector.

More specific rationalizations have beeu proposed to justify the putilic
demand for SMrs. Six possible justifications were considered and discussed
by Freeman and Breneman; these are paraphrased bdow:3

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.

2. Forecasts pnwide 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 in college courses and thus determine the supply of new
specialists.

192
188



410.0,11.

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 justifying 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 I 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 policieselab or 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
thei r essay, 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, I am
in complete agreement with Freeman and Breneman.

Whatever the reason, we have observed a substanfial growth in the 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 occupationt. 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?"

IIThe 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
vertic* integrated firm. In the case of SMFs, the public agency buyers have
done both. The Bureau of Labor Statistics (BLS) initially began by employing
its own staff ot 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 I 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: Niblo.s

"Six (professional clairvoyants) advertised in the San Francisco
Chronicle, the day before the 1906 earthquake, and of these, the boldest
was a Prof. Nib lo whose academic affiliation was not given: His
generoui 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
afterthe 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 1220
Broadway'." !

The forecasts that have been produced are quite heterogeneous, but they do
share one common attribute that has been perceptively described by Hugh Folk
as follows:

"Despite attempts 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 thew numbers, but one might as well put a ioaded pistol
in tfie hands of a child and caution him that it is not a toy. as place a
conditional projection irt.the-hasids 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."

1 [Folk (1970) p. 2403

Many manpower forecasts6 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 fs a substantial literature which critically discusses
the methodology and accuracy of previous manpower forecasts. I 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?

ln this Part of the paper, I 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 1980's
is bleak. Anyone who had thought about the implications of the historical
data on US. birth rates wbuld have realized that the population of college-
age youths will decline sharply in the 1980's:1 It seems, however, that the gravity
of the problem was not fully appreciated_ by. policy- makers until Allan Cartter
dramatically illustrated 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 Wolf le and
Kidd(1971) described as "a test of the sensitivity of Cartter's projections to
some of the underlying assimptions."8 The Balderston-Radner (BR) model is,
however, simply an exercise in simulation which translates alternative data
inputs into numerical descriptions of the time path of a dependent variable
(new doctorate.requirements in academia). It is not a test iri the scientific sense
of that term. The BR projections convey little additional information to the
policy-maker other than what he coukl have inferred for hiinself 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 institutipn (university, four, and
two year colleges). The model specifies a system of *four structural equations
for each sector which can be solved foc, a reduced-form equation in which the
requirement for new doctorates in year t by schools in the j-th sector, DM) is
a function of five exogenous variables! Pj = the proportion of new faculty
appointments with doctorate degrees, RI = the student/facuhy ratio, kj = the
fraction of all students enrolling in the j-th sector, S(t) = projected student
enrollment in all six sectors, and a = 1-6 = the continuation rate of incumbent
faculty members (i.e. the fraction of last year's faculty who do not retire or
withdraw).9

(2.1) D(t) =[ At) ar PAt)kAt-1)]S(t.1)
Pj(t)kj(t) ,

RAO L R9 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(t) = W(t)S(t) aV(t-1)S(t-1), , (t = 0,1,2,-20)

where t = 0 corresponds to the starting point of the projections, 1970. The
parameter W(t) can be interpreted as the marginal doctorate/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,

(2.2b) Wu, L= ,L,
v.6 r Pj(t)kj(t)

j=i Rj(t)

6 P(t)kj(t-1) P(t)
= [--]14/0-1)j.l Ilso-i) P0-1)

Finally, a -.2 1-8 is the survival rate of incumbent faculty which is assumed
to be equal to .98 over the entire projection period. The parameters (Ps, Rj, kl)
were initially equated to their observed values in 1967, while the time path of
aggregate student enrollment, S(t) was taken from two earlier projections, one
by Cartter and the other by G. Haggstrom. BR then invoked judgemental as-
sumptions about the time paths of the parameters to generate six different
projections of new doctorate requirements.
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We can get a simpler picture of the information content ol the BR pro-

jections by adopting the following notation:

W(t) = W(t-1) + dW --- W + dW, S(t) = S(t4) + dS = S + dS

- dP ,
V(t-1) = Li +

P

Upon substitution into (2.2a), we get,

$4

, e ,
(2.3a) D(t) = (W+dW) (S+dS) - cri1+(-) jWS

P

Recalling that cr = 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(t) = W(t-1)S(t-1) [8 + I dS 1 - i dR 1 + 8 dP 11SI `R" `P".
_.

where we make use of the identity; W = PM so that,
s

dW dP dR
(2.3c) -- - - _.

w P R

Thus, in the BR model, the academic requirements, D(t), can be decomposed
into a scale parameter, WS = W(t-1)S(t-1), times the bracketed terra describing
the relative time rates of change in student enrollment, (eS/S), student/faculty
ratio (dila), and the doctorate share of new appointments (MP).

In their "no change" projections, BR assumed that the doctorate share of
new appointinents Pi and student/faculty ratios R1 would remain unchanged
at fheir 1967 values. Using their judgements (presuma'oly 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 studebt enrollments over the
projection period, 1970-90. The parameter values for all :.::: sectors applicable
to the "no change" projections can be found in Table 9.2-1 by looking at the
entries for 1970.

Table 9. 2-1
Assumed Parameter Values tor the

Balderston-Radner Model-

University Four Year C011ege Two Year College......VII,

Public Private Public Private Public P &ate

It = allocative share of students
1. kJ = ki (70) ... .242 .082
2. fi - 0017 -.0015
a ((I (90) .208 .052
Ft = student/faculty ratio
4. Rt = RI (70) 16.64 . 11.26
5. Gi- .132 .063
6. RI (90) 14.00 10.00
P = doctorate share of new appointments
7. Pi = Pi (70) .643 .643
8. Hi
9. Pi (90)

.01785 .01785

.900 .900

.255
4012
.279

17.86
.143

15.00

.389

.01805

.750

.163
-.0011

.141

14.54
.077

13.00

.389

.01805

.750

.239

.0031

.301

21 64

.1032190

.059

.01205

.300

.020
0
.019

17.72 °
.236

13 .00

.059

.01205

.300
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In the "no chan4e" projections, the marginal doctorate/student ratio for
public universities is Xj = Pit% = .0326 meaning a 'student to new doctorate
ratio of 11X1 = 30.6; the corresponding parameters for two year public colleges
were X3 = An27 and 11X3 = 367 students per doctorate hired. This ratio for
all six sectors, W(t), declines linearly over the projection period because by
assumption, the two public sectors that are assumed to increase their shareg
of aggregate student enrollment had marginal doctorate/student ratios below
the mean ratio.'o 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(i) = W°S(t-1)(8 +

where inio = .0225 Is the marginal doctoratelstudent ratio in 1970. It is evident
from (2.4) that the sign of D(t) is entirely determined by projected student,
enrollments S(t) which is exogenous in the BR model. if projected enrollment
dedines by more than the assumed attrition rate of 8 = .02, the new doctorate
requirement, D(t) will be negative irrespdctive of the value apsigned to Wo. A
larger value for Wo (which could have been obtained by assuming either a
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 Rj would fafi, and
the doctorate shares of new appointménts Pj 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 Ole remain-
ihg pctors are given in Table 9.2-1.0

(2.5a) P(t) = Pj +itt Po = .543 + .01785t.

(2.5b) R(t) = Rj GA RA) = 16.64 .132t

(2.5c) kj(t) = kj -.- fjt k(t) = .242 .0017t.

where t = 0,1,-20. BR arbitrarily assume that over the twenty year period,
1970-90, the student to faculty ratio R (which is a proxy (or class size) will
decline from 16.64 to 15.00 for public universities and that the proportion of
new appointments with doctorate degrees, Pj, will climb from 54.3 percent to
90 percent. The two reinforce one another so that the marginal doctoratelstudent
ratio W(t) rises at an increasing rate. For public universities, fhe 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(1) 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, (dS1S), is exo-
genous in the BR model and comes (rom, another study that presumably was
available to the policy-maker. One could insert his own assumption about the
relative change in the studentlfaculty ratio, (d)R). The driving force in the
"adequate finance" projections is the time path of the marginai doctorate,
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stud.;nt ratio W(t) which determines the size of the scale parameter, WS =
W(t-1)S(t-1), in (2.3b). By Using the approximation of (2.3c) based on the
identity, W = P1R, rwhich 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. .

Ali excerpt from the BR simulations of the academic requirements for new
doctorates is presented in Table 2.2A. A decomp*sition of. the projected re-
quirements for selected years, using the approximation of (2.3b), is shown in
Table 2.28. 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"

Year

Population
18-21
years

Student
Enrollment Faculty

New Doctorate Requirement
No Adequate

Change Finance

1870 . 14540 6303 374.6 7.16 8.82
1971 14870 6755 40,3.6 11.90 14.69
1975 16307 8197 540.4 10.12 15.32
1980 ..... 16790 9537 599.8 6.95 13.90
1985 14992 9228 597.2 -2.73 -2.21
1990 14351 8674 579.5 5.29 15.33

Notes: The population figures (in thousands) is a four year moving sum of ihe 18 yeavild age
class and are thus, unadjusted for death and immigration. Studentenrollment. S(t) was taken from
BR (1971). Table 3-1. Faculty figures were computed by multiplying the weighted mean
faculty/Student ratio, 1/R. times S(t). The projected annual requirements for hew doctorates were
taken from BR (1971). Table 3-3.

Table 9. 2-213
Decomposition of the "Adequate Finance" Projectlons

Component 1971 1980 1985 1990

1. Separation rate 8 .02 .02 .02 .02
2 Student Enrollment dS/S .0717 .0228 . -.0301 .0151
3. Student/Faculty ratio dR/R -.0053 -.0071 -.0061 -.0065
4. Doctorate share. 8(dP/P) .0008 .0007 .0006 .0004
5. Sum lines 1-4 .0978 .0506 -.0034 .0420
6. WS 141,7 302.1 361.0 3765
7. New Doc. Req. D(t) 13.9 15.3 -1.2 15.8
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ments Pj neariy double over the projection period, while student/faculty ratios
R1 fall by only around 15 percent. .

A systematic critique of the Balderston-Radner model (and those like it)
is deferred to Pad Ill. Seviral remarks can, however, be made at this point:

1. An examination of the reduced-form equation (2.2a) reveals that the
o projected academic requirement in year t, D(t), is determined by three data

inputs: (a) the projected student enrollment SOL (b) the marginal doctorate/
student ratio W(t) which in turn depends on the assumptions about the doc-
torate share of new appointments P and the student/faculty ratio R, anct(c) the
attrition rate of incumbent faculty, 8 = 1-47.

2. The projected student enrollment, 5(t), in all sectors is exogenous and
is assumed to be unaffected by the assumed demands for new faculty. The BR
model implicitly assumes that' future 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/
faculty ratios or the proportion of college faculties who hold doctorate degrees.*
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 8 = 2
percent, changes the projected requirement for itew doctorates by roughly 3,000.
The, NSF model, [NSF 71-20] derived the attrition rate S from the incumbent
faculty; the deviations from the assumed constant rate of 8 = .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 enroll-
ments, S(t) which BR take as given, and (b) the marginal doctorate/student
ratio, W(t) which is judgmentally determined.

S. The so-called sensitivilf 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 doctoratelstudent ratio
W, the rate of change in student enrollments (c15/5), 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 that methodology are equally applicabie here.

7. Finally and most 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 fractiont 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 attain the
assumed time tracks for P., and Rj? 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 Pxojections of Occupational Requirements

Projections of manpower requirements for specific occupations have been
developed by the Bureau of Labor Statistics for many years.14 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 requirerents are juxtaposed to supply
projections, they are supposed to indicate possible future imbalances 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
employmerit by industry Es., are developed for the projection year. Second,
projections of occupational ratios, in f, the proportion of total employment in
industry i that falls into occupation j are generated ior 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 projection year.

(2.6) tj = I E1 ilj.
i

The BLS methods and their underlying assumptions for estimating L. and ii,
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 EL and hi. is

What can we learn from these BLS projections? The equations that are
used to pioject industry 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 determin0 by the intersection of market demand and supply functions.
When this fact is acknowledged, industry employment projections cannot be
interpreted as manpower requirements or "demands"; they represent BLS esti-
mates of what they think will be the equilibrium industry employments in the
projection year.

That occupational 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 advancement and changes in the scale
of production, pmcluct mix, and organization of i ndustries among o the r
factors." [BLS Bulletin 1606, Vol. IV, 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 little attention in the critical
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literature. Ever) 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, tiut
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 aggrftgated 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 errors
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, I agree with earlier writers that the BLS projections
of occupational requirements do not provide polky- makers and other users with
accurate predictions of future labor demands when judged by conventional
criteria for good statistical predictions.. -

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 thp 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, [meaning workers can easily shift from this
occupation h., 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 year t 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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a trend Projecfion 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 cold be
critically analyzed, but in this paper, 1 shall limit the discussion to three topics:
(a) extrapolations via weighted trend lines, (b) compounding of several linear
trends, and (c) 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,
14, is usually obtained by multiplying the Census projection of an age-specific
age class xt,, (usually 17 year-olds, but sometimes A moving average of 17 and
18 year-olds) and the projected proportion ci of the future age dass that is
predicted to complete high school

(2.7a) i'i, = Xp1:10.

As I argued earlier, XI, is likely to be suite accurate so that attention can be
directed to the method used to project H. It is typically assumed that Ht will
follow a trend, and in the NSF model, a linear trend.18

(2.71,) H, = a + fir r , + el

where Ti is the tren4 variable, and el is a random error term. If (.:x, A denote the
estimates for the parameters of (2.7b), then fip = a + fitTp, and the projected
supply of high school graduates II, is seen to be a non-linear trend extrapolation
of the specific age-dass X.

(2.7c) i'l, = Xpril, = exXl, + 13X1,Tp.

The novel feature of the NSF procedure lies in the estimation of (a,P). Ordi-
nary least squares which attaches equal weight to all observations yields one
set of parameter estimates (4, Ao). The NSF procedure contends, however, that
the most recent observations should be given more weight. More 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
catt, (31) 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 HI: let me call this last set of parameterestimates(ex2132).

The historical data on high school graduates as a percentage of the 17 year-
old aze class Hp are presentee in Table 9.2-3 for the -eriod 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:

(2.8a) i'l = ao + iitoTt = 62.33 + 1.541T1, [equal weights, OLS]

202
198



Table 9. 2-3
Continuation Rates from High School Graduation

to Bachelor's Degree A

Year of
MS Grad. H. 6

Year of
13 degree

-
(l'ai (341e (1-a)

1948 ...... 54.0 47.67 1952 58.52 15.1
1949 56.51 45.191 1953 M.97 14.01

1950 59.0 42171 1954 57.16 14.4
1951
.1952
. 58.81

68.6
43.60;
44.49 11995556

61.41
58.48

15.71

15.2
1953 59.31 46.731 1957 60.14 16.71

1954 60.0 48.97 1958 58.53 17.2
1955 60.4 49.45 1959 57.65 172
1956 62.3 50.53 1960 5523 17.4
1957 63.0 49.90 1961 55.68 172
1958 64.8 51.28 1962 54.10 18.0
1959 63.4 49.93 1963 55.07 17.4
1950 85.1 49.52 1964 54.02 17.4
1961 71.3 51.67 1955 52.92 19.5
1962 69.5 53.54 1966 53.47 19.9
1963 70.5 53.66 1967 56.85 214
1964 76.3 53.49 1968 54.43 22.2
1965 75.6 54.10 1969 53.38 21.8
1966 74.9 51.57 60.03 23.2
1967 76.5 53.69

1197701

50.99 25.1
Mean 64.99 49.585 56.851 18.32
S.0 7.11 3.536 2.696 3.08

Symbols: .
4 H = percentage of the 17 year age class graduating from high school.

e = percentage of the high school graduating class who enroll tor the first time In college.
1-c = the survival rate defined as bachelors in year t expressed as a percentage of first time

enmllments in year 14.
13 = the percentage of the 17 year age class t4 years earlier who earn a bachelors degree.

(2.8b) t = iii + lit,T, = 62.57 + 1.507Tt [double weights, GU]

(2.8c) tt = 4 + 132Tt = 62.67 + 1.475T1 [triple weights, GI.S]

The three fitted trend lines were used to predict the percentageof 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 Fig.

Predicted Values of Percentage of High School Graduates 149

1967 1968 1969 1970 1971

Actual, klg 76.5 76.7 76.0 75.7 75.9

Projected,
(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
(2.8c) triple weights 77.43 78.90 80.38 81.86 83.33
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The relative forecast error, (NH) is less than 1,6 percent in 1967 and is smaller
for the weighted regressions (2.8b) and (2.8c). All of the trend lines overesti-
Mate H so that by 1971, there is nearly a 10 percent discrepancy.

I cannot logically explain the reasons for the NSF procedure. It seems to
assume that the parameters (a,p) 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.= Finally, there is no reason to suppose that the variance of the error
term et should be smaller for the more recent observations. ln short, the NSF
method for projecting future values of Ile or any other continuation rate [by
extrapolating a weighted near trend line.' 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, Yo, 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, cp. Third, one must estimate the fraction of each freshman
class who will coMplete the four years of college and earn a bachelor's degree,
ct = 1-a,, where a, is the attrition rate in college. If we let Zp denote the pro-
jected supply of bachelor degrees in year P. we have,21

(2.9a) Zt, = cp4 ep..; Y1,..t.

where co.t is the completion rate applicable to the cohort entering in year p-4.
Again time series data are used to estimate the parameters of Iwo trend equa-
tions.

(2.9b) et = a + bT, + ut.

(2.9c) cl = A + BTt + vt.

where ut and v, are random error terms. The parameters of these trend lines can
again be estimated by using the historical series for el and c, = 1-al.

If the high school completion rate H, the first-time enrollment rate e, and
the college completion rate c=1-a, are multiplied together, we can compute
the percentage of each age class that completes college; this is denoted by pt.

(2.10) fit . Fli4(1-a1).

These completion and continuation rates for the period, 1948-67, are presented
in Table 9.2-3= 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 et also exhibited a positive trend rising from 47.7
to 64.0 percent. The percentage of each freshman class who earned bachelor
degrees, 1-at, 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
pt in Table 9.2-3.

The carent methodology fits separate trend lines to each completion and
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continuation rate. The final Lupply projection for college graduates Zp is, how-
ever, simply a compounding of these trend lines. Thus, when the three trend
lines from (2.7b), (2.9b) and (2.9c) are substituted into (2.10), we get,

A (at-IllTi) (a+bTi) (A+BTt) = Op + *Xi + 02T42 + ti.o3Ti3

where 00 = aaA, tioi = [aaB + abA + PaA], etc. Thus, when the projected supply
of high school graduateo Ilp is endogenous, [as it is in the NSF model], the pro-
jected supply of college graduates Zp is linked to the pogulation of 17 year-olds
four years earlier, via a cubic trend equation. There is no a priori reason to
suppose that fitting three separate trend lines and multiplying them together
improves the predictive accuracyl a forecast. Indeed, one might do even better
by directly fitting a polynomial trend equation to the historical data for 13t, and
project bachelor supplies from the size of the 17 year age class as follows:

4 = iltp4X9.4, A, = *0 + oiriTp + oir21.02 + . . .

A drawback to this latter approach is that the analyst cannot intuitively inter-
pret the 4t parameters, but he can use his judgment about the plausibility of
the parameters of separate trend lines. From the viewpoint of predictive accur-
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 III 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.23
The proportions of each college graduating class who continued on to .earn
masters and doctorate degrees have climbed dramatically. For the classes grad-
uating in the 1960s, 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.

(c) 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 declining 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 unemployment rates. If we could establish stable empirical
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-Table 9. 2-4
Bachelor and Advanced Degrees Awarded

by All Institutions, 1948-71

Year

No. of Degrees Continuation Rates*

Bachelor
Eh

Master
Ms

Doctorate
Ds Me/1314

,
Dt/Bt.s Dt/Bt-6

1948
1949

..
.,

272311
366698

42449
50763

3989
SOSO

1950 433734 58219 6420 0.214
1951 .. 384352 65132 7338 0.176
1952 - 331924 t 63587 7683 0.147
1953 - 304857 61023 8309 0.159 0.0305
1954- ... 292880 56832 8996 0.171 0.0245 0.0252
1956 . 287401 58204 8840 0.191 0.0204 0.024
1956 .. 311298 59294 8903 0.202 0.0232 0.0232
1957 .. 340347 61955 8758 0.216. 0.0264 0.0257
1958 . 365748 65614 6942 0.211 0.0293 0.0289
1959 . 385151 69584 9360 0.204 0.0320 0.0317

1960 .. 394089- 74497 9829 0.204 0.0342 0.0331
1961 .. 401784 78269 10575 0.203 0.0340 0.0338
1962 .. 417846 84855 . 11622 0.215 0.0341 0.0343
1963 . 450592 9141.8 12822 0.228 0.0351 0.0352
1984 - 498654 101050 14490 0.242 0.0376 0.0379
1985 .. 538930 112195 16467 0.249 0.0417 0.0418
1966 . 551040 140655 18237 0.282 0.0454 0.0450

.1967 .. 594862 157892 20621 0.293 0.0494 0.0487
1968 . 666710 176740 23089 0.321 0.0512 0.0507
1960 769683 194414 26189 0.327 0.0525 0.0528

1970 827234 .208291 29866 0.312 0.0554 0.0564
1971 877676 230509 32107 0.299 0.0583 0.0527

Sum ... 5.0680 0.71520 0.68400
Mean .. 0.2304 0.03764 0.03800
S.D. ... 0.0534 0.01146 0.01145

The base for the last column is defined as:
Bt-s s-- (1/3) (1314 + 9s4 + Elt4i

relationships between Ht and these variables, it would provide as with a far
sounder basis for projecting Hi into the future. The first-tim enrament rate
as freshmen et, depends on, among other things, the cost of a college education,
the impact of military conscription, and again, family incomes.24 Although the
temporal variations in the college completion rate, co = 1-ao, are smaller, they
are still substantial. My observations suggest that the completion rate, 1-a, is
systematically related to the size and control of the institution being higher in
smaller and private institutions. Further, to the extent that college education
represents an investment in human capital, the earnings differential between
college and high school graduates should affect both et and 1-as.
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The naive extrapolations of trends in these rates wiil 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. InsteLd of devoting more research
funds and resources into collecting more reliable and current data to develop
better trend equations, it is my considered opinion that far moreocan be learned
by developing sound econorrdc models to identify the causal variables which
are responsible for the temporal variations in the pertinent completion and
continuation rates.

IIIOn the Production and Employment of Doctorates

The public sector at both Federal and state levels has clearly assumed the
responsibility for promoting the growth of higher education. Increasingly larger
shares of general tax revenues have been appropriateck3olinance 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.25 Further, the
NSF and NDEA fellowship and trainees hip programs were expressly intended
to expand the supply of one kind of highly trained manpower, namely science
doctorates. Expanded support for state universities and the research grants to
academia from public agencies and foundations also contributed to the financial
aid that was needed to subsidize a grdwing population of graduate students. As
Wolfle and Kidd (1971).pointed out, our decentralized higher education system
responded admirably bilirearly tripling the annual production of dcictorates
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
turning up, and the latest vintages foretell of a glut in the market for Ph.D.'s.
According to Balderston and Radner, if public policies do not provide the
"adequate finance that is needed ,to finance an enrichment in the doctorate
shares of faculties and reductions in studentliaculty 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, Cartter voices the fear that new doctorates in the 1980s
will be forced to accept emOoyment in positions well beiow what they had
aspired to as Ph.D. candidates. On this point, I agree with Gannicott and Mug

. (1973) who wrote, ".. . that the concept of an appropriate job for a given level of
education is meaningless." [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 administrators, 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.laboi markets or that are
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likely to determine equilibrium rates of production and employment in tlie
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 eniplOyment of doctorates.26 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 Orojected 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 job5;22 In order to illus-
trate the magnitude of the projected surpluses, I have selected the most recent
published doctorate supply and utilization projections developed by the Na-
tional Science Foundation [NSF 71-2428 Although the NSF study identified
five broad fields, I have combined the physical sciences, life sciences, engineer-
ing, and mathematics into one category which I call 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 aro 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 end Utilization of Science and Engineering Doctorates

(actual, Jan. 1969 and projected 1980)

item Total
Hard ."'

Sciences
Social

Sciences

1. Actual 1969 Utilization 158.0 123.0 35.0
1.a Academic 94.3 66.6 25.5
1.b Non-academic 63.7 64.2 9.5

2. High Projected 1980 Utilization 297.4 226.9 70.5
2.a Academic 165.1 116.6 48.5
2.b Non-academic 132.3 110.3 22.0

3. Low Projected 1980 Utilization 269.7 203.7 66.0
3.3 Academic 163.5 115.1 48.4
3.b Non-academic 106.2 88,6 17.6

4. Supply Projections
4.a Hogh 335.6 248.3 87.3
4.1, Low 314.8 233.5 81.3

5. Maximum Surplus
(tine 4-a minus line 3) 65.9 44.6 21.3

(19.6) (itO) (24.4)
.6. Minimum Surplus

(line 4-b minus line 2) 17.4 6.6 10.8
(5.5) (2.8) (13.3)

Source: NSF 7140, p. 6 and p. 24.
The hard sciences include physical sciences, hie sciences. mathematics, 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, facultylstudent ratios, etc. The
high and low projected 1980 supplies (lines 4-a and 4-b) were derived by taldng
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 between 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 over demand] varies between 55.9 and 17.4 thousand.
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 Lthey are 19.6 and 5.5 percent. The NSF projections thus imply that
at worst, one in every five Ph.D. scientists will be unable to find suitable
employment in 1980 that "requires" the tiaining and skills 9f 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, a
will be noticed that there are some discrepancies between actual and projected
(laws 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 harp science
Ph.D.'s in the period 1970-75 is "cottsiderably 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.29 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,,nimely a much larger increase in the projected supply of sodal 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 tq
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 dedcion 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 sizeable
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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,4/ Table 9. 3-2
Doctors Degrees Conferred by Field
(actual 1961-72, projected 197040)

All Fields Hard Science Social Science Non-Science

Year No. change No. change No. change No. change

Actual
1961 10.411 -- 5.047 -- 1,829 - 3,535 -
1962 11.507 10.5 5.675 12.4 1.944 6.3 3 888 10.0
1963 12.720 10.5 6.345 11.8 2,082 7.1 4.293 10A
1964 14.324 12.6 7,142 12.6 2.329 11.9 4,853 1a0
1965 16,302 13.8 1290 16.1 2,411 3.5 5,601 15.4
1966 17,865

20,295
9.6

13.6-
8,946

10.003
7.9

11.8
2.708
3,187

12.3
17.7

6.211
1967 .105

10.9
14.4

1968 22,834 12.5 11.126 11.2 3.579 12.3 8.129 14.4
1969 25,734 12.7 12314 10.7 4,051 13.2 9,369 15.3
1970 29,436 14.4 13,603 10.5 4,700 16.0 11.133 18.8
1971 31,772 7.9 14,276 4.9 5,316 13.1 12.180 9.4
1972 33,001 3.9 13,966 -2.2 5,574 4.9 13,461 10.5
Projected (NsF)
1970 28.4 8.4 12.82 5.3 4,06 10,9 11.54 11.0
1971 31.4 10.6 13.82 7.9 4.53 11.6 13.09 13.4
1972 33.7 7.3 14.29 3.4 4.94 9.1 14.49 10.7
1973 35.9 6.5 14.73 3.1 5.25 6.3 15.90 9.7
1974 38.4 7.0 15.74 6.9 5.65 7.6 16.94 6.5
1975 39.1 1.8 15.90 1.0 6.05 7.1 17.12 1.1

1976 40.4 3.3 16.32 2.6 6.46 6.8 17.56 2.6
1977 41.4 2.5 16.61 1.8 6.86 6.2 17.86 1.7
1978 42.6 2.9 16 97 2.2 7.26 5.8 18.42 3.1
1979 43.9 3.1 17.33 2.1 7.67 5.6 18.87 2A
1980 45.2 3,0 17.77 2.5 106 5.1 19.42 2.9

Source: Actual degrees conferred taken from National Research Council, Doctorate Record
File. Projections are from NSF 71-20, Table B-1, p; 26.

' The NSF projections were based on Office of Education dataon earned doctorate degrees, and
not on the NRC estimates shown in the upper panel of this table. The two senes (NRC and Office of
Education) are, however, quite similar.

on the expected costs and returns 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
orrect 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 "returns", and if
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Table 9. 3-3
Doctorate Degrees Conferred for Selected Fields

,,,.... Growth rate'
F ield 1961 1966 1970 1971 1972 1961-72

Physics 597 1,049 1.657 1.740 1.635 9.59
Chemistry 1,1b0 1.580 2.223 2.204 2,011 5.21
Engineering 940 2,283 3,432 3.495 3,475 12.62
Mathematics 332 766 1.210 1.236 1,201 1306
Health Fields 101 115 300 349 310 10.99
Zoology 265 395 519 572 551 6.00
Psychology i 020 1,133 1.083 2.116 2,262 9.66
Anthropology 60 109 225 258 276 14.96
Economics 413 622 971 951 900 0.17
Sociology 167 258 506 583 634 12.96
Geography 50 55 131 150 177 12.18

Source: National Research Council. Doctorate Record File.
Figureslepresent the annual compound growth rate between 1961 and 1972. .

an acadenlic post provides more prestige, then the chances of securing an aca-
demic position will be another important variable. In this section, 1 try to
combine these considerations into a model of the supply of applicants ta
graduate schools. The juxtaposition 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 )(Bp and YDs respectively denote the wage earnings
of bachelors and doctorates t years after completing the bachelor degree. If
the successful completion of a Ph.D. degree 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
(3.1) E =

=2k
0 --Ir (Yot Yin)

t

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 age-earnings profiles, (Ypt,Y5t), it is apparent that E will be larger, the
lower 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 I assume that all workers retire at age
65, the uncliscounted 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. 34
Annual Earnings of Bachelors and Doctorates, 195960*

Item Bachelors
All

Doctorates
Non-academic

Doctorates

1. Annual Earnings at Age:
22 3.032 o o
26 5.224 6.197 7.588
30 . 7.099 7.614 9190
35 .. 8.863 9.235 11.220
49 . 10.318 11.240 13.634
as 11.199 111492.7 13.061
so 10.534 12.519 14.701
55 . . 11.626 12.755 15.802
60 11,435 12.942a 16.735a
64 11.181 13.183a 17.984a

Sum 22-64 407.155 426.421 522.926
2. Present Value of Earnings Y.

2.a at 5 percent 148.914 143,967 174.759
2.b at 10 percent 74.693 64.909 78,634

3. Annual Equivalent Income Y.
3.a at 5 percent 6,053 9,794 11.889
3.b at 10 percent .. 6.905 6.655 10.727

4. Differential In Present Value of Earningsb
4.a at 5 percent .. - -4.947 25,845
4.b at 10 percent . -9.784 3.941

- .-..,
Source: The bachelor figures are the 1959 incomes of White males with 16 years of education

from the 0.1 percent sample. The doctorate figures are the geometric means of six cohorts in 1960
taken from: "Careers-of Ph.D.'s. Academic vs; Non-academic". A Second Report on follow-up of
doctorate cohorts, 1935-1960. (National Academy otSciences. Publication 1577, Washington.
D.C. 1968). see especially Tables 5 and 7. pp. 26 and 31. .

a. Calculated by extrapolating the annual compound growth rate between ages 50 and 55 toages
60 and 64.

b. Calculated from lines 2.a and 2.b.

uate study, ages 22-25.] The present values of earninss [where bachelors have
a longer work 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."

The earnings of all doctorates exceed the earnings of bachelors, but the
difference in accumulated lifetime earnings (at a zero interest rate) is small,
+19.3 thousand dollars in 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.
lf, 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.32

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 accrues
to the Ph.D. holder. To get E, we 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 iftterest rates of 0, 5, and 10 percent; these were 163, 15.0, ard 14.0
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thousand in 1960. Using both the all doctorate and nonacademic. doctorate
income profiles for Yot, 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 4,173

Nonacademic doctorates 132,082 40,885 17,898

*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, (Yin,Ynt) were geometric or arithmetic
mean earningc that mask the wide variations of incomes across fields, indi-
viduals, and types of employment. An able engineer with a BS deg:ee 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 monetary 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 ('4t,Y1) 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,

rg
(3.1') E* = (1-Fer (YinYnt), where r* =

t=k 1+B

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 raduates 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.33 Some writers like Banfield
(1970) have asserted that youths attach a high discount rate to future 'income
streams. If so, the use of adjusted interest rates r* of 5 and 10 percent give us'
the right measute for the earnings differential E* that correspond to personal
time preference rates r of 10 and 15 percent.34

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 degrees in 1950, 1955, and 1960 [as
well as an interpolated value for 1963] can be obtained from the NRCSurvey.35
The NSF Roster of Doctoral Scientists also gives us estimates of the median
annual salaries of all 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 Earnings of Doctorates and Bachelors, 1950-73

1950 1955 1960 1963 1966 1866 1970 1973

1. NRC Cohort Data
1-a All Doctorates 4,975 6.062 7.614 8,644a
1-b Academic . 4,525 5,316 6,976 7,983a
1-c Non-academic 5.957 7,324 9.290 10,182a

2. NSF Median Ph.D.
Salaries 10.000 11,500 13.200 15,000 16..400 20,890

3. Starting Bachelor
Salades

(Endicott. Business) 2.936 4.060 5.256 5,912 6.816 7.968 9.004 9.698

Relative Earnings of Doctorates
A-a = (1-a)/3 1.694 1.493 1.449 1.462
4-b = (1-b)/3 1.541 1.309 1.327 1.350
4-c = (1-c)/3 2.029 1.804 1.768 1.722

5 = 2/3 1.903 1.945 1.937 1.906 1.833 4154

.

Sources: "Careera of Ph.D.'s" NRC (1968 and NSF Roster of Doctoral Scientists and Engineers).
a. Dbtained by extrapolating the 1963 salaries back by three years assuming that dot:torate

earnings increase et 4 percent per additional year of experience.

plan, differential has not changed much over time.

B. The Costs: 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 expensesu 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 ofterrconcerned 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 living expenses.

All of the cost items that enter into both outlays and economic costs v-ely
across fields of study, institutions, and indiciduals. In panel A of Table 9.36, I
have assembled some of the backgrouad data on tuition and mor'n and board
costs." In deriving the data appearing in panel 8, I invoked the following
assumptions:

I. Tuition is the arithmetic average for public and private universities.
This is fv 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 assumed to be 50 percent higher than the room and
board expenses shown in panel A.

3. Roughly 20 percent of living expenses are extraordinary expensei that
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. .
would not have been incurred if 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 no 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 9, 3-6
University Tuition and Living Expenses

(selected years)

Item 1959 1963 19,71 1973

Growth Rate

1963-66 1968-73

A. Background Datail
1. Tuition

Public ........ ...... .... 261 377 522 6.05 8.08
Private . 1,216 1,638 2,412 6.14 6.05

2. Room and Board
Public 745 668 1,147 3.10 5,73
Private , . 699 1,035 1.376 3.09 5.66

3. Foregone Inc. met) 5.064 5.912 7,868 9,696 5.69 4.27
B. Constructed Data

1. Tuition 590 749 1.008 1,482 6.12 8.02
2. Living Expense 1,084 1,225 1,427 1.812 3.10 4.89
3. *'Outlays" . . . 1.674 1.947 2,435 3.374 4.69 6.75
4. "Privale Econ. Cosr 5.871 6.906 9,161 11,620 5.81 4.87
5. Present Value of "private

cost" at r - .05 (000) 21.86 22.70 34.11 43.26 -
a Source: Digest of Education Statistics, Table 128 p. 113.
b Source: Endicott Series on Warier* College Salaries tor 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 private economic
cost [which equal the full ecqnomic costs given no financial aid] are dominated
by the opportunity cost of foregone income accounting for around 87 percent
of the economic cost in 1973." 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 have 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 .051 ard 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.39 These "representa-
tive" calcubtions again conceal the wide variance across individuals. Tuition
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at private universities is three times that at public although the differential
leems tole narrowing.

A comparison of the private economic costs to the monetary returns yields
very different rates of return. A survey of graduate student finances in Spring
1965 revealed that 43 percent of the 477,535 graduate students received some
stipends:10 Weiss (1971) found that the net earnings 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 earnings
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 earnings from economic costs, the rate
of return to the investment in a Ph.D. dimbed 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 for a Ph.D. suc-
ceed. Our casual observations tell us something about the magnitude of the
proportion ir of each entering graduate dass 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 Earned by 1966: Berkeley*
(for cohorts entering in 1951, 1954, 1957)

Department
No. in
Sample

Percentage who earned:
Ph.D. Master No Degree ,

Political Science 82 7.3 31.7 61.0
English 81 11.1 33.3 55.6

Chemistry 125 75.2 11.2 13.6

History 74 21.6 21.6 56.8

*taken from Breneman (1970A), Table 2, p. 9

What surprised me about the Stark data, was not the proportion 7r who earned
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 I 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-
*led the requirements for a Ph.D. degree.4' A discussion of the determinants
of the completion rate ir [across fields and institutions] is deferred to sectiori
3.3 below. The issue here is, "How does the student's estimate of ir affect his
decision to enroll in graduate school?".

Let y denote the private net economic cost for k years of graduate study.

(3.2) y = I. (1+ r) (CiSt),

where CI is the full economic cost including the opportunity cost of foregone
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income, and St is the sum of stipends, tuition waivers, and part-time income.
U we ignore the attrition risk:the expected net present value of the investment
is simply,.

(3.3a) V = E y,

where E is defined in (3.1). The model 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

(3.3b) V' = irE

Clearly V' will vary across students depending on, among other things, ability
and the chosen field of study which will affect ir, the monetary returns if success-
ful E, and 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

= $15.6 thousand in 1960. Since the monetary return to all doctorates was
only E = $10.1, the Investment in a Ph.D. was not a profitable one at a 5 percent
interest rate, even if ir = 1. lf, however, we compare y to the income stream of
a nonacademic doctorate, E = 40.9, the net present value V' will exceed zero
when ir > .381. lt should be emphasized that these comparisons (which are
based on admittedly crude data) describe the net returns to the "representa-
tive" student. The values of (11, 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),42 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.e., 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 earnings of academic and nonacademic doctorates (the latter earn
about 20 to 30 percent more) gives us a rough indication of the nenpecuniary
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.43 Virtually all uni-
versities have adhered to a policy of never cutting the nominal salary of an
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incumbent faculty member Since roughly two-thirds of all faculty members
are tenured, the burden of adjusting to changing market conditions must
largely be borne by new doctorates. Further, the matching of individuals and
jobs often entails substantial hiring and training costs because of the wide
diveisity in the traits of Ph.D.'s and the varying demands imposed by specific
jobs. High labor turnover 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 lower salary for an incumbent. As of Jan. 1,
1969, 59.7 percent of all science doctorates were employed in academia [confer
Table 3.11 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 probabilitfof 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 "returns" to the
Ph.D. degree (including both monetary and non-pecuniary returns) thereby
reducing the supply of students who will apply for graduate study.

The decision to continue beyond tile 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 turnover with
frequent job changes and intervening spells of unemployment. Hall (1972)
found, for example, that teen-agers typically hold three or four different jobs
in a single year. For the non-college bound, the period following high school
is characterized by the search fora suitable job. The situation is not qualitatively
different tor the college graduate. For some individuals, the search for a career
may be most economically carried out by enrolling in graduate school. Brene-
man (1970A) argues that most first-year students are ignorant about the objec-
tive chances .3r of earning a Ph.D. degree. I suspect that even fewer know how
they would value the non-pecuniary attributes of 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 pattern" or as a
means of switching fields of study. We have only limited empirical evidence
on the returns to an investment in graduate education that does not culminate
in an earned Ph.D. degree.44 The cost of a graduate education, (at least for
some individuals) should not be treated solely as an investment in human
capita!, 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, a decrease in the cost of search increases the demand both in terms of
the number of searrhers and the duration of search. Second, wealthier indi-
viduals demand more leisure and attach higher implicit values to non-pecuniary
attributes of employment whict can onr be determined by search. The avail-
ability of fellowships, TA's, and RA's gmitly lowers 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, or a stint in graduate school may
all be reflections of an increase in the demand for a more leisurely search for
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....mara.........

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 sugaests that other things equal, [specifically the monetary returns
E and the cost ygl, the projected growth in mai incomes should lead to an ex-
pansion in the supply of first-year graduate students:

The expected net present value, V", of an investment in griduate education
can now be defined to incorporalethese considerations. Let H denote the im-
plicit value of search, While Q represents the implicit value of the non-pecuniaiy
attributes of doctorate employments.

(3.4) V" = Ir(E+Q) + H y.

All of the variables determining Vs can vary across individuals..The private
cost y, for example, is to a considerable extent determined by Federal, state,
and private university policies concerning the amount and allocation of fellow-
ship, TA, and RA funds; moreover, y is likely to be 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 earning a
Ph.D. ir, the gross returns to the Ph.D. (E+ Q), and the costs, y his estimate
for y is likely to be the most accurate. Hence, for each student, there is, in
principle some V", and we o Ad 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,

(3.5) G. = .I.: f(r)dV". B = .f+_:, 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, ir, E, Q, and y are obvious. There is some
evidence corroborating these obvious anticipated signs. An unpublished study
by Ashenfelter (1971) revealed, for example, a close positive correlation Setween
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 dGaldy < 0. The tighter labor
markets for new Ph.D.fs, (especially in academia) in recent years, 1970-73, indi-
cate a decline in both the monetary and non-pecuniary returns, (E+Q), to the
Ph.D. degree. A fail 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, (GA).

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.45 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 more empirical research on how the monetary returns, 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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productsbachelor degrees B, masters degrees M, doctorates D, and research
X. Some might want to add another "output", service to the community. These
"Outputs" are produced by combining inputs of undergraduate students U,
graduate students G; faculty F, and other resourcesbuildings, facilities, ad-
ministration," and support personnel. The specification of a model describing
the behavior of a uniyersity is beset by two difficult problems that have not
been satisfactorily resohred in the literature. The first, (and simpler of the two),
is the identification and estimation of a joint prciduction function which
describes how input flows of faculty and students, (F,U,G), are technically
transformed into output flows of completed degrees and research, (B,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) . f(B,M,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
kaders, 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 disaggregMive, partial level, Breneman hypothesizes a departmental
objective function wliose 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 institudons. If degree recipients and research are properly adjusted
for quality,46 the arguments of a university's objective function should only

.. include "outputs" and be something like,

(3.7) W --i 41(B, 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( + ZFz = R + E. [R = R(U,G,X)]

where FF1 = the compensation of faculty, ZPz = 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.4' 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. I 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 ZF.,
and endowment income E are fixed in the short run. The budget constraint
facing the university can be simplified to:

(3.8') FFf = R*(U,G) 4- K,

where K is the net revenue from endowments and research contracts Iss ZP
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the costs of other resoUrces. The "fixed coefficient" models that are used to
project supplies, imply strong separability of the joint production function
(3.6), riamely, undergraduate inputs U do n affect the output of graduate de-
grees;and vice versa. The production functio implied-by these models are of
the form:

(3.6a) B = (i-a) Ut,

(3.6b) D = (1-8)G1,

where for simplicity, I assume only one kind of graduate degree, doctorates D.
Thus, in (3.6a), the output of equivalent bachelor degrees B is linked to the lagged
input of first-year undergraduates U, via the attrition rate a in undergraduate
education. Similarly, D Blinked to the lagged input of fitst-year graduate stu-

, ,dentS Gt via a different doctoral attrition rate 8. This is stilely an over-simplifi-
cation,48 but it enables us to see how the liudget 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 in two ways; (a)
offer more stipends to applicants of a given quality or (b) lower the minimum
qualifications for admission to the doctoral program. lf G and G, are measured
in equivalent quality units, the revenue function, R = RIU,G), will exhibit
raiiidly diminishing returns.49 Further, an enlarged doctoral program must be
accompanied by an increase in the size of the graduate faculty, Fg, in order to
prevent an unwanted rise in the doctoral attrition rate B. We can define a net
marginal revenue, NMRg, as the difference between the marginal revenue
generated by the student, (dR/dG1), and the incremental cost of the added
faculty needed to maintain 'a constant attrition rare 8.

NMR
dR dFg

=
dGt dGt

1.

;
It 4s probable thit NMItg becomes negative rather quickly when the univer-
sity hires new faculty to stiff the doctoral program.50 When this happens, the
budget constraint is violated, and the university must adopt another means of
financing its 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 enrollments U. lf this is not done,
a lower faculty to student ratio in undergraduate courses must lead either to a
higher undergraduate attrition rate a or a lower quality of bachelor degrees;
both result in fewer equivalenfrbachelor degrees.

In the absence of more lextemal 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,
NMR6, eventually becomes negative as (a) larger stipends are offered to attract
students, (b) lower quality students are admitted, and (c) more faculty are hired
to staff the graduate program. The enlarged 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 froni Bachelor to Doctorate: The NSF
model for projecting future supplies of Ph.D.'s is qualitatively similar to the
"fixed covfficient" model of equation (3.6b) above. The assumption in (3.6b)
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of a fixed ratio, (1-E). of the output of Ph.D. degrees to the lagged 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 Gi denote
the number of first-time enrollments to a graduate program in year t. Some
fraction ir2 of them will complete all of the requirements for the degre in two
years, another fraction IT3 in three years, etc. The doctorate yield from this
cohort will then be the sum of these proportions where J is the upper limit,
(irs + ir3 + ... + Ito). lf these completion probabilities are stable over time, the
actual number of Ph.D. degrees conferred in year t, D. will be a distributed lag
of prior first-year graduate enrollments, Gt.,.

(3.9) Dt = i ir41., = IT2Gt.2 + ir3Gt.3 + ... + ITA.J.
j=2

The NSF Roster or the NRC Doctorate Record File could be used to estimate
the profile of these completion probabilities irj. ln the time available for this
paper, I was unable to gain access to these files. lf, however, one assumes that
nearly all students enter graduate school immediately after receipt of their
bachelor degrees, the biographical data in American Men and Women 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 in
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 his dissertation. ln 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)." 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 al] 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 to 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)), I was unable to get reliable estimates
on the probability of ultimate completion, ir = Zvi. I have the impression that
7r is around .2 to .4 in the social sciences and around .5 to .7 in 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 9. 3-7A - k

Distribution of incubation Period
from Bachelor to Doctorate Degrees

Yeats trom
Ab/BS to Ph.D

Total Sample Degree Bran led Since 1960

Freq. Percent
Cumulative

Percem Freq. Perceni
Cumulative

Percent

Physical and Biological Winces
2-3 9 4.95 4.95 3 3.95 3.95
4 29 15.93 20.88 11 14.47 18.42
6 28 15.33 36.26 11 14.47 32.89
6 25 13.74 50.00 12 15.76 48.68
7 17 9.34 59.34 8 10.63 5921
8 15 8.24 67.58 6 7.89 67.11
9 10 5.49 73.08 1 1.32 68.42
10 11 6.04 79.12 6 7.89 76.32
11 4 2.20 81.32 2 2.63 78.93
12-14 14 7.69 83.01 8 10.63 89.47
15 or more 20 10.99 100.00 8 10.53 100.00
Social and Behavioral Sciences
2-3 11 5,91 5.91 3 3.26 3.26
4 21 11.29 17.20 5 5.43 8.70
5 17 9.14 26.34 9 9.78 18.48
6 22 11.83 38.17 12 13.04 31.52
7 20 10.75 48.92 15 16,30 47.83
8 20 9.68 58.60 11 11.98 59.78
9 18 9.68 68.28 9 9.78 69.57
10 11 5.91 74.19 4 4.35 73.91
11 11 5.91 80.17 4 4.35 78.26
12-14 14 7.44 87.63 3 3.26 81.62
15 or more 23 12.37 100.00 17 18.48 100.00
Ail Sciences
2-3 20 5.43 6.43 6 3.57 3,57
4 60 13.59 19.02 16 9.52 13.10
6 45 12.23 31.25 20 11.90 25.00
6 47 12.77 44.02 24 14.29 39.29
7 37 10.05 54.08 23 13.69 62.98
8 33 8.97 63.04 17 10.12 63.10
9 28 7.61 70.65 10 9.95 69.05
10 22 5.98 76.63 10 5 95 75.00
11 15 4.08 80.71 6 3.57 78.57
12-14 28 7.61 88.32 11 6.56 85.12
15 Or more 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 ir (implying a rise in the doctoral attrition rate 8). 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 hypdtheses. Aside from
Breneman (1970B),53 the research to date has largely been addressed to project-
ing future supplies and not 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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Tablet& 3-73
Percentage Distribution of the Incubation Period

from Bachelor to Doctorate
(classified by broad field and year of doctorate degree)

Years from AB to Ph.D

No. Mean

Standard

DeviationYear 2-7 8-14 15 or more

Physical and Biological Sciences
before 1939 91.7 0.0 6.3 12 6.00 2.98

1940-49 57.1 33.3 9.5 21 7.62 4.43
1950-54 65.7 34.3 0.0 35 6.69 3.01
1955-59 44.7 31.6 23.7 38 9.89 5.97
196044 58.8 35.3 5.9 34 8.32 5.83
1965-73 59.5 26.2 14.3 42 8.67 5.10
Total 59.3 29.7 11.0 182 8.18 5.03

Social and Behavioral Sciences
before 1939 47.1 52.9 0.0 17 7.71 3.41

1940-49 65.0 30.0 5.0 20 6.60 3.07
1950-54 40.0 60.0 0.0 25 8.52 3.66
195549 . 50.0 34.4 15.6 32 8.66 5.13
196044 33,3 41.7 25.0 24 10.75 5.63
1965-73 52.9 30.9 16.2 68 9.13 5.40
Total 48.9 38.7 i 2.4 186 8.77 4.88

Combined S ciences
before 1939 66.5 31.0 3.4 29 7.00 3.30 .

1940-49 61.0 31.7 7.3 41 7.12 3.82
1950-54 55.0 45.0 0.0 60 7.45 3.39
1955-59 47.1 32.9 20.0 70 9.33 5.60
1960-64 48.3 37.9 13.8 58 9.33 5.83
1965-73 55.5 29.1 15.5 110 8.95 5.27
Total 54.1 34.2 11.7 368 8.48 4.95

nancial (budgetary) resources and by the market demand for new Ph.D.'s. Very
few universities 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,54 but
also the indirect costs of diverting faculty time 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 koni-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 wouid rather not admit marginal students even when the student is pre-
pared to pay for the incremental costs."

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.p.'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"

220

224



for its Ph.D.'s. In hi3 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 am 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 increasing attrition rates."

Information about the job market ii often imperfect. Students seek the
advice, guidance, and assistance of their principal advisors ill finding suitab/e
employment. These faculty advisors are often the channels through which
information about the market is funneled back to the admissions committee.
Graduate deans are continually surveying degree recipients and compiling data
on their empbyment. Several writers have asserted that these information
channels are imperfect, and they an-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.57 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 ;ri 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 in 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 19721 these supply projections are
drastically revised downward without ever really tryingto determine the
underlying causal factors that produced the dip. Although surveys of the deans
of graduate schools contradict these supply projections," the trend projections
still seem to command ihe 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 those, with Ph.D. degrees, are expected to
produce some research even when thee 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.59 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 van/ the pro-
portions of doctorate to non-doctorate faculty inputs in response to changing
relative prices (satiries) and relative productivities where the latter is measured
by /heir respective contributions to the research and teaching outputs of the
university.60 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. I have not comeacross 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, I 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 theoretkaf viewpoint, im-
portant determinants of the supplies of first-year graduate students; these
factors ate totally ignored in the current 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.

I can only conjecture on the ways in which policy-makers might react to
the projected 1980 glut in the Ph.D. labor market. They could tty to reduce the
future supply of science doctorates by cutting back on fellowship and trainee-
ship funds. They might by 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 4rowth 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
not know is the empirical magnitudes of the response of the Ph.D. labor market
to the various policy alternatives, 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 outcomes of private and public
decisions. It ii 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 publiepolicies 'toward higher education can only be
achieved if we, as analysts, are able to identify and quantify how past and
future public policy actions affect the equilibrium in the Ph.D. labor market.
In spite of these criticisms which have been voiced by earlier writers, public
agencies continue to demand more scientific manpower forecasts that differ
only in the refinement of the available statistics and in !nsignificnt alterations
in the basic methodology. The pressing need for more manpower projections
of essentially the same ilk, [backed by the funding to produce these projec-
tions], seems somehow to have gotten the priorities reversed.62 Forecasts that
can be potentially useful in guiding the fommlation of public policies, must
be based on a sound economic model of the market for Ph.D.'s. Such a model
would provide policy-makers with empirical estiniates of the relationships
describing the behavior of universities and other institutions (mainly research
organizatiorp and government) that employ science doctorates, as well as the
behavior of college graduates who form the potential supply of new Ph.D.'s.
The existing projection models that foretell the future of the ph.D. labor market,
do not ir.corporate these behavioral relationships and thus Ae incapable of
providing us with valuable insights about the functionings of the Ph.D. labor
market.

FOOTNOTES

Market insurance and self- insurance via savings offer two ways of spreading the costs of some
random events such as &es, illness, death. etc. Other risks and costs can be affected by allocating
resources to protection; e.g. installingsprinktersystems, hiring public and private police protection,
buying non-flammabIe fabrks, etc. F.H. Knight (1921) drew a distinction between "risks" and
"t..-sertainties". According to my interpretation of Knight, risks pertain to situations in whkh 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 events which scientific manpower fore-
casts purport to predict, are closer to Knight's concept of uncertainty.

3 This reason applies equally to both public and private demands. An oil company contemplat-
ing an investment in another ocean-going tanker must somehow forecast the future returns 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. 16-111), which presents the authors'
arguments for rejecting reasons 1, 2, and 4 as valid justifications for manpower forecasts.

4 Freeman and Breneman (1973), pp. 16- IS, 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 rosoris I 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.). Stigler, The TIwory of Price (The MacMillan Co., New York;
1952), second edition, pp. 156-7.

Although I appreciate the imeortant distinctions between forecasts, conditional forecasts,
and projections, the exposition is facilitated by referring to all of them as 'forecasts". I shall, how-
ever, distinguish between requirements or demand forecasts vs. supply forecasts.

The magnitude of the decline is evident by examining the data for a specific age class. In
the table below, I present the Census data for the actual and projected population of IS year.olds.
The figures are five-year averages for both sexes in thousands..

1950-54 2,120.4
195549 .2,279.6
1960-64 2,790.8
1965.69 3,620.0
1970-74 3,953.6
1975-79 4,215.2
19804 4 3,936.4
1985.89 3,569.0

It should be remembered that the IS yor-olds in 1989 were already born in 1971 so that these
population projections will be extremely accurate.
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a I
In their review article. WoMe and Kidd (1971) p. 789 wrote, "For example, Balderston and

Radner's work was, to a considerable extent, a test of the sensitivity of Caritas projections of
faculty employment to changes in some of the undedying assumptions."

y The four structural equations are: (1) new doctorate requirements Ds are equal to the doctorate
shire of new appointments Pp timektotal new faculty appointments Nj, Ds w Pim, (2) total new
faculty appointments are equal to the change in the stock demand for faculty plus replacement
of faculty who retire. It can be written,

Nor. [F,(0 - F.0.0) + sF(t-l) . F40 - aFs(t-1),
where 8 a .02 is the retirement rate and a w VS. (3) the stodc demand for faculty is equal to the pro-
jected student enrollment in the j-th sector% divided by the student:faculty ratio Ilj, fi le SIRs. and
(4) student enrollment in the j-th sector is equal to the allocative proportionality share ks times total
student entailment. .

S(t) w kj(t)S(t).

re 11 the assumed trends in the allocative shares of students, ks(t), are substituted into (2.2b). we

Bet
W(t) - Wo - pt me .0225 - .00012271 .

Thus, W(t) declines from .0225 in 1970 to .0200 in 1990. In interpreting equation (2.4), it should be
remembered that in the "no change" projection. Ps and RI do not vaty.

it !have only shown the parameters for the "adequate finance" case. The "intermediate' pro-
jections assume target values for the doctorate share of new hires. PI, which, by 1990, will equal the
observed,1967 percentage of associate professors in each sector who held doctorate degrees.

82 According to the Digest af Educational Statistics. f(1972), Table 88, p. 75), resident degree
credit enrollment In all institutions of higher education as a percentage of the 18-21 population,
climbed from 4.01 percent in 1899-1900 to 51.89 percent in Fall 1970. The Digest figures of 7.545'
thousand enrolled in Fall 1970 differs from thkCartter projection_for 1970 of 6.303 thousand (as
reported in Table 34 of Balderston and Radner (1971), p. 18). The discrepancy is prebably due to
the use of full-time equivalent students in the Cutlet projections. The Cartier student enrollment
projections imply that college student enrollments as a percentage of the 18-21 population will rise
from 43.3 percent in 1970 to 60.4 percent in 1990.

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-year graduate
enrollments is lower, the larger is the excess supply of doctorates. Hence, the projected academic
requirements for new doctorates affects projected student enrollments In the "marker' versiun of
the NSF model. .

ix 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 sectors 4
in the doctorate share of new appointments Ps. A disaggregation between undergraduate vs. grad.
uate enrollments would, I suspect, have been far more efficient in describing the prior "demands"
or requirements for new doctorates.

.,

11 The most recent BLS projections are reported in, "College Educated Workere, 19680" BLS
Bulletin 1676. Projections for 1975 appear in 'Tomorrow's Manpower Needs", BLS Bullftin 16%.
The BLS methodology is described in Appendix A of OWL:tin 1606, VoL Pi.

is In actuality, the methodology is more complicated. For some occupations such as auto
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. I am also
skimming over the difficult empirical issues of comparable data and consistent occupational defi-
nitions.

14 With fixed technical coefficients, the prices of products that are more labor intensive will
rise faster when the wage rate of labor is increased. The higher relative prices for labor intenshie
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, (t As)
Is simply the product of the corresponding ratios for industry employment and occupational ratios.
lf there are N industries, we have,

t Nt t0.1- I.' lc,(-=-' ) (--L--.. i
es 1.1 re el

where k, is the i-th industry's share of employment in the 1-th occupation. The relative error in the
projected occupational ratios, (to r) is found to be four L . five times the relative error in projected
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industty employment, (WEL).
" The linear trend is the simplest functional form, but one could posit polynomial trends,

.exponential trends, or logistic trend equations.
" The NSF procedure is equivalent to invoking the following assumptions about the variance

of the error tenni (a) ge,21 m, for all t prior to the last ten years of the sample data, (b) E(e,21 ir2
for the first five years included in the admissable sample, and (c) E[es21 1. 0.50 for the most recent
five years. Finally, it is tacitly assumed that the random eirors are serially independent; i.e.,
E(e,e,,,) le 0 for all j * 0. Given these assumptions, the parameters are estimated by Mtken's
generalized least squares to get a weighted trend line.

le One way to see if the relationship has shifted is to estimate it for subperiods. I fitted the
linear trend (2.7b) for two five-year eubperiods where Ts 1.1 1 in 1958 and 10 in 1967. The ordinary
least squares trend lines were:

63.07fr 1.010T1
-. 1.060T,

[1958-62 pe riod
66.27 1963-67 pe riodj

The samples are too small to apply significance tests, but it seems that the intercept a shifted in the
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, etc. But as I shall argue in section (c) below, trends can only describe a
time series and do not "explain" the time.path of the variable in question.

2: It is assumed here that students go directly from high school to college, and the production
period for a bachelor's degree is four years for everyone. The NSF supply projections do allow for
delays in starting college and in the time mquired to earn the degree. However, these lags are re-
ported to be stable over time, and neglect of them here does not affect the principle that is being
analyzed here.

" The Digest only reported data from the biennial surveys. Data for the odd years were taken
from Social Indicators published by the Bureau of the Census. First.time enrollments (Digest, Table
90) include returning veterans as well as students who do not go directly from high school to college.
The completion rate, c, la 1-a,, was calculated as the ratio of bachelor degrees in year t, 7.1, divided
by first enrollments fouryears earlier, EH; 1-a, lei ZA.,. The data of Table 9.2-3 apply to both sexes.
The NSF methodolove computes separate rates for males and females.

23 Thefifth column of Table 9.24 presents the ratioof doctorate degreesawarded in year tdivided
by bachelor degrees awarded in year t-S. A thme-year moving average of bachelor degrees awarded
in years t-4, t-5, and t-6 was used in the denominator of the ratios appearing in the sixth column.
Since the number of bachelor degrees awarded exhibited a fairly smooth upward trend ov^r this
period, the two ratios of doctorates to lagged bachelors are not appreciably different.

24 The cost of a college education has fallen with the rapid expansion of low tuition public
colleges and.universides. 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 enrollment rates to the private costs
of college education and family income.

23The following data on student enrollments (in thousands) by control of institution were taken
from the Digest of Educational Statistics, 1972, Table 87.

Year Total Public Peivate PublidPrivate

1952 2,134 1,101 1.033 1,066
1960 3,583 2,116 1,467 1.442

1971 8,116 6.014 2.102 2.861
197121952 3.80 5.46 2.04

Enrollments in the public iastitutions 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. Further, Table
88 of the Digest revealed lhat graduate students constituted 10.1 percent of total enrollment in 1952,
and 11,9 percent in 1970. The shift toward more graduate study is thus considerably less than that
toward more publicly financed higher education.

" I have borrowed heavily from Breneman (1970A) and strongly recommend it to the reader.
" In their review article. Wolfie and Kidd (1971) summarized several projections of doctorate

supplies and requirements including those by Cartter, NSF, Balderston and Radner, and others.
The caveat that protections are not forecasts, is reiterated in this article. However, the authors wnte.
"The agreement among these three studies indicates that the projected faculty requirements given
in Table 3 can be taken as a reasonable base for estimating the future academic market for new
doctorates** A skeptic would ask if these were "independent" studies and would question their
underlying projection models before accepting the "reasonableness" of the estimates.

2* It is my understanding iliat NSF is revising these propections by re-estsmating trend aqua-
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tions in the light of more recent data on first-year graduate enrollments, supplies of doctorates,
Federal R and D spending, etc. The i nvento ry of doctorate scientific utilization is also being updated.
and the methodology attempts to incorporate a feedback in which first-yearen-rollments are related
to the supplytulnization projections.

" Further evidence on the sensitivity of this methodology can be found in Lincoln E. Moses
(1972). Moses usingp similar technique but having the advantage of mote 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 sutprisingly) considerably below the earlier projections
by the Office of Education and by Cartter.

3* The data for doctorates teptesent geometric means of annual incomes ft= 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
(based on recollection) his hoome in 1960, 1955, and on back to 1935. in developing Table 9.34, 1
assumed that cohort 6. (degree hxipients 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),
etc. Annual earnings for the intervening ages (e.g. 32 or 58) were calculated from lorlineat inter-
polations and extrapolations. 1 also assumed that in his first four years of employment, (ages 26-20).
annual eamings increase at 4 percent perannum, and jump by 10 percent upon receipt 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.

A The annual equivatent income streams appea ri ng on lines 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 earns 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.

" Technological advances and an increasing ratio of capital to labor are the two most fre-
quently cited explanations for the Secular growth in real per capita income. The permanent rate of
inflation cannot be predicted, but growth rates for money incomes of 3 to 8 percent seem plausible.
In deriving (3.1'). I taddy assume that telative incomes te.g. ratios like (TerrYs)) will be unaffected
by inflation and gtowth.

" The importance of this adjustment for the secular gtowth in money incomes was recognized
by Weiss (1971) who used data for 5,868 scientists to estimate the monetary returns to the Masters
and Ph.D. degrees. In a sense, the distinction between r and r is akin to the distinction between
teal and nominal interest rates.

. .
" The NRC data on starting Ph.D. salaries pertain to individuals who have just received the

degree. They are thus not representative of the starting pay on the first appointment immediately
following foll-time graduate stud

" Since living expenses will be incurred Irrespective of the decision to invest in a Ph.D., only
the extraordinary incremental living costs aiiiing out of having to live in specific localities, should
be included in the full economic costs.

" The data were taken (tom Table 128 of the Digest of Ethwational Statistics. 1972. The same
table presents data from the survey on tuition and toom and board expenses for four- and two-year
colleges. I have limited the data shown in Table 9.3-6 to universities.

" The Endicott data on starting salaries are higher than the 1959 Census data on eamings of
white male college graduates, 22-24 years of age. Similar discrepancies are also observed for 1949
and 1969. If I had used the Census figutes for foregone income. it woull 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 outside income at 6.67 percent. Confer Weiss (171) for comparisons with other
estimates of the rate of return.

4° The data reported in Table 98 of the Digcst 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 agg or older. The per-
centage holding stipends fell with age, but this may be due to a contemporaneous correlation with
lacter tractions of Wrier students being part-time graduate students, only 26 percent of part-time
students held stipends. Some 66 petrent of full-time students received stipends. There was very
little difference between public and private universities, this may, in part, reflect different ratios of
fuil to part-time''sfuVinits.

" The Mooney sample included fellowship reepients in 1939-61. 1iis cut-off data of 1966 may
partially account for the low completion rate. It will be shown below that only 54.I percent of all
Ph.D. recipients"complete the requirements in less than eight years.

4: This 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 literature. The value of the Ph.D. in securing such positions is, however, sufotantial as
evidenced by the recent errbarrassing confessions by two heads of research organizations in Colo-
rado who admitted that they had fabricated their Ph.D. degrees.

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 involved in these
conceptual exchanges possess comparable talents.

" Weiss (1971) found very low rates of return to the masters degree, and in some fields, it
was even negative. Bre neman (BMA) swan to feel that the monetary returns to graduate education
are negligible for those who do not complete the Ph.D. degree, The islue here is an empirical one
that could, in principle, be settled hy a good empirical study on the returns to partial graduate
education.

" The ratio of monetary returns to cost, (Ely) 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 veiy 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 graduate 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 would not have admitted history and mathematics majors only a decade
ago, butmany are now doing just that.

"The problem of quality adjustments is present fn all studies. We must somehow combine
Ford Pintos and POOttaes 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 differentials.
The heterogeneity of individuals who are awarded the same degree, creates a difficult problem in
defining the "output" of equivalent degrees. In the 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.

is State appropriat ions for highereducation are often tied to student enrollments (U,G), and the
vatiabIe part of such appropriations should properly be Included in R. The marginal revenue from
an increase in undergraduate inputs. R. i= dItIclU, should include the "net tuition" [less scholar-
ships) plus tied appropriations. If fellowship, TA and RA awards to students exceed tuition phis
State apProptiations, it might happen that the marginal revenue of an additionargraduate student,
R. dINIG, could be negative. Research X that is funded by public agencies, non-profit organiza-
tions, or private parties, usually contributes to the universitrs revenue. If, however, more research
is financed out of the "general funds" of the unlvesity, dR/cIX will be negative. Presumably.
when R. < 0, the research contributes enough to the achievement W to warrant the outlay.

4i The effects of faculty inputs on the outputs, (8,0), are buried in some unspecified relation-
ship of F to the attrition rates (a ,5). Further, more graduate students can affect the output of bache-
lors, especially if they are used as TA's. The difficulties of measuring equivalent 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. dR/dG, 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
graduate school [and earn 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 Mom Ferdonia
State who together are equivalent in quality to one student from Reed with a GRE of 93.

" Senior. tenured faculty are more likely to be assigned to the graduate courses, and the new
faculty are often used to replace senior faculty in undergraduate courses. If the expansion is accom-
plished by hiring tenured faculty, the university incurs a long run obligation that may have serious
impacts on future budgets.

so It should be repeated that the incubation period is measured here in calendar time and not
time spent in lull-time graduate study. The observations in the right tail of these frequency distri-
buttons reflect (a) delays in beginning graduate study, (b) part-time study toward the degree, (c)
delays in completing the dissertation after taking a full-time position, etc. Weiss (197)) reports
that the variance of the time input needed to earn a Ph.D. (measured in semesters ur quarters of
full-time registered study) is considerably smaller than the variance in calendar time.

'I It is my understanding that the NSF supply model is based on estimates (by field of study)
of the time proriles of completion probabilities, irt, calculated from the first-year graduate enroll-
ment data assembled by the Office of Education. There are substantial differences in both Ott mean
incubation periud and the ultimate completion probability. Women and Blacks tend to take longer
to complete the Ph.D. and smaller fractions of them earn the degree.

Breneman specified a production function in which the output of Ph.D.'s (in relation to
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graduate enrollment) was related to the output of terminal Masters degrees, t he faculty/student ratio,
the proportions of graduate students receiving fellowships, RA's, and TA's, and the AEC rating of
the department. He assumed a linear form for this production function and estimated its parameters
using cross-sectional data tior a sample of 'Berkeley departments. Breneman's model kacitly assumes
that aIl departments (Chemistry, French, Economics, etc.) confront the same technical production
function for producing Ph.D:s. Further, his data implicitly assume Lhat students archomogencous
both within and across departments. His model is suggestive, and it would be enlightening to
Inge further research along these lines. The model could, for example, be extended to incorporate
micro-economic data on the student inputs, to allow for the allocation of faculty time to research as
well as to undergraduate and graduate teaching, etc.

" The following formula was reported by Breneman (19700) as the one which was used by the
California State Uwiversity system to determine the number of full-thne equivalent (FTE) facility
positions in each department.

1.0(1.D) 1.5(UD) 2.5G, 3.5C4
FTE

38

where 1-13 lower division enrollment. UD upper division enrollment, GI am firstyear graduate
enrollment, and G: advanced graduate enrollment. The direct faculty cost per graduate ;:hdent
is 2.5 to 3 times greater than that for an undergraduate, even though the two pay the same tuition.
The formula makes no allowance for authorized faculty slots that are supported by internal or ex-
ternal research funds.

n According to Breneman (1970A), many students interpret their admission to a doctoral pro-
gram as implicit evidence that in the view of the department's (acuity, they possess the necessary
qualifications to earn a Ph.D. degree.

so, In his scenario of the Berkeley Chemistry department, Breneman argued that nonacademic
appointments were "neutral" with respect to the department'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 earn the
degree. I suspect that many of these nonacademic chemists were employed in research positions
that encouraged publications and participation in professional meetings and conferences. If so, their
research output would make a positive contribution to the department's pre stige. If the nonacademic
jobs were not in research, would the Chemistry department behave ib the same manner?

Moses(1972) pointed out that between 1969 and 1972, the fifteen largest departments redu ced
their physics enrollmenteby 30 percent, while physics enrollments in all institutions fell by only 17
percent. It seems reasonable to suppose that the fifteen largest departments ate likelylo be the older
institutions. 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 departments.

se In the light of the long incubation periods that are needed to produce Ph.D.'s. it should be
possible to assemble fairly 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 art already in
the pipeline or have accepted admission offers to erter the doctoral programs for the coming fall
semester. The graduate deans who presumably have such data at their disposal, predict virtually
no 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 totek records of
emp'sying faculty members who have made significant and origiral scholarly contributions to the
advancement of the sciences and arts- 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. Moreoever, to the extent that public agencies and non-profit te-
search organizations ate prepared tq allocate research funds to the university's budget, these finan-
cial considerations will also affect the equilibrium students to faculty ratio.

4.0 Institutional pradices with respect to tenure arrangements and salary policies may prevent
a untieerSity from implementing some of these substitue.os.

41 The validity of even this modest contention can be debated. If there are lags in adjustment, a
policy initiated and undertaken in year t may affect doctorate supplies in dtoiands in years 1+1,
t+2, in this event, the policies prevailing in the recent past may generate tune paths for doctoate
supples and demands that are vier/ different from extrapolations of trends on the dependent
variables.

h is reminiscent of the story of the two rabbis who were studying the question. "Which is
more important, the sun or the moonr'. After considerable debate, they concluded that it was the
moon because it gave light in the night when it wa4 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 is to begin with prior projections of final output demands which
are then converted into iridustry 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.) E1, = Poi + /31[Xit + + PsiXst + en

where Ell = employment in industry i in year t, Xtt = GNP in constant dollars,
Xtt -= the national unemployment rate, X3. = the number of persons in the Armed
Forces, X.0 = the civilian non-institutional population 14 years of age and older;
and )(51 = 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 ;op denote the assumed values for the explanatory variables in the pro-
jection rar p, fh = 1,2 . . . 53, the projected employment for the i-th industry is
obtained as follows:

(02) EL = Eft, #03 + AIX% + + 13SIR5p.

Thus, projected industry employment is a conditional fuecast which depends
on the assumed values for the exogenous aggregate variables. Since the para-
meter estimates, (1901, PO are random variables, it follows that Et, is also a
random variable. If the projections generated by this simple model generated

implausible results, [or if it did not exhibit an acceptable Atitistical fit to the -
sample data], it was replaced by a projection based on judgitent or extraneous
information possibly including a rcgression equation with explanatory variables
other than those identified in equation (0.1). Finally, the industry employment
projections, EL, are normalized to be consistent with the assumed projected
level of total employment in the economy as a whole.

The BLS method for projecting occupational ratios is less clear. The Census
data for 1950 and 1960 were used to calculate the observed occupational matrices,
(r0), for all industries and occupations. Such detailed data were not available
for intervening years, blit for a smaller set of broader occupation/industry
groups, it was apparently possible to estimate observed ratios by using data
from the CPS anci other industry sources. Trend equations were appareritly
fitted to these time series data, and the extrapolation of these trend equations
gives one set of estimates for the occupational ratios in the projection year. I
assume that ratio projections it), for all occupations and industries were some-
how generated by interpolation using the complete occupational matrices in
1950 and 196C as benchmarks. 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 kn.

The projected manpower requirement for the j-th occupation, E.), is simply
the product of the two projections summed over all industries.

(Iv) E, zEi! ij
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It is tl..As the sum of theyroduct of two random variables. If we knew the proba-
bility distributions of El. and hi, we could, in principle, derive the sampling
distribution for the occupational requirement Ej 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 j, is
unbiased, and the retrospective evidence relating the projection to subsequent
realization, soundly rejects this hypothesis.

IV* industry employment data used for these regressions referred to wage and salary ern-
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 (LA)
describes the initial model specification. if some explanatory variables were insignificant, they
were omftted from the final equation that was used for the projections. Some examples a these
equations ire shown in BIS Bulletin 1606, VoL IV, Appendix A.

21.et Zu . high denote the product of two random variables. If fu and El, were independently
normally distributed, a Besse' function destribes the probability distribution of Z. When fu and
go, are jointly normally distrjbuted and their correlation approaches plus one, the distribution of
Zfi ap roaches a non-central chi-square distribution. In short, deriving the sampling distribution
of Zu let alone the sum a such variables) calls for more information than that which can be pro-
vided y the BIS methodology. It is thus not surprising to find that no attempts are made to indi-
cate the sampling errors implicit in the BIS projections:
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In 1968 Congress saw fit to alter the statUtes with regard to the Nafional
Scienc -3undafion 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 attenfion.

The National Science Board was required to iss u e a yearly report, and its first
report (1969) waS issued 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.
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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 their 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 suppotting and getting
funds for centers of excellence for institufional grants to expand the Ph.D. com-
petency of this count ry. Departmental grants, fellowships, and then traineeships
were being provided, lt was, indeed, an optimistic and expanding eeonomy at that
time.

The change began, slowly, and later came ever more rap*. Space and
defense began to cut down, then there was a transition to cuts in civilian sectors
of the economy. The traineeships program disappeared; 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 sdentists 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 sraduate iulucation be dissociated more from basic research?
And, of course, with the advent of economists at the Board table new imputs were
added. We began to learn that in the last four or five years the sophistication and
methodology for studying manpower problems was expanding at a rapid 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 a day or so, there might be some
progress in understanding the manpower problems and we could better establish
our pdorities as a board. We wanted to provide catalyzing interactions which
would be useful to experts in the field and to others. I. 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 a 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 critkal, 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 pa rticipation of people who would
present various points of view regarding the value of projections, and whether
and how projections might be improved. We wanted to bring together leading ex-
perts, as well as users in ind ustry, government, and universities, for the livelydis-
cussion 'and controversy which this forum would generate. Perhaps it will be
possible in this roundtaMe summary to develop some conclusions and guidelines
for future efforts, even if they need to be tentative.
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wish to focus on three toOics, listed in order of priority as follows:

L. What is tEe status and use of scientific and technical manpower projec-
tions? What are their limitations and impacts? And, what can be done 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 flexibly so that
students can have more options for meeting changing job opportu nities,
pa rticula rly 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 we must still go a long
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 ir 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 should be
examined to see how it looks in retrospect. We have a golden opportunity right
<now, as Lowell Paige and I discused briefly, to study the impact of the energy
program, and to collect data in such a way that :he accu racy of the projections can
be checked at a later date.

Dr. Breneman emphasized that we nced research en 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 fou nd that will wield trends. He suggested computer systems. Are
thereother bellweather areas that should be considered? The comment was made
tha t 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 p;ojections 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.

233

237



1

There is no reason not to plan. On the contrary, it is important to have a
baseline plan. If there is a good baseline plan, it is easier to make intelligent
changes as dictated by impacts. Sophisticated business planning includes con-
tingency plans. Perhaps this is analogois to the "what if" efforts of impacts on
projections which -have been mentioned during this seminar. Dr. White has
pointed out that projections have not been in a form which is very useful to in-
dustry, except possibly in long range planning.

In regard to the second priority item, trends in demand, the seminar has not shed
much light on trends. On one hand, we know that engineering unemployment is
under l 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 five years ago.

la regard to the third prTiFity item, motivation toward greater flexibility, a number
of comment; were made. Dr. Kidd pointed out that people must be trained to be
able to move or transfer. Dr. Hubbard said that attitudes and behaviors of the
schools must change in order te meet the challenges ahead, and Dr. Barrow
pointed out that Exxon was hiring fewer Ph.D.'s, because Php.'s had become too
specialized. Dr. Grodzins said we need to formulate policies that could transfer
easily. In concluding, it is for others to tell us the specifics of what should be done
in these various areas of the manpower projections and policy related matters.

Dr. Kenneth E. Clark:
...

Although we have been talking about a series of models and devices to make
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 the hands of the
individual who is selecting a major or selecting an institution, and sometimes is in
the hands of the faculty, or the admissions office, or of employers. We are trying
with our amilytical 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 heflid things may not provide the sort of 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.

I am uncomfortable with statistical pragmatism in which the only intention is
to see whether or not the prediction comes close to an end result. We want to be
able to predict the effects of any sort of intrusion into the system, and to know 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. It is not even collected in
an orderly fashion. Specifically, there should be an up-to-date taxonomy of scien-
tifk manpower. Everyone likes to cite his own index numbers. Why is it that the
last available student figures are for 1971? This is the academic year 1973-74.
Enrollments have been known since la>: September, and it is already known what
degrees are going to be twarded in May and June. But what is known locally will
not be known nationally ior two more years. The need, then, is for a system
which is orderly and up-to-date.

Certain data ought to be collected itt some sort of telegraphic fashion early 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, there should 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. It 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 mit think it not worthwhile. But we suffer in the
long run by not having this important information. Manpower data systems also
need to be more sensitive to quality. A zero change in numbers does not
necessarily mean tho 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 reviewsof past data collection pro-
jects in order to evaluate the possibility of testing some of the assumptions in our
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 iterations. Such a sequential procedure might also lead tothe
discovery of other, not yet recognized influences on the total manpower picture.

Allan M. Carttr:

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, there is a kind of fixed coefficient
once remo'ved 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 recognition that the real world can't act that
waythat the system would have io (Weed 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 more interested now in real forecasts, and
understanding response mechanisms and adjustment processes of the real world.
In the context of this conference, we are concerned about whether or not public
pohcy 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
coeffident 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 5 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 55
percent non-market. However, at the graduate and profesMonal school level, the
ratio is 50150, or perliaps 75 percent market and 25 percent non-market.

Another way of saying it, in economists' terms, is that undergraduate educa-
tion is probably 55 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 reahty. Simgarli, 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 looks five years ahead the market can probably be ignored.
Students are already in the pipeline, and the market does not have much influence
on those individuals. If Ci-,arles 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 mug
improve die 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 Oi 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. We need 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 has done over the last
seven or eight years, manpower modeling would be much further advanced.

We need better data on employment, on mobility, 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 40percent of
all college teachers, so in a sense this many are subject to market 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. Biennially 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 hilf-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 claimed in the system in
the early 1960's, and raised other numbers for the early 1970's by ten percent,
changing definitions and interpretations.

There is not even a good faculty survey that has been done ;ince the year
1968. How can one hope to build a sensible model, if he finds that the whole
history of the last 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 bound 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 by causing changes in 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- .
bk. If there are insufficient jobs in R&D or teaching, then there will 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 very important. 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. So, 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 variable in

its impact on projection% 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-
sonal choice better informed? We haveteen talking about that problem. People
have been warning about lowering standards if the requirements for women on
faculties are to be met. I 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
recommended (usually by men) as among the best students at their universities in
their many disciplines. Each of these women was planning to teach, 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 theyare going to get jobs, but it is
unclear how universities are going to treat this situation.

It was interesting to hear from Dr. Kelley earlier that the most recent results
of the National Research Council indicate women are earning Ph.D.'s in the social
sciences, a fair number in the biological science& but not many in the physical
sciences. However, the pattern is apparently changing.

Neverthdess, ft is extremely important tilat universities have role models on
their faculties, as Dr. Cooke suggested, particularlyIn the natural sciences. Vir-
tually all of the professional socie ties have 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
recognition, and it is extremely important that there be role models in the
sciences so that additional women do go into science.

How are graduate schools reacting? Alittle overa year ago, I reported on this
at a meeting of the American Councilpn Education devoted to women in higher
education. In most good graduate schools:there has not been serious discrimina-
tion on admission and felloViships, 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 institutfonal study
was made last year, the findings were that on the average, and in nearly aH fields,
women are performing at about the same level as men. The City University is an
uniisual 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-
it% 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 on a broad scale there will be an important factor weighing against
the attainment of rates of completion of graduate school comparable to rates for
men.

If 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 pew programs of energy research and environmental
protection there is need for affirmative action. 1 hope tha t NSF will incorporate an
affirmative action program in its research activities by making an effort to include
the competent women who are becoming increasingly available.

One final comment: Dr. Hubbard observed more or less parenthetically that
birth rates have fallen 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 luate students as Dr. Hubbard was coun-
ting since, if present trends continue, both men and women should be counted in
the future while a very large proportion of the graduate students included in the
past statistics have been nen.
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Lewis M. Branscomb:

I will treat myself as a test subject for this conference. Because lam not an ex-
perienced manpower forecaster, I 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 I 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 quali*y or quantity of scientists anangineers7 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 sdentists a nd engineers for the space and other programs? Is
supply highly responsive to wages or not7 If it is, what is it that keeps employers
from paying what it takes to get all the good people?

Professor a 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 maki ng 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 we should 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.
If I am told that 5 percent of the science and engineering pool each year are wing
to ha ve to find something else to be, I 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 a nd physks. Certainly IBM does not want to hire the bottom
quartile of that production, and neither does anybody ese, although someone
probably will. It may be that society will be better off for the something else they
do, and we shouldn't assume that the fact that SOW percentage of the people who
receive this very expensive education only utilize it kir 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 its products. If
amortizing the investment of the 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 I 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 very little discussion of university policies. The feedback is there, but
it is a loosely complex system.

Since Freeman tells us that occupational structures are more flexible than
wage structures, I assume that aggregated numbers of people are not really of
primary interest.

Indeed, I find it difficult to take the aggregate numbers seriously, %Own !see
engineer, scientist, 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 ekctrical and mechanical engineers the skills
needed to enter the above professions. Although computer science departments
of universities train people which IBM finds exceedingly valuable in its research
division, and indeed 90 percent of the people in 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 it ra tegy for the next fifteen years is based on a technology
with a future growth that is limited by the availability of skilled manpower for its
customers. Because of the need for new professional specialties, IBM is actively
involved with a number of universities 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 toe volve from
research activity into practitioner activity very eLaily 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 it is 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 beeasier 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 M 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 uoiversity. 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 applicafion and basic knowkdge.

finally, this ceaference really has not talked much about R&D productivity
(i.e., the dollars of business produced from a ma nhour of R&D effort) and the in-
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 IBM call thelechnical vitality"
issue. That is, how does one maintain an innova ti ve a nd flexible R&Drommunity
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 I 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 is 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 must 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 have its share of
extremely qualified people, but the numbers wto can be aided by the fellowship
programs will be so few that their ef fect on the total number of graduate students
will be minimal.

The National Science Foundation and the National Science Board keep
pressure on many programsfellowships, basic research, applied research,
education support, etc., but necessarily concentrate on a few. This year, emphasis
was placed on two things. The first a nd bverwhelming activity was the support of
Project Basic Research, 98 or 99 'percent of which is carried on in 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 to indica te 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 batting 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 tha t relate to a modern and long-lasting problem, namely, energy,
reflects the influence of societal problems on students. Yet it is 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 statistical oversupply, and some in the larger community of non-
scientists who parrot back casually, "Why do you want fellowship
money when there are too many doctorates?" At this conference, 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 to do
with encouraging bright kids to try for graduate degrees and therefore
might be used to strengthen certain disciplines. It was explained that
NSF fellowships are given on a straight tatent basis and that students are
free to choose school and field of study. If physics were to be strength-
ened, for example, traineeships, not 'ellowships, would be required.

Rhetorically it was asked,"Is there going to be a single job open for white
males in 1980? It may turn out that with theefirmative action rogram
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 insure 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 090 only 3.5 per-
cent of college teachers are under age thirty-five. That's the missing
generation, but the market' won't work that way. What will happen is
that there will be somewhat lower retiremeut ages, and deterioration in
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 from in-
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
students. Yet if there is a period of roughly fifteen years when there is
no expansion in higher education and the onlyjobs 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-
itiated to explore inadequacies in manpower data and determine ways of
improvement? For example, the whole area of the humanities, which is 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 Arts and Humanities might joint-
ly undertake such an effort. further remarks brought oui 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 kir d is
status data, such as the number of students and amount of fellowshipsup-
port; the other is brhatiaral data. Enough longitudinal data have been
collected so that with very marginal amounts of mc -ley, 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 don't 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:1f it should turn out that all sorts of factors are
involvedthe employment of the parents, socioeconomic class, and
other social matterswould 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 thscussion 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. The prevailing attitude toward things like sdence and
technology may change abruptly. If the rhetorical climate is swinging at
the same time that some measurable parameter in a model is changing,
the analysis may give a fallaciously large wieght to this 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 assu me that data are so lacking or so conflicting
that one cannot make dedsions 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. Fu rther, 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 ignore 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 nctv Ph.D.'s who took their first }ob5 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 avl women took their first jobs has now
disappeared. Beginning salary and level of appointment are another
matter.
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- Marketplace equilibrium needs to be studied very carefully. It is unfor-
tunate,that the university marketplace has not been discussed vis a visa
drop in fellowships. There are all kinds of pressures on state colleges to
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 to represent a fixed and
inflexible amount of money, but teaching assistantships and research
assistantships can be increased by cutting down on post-doctoraliap: . ..

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 atteihpt is be-
ing made to change the structure of the faculty in terMs of the distribu-
tion of ages because it is absolutely necessary that these schools have an
opportunity to bring in bright young men and women. With one, two, or
three-year terminal contracts, the lower ranks can be turned a thund 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 alsothose
related*to civil rights issues, 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 education and in the dimen-
sions of quality of that education. All of these are affected by Federal
fellowshipseven though such fellowships are a relatively small part of
the total complex of factors which relate to scientific and technical Man-
power issues.
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