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Concentration of Degrees in Academic
Institutions by Two Measures of

B.S. Degrees Produced

Top 100 Next 150 Top 100 Next 150 An
Univ.  Univ. Colleges Colleges 500

1. All NS&E B.S.'s (1982) 407  27% 10% 10%2 87%

2. Those B.S.'s earning
NS&E Ph.D.'s (1981-B4) 467% 227% 15% 5% 88%

Notes: (1) Universities are ronked by Federal R&D Obligations.

(2) Colleges are ranked by number of groduales
earning NS&E Ph.D.'s during 1981-84.

Figure 7

Geopraphic Distribution of NS&E Degrees

A coarse (four-region) geographic analysis of NS&E B.S. production hints at
possible future shifts (Figure B). Recent graduates have been concentrated in
the East and Midwest, regions which the Bureau of Census forecasts to have the
biggest decrease in young agdults by 1998. Since most college students are
enrolled at institutions within a few hours automobile travel from home,
Eastern andé Midwestern schools may experlence declines in enrollment unless
special incentives are provided to attract more students from distant states.

Sorting institutions by region and quality gives another perspective

(Figure 9). On the basis of entering students’ SAT scores in mathematics,
most of the public institutions are rated medium. The quality of private
schools ranges widely. The largest percentage of high quality private
institutions are in the East, and a significant number of the lower quality
private institutions are in the South. Predominantly, private institutions in
the Midwest and West are of medium quality. As a result of this distribution,
the East has the highest percentage of NS&E baccalaureates from high quality
instirurions (46% vs. the national average of 30%), while the Scuth has the
lowest percentage {15%) from high quality institutions.
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Regional Statistics

East Midwest

West  South

NS&E B.S. degrees 51,700 51,000 47,500 35,700
in 1982

Degrees per thousond 51 46 43 36
22-year-old residents

Number of B.S.~granting 393 370 281 332
institutions for NS&E degrees

Chonge in 22-year—olds: —-43% -35% +2% -18%
1982-1998

Figure 8

Distribution of NS&E B.S. Degrees
by Region and by Quality of Institution

Quality of Institution

Region High  Medium Low
Eost 46% 43% 14%
Midwest 24% 66% 11%
West 31% S87% 11%
South 15% 457 40%

Qualily key: "High"” means 40%+ of freshman have

math SAT scores of 600+.

"Medium” means 40%+ of freshman have

math SAT scores of 500-600.

Figure 9
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Scurces of Revenue for Higher Education

According to published dats from the Nationeal Center for Education Statisties,
the principal sources of revenue for educational and general expenses
{including research, but excluding auxiliary enterprises,. independent
operations, and hospitals) for both public and private universities and
colleges have remained constant for the past decade or more. Private
universities and colleges depend primarily on tuition, and public institutions
Tely primarily on support from state governments. During this period, the
Federal Govermment has contributed around 15% to the universities and about 7%
to 4-year colleges (Figure 10). In the sggregate, the Federal Government is
not a large factor in acedemic funding. However, the predominant recipients
of Federal R&D funding are the top 100 research universities (with only 1.5%
or so going to 4-year colleges). Most of these funds go to public, Doctoral-
granting universities (53%), with the smallest amount (0.5%) going to the
private colleges.

Revenue Sources

S

N

277,

N

Percent

.

Z/

f/

Pub. Univ, Prv. Univ Pub. Coll.

-

Tuition Y State$ 75 Tea 3 Other

Figure 10

The best of the private colleges appear to have capped their enrcllment years
ago. They may have realized that the growth in the number of college-age
students during the 1970’'s was a temporaery event, which would be reversed in
the 1980°s and 1990°s. Enrollment at these high quality, 4-year colleges
(i.e., those 51 colleges with average freshman SAT scores in math above 600)
grev by only 4% during the 1%970-1983 period. In contrast, there was 60%
growth in enrollment at other private colleges and 38% at public colleges.
These stringent voluntary enrollment ceilings virtually guarantee that the
private, high quality colleges will not experience any signif . cant declines in
enrollment in NS&E fields in zhe future, nor should those private universities
that have traditionally attracted high quality undergraduate students.
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THE STTUATION TOMORROW

Projections of meed and supply of scientists and ergineers are probl'¢micic.
However, those responsibl : for the health of science and engineering »ill
alwvays need to examine future emcrging trends to try to anticipate problems
that can be reduced through changes in public resource cllocetions.

The Demand Side .
Those who have estimated the demand for scientists and enginees= £-- into the
future agree that we will need more. In the absence of analytically
defensible or dependable empirical estimates of future conditions, economic
indicators with a relation to the need or demand for NS&E’s can be examined
end projected into the years ahead. A variety of indicators cen be employed.
For example, the number of mey B.S.-level engineers employed is positively
correlated with GNP growth (R™=.78), and positively correlated with grovth in
value added in high technology industries (R"=.82). (In fact, GNP growth and
growth in valuazudded in high technology industries are highly correlated,
with a simple R™ of .98.) Other long-term positive indicators of the dcmand
for new engineers are population growth and & growth in the NS&E share of the
total U.S. workforce.

The Supply Side

The size of the population base from which NS&E’s are drawn yields some
information about supply potentials. The number of 22-year-olds in the U.S.
has been falling since 1982, and will continue to decline until 1996

(Figure 11). Following this there will be a slowv rise back to the 1983 level
by the year 2008. During 1996-1998, the trough of the decline, the number of
22-year-olds will be about 25% less than in 1982.

The coming decrease is looked upon with some concern by edacators. There is
cause for concern about the number of mew NS&E’s produced annually because of
the strength of past linkag:s between 72-year-olds and NS&E baccalaureates.
Recall that this population derline will not be uniform across the Nation, and
further, that all instictutions that offer college degrees will not feel th:
impact of the decrease in the same fashion. In addition to the quality of the
institution’s students, its size and location are amlso factors that can be
expected to make a difference in terms of ultimate impact. These factors are
examined in the next several sections.

Population prejections ¢f the number of 22-year-olds in 1998 in the East,
Midwest, West, and South indicate that the East will have lost 43%, the
Midvest 35%, and the South 18%, while the West will have gained 2% [See
Figure 8]. At present there are 393 NS&E B.S. granting institutions in the
East, 370 in the Midwest, 281 in the= West, and 332 in the South. The severest
population impacts are expected to be In the ureas with the largest number of
inscitutions and with the largest decline in the number of 22-year-olds.
These should be greater for public than private institutions, because public
institutions depend more on local students.
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Figure 11

The most significant impact of this decrease from the perspective of those
concerned with the health of our science community is that there will be a
smaller student body from which to draw new NS&E students. Although it is
impossible to make definite (population-based) projections of the supply of
NS&E baccalaureates, it is possible to describe what would have to happen in
order to maintain the annual flow at the same level experienced in some
previous year, e.g., 1983. 1In 1984, the rate of B.S. degrees in NS&E per 1000
22-year-olds was 51, the highest since 1960, but it would have to climb to 64

pPer 1,000 by 1996 to maintain a constant annual supply at the 1983 level--
wvhich seems unlikely (Figure 12).

If baccalaureate degree production in NS&E continues at the same rate as
prevailed in 1983, then there would be a cumuletive reduction of 692,000 B.S.
degrees in NS&E during 1985-2010 (Figure 13), compared to the production of
degrees that would occur if the population of 22-year-olds end the rate
remained at their 1983 levels. The engineering share of this cumulative
reduction would be about 256,000 baccaslaureates, 17,000 in the worst year
(19%6).
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NS&E B.S. PRODUCTION RATES
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Figure 13
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The Ph.D. Labor Market

After 1990, there may be a corresponding population-induced decline in the
production of high-quality Ph.D.’s with 0.S. citizenship (Figure 14). The
impact of an almost certain declining NS&E student population over the next
ten years (hence, reduced teaching positions) will exacerbate this decline in
domestic doctorates because weak labor markets discourage domestic graduate
students from starting or finishing Ph.D. programs. Another long-term issue
set off in the Sixties, the so-called "Aging Faculty" problem, will reinforce
the reduced demand in the academic market for mew Ph.D.’s until the late
1990°s. Responding to rapidly growving enrollment, universities and colleges
hired large numbers of new faculty during the 1960’s--and gave most of them
tenure. As a consequence, the need to replace existing faculty that depart or
retire from academe has fallen after the early 1970°’s, and vill remain low
until the mid-1990°s.

PHD DEGREES IN NS&E: 1976—2012

1088~2012 PREDICTED VALUES
ACTUAL PROJECTED

18

14 <

13 <

Predicted valwes based on demngraphic
relactionships astablished during 1976-1983:

ANNUAL PHD DEGREES (000s)

o U.S. citizens got Ph.D.%s at the vete
2.25 per 1,000 30=year eldo.

11 =

© Foreign citizens gt 3,000 U.S. Ph.D."s
enmally .

10 — R —

1978 1981 1986 1999 1988 2001 2006 2011

. 2 ' v

Figure 14

In the late 1990°s, the demand for new NS&E Ph.D. teachers will rise rapidly
in zresponse to the growing aging faculty retirements and increesing numbers of
NS&E students (Figure 15). What is most worrisome is the fact that this surge
will have to be stocked from a pool of new Ph.D.’s who sre in the pipeline
over the next 10 years and ¢rying to make career decisions in the face of a
soft academic market.
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THE POTERTIAL IMPACT

These future supply and demand conditions for scientists and engineers present
several potential problems to the academic community and the Nation. Possibly
the most serious of these is to be found in the academic community as it tries
to recruit researchers and teachers in the decades ahead.

The Seed Corn Dilemma

The anticipated need to replace a large number of our teaching and research
faculty cround the turn of the Century, and the expectation that the demand
for scientists and engineers from the other sectors of the economy will not
diminish and will probably increase during this same time period raises the

possibility that the academic sector will experience the brunt of any shortage
of new NS&E doctorates.

This hes been called a seed corn problem becsuse it 15 the scientists and
engineers in the academic community who not only are responsible for the
largest portion of ocur fundamental research but who also train the next
generation. This sector’s meed for a large number of the mew Ph.D.’s will
remain unfulfilled unless they bid them awvay from industry and government.
Ph.D. salaries in academia have typically been lower than elsewhere and
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bidding war. In short, the intellectual capital of the Nation is in danger of
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being bid awey, with the minimum impact being that the people vho £ill the

teaching and research ranks in the universities will be of lower quality.

Worse, there may not be enough to even £ill the openings.

Careful consideration of the distribution of the decline in NS&E enrollments
{and the distribution of the subsequent increase) indicates that the top 100

research universities and top 100 4-year colleges will probably avoid

declines.

These 200 institutions accounted for about 508 of the NSLE

baccalaurestes in 1983 and may account for as much as 65% in 1996 if the

conferral rate emong males remsins in the range from 6% to 7% of male 22-year-

olds, as expected. The remaining 1,200 institutionsz producing the remaining

50% of NS&E baccalaurestes in 1983 are expected to sbsorb most of the

anticipated decline (Figure 16).

is rvoduy.

olds getting NS&E baccalaureates would reduce the size of this decline.

any case, the surge in NS&E enrollments expected to begin 10 years or so from

This decline could reach 50% in these 1200
institutions 4f the conferral rate among females remains around 3%, where it
On the other hand, sn increase in the percentage of female 22-year-

nov should occur primarily within these 1200 "gecond tier”™ institutions.
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If the decline is experienced primarily in institutions other than the top
ronked colleges and universities, then the impact:s might be modest from some
perspectives, for example, the NS&E research community. Over 90% of NSF
funded research in 1983 was conducted by the top 100 research universities.
These same 100 institutions produced nearly 80% of the NS&E Ph.D.’s in that
year. The top 100 colleges and the top 100 research universities accounted
for about 60% of the baccalaureates in NS&E fields wvhich acquired Ph.D.’s in
NS&E fields during 1981-84. These same 200 institutions, however, do not
account for a significantly higher percentage of the successful Ph.D.
candidates in the top 20 graduate programs.

However, in the broader context of the Nation as a whole, there may be adverse
effects from inadequate supplies of new NS&E’s, and it will probably be
important to encourage degree students at all Institutions. In our market
economy, & growing demand for NS&E degree-holders will have to depend on
utilizing workers who are not presently employed in NS&E jobs but have had
NS&E training in the past, or it will have to make greater use of technicians.
In either case, one can anticipate that an expanding labor force of NS&E's
will contain greater numbers of lover quality employees in the sense of less
training and experience.

The Problem of Second Tier Institutions

These institutions, that are neither major beneficiaries nor performers of
Federally sponsored research, nor (individually) principal producers of B.S.
degrees who later become Ph.D.’s still provide one-half of the baccalaureates
in NS&E, and 40% of the baccalaureates that become doctorates. As these
institutions bear the brunt of the decline in the college-age population, and
lose their share and level of production of NS&E baccalaureates, it is
po.sible that policymakers might attempt to provide assistance to their NS&E
programs because natural science and engineering programs tend to be more
costly to run than programs in the humanities and social sciences. For this
reason, it may be worth considering the major types of assistance programs
considered or tried in the past. Between 1350 and 1982, roughly $600 million
was spent by NSF on 22 different undergraduate education programs and

$900 million on 20 precollege education programs. An additional $100 million

was spent on eight science programs involving undergraduates and precollege
science education.

From NSF's inception in 1950 until 1958, NSF officials seriocusly considered
implementing & scholarship program for undergraduate science education. The
launching of Sputnik in October 1957 brought the issue to a head; at that time
it was decided that NSF would not award scholarships. Instead, during the
1960’s NSF attempted to provide talented students opportunities for improved
science and mathematics skills. At the undergraduate and precollege level,
this was done by increased emphasis on curriculum development, equipment
improvement programs for undergraduate institutions, and research and summer
institute programs for high school and college teachers to upgrade their
competence. Financial emphasis gradually shifted from precollege to
undergraduate education durimg 1953-1982.
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NSF’s support of undergraduate and precollege science education decreased as a
percentage of the NSF budget, from a peak of 40% in 1959 to 33% in 1960 to 6%
during 1976-1980, but increased in terms of current dollars until 1968,
reaching almost $90 million. During 1971-1980, annual support was $40-

60 million. 1In 1982, as part of overall Federal budget constraints and
changing priorities, undergraduate and precollege programs were temporarily
phased out, pending new program designs.

These programs had only limited success. For example, the precollege
curriculum development programs had a favorable effect on the interest of
capable students in science, and their products are still in evidence in
today’s science textbocks. They did little, however, to broaden the NS&E
Pipeline at this stage. WNewly designed versions of the precollege and
undergraduate programs were established in FY 1984, and have grown to 6.1% of
the proposed FY 1988 NSF budget of $1.9 billion. Most of the funding targeted
for undergraduate institutions is for upgrading instrumentation, and
increasing research and teaching capacity. Emphasis on precollege education

is on teaching materials and teaching competence in primary and secondary
education.

In spite of these NSF efforts, current levels of funding for undergraduate

institutions are unlikely to have a major impact on the fiscal health of
second-tier institutions.

POSSIBLE OPTIORS

labor markets already treat scientists end engineers preferentially in the
sense that NS&E degree-holders command relatively high entry-level salaries
and they have experienced unemployment at only one-half the rate experienced
by the general work force. These advantages have prevailed since the 1950's.

There are a number of responses available to decisionmakers in the public and
private sectors to adjust to a shrinking supply of new degree-holders. To
help define these potential responses, s simple stock-flow diagram might be
visualized (Figure 17). In general, the stock of people in NS&E positions can
be increased by increasing the flow of new graduates, reentrants, and
immigrants, or by decreasing the rate of attrition of people in RS&E
occupations. Attrition may have occurred either voluntarily (career shifts,
career advancement) or involuntarily (unemployment, forced retirement, career
pressure). Each of these inflows and ocutflows represents a possible leverage
point for use by public policymakers or private employers to ease shortages.
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Figure 17

Private Resprnse Strategies

The essential nature of private market response strategies is that the market
vill eutomatically adjust the supply with demand for the services of RS&E’'s.

One issue is the speed of this adjustment, which may teke years. Another
issue is scarcity, i.e., vhether automatic adjustment will provide adequate
numbers of NS&E’s for the Hation. Some examples of private strategies that
might be implemented to reduce the scarcity of NSEE’s are: (s) recruitment:
recruiting foreign professionals, increasing entry-level salaries to encourage
college students to major in NSGE filelds with the greatest scercities,
recruiting more students from @ given populetion cohort, and reducing barriers
and providing more incentives for women end minorities to select NSGE carecers;
(b) changes within work force: increasing the responsibility of lower skilled
or trained employees, retraining some employees for NS&E jobs (occupation
switching), keeping WS&E employees in NS&E occupations for longer periods by
altering career path incentives, and providing incentives for delayed
vetirement of KRS&E employees; and (c) substitution of equipment for labdbor.

All of these private responises have certain costs associated with them and
they may xeduce the aversge quality of sexrvices provided by employed NS&E’s.
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Public Sector Options

If the Nation desires that more NS&E’'s be produced, it must pay for them.
Public policy programs can be envisioned as having two major approaches. One
is to attract able students to NS&E careers by "subsidizing” those careers
through provision of a growing pool of Federal R&D funds awarded to
researchers on the basis of merit. Another i{s to subsidize the costs of
acquiring an NS&E education. In the late 1950°s, NSF°s relatively small
budget was mearly evenly split between these two approaches. However, the
baby boom cornucopis of mew NS&E’s led to & shift in emphasis to funding
research and supporting doctoral students and post doctoral matural
scientists. This approach clesrly favors advanced degree-holders over
baccalasureates and new NS&E’s over future NS&E’s. Any policy shift muse
consider the futility of encoursaging more NS&E students and graduates if their
employment prospects within their fields are poor. However, 1f & shortage
develops in the future, a shift towards subsidizing the costs of education may
prove more cost-effective in encouraging more college students to select
careers in NS&E occupations. Three simple public options for subsidizing this
cost of acquiring NS&E baccaleureates are: undergraduate scholarships for
students majoring in NS&E filelds, low-interest loans to these same types of
students, and forgivable loans (on acceptance of NS&E employment).

A major problem with making these options generally available to all students
is the opportunity cost of rewarding students that would have selected an NS&E
major without the {ncentive. As a result, the costs of untargeted programs
are apt to be substantial. Under different assumptions, cumulative 25-year
costs range from $49 billion for a comprehensive scholarship program for all
NS&E students, to 40% of that amount for a subsidized loan program.

Targeted programs focused on subgroups of college-age students with below-
aversge baccalaureste attainment rates in NS&E fields are less costly as a
consequence of the smaller target and the lower average opportunity cost
within the target group. Our estimates of the costs of targeted programs
range from $24 billion (scholarships for women) to $2.5 billion (subsidized
loans to blacks and Hispanics) (Figure 18). If the Federal Government
provided &-year scholarships only to underrepresented Minorities demonstrating
at least a minimum of fundamental skills in science or engineering, the cost
would be about $250 million per year ($6.3 billion over 25 years).

If NS&E‘’s become sufficiently scarce, it is unlikely that policy makers would
remain aloof, relying completely on private strategies. One obvious candidate
is greater use of foreign NS&E’s. Foreign participation in U.S. NS&E labor
markets could be encouraged at little direct cost to the Federal CGovernment by
relaxation of immigration rules for trained NS&E's who went to work or study
in the U.S. Direct immigration of trained NS&E’s into U.S. job vacancies is
obviocusly cost effective. Since 1975, from 3% to 6% of new degree-holders in
the U.S. labor market were trained abroad. If one half of an expanded flow of
immigrant students in NS&E flelds were to remain on the U.S. after finishing
their education, student immigration could alsoc be considered a cost-effective
means of expanding the flow of NS&E’s, because it is estimated that slightly
less than one-half the cost of educating foreign students in NS&E fields is
paid by U.S. sources, primarily state governments.
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Costs ond Effectiveness of
Public Sector Options for Undergraduate NS&E's
($2.000 per year, 25 years)

Scope Cost Shortfall Reduction
All students $49 billion 100%
Women Only 24 100%
Minorities 6.3 50%

Blacks 3.6 26%

Hispanics 2.7 - 24%

o Subsidized logn progrom would be about 40% of full
scholorship. (5%, 10—year, evidence of need)

o Forgivable loan progrom would be about 60% of full
scholarship cost (S&E's employed by F, S, L govt. or schools)

Figure 18

The quality of foreign NS&E'’s has, so far, been at least on a par with U.S.
citizen NS&E’s. In gracuate engineering programs, where the number of foreign
students currently exceed U.S. students, and where significant percentages of
students have been foreigners on temporary visas for more than a decade,
quality has never been a widespread problem. Graduate foreign students in
NS&E fields are distributed across institutions ranked by quality in
approximately the same proportions as other graduate students.

The major remaining issues surrounding the growing importance of foreign
students are language and culture. It is possible in NS&E fields for students
to enter and graduate with weak English language skills, despite nominal
proficiency requirements. If these students or graduates occupy teaching
positions in U.S. institutions, it is alleged that the quality of education in
those institutions could be impaired. It is possible that stricter standards
and policies within individual universities could go a long way in solving
this problem. For example, influential faculty, flush with grant money, may
funnel off the best domestic students as research assistants, leaving too few
available for teaching assistance. Internal policies could prevent this
Ppractice.

Culture i{s an issue for female faculty and students that are required to
interact with foreign male faculty and students from Nations where females
play subordinate roles to males. Again, it is possible that stricter
institutional standards and policies would keep this source of conflict under
control.’
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Women and minorities also play a potentially significant role in the shortfell
picture. Women provide a large pool of relatively untapped potentisl for new
NS&GE degree-holders, particularly in traditionally male fields, such as
engineering. In fact,they have begun to comprise an increasing share of the
engineering workforce, even though enrollments of women engineering students
have declined slightly in 1983. Minorities, specifically Blacks and
Hispanics, have also been greatly underrepresented in science and engineering,
compared to their fraction of the totel population. Worse, Black enrollments
have been declining since 1981. In eddition to the underrepresentation and
the recent downturn, Blacks and Hispanics have the lowest rates of completion
in NS&E degree programs. In Engineering fields, this sc-called persistence
rate is only 29% as compared to the naticnal total of 79%.

All "teaching™ programs have some merit, as well ss problems. On the negative
side,they all have quality as well as cost impacts which, under ordinary
(past) conditions, would be considered undesirable. But a situation that is
defined by a declining supply, rising demand, and a Federal budgetary crisis,
might lead to different perceptions of vhat are scceptable, or qualified,
entrants to the NS&E pool of the Nation.

CLOSING STATEMENTS

Attempts by the public sector to produce more natural scientists or engineers
must involve strategies that have as their goal getting more of both. For
example, the flow of engineering degrees can be increased st the expense of
the flow of computer science and physics degrees, but this merely shifts the
shortage from engineering to physics and computer science.

In the end, it may become increasingly harder to raise the percentage of 22-
year-olds getting NSGE baccalaureates to increasingly higher levels. This
means that programs focused exclusively on manpowver may prove to be wery
costly in terms of cesults. All is not lost, however. There are other things
wvhich might be done to augment manpower programs: (1) make more use of
computers and other capital equipment, beth in the training of NS&E’s and in
their wvorkplace; (2) institute a program of continuing education or training
for the practicing scientist and engineer in addition to making every effort
to ensure that their work experience is as relevant as possible; and, finally,
(3) vhen these students graduste and join the workforce, they should be given
more and better technicians to work with, as well as other support services,
so that they are able to more efficiently and effectively carry out their
jobs.
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The NS&E Pipeline

Several national economic indicators imply a probable continued growth in demend for scientists and
engineers for the foreseeable future. At the same time, demogmp%nic data indicate » probable decline
in the nation's production of college graduates with those skilis. This paper presents data which
specify the size and nature of supply shortages which are likely to occur in the absence of radical
changes in young people’s career choices. The paper also presents generic governmental strategies
which might attract and retain more students for science and engineering disciplines.

Under the current apprenticeship system of graduate education in natural science and engineering,
research and the next generation of researchers are jointly produced. Thus, concerns about the
amount and quality of research performed cannot be considered separately from concerns about the
demand for and supply of researchers. Efforts to address concerns about supply and demand have,
in general, relied on judgments. This is because it is not clear how to forecast the production of
these scientists and engineers and, more importantly, how many of them will be required to fill future
jobs. To some extent, such analyses are driven by the assumptions built into them, with shortages or
surpluses looming or vanishing with the adjustment of a number on 2 computer spreadsheet. The
following charts have been constructed with this in mind in the sense that they have made as few
assumptions as the data permit, and these assumptions are kept as simple as 5:ssible. In the main,
the following analyses have made use of trends that have been with us for years; in a few cases,
decudes. They merely hold that if these trends continue, and if society does nothing to alter them, one
can cxpect the future to grow in a straightforward fashion from the past. Or, if an imbalance exists

and the system acts to adjust for it in a standard fashion, absent any intervention, the forecasted
results can be expected.

The discussion is focussed principally on natural scientists and engineers (NS&Es), especially Ph.D.

NS&Es, rather than the larger population of scientists and engineers which includes the sub-population
of social and behavioral scientists. The choice of focus is based on observed differences in patterns of
production and demand for NS&Es and for behavioral and social scientists. For the latter, production

;nstf& gesmand is less closely linked to the health of the economy and demographic fluctuations than for

Supply

Irrespective of the many factors that enter into the choice of careers, the share of the college age

population obtaining B.S. degrees in NS&E has been between 4 and S percent for almost three decades
(F‘llgure l).tlj Career in‘:ehntig:s da'lla of Freshmen,
indicating the percent who have chosen a major 3
in Natural Science and Engineering, suggest that NS&E BS Production Rates

the rate of B.S. degree conferrals to 22-year-olds e [‘Shomn-u a Growing Rate in Computer Science]
(the average age at which such conferrals occur) r
will fall to below §%. The estimate of 5% used '

i Lo b i NS & E (Total)

in the projections is optimistic but not 00sr

unreasonable, so it does not overstate ¢the futwee | i N\ A
supply or downplay the severity of the forecasted Y7 P . W oo e 3

shortfalls through 1990. If the 5% share is

sustained, the dominant factor controlling the
future supply of these scientists and engineers is e
the size of the pool from which they are drawn

(Figure 2). The number of people in the 22-year- 002
old age group has begun to decline and will M
continve to do so untii after the mid-1990s, at GO b e T

i

| per22

NS & E (excluding Computer Science)

Enel
which time it will begin to rise again. Projection Hsae Sopranx rarded prssrtie
of freshman intention data indicates that this L

expected downturn will be evident in the next T S R T T
fesw years. ey

Over the past three decades, the number of Figure 1

baccalaureate degrees in natural science and

engineering has increased steadily wi :

population, but the growth of the individual components has shifted significantly. If one divides the
set of NS&E into three major components, natural science, engineering, and computer science, one gets

i
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a very different picture of the trend in d
Nanmiber of 22 Year Oids i the Lrited Stales preduction of disciplinary groups depending on which
M ron) of the components is being examined. Natural
S ' science degrees, for example, peaked in the mid-1970s
and have been declining ever since. Engineering
degrees, on the other hand, have been increasing
: over the same period. The combined fields show a
P : i | considerably modulated growth which has been
: j /,/ consistently between 4 and 4.5 per cent of the twenty-
31} / — two year-oid population. It is unclear whether this
/ rate will continue into the future as the declared
| N intentions of the current student body presages a
t / significant drop. The addition of computer science
degree earners makes this a much less coherent set.
In the early 1970s until the early 1980s, the number
of individuals receiving computer science degrees was
relatively small, likely coming from the same pool as
Figure 2 the scientists and engineers. Recent data, and the
continuing substantial growth in numbers of these
degrees show that they are drawn from several fields,
and there is some evidence that they attract a student bedy that previously were not candidates for
coliege degrees. The production of these degrees are expected to fail substantially in the near future,
so the issue may soon be less significant than at present (Figure 3).

ik b s cop ey R———
1959 1904 1900 1674 1979 1984 1960 1094 1999 2004 2000

Two other points are noteworthy. There has

= et NS&E BS Preduction

ggﬁ?e:raslh:)‘; I:t:::csle;::‘selﬂell::l l;-]e;f'e:; :23 ;(:]r:leenofin (Showing Expected E'fects of Freshman Intentions)
e Thousands o ee:

traditional NS&E fields, from less than 1 asg ot ol Braree?

percent in 1959 to 2.5 percent in 1986. This :

rise has been offset in large measure by a Computer Scisnce

decline in the conferral rate to males, from 7 =

percent in the early 1970s to 6 percent in recent fatura) Sciences
years. Between 1972 and 1982 new female
baccalaureates in NS&E fields grew steadily
from 1.5 percent of 22.year-olds to 2.5 percent of
22-year-olds in 1982, but in the first five years 160
the growth was entirely in life science, while in
the latter five years growth was entirely in the
remaining NS&E fields. During 1982-86, female Cons
NS&E baccalaureates rose to 33 percent of B
22~,yrear-ulds.i with thl;esgrgwth almost entirely in _ i
computer science. B.S. degrees in computer '

science, the new NS&E field, have risen very fast e L L e e w1
during the 1980s. The conferral rate in this Figure 3

field alone was only 0.3 percent in 1980,

compared to over 1 percent in 1986. The 1986

conferral rate to women in this field alone was equivalent to the rate in all other NS&E fields
combined in 1959 (0.8 percent).

The § percent conferral rate is conservative because underrepresented minorities have been (and are
expected to continue) growing at a proportion of all 22-year-olds. The participation rate of the
underrepresented minorities has been substantially below average during the last ten years. Currently,
blacks account for 13 percent of 22-year-olds but only 4 percent of NS&E B.S. degrees, and Hispanics
account for 7.5 percent of 22-year-olds, but only 2.5 percent of NS&E B.S. degrees. College age blacks
and Hispanics are expected to increase their proportion of the total college age population from 20
percent currently to 25 percent in 1996, and 33 percent in 2010.

The data suggest that absent some positive action to overcome the observed tendencies in students’
choices in courses of study, the number of students in the fields of natural science and engineering
will decline. The lowered production rate for these occupations has termed ahortfall® The size of
the shortfall depends on the demand for such skills in the future. is analysis does not aftempt to
forecast future demands. The shortfall is simply the difference fronj the 1983 production level. If the

2 | ¥
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NS&E participution rate remains at 5% of the
Naa b Cuamalative Shortlalls B Degrees 22-yeur-old population, the cumulative shortfall of
T SR B.S. degrees to the turn of the century would be
. ety about 430,000, with 160,000 being in engincering
(| degrees (Figure 4),

Ph.D. Shortages

LR )

It has been assumed that the shortage of
baccalaureate degrees also means a corresponding
shortage of doctorates. The historical link
between population and degree production has
not been as strong at the Ph.D. level, in contrast
to the 4 percent link between B.S. degrees in
traditional ficlds of NS&E and 22-year-olds. Part
of the reason is the wide age distribution of
: e o e A Ph.D. recipients (90 percent of whom are 25 to
1983 1987 1991 1998 1999 37 years old) compared to B.S. recipients (90

- percent of whom are 21 to 24 years old). The
Figure 4 median age of all new S&E Ph.D.s was 30 years

old during the 1960s and 1970s, but this has
drifted up over the last 5 years to about 31 years old in 1986.

Perhaps the major reason for a weaker population-degree link at the Ph.D. level is the greater
importance of specific economic considerations in determining the number of Ph.D. students. Both
favorable expected job availability and improved salary prospects will increase the rate of enroliment in
Ph.D. programs from a given number of B.S. degree holders. The Ph.D. production in natural science
and engineering approximately tripled between 1960 and 1972, dropped gradually in the late Seventies,
then slowly recovered, though not quite to its 1972 level. Most of this recovery, particularly recently,
is due to a rise in Ph.D.s conferred to foreign citizens who are in the United States on a temporary
basis. On the average, across all NS&E fields, the U.S. retains about half of the foreign-born Ph.D.
candidat=s (studying in the U.S. on student visas) as members of the workforce after they finish their
doctorates. Unlike its influence on B.S. degrees, Computer Science is not a major factor in the total

number of Ph.D. degrees granted in NS&E (Figure 5). Demographic trends will affect future supplies
of Ph.D.s, which are dependent on baccalaureate

production as noted earlier in the context of the -
“pipeline” discussion. Most obviously, if the rate PhD Degrees in

of conferral remains fixed at S percent of US. Natural Science and Engineering
citizens receiving baccalaureates in NS&E and a )
fixed number of foreign citizens (say 3,500, as a
point of discussion), then the number of new
S&E Ph.D.s will rise slightly to aimost 14,000 in
1989 and 1990, and will subsequently decline
steadily into the next century, falling below
12,000 in 1999.

Thousands

Computer Sciences

Engineering

Natural Sciences

Qutside of the traditional NS&E pipeline,
immigrants may help to compensate for the drop
in Ph.D. production brought about by
demographic changes in the U.S. population. In : .
the last several decades, Ph.D.s trained in L B i wiv oy :
foreign countries have not been a significant L R
source of NS&E personnel. Since 1975, from 3

to 6 percent of new degree-holders in the U.S.
labor market were trained abroad. On the other
hand, foreign doctoral students (o temporary ¥igure §

visas) studying in U.S. universities have been a

significant source of supply in NS&E fields, assumlng many of them remained in the US. to work
after finishing their studies. These foreign students accounted for more than 25 percent of NS&E
Ph.D.s in 1986.

o N & H» & © N & &
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The NS&E Pipeline

A fundamental feature of the way research Is carried out in the United States is the joiat production
of research and education for the next generation of scientists and engineers. Although there has been
some argument, at times, that there may be equally effective ways to accomplish the desired research
there has never been a serious challenge to the orthodoxy of the apprenticeship method of training
graduate students as the best way to educate advanced degree students.

Consequently, in addition to being concerned about the amount and quality of the research itself, the
production of the next generation of researchers is very important too. In general, efforts to address
this concern have relled on judgements. This is because it Is not clear how to forecast the production
of these scientists and engineers and, more importantly, how many of them will be required to fiil
future jobs. To some extent, such analyses are driven by the assumptions bullt into them, with
shortages or surpluses looming or vanishing with the adjustment of a number oo a computer
spreadsheet. The following charts have been constructed with this in mind in the sense that they have
made as few assumptions as the data permit, and these assumptions are kept as simple as possibie.
In the main, the following analyses have made use of trends that have been with us for years; in a few
cases, decades. They merely hold that if these trends continue, and il society does nothing to alter
them, one can expect the future to grow in a straightforward fashion from the past. Or, if an
imbalance exists and the system acts to adjust for it in a standard fashion, absent any intervention,
the forecasted results can be expected.

The following discussion is focussed principally on issues concerning production of, and demand for,
natural scieatists and engineers (NS&Es), especially Ph.D. NS&Es, rather than the larger population of
scientists and engineers which includes the sub-population of social and behavioral scientists. The
choice of focus is based on observed differences in patterns of production and demand for NS&Es and
for behavioral and social scientists. For the latter, production and demand is less closely linked to
the health of the economy and demographic fluctuations than for NS&Es.

Supply

The factors that cause a young person to chose a career in science or engineering are not known.
But, whatever they are, the share of that age cobort of college population which typically obtain B.S.
degrees in NS&E has been pretty constant at

about 4.5 percent for almost three decades NSEZE BS Produclion Rates
(Figure 1). Career intentions data of Freshmen [Showing a Growing Rate in Computer Science)
to examine the percent who have chosen a major hos
in Natural Science and Engineering, suggest that
the rate of B.S. degree conferrals to 22-year-olds
(the average age at which such conferrals occur) [
will fall to below 5%. Consequently, the estimate
of 5% we have used in out analyses is feit to be .04
generous but not unreasonable, as it would
overstate the future supply and downplay the bos
severity of the forecasted shortfalls. i

N3 & B (Total)

T TN T e -~

NS & E (excluding Computer Sclence)

If the 5% share is sustained, the most telling X

characteristic of future supply of these scientists F \
and engineers is certain to be the size of the bo: Enginceri

pool from which they are drawn (Figure 2). N3 & B Degreas Awarded

Starting a couple of years ago the number of {L___per 22-Yoar-0ia

people in the 22-year-old age group began to 0

deciine and will continue to do so until after the i T T T e
mid-1990s, at which time it will begin to rise Pgure 1

again. Our forecast of the expected number of Figure 1
degrees in these flelds shows that this expected
downturn has begun.

Over the past two, almost three decades, the number of baccalaureate degrees in natural science and
engineering has increased steadily with pepulation, but the growth of the individual componeants has
shifted significantly. If one divides the set of NS&E into three major components, natural science,
engineering, and computer science, one gets a very different picture of the trend in degree production
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umber of «<=Ycar- in The 0ol €0 | of disciplinary groups depending on which of the
(¥ Mcas) components is g:ing examined. Natural science
degrees, for example, peaked in the mid-1970s and
have been declining ever since. Engineering degrees,
on the other hand, have been increasing over the
same period. The two of them, if combined, show a
considerably modulated growth which, when
normalized as a proportion of the entire
baccalaureate pool, turns out to be about 4.5% of the
total. [t Is unclear whether this rate will continue
into the future as the declared intentions of the
current student body presages a significant drop.
The addition of computer science degree earners
makes this 8 much less coherent set. Whereas there
seems to be some natural migration between those

who might choose to be scientists or engineers in the
rgue 3 sense that the data shows a complementarity between
Figure 2 the two, there ts no such relationship apparent with

the fleld of computer science. In the early Seventies

and until the early Eighties, the number of
individuals receiving computer science degrees was relatively small and one could argue that thelr
numbers were drawn from the same pool as the scientists and engineers. Recent data, and the
continuing substantial growth in numbers of these degrees show that they are drawn from several
fields -- and indeed, there is some evidence that they attract a student body that previously were not
candidates for collcge degrees. On the other hand, the production of these degrees are expected to fall
substantially in the aear future, so the issue may soon be less significant than at present (Figure 3).

Two other points are noteworthy. There has "NSXE BS Production

been a slow but persistent rise in the rate of [Showing Expected Effects of Freshman Intentions]
conferral of baccalaureate degrees to women in Thoumnds of Degroes

traditional NS&E flelds, from less than 1 foe

percent in 1959 to 2.5 percent in 1986. This Computer Science

rise has been offset In large measure by a bool

decline in the conferral rate to males, from 7

percent in the early 1970s to 6 percent in recent Natural Sciences

NS&E baccalaureates rose to 3.3 percent of :
22-year-olds, with the growth almost entirely in
computer science. B.S. degrees in computer AR SR CRIERY

science, the new NS&E fleld, have risen very fast e T
during the 1980s. The conferral rate in this Pigure 3

field alonme was only 0.3 percent in 1980, Figure 3

compared to over 1 percent in 1985. The 1986

conferral rate to women in this field alone was

equivalent to the rate in all other NS&E flelds

combined in 1959 (0.8 percent).

years. Between 1972 and 1982 new female b R

from 15 percent of 22.yearolds to 25 percent of \ -
e \\ '
T e o e \\\\ o

1963

1978

The data su t absent some positive action to overcome the observed tendencies in students’ choices
in courses of study, the number of students in the flelds of natural sclence and engineering are sure
to decrease. We have identified this ss a shortfall. The size of the shortfall is arguable; the
significant question is “compared to what?" For purposes of this analysis we have sidestepped the issue
by simply describing the shortfall as a deviation from the 1983 level. If one took the persistence rates
of those students who tended to get degrees in natural science and engineering into coasideration witk

2
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Gmulelive Shortals, agrees the fate of the cohort of 22.year-olds, the
(Thausands) cumulative shortfall of B.S. degrees to the turn of
9 the century would be about 430,000, with 160,000
being in ¢nrineering degrees (Figure 4).

430
Ph.D. Shortages

It has been assumed that the shortage of
baccalaureate degrees also means a corresponding
shoriage of doctorates. The historical link
between population and degree production has
not been as strong at the Ph.D. level, iu contrast
to the 4 percent iink between B.S. degrees in
traditional flelds of NS&E and 22-year-olds. Part
of the reason is the wide age distribution of
Ph.D. recipients (90 percent of whom are 25 to

1923 1987 1691 1998 1999

37 years old) compared to B.S. recipients (%0
Lgore s percent of whom are 21 to 24 years old). The
Figure 4 median age of all new S&E Ph.D.s was 30 years

old during the 1960s and 1970s, but this has
drifted up over the last S years to about 31 years old In 1986.

Perhaps the major reason for a weaker population-degree link at the Ph.D. level is the greater
importance of specific economic considerations in determining the number of Ph.D. students. Both
favorable expected job availability and improved salary prospects will increase the rate of earollment in
Ph.D. programs from a given noumber of B.S. degree holders. The Ph.D. production in naturul science
and engineering approximately tripled between 1960 and 1972, dropped graduslly in the late Seventies,
then slowly recovered, though not quite to its 1972 level. Most of this recovery, particularly recently,
is due to a rise in Ph.D.s conferred to foreign citizens who are in the United States on a temporary
basis. On the average, across all NS&E fields, the U.S. retains about half of the foreign-born Ph.D.
candidates (studying in the U.S. on student visas) as members of the work® rce after they finish their
doctorates. Unlike its influence on B.S. degrees, Computer Science is not a major factor in the total
number of Ph.D. degrees granted in NS&E (Figure 5). Demographic trends will affect future supplies
of Ph.D.s, which ar: dependent on baccalaureate
production as noted earlier in the context of the PRD Degrees in
“pipeline” discussion. Most obviously, il the rate : . :
of conferral remains fixed at 5 percent of U.S. Natural Science and Engineering
citizens receiving baccalaureates in S&E and a Thousands

fixed number of foreign citizens (say 5,000, as a }*

point of discussion), then the number of new
S&E Ph.D.s will rise slightly to almost 20,000 in
1989 and 1990, and will subsequently decline
steadily into the next century, falling below
16,000 in 1999.

QOutside of the traditional NS&E pipeline,
immigrants may help to compensate for the drop
in Ph.D. production brought about by
demographic changes in the U.S. population. In §
the last several decades, Ph.D.s trained in 7% 7 T8 00 8t 84 od
foreign countries have not been a significant
source of NS&E personnel. Since 1975, from 3
to 6 percent of new degree-holders in the U.S.
labor market were trained abroad. On the other Pigure 5

hand, foreign doctoral students (on temporary

visas) studying in U.S. universities have been a significant source of supply in NS&E fields, assuming
many of them remained in the U.S. to work after finishing their studies. These foreign students
accounted for more than 25 percent of NS&E Ph.D.s in 1986.

The demand for scientists and engineers can be ascertained by assuming the replacement plus any new
requirements for the various sectors of the economy. Figure 6 shows such demands for academia,
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The NS&E Pipetine

Several nationa! ecomomic indicators imply a probabie contioued gro\vth' in demand for scientists and

engineers for the foresceable future. At the same
time, demographic data indicate s probable decline
in the nation’s Production of college graduates
with those skills. This paper presents data which
specify the size and ocature of supply shortages
which are likely to occur in the absence of radical
changes in young people’s career choices. The

Objeceive is to describe potential
supply shortage of gcientistsa and
engineors.

paper aiso presents generic governmental strategies
which might attract and retain more students for
sclence and cogineering disciplines.

Under the current apprenticeship system of graduate education in natural science and engineering, research
and the next generation of researchers are jointly produced. Thus, concerns about the amount and quality
of research performed cannot be considered
separately from concerns about the demand for
and supply of researchers. Efforts to address
concerns about supply and demand have, in
general, relied on judgments. This is because it
is not clear how to forecast the production of
these scientists and engineers and, more
importantly, how many of them will be required to
fill future jobs. To scme extent, such analyses are
driven by the assumptions built into them, with
shortages or surpluses lcoming or vanishing with the adjustment of 8 number on a computer spreadsheet.
The following charts have been constructed with this in mind in the sense that they have made as few
assumptions as the data permit, and these assumptions
are kept as simple as possible. In the main, the .
following analyses have made ugse of trends that have
been with us for years; in a few cases, decades. They
merely hold that if these trends continue, and if society b £}
does nothing to alter them, one can expect the future to
grow in a straightforward fashioo from the past. Or,
il an imbalance exists and the system acts to adjust for
it in a standard fashion. absent amy intervention, the
forecasted results can be expected.

Aaalysis based oi. examination of
trends over 25 years for natural
scientists and engineers (SE&E).

-term data suggest an upper
t of 5 percant of college
age populstion receiving NS&E BS
degrees.

The discussion is focussed principally on natural scientists and engineers (NS&Es), especially Ph.D.

NS&Es, rather than the iarger population of scientists and engineers which includes the sub-population

of social and behavioral scientists. The choice of focus is based on observed differences in patterns of

production and demand for NS&Es and for behavioral and social scientists. For the latter, production

:;lnscl&L dEemand Is less closely linked to the health of tle economy and demographic fluctuations than for
s.

Dominant factgor cantrolling HNSSE

supply i size of college ation

3mm= which will decline until late
8.

Supply

Irrespective of the many (actors that enter into the choice of careers, the share of the college age
population obteining B.S. degrees in NS&E has been between 4 and 3 percent for almost three decades
(Figure 1). Career intentions data of Freshmen, indicating the t who have chosen a major in
Natural Science and Engineering, suggest that the rate of BS. quee conferrais to 22-year-olds (the
average age at which such conferrals occur) will fall to below $%. The estimate of £% used in the

1
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projections is optimistic but not unreasonable, so it
does not overstate the future supply or downplay the
severity of the forecasted shortfalls through 1990. If
the 5% share I3 sustaiv=d, the dominant factor
controlling the future supply of these scientists and
engineers s the size of the pool from which they are
drawn (Figure 2). The number of people in the 22-
year-old sge group has begum to deciine and will
continue to do so until after the mid-1990s, at which
time it will begin to rise agaln. Projection of freshman
intention data indicates that this expected downturn
will be evident in the next few years.

NSKE 8BS Produclion Rates
{Snowmng s Grewing fate 1a Computer Science]
_] ]

NS & € (Yoral)

s NS @ £ (exciuding Computer Sciance)

“ |

]
(L BT BT BT ) "wn T 803 Y

Pigure |
Figare 1

Most

growth of computer science

bauccaiauiestes diu not com> from
likely candidates for baccalaureates
in other NS&B disciplines.

Over the past three decades, the cumber of baccalaureate degrees in natural science and engineering has
Increased steadily with population, but the growth of the individual components has shifted significantly.

Number of 22-Year-0ids in the United Stutes
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If one divides the set of NS&E into three major
components, physical sclences, life sciences, and
biological sciences, one gets a very different picture of
the trend in degree production of disciplinary groups
depending on which of the components is being
examined. Natural science degrees, for example,
peaked in the mid-1970s and have bcen declining ever
since. Engineering degrees, on the other hand, have
been increasing over the same period. The combined
fields show a considerably modulated growth which
has been consistently between 4 and 4.5 per cent of
the twenty-fwo year-old population. It is unclear
whether this rate will continue into the future as the
declared intentions of the current student body
presages a significant drop. The addition of computer
science earners makes this a much less
coherent set. In the carly 1970s until the early 1980s,

Figare 2
d

the oumber of individuals recelving computer science

was relatively small, likely coming from the

egrees
same pool as the scientists and engineers. Recent data, and the continuing substantial growth in numbers

of these degrees show that they are drawn from
several fields, and there is some evidence that they
attract a studeat body that previously were not
candidates for college degrees. The production of
these degrees are expected to fall substantially in
the near future, so the lssue may soon be less
significant than ai preseat (Figure 3).

Two other points are noteworthy. There has been
a siow but persistent rise in the rate of conferral of
baccalaureate d s to women ia traditional

Slow persistant growth in rate of

conferral of NSER basccalaureates o
women offset by
conferral to men.

& decline in

egree

NS&E flelds, from less than 1 percent in 1959 to 2.5 percent in 1986. This rise has been offset in large
measure by a decline in the conferral rate to males, from 7 percent in the early 1970s to 6 percent in
recent years. Between 1972 and 1982 new female baccalaureates in NS&E fields grew steadily from 1.5

2
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percent of 22-year-olds to 2.5 percent of 22-year-olds
in 1982, but in the first five years the growth was

NS&E BS Production
{Showing Expecled Effecls of Freshman !ntentions)

entirely in life science, while in the latter five years Thousanas of Dgrass
growth was entirely in the remaining NS&E fields. | 7
During 1982-86, female NS&E baccalaureatss rose to |
33 percent of 22-year-olds, with the growth almost | 200
entirely in computer science. B.S. degrees in computer ]
science, the new NS&E fleid, have risen very fast j
during the 1980s. The conferral rate in this fleld |,
alone was only 03 percent in 1980, compared to over | e
1 percent in 1986. The 1986 conferral rate to women | .00
in this field alone was equivalent to the rate in all
other NS&E flelds combined in 1959 (0.8 percent).

Comnputer Science

Naturel Sciances

30

The § percent counferral rate is corservative because _ _
underrepresented minorities have been (and are o AR il it S
expected to continue) growing at a proportion of all 1980 1883 1087 1071 1978 1970 1943 197

22-year-olds. The participation rate of the
underrepresented minorities has been substantiaily
below averege during he-lact ten ye~rs. Tur-entl,
blacks account for 13 jercenc of 22-year-olds but ouly 4 percent of NS&E B.S. degrees, and Hispanics
account for 7.8 percent of 22-year-olds, but only 2.5
percent of NS&E B.S. degrees. College age blacks
and Hispanics are expected to increase their
proportion of the total college age population from
20 percent currently to 25 percent in 1996, and 33

percent in 2010.
T R A TR | BT L Y P e R S

730,000 short fall of NSEE's.

The data suggest that absent some positive action to overcome the observed tendencies in students’ choices
in courses of siudy, the number of students in the fields of natural science and engineering will decline.
The cumulative lowered production for these occupations has been termed a shortfall. The size of the
problem caused by the lowered production depends on the need for such skills in the future in a preferred
configuration of the economy. This analysis does not
attempt to forecast future demands. The shortfall is
simply the difference between the number of projected
NS&E baccalaureates and the number which would
exist from maintalning the 1983 production level. If the
NS&E participation rate remains at 5% of the 22-year-
old population, the cumulative shortfall of B.S. degrees
to the turn of the century would be about 430,000, with
160,000 being in engineering degrees (Figure 4).

Ph.D. Shortages

NS&E Cumulative Sherifalis BS Degrees
{Thousards)

40C ]»
:

Jec p
I

It has been assumed that the shortage of baccalaureate
degrees also means & corresponding shortage of
doctorates. The historical link between population and
degree production has not been as strong at the Ph.D.
> G bl e level, in contrast to the 4 percent link between B.S.
0 ey s o " | degrees in traditional fields of NS&E and 22-year-olds.

Part of the reason is the wide age distribution of Ph.D.
Figure 4 recipients (90 percent of whom are 25 to 37 years old)
compared to B.S. reciplents (90 percent of whom are
21 to 24 years old). e median age of all new S&E
Ph.D.s was 30 years old during the 1960s and 1970s, but this has drifted up over the last § years to about
31 years old in 1986.

Two major reasons for a weaker population-degree link to the Ph.D. degree preduction are the greater
importance of specific economic considerations and immigrations in determining the aumber of Ph.D.
students. Both favorable expected job availability and improved salary prospects will increase the rate of
enroliment in Ph.D. programs from a given number of B.S. degree holders. The Pk.D. production in

3



1028

e —
—

PRIVATE AND PUBLIC RESPONSES TO
PERSONNEL SHORTAGES IN NATURAL
SCIENCE AND ENGINEERING

-
e " . .

Options for Augmenting the Supply of
Natural Scientists and Engfnegrg

NATIONAL SCIENCE FOUNDATION

Directorate for Scientiflc, Technological
and International Affairs

Division of Policy Research and Analysis

WORKING DRAFT
February 1689



1029

The NS&E Pipeline

Several national economic indicators imply a probable continued growth in demand for scientists and
engineers for the foreseeable future. At the

sume time, demographic data Indlcaie & probable o ——— -
decline in the nation’s preduction of college

graduates with those skills. This paper presents
data which specify the size and nature of
shortages which are likely to occur in the

Objective 1s to describe potenmtial
supply shortsge of scientists and
engineers.

absence of substantial changes in young people’s
career cholces. The paper also presents generic
governmental strategies which might attract and
retain more students for science and engineering
disciplines. At the Ph.D. level, this paper considers various combinations of additional graduate
fellowship programs and equilibrium values of Ph.D.’s hired and Ph.D. salaries.

Under the current apprenticeship system of graduate education in natural science and engineering,
research and the next generation of researchers are jointly produced. Thus, concerns about the
amount and quality of research performed
cannot be considered separately from concerns
about the demand for and supply of researchers.
Efforts to address concerns about supply and
demand have, in general, relied on judgments.
This Is because it is not clear how to forecast
the production of these scientists and engineers
and, more importantly, hew many of them will
be required to fill future jobs. To some extent,
such analyses are driven by the assumptions
built into them, with shortages or surpluses looming or vanishing with the adjustment of a number on
a computer spreadsheet. The following charts have been constructed with this in mind in the sense
that they have made as few assumptions as the data
permit, and these assumptions are kept as simple as
possible. In the main, the following analyses have
made use of trends that have been with us for years;
in a few cases, decades. They merely hold that if
these trends continue, and if society does nothing to
alter them, one can the future to ina
straightforward fashion from the past. Or, if an
imbalance exists and the system acts to adjust for it
in a standard fashion, absent any intervention, the
forecasted results can be expected.

Analysis based on examinstion of
trends over 25 years for natural
scientists and engineers (NS&E).

lLong-term data suggest the
percent of the college age
population receiving NS&E BS
degress is unlikely to be much
over 5 percent.

The discussion is focussed principally on natural scientists and engineers (NS&Es), especially Ph.D.
NS&Es, rather than the larger population of scientists and engineers which includes the sub-population
of social and behavioral sclentists. The choice of focus is based on observed differeaces in patterns of
production and demand for NS&Es and for behaviora! and social scientists. For the latter, production
and demand is less closely linked to the health of the economy and demographic Muctuations than for
NS&Es.

Dominant  factor controlling NS&E
B.§S. supply is size of college

pulation pool, which will decline
until late 1990°s.

Irrespective of the many factors that eater into
the choice of careers, the share of the coll

age population cbtaining B.S. degrees in NS&E
has been between 4 and 5 percent for almost
three decades (Figure 1). Freshman career
intentions data, indicating the percent whe have
chosen 8 major in Natural Science and
Engineering, predict that the rate of B.S. degree conferrals to 22-year-clds (the average age at which
such conferrals cccur) will fall to below 5% im 1989 and 1990. Five percent is used in the projections
in this paper. This is optimistic but not unreasonable. It does mot 9%«!!{‘ oversiate the future
supply or downplay the severity of the forecasted shortfalls through 1990. the 5% rate is
unchanged, the factor controlling the future supply of scientists and engineers is the size of the pool
from which they are drawn (Figure 2). The number of people in the 22-year-oid age group is declining
and will continue to do so uniil after the mid-1990s, at which time it will begin to rise again.
Projection of freshrnan intention data indicates that this fleld choice will combine with the
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demographic dowaturn, and that a decrease in NS&E NS & E BS Production Rates

B.S. degrees will be evident in the next few years. (S:m-ma 8 Growing Rate in Computer Sciencel
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baccalaureates did not come from 1 i i
1,].. ke.ly ca nd_i dﬂ tesg fo: 0“1 NS & E re2c ucing Computer Sciance) |
baccalaureates 1In other NSEE [ ;
disciplines. oak PR
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Over the past three decades, the number of Fi i
baccalaureate degrees in natural science and e

engineering has increased steadily with
popuiation, but the growth of the individual

Number of 22-Year-0Olds in the United States componenis has shifted significantly. Separating
idlions) NS&E into three major components (natural
sciences, computer sclences, and engineering)
presents very different pictures of the trend in

/ /\ degree production components. Natural science
degrees, for example, peaked in the mid-1970s
ol and have since been declining. Engineering
‘ degrees, on the other hand, have been increasing
since the mid-1970s. The combined fields show

41

a considerably modulated growth which has been
consistently between 4 and 4.5 per cent of the
twenty-two year-old population. The declared
intentions of the current student body presages
J a significant drep due primarily to

; demographics. The addition of computer science
degree earners makes this a much less coherent
i iRt 1o, TN W e T e T ek i set. In the early 1970s untii the early 1980s, the

281

-
Figure 2
T A P Y e T S 5 PSS o g FE EHF T T TR
umber of individuals recelving computer science Slow persistent growth in the
zegrees was velatively small, rlﬁzly cg:ﬂn; from the rate of conferral of NS&E
same pool as the scientists and engineers. Recent baccalaureates to women has been
data, and the continuing substantis} growth in lazgely offset by a decline in

numbers of these degrees suggest that they have been conferrals to men.

increasing at the expense of A number of non NS&E _

Aelds. There is even some evidence that they aftract  HEERN SIS NSNS GRS A SN B
students that previously were not candidates for B.S.

degrees. The intentions date imply that uction of computer science degrees will fall substantially
in the near foture (Figure 3). e

Two other points are moteworthy. There has been z slow but persistent rise In the rate of conferral of
baccalaurcate degrees to women in traditional NSRE flelds, from less than 1 percent of female 22.year-
olds in £959 to 2.5 percent in 1986. This rise has been offset in large measure by a decline in the
conferral rate to males, from 7 percent of male 22-year-olds in the early 1970s to 6 percent in recent
years. Between 1972 and 1982 new female baccalaureates In NS&E fields grew steadily from 1.5

t of femaule 22- to 2.5 ¢ in 1982, but in the first five the was entirel
ﬁlr-oldl percen & years N&ﬂh y

life scieace, while in the iatter five years growth was eatirely in the remaining fields. During
1982-86, female NS&E baccalaureates rose to 3.3 percent of female 22-year-oids, with the growth almost
entirely in computer sclence. B.S.degnalncoma:lmwemthemlﬂs&ﬁﬂdd.hudunm
fast duriog the 1980s. The conferral rate in this fleld alone was only 0.3 percent in 1980, compared to
over 1 percent in 1986. The 1986 conferral rate to women in this field alone was equivaleat to the
rate in all other NS&E flelds combined in 1959 (0.8 percent).
The $ percent conferral rate is probably optimistic as a projection becau

se underrepresented minorities
have been (and are expected to continue) growing at a proportion of all 22-year-olds. The :

2
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participation rate of the underrepresented minorities

has been substantially below average during the last v Degrrsenf-::a?t:;:txrl:?ti:x-:f!ts::fmf:walrr::sm.t;:‘.?‘nee“"g

ten years. Currently, blacks account for 13 percent 1o ourends of degresa o

of 22-year-olds but only 4 percent of NS&E B.S. ;

degrees, and Hispanics account for 7.5 percent of 22- SIS Jeimnes !
00 - i

A SR 1 5 M 0 T A A f MBturel Scienees

By 2006 the U.S. will have a -
cumiistive shortfall of 675,000 -
Nsix B . s- 8. _‘

: Engineering 48

year-olds, but only 2.5 percent of NS&E BS. T ——
degrees. College age blacks and Hispanics are R R W A WR e A
expected to increase their proportion of the total e e

college age population from 20 percent currently to Figure 3

25 percent in 1996, and 33 percent in 2010.

The data suggest that unless some poslitive actlon is forthcoming to overcome the observed tendencies
in students' choices in courses of study, B.S. degree production in the fields of natural science and
engineering will decline. The cumulative reductions in production of these B.S. degrees is what we call
a shortfall. This analysis does not attempt to forecast future demands for B.S. degree earners. The
size of the problem caused by the lowered production
depends on the need for such skills in the future in
CUMULATIVE SHORTFALLS a healthﬁ cumgetl‘liive e;:onon;y. ’l‘(!ltershortfall (i’s i

measured as the drop in estimated future production

HEE e Db frem the 1983 producl:)lion level. If the NS&%

Thoutends

800 participation rate remains at §% of the 22-year-old
population, the cumulative shortfall of B.S. degrees
to the year 2006 would be about 675,000, with 275,000
600

being ir enginecring degrees (Figure 4). Even if we
assume that "demand” decreases by 1000 B.S. earners
as year, a shortfall of about 440,000 would still occur
by 2006.

]

L
i-

200

Supply: Ph.D. degrees

it has been assumed that the shortage of
Y e e baccalaureate degrees also means a corresponding
Figure 4 shortage of doctorates. The historical link between
popuiation and degree production has not been as
strong at the Ph.D. level, in contrast to the 4 to §
percent link between B.S. degrees im traditional fields of NS&E and 22-year-olds. Part of the reason is
the wide age distribution of Ph.D. recipients (30 percent ¢f whom are 25 to 37 years old) compared to
B.S. recipieats (90 percent of whom are 21 to 24 years old). The median age of all new S&E Ph.D.s
was 29 tc 30 years old during the 1960s and 1970s, tut this has drifted up over the last S years to
about 31 years old in 1987.

Two major reasons for a weaker population-degree link to the Ph.D. degree production are the greater
importance of specific economic considerations and immigrations of graduate students in determining
the number of Ph.D. students. Both favorable expected job availabilily and improved salary prospects
will increase the rate of enrollment in Ph.D. programs from a given number of B.S. degree holders.
Ph.D. production in natural science and engineering approximately tripled between 1960 and 1972,
dropped gradually in the late seventies, then slowly recovered,
though not quite to the 1972 level. Most of this recovery,
pianicularly receatly, is due to ; rise in Ph.Ds conferrse;l to Ecz)reign
0. degree producifon citizens who are io the United States on a temperary basis. On the
mﬂ: muost consider average, across all NS&E flelds, the U.S. retains about half of the
economic fectors  and foreign-born Ph.D. candidates (studying in the U.S. on student visas)
immigration. as members of the workforce after they finish their doctorates.
_ Unlike its influence on B.S. degrees, Computer Science is not a
sy major factor in the total number of Ph.D. degrees granted in NS&E
(Figure 5). Demographic trends wiil affect future supplies of Ph.D.s

3
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NS & E BS Production Rates

(Showing a Growing Rate in Computer Science)
0.08
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Figuare £ The recent rise in NS&E degrees was mostly.due to computer science.

Most growth of computer science baccalaureates did not come from likely
cathd‘gggs_ for baccelavrestes in other NSEE d.!gc«_tpl.tneg. e

Over the past three decades, the number of baccalaureate degrees in natural science and engineering
bas increased steadily with population, but the growth of the individual components has shifted
significantly. Separating NS&E into three major components (natural sciences, computer sciences,
and engineering) presents very different pictures of the trend in degree production components.
Natural science degrees, for example, peaked in the mid-1970s and have since been declining.
Engineering degrees, on the other hand, have been increasing since the mid-1970’s. The combined
flelds show a considerably modulated growth which has been consistently between 4 and 4.5 per cent of
the 22-year-old population. The declared intentions of the current student body presages & decline in
BS level NS&E degrees due to a reduction in the percentage of majors in NS&E fields, but the major
decline is expected to be demographically driven.

Computer science degrees are less predictable. Repid Increases through 1986 appear to be devolving
into rapid decreases, based on freshman intentions data (see Figure 3). Clearly the addition of
computer science to other NS&E flelds has made the NS&E aggregate a much less coherent set.
From the early 1970s until the early 1980s, the number of individuals recelving computer science
degrees was relatively small, and these students seemed to be coming from the same pool as other

2
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last ten years. Currently, blacks account for 13 percent of 22-year-olds but only 4 percent of NS&E
B.S. degrees, and His account for 7.5 percent of 22-year-olds, but only 2.5 percent of NS&E B.S.
degrees, College age blacks and Hispanics are expected to increass their proportion of the total
college age popuiation from 20 percent currently to 25 percent in 1996, and 33 percent in 2010.
In summary, unless some positive action is forthcoming te overcome the observed tendencies in
students’ cholces in courses of study, B.S. degree production in the fleids of natural science and

will decline. [t is not reasonable to expect the labor market for und duate degree
holders in NS&E flelds to solve this emerging problem, for 2t least two reasons. in the past
there has been virtually no reintionship between changes in the relative starting salaries for BS holders
in NS&E flelds (le, relative to other flelds such as business, the social sciences and the health
sciences) and the annual production of aggregate NS&E BSs, so there Is no sound reason to expect
market signals to expand NS&E degree production in the future. Second, in the future all
professional disciplines will probably experience a reduced flow of new graduates.

The cumulative reductions in production of NS&E B.S. degrees Is called a shortfall. This analysis
does not attempt to forecast future demands for BS. degree earners. The size of the problem caused
by the lowered production depends on the need for such skills in the future in a heaithy competitive
economy. The shortfall is measured as the drop in estimated future production from the 1983
production level. If the NS&E participation rate remains at 5% of the 22-year-old population, the
cumulative shortfall of B.S. degrees to the year 2006 would be about 675,000, with 275,000 being in
engineering degrees (Figure 4). Even with an optimistic assumption that the demand for new degrees
at the BS leve!windro%byl.NOucbyur&omlmtozm due to improved utilization and
productivity of the NS&E workforce, the Natioa would still face a cumulative shortfall of 440,000

4
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The NS&E Pipeline

Several national economic indicators imply a continued growth in demand for scientists and etEinecrs for
the foreseeable future. At the same time, demographic data indicate a probable decline in the pation's
production of college graduates with those skills. 'ﬁm pa i I.Ee size and nature of shortages
which are likely to occur in the absence of substantial in young people’s career choices, and
examines several generic strategies which might attract retain more students for science and
engincering. At the PhD. level, this considers various strategics for increasing US. dcfee
production, including additional gguate i I;:rggrm The analysis of future Ph.D. labor markets
compares equilibrium levels of .’s hired and . salaries in a variety of future settings.

Under the current apprenticeship system of graduate education in natural science and engineering (NS&E),
research and the next generation of researchers are jointly produced. Thus, concerns about the amount
and quality of research performed cannot be considered separately from concerns about the demand for
and supply of researchers.  The following analyses have used trend projections or past relationships
between variables only if these are stable in the sense that have held for years (in a few cases, decades).
All such assumptions about the persistence of past trends and relationships have been identified. The
analyses should be interpreted as conditional on the continuation of past trends and relationships -- they
assume that social values will not suddenly change.

- Long-term datss?e sttbe percent ofthe college age populstion
| recedving NSEE BS degrees is unlikely to be much over 5 percent.

The discussion is focused principally on natural scientists and engineers (NS&Es), especially Ph.D. NS&Es,
rather than the larger population of scientists and engineers which includes the sub-population of social
and behavioral scientists. The choice of focus is on observed differences in ﬁauems of production
and demand for NS&Es, compared to social and behavioral scientists. For the latter, production and
demand are less closely linked to the bealth of the economy and demographic changes.

Supply: B.S. degrees

Irrespective of the many factors that enter into the choice of careers, between four and five percent of
the US. 22-year-old age population has obtained B.S. degrees in NS&E for almost three decades (Figure
1). Although the ratio has been slightly above 5% recently, college freshman career intentions survey data
predict that the ratio of annual NS&E B.S. degrees awarded to the national 22-year-old population (the
average age of BS. graduates) wil! fall to below 5% in 1989 and 1990. Projections in this paper use a
slightly optimistic value of 5%. This estimate does not greatly overstate the near-future supply or downplay
severity of forecasted shortfalls, If this participation rate remains constant as assumed, the factor
controiling future supply of scientists and engineers is the size of the pool from which they are drawn
(Figure 2). The dechne in the number of people in the 22-year-old age group will continue until after
the mid-1990s, at which time it will begin to rise. The anticipated decline in B.S. degrees has not yet been
observed in actual counts, although the 1986 total was the same as in 1985. (Data for 1987 were unavailable
from the Department of Education when this paper was prepared.)
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NS & E BS Production Rates
(Showing a Growing Rate in Computer Science)
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Figure 1 The recent rise in NS&E degrees was mostly due to computer science.

Most growth of computer ecience bsccalsurestes did mot come from likely
candidates for baccalaureates in other NS&E disciplines.

Over the past three decades, the number of baccalaureate dfces in patural science and engineering has
increased steadily with population, but the growth of the individual components has shifted significantly.
Separating NS&E into three major components (natural sciences, computer scicnces, and cogineering)
resents very different pictures of the trend in degree production mmgo:xeuts. Natural science degrees,
or example, peaked in the mid-1970s and have since been duclininﬁ, ineering degrees, on the other
hand, bave been increasing since the mid-1970s. The combined fields show a considerably modulated
growth which has been consistently between 4 and 4.5 per cent of the 22-year-old population. The
declared intentions of the current student body presa%cs a decline in BS level NS&E deg :es due o a
reduction in the percentage of majors in NS&E lields, but the major decline is expected to be
demographically driven.

Computer science degrees are less predictable. Rapid increases through 1986 apﬁca: to be devolving into
rapid decreases, based on freshman intentions data (see Figure 3). Clearly the addition of computer
science to other NS&E fields has made the NS&E aggregate a much less coberent cet. From the early
1970s until the early 1980s, the number of individuals receiving computer science degrees was relatively

2
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Number of 22-Year—0lds in the United States
{Millions)
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Figure 2 The dominant factor controliing NS&E B.S. degree supply is the size of the college-age
population, which will decline until the l:& 1990’s. e eg

small, and these students seemed to be coming from the same pool as other NS&Es, particularly those
interested in mathematics. Recent data, anuclimtic substantial growth in these degrees from 1980 to 1986
suggest that they have been increasing at the expense of degrees in a number of non-NS&E fields. There
is some evidence that this field is attracting students that previously were not candidates for B.S. degrees.

~ Slow persistent growth in the rateoft:onferral of NSEE baccalaureates
to menha .been largely t by a ;".9'_“’””9 in con.t:grga.l to men.

Two other points are noteworthy. There has been a slow but persisient rise in the rate of conferral of
baccalaureate degrees to women in traditional NS&E fields, from less than 1 percent of female 22-year-
olds in 1959 to 2.5 percent in 1986. This rise has been offset in large measure by a decline in the
conferral rate to males, from 7 percent of male 22-year-olds in the early 1970s to 6 percent in recent
years. Between 1972 and 1982 new female baccalaureates in NS&E fields grew steadily from 1.5 percent
of female 22-year-olds to 2.5 percent in 1982, but in the first five years the growth was entirely in life
science, while in the latter five years growth was entirely in the remaining NS&E fields. During 1982-86,
female NS&E baccalaureates rose to 33 percent of female 22-year-olds, with the growth almost entirely
in computer science. B.S. degrees in_computer science, the new NS&E field, have risen very fast during
the 1980s. The conferral rate in this field alone was only 0.3 percent in 1980, compared to over 1 percent
in 1986. The 1986 conferral rate to women in this ficld alone was equivalent to the rate in other
NS&E ficlds combined in 1959 (0.8 perceat).
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B.S. Degrees in Natural Science and Engineering
(Showing Expected Effects of Freshmen Intentions)

Thousends of Degrees
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Figere 3 Choice of major fields by currently enrolled students portends a decline in NS&E degrees
over the next few years.

The 5 percent conferral rate may be optimistic as a projection because underrepresented minorities have
been (and are expected to continue) nging at a proportion of all 22-year-olds. The participation rate
of the underrepresented minorities been substantially below average during the last ten years,
Currently, blacks account for 13 percent of 22-year-olds but only 4 percent of NS&E B.S. degrees, and
Hispanics account for 7.5 percent of 22-year-olds, but only 2.5 percent of NS&E B.S. degress. College
;ﬁc blacks and Hispanics are expected to increase their proportion of the total college age population from

percent currently to 25 percent in 1996, and 33 percent in 2010. In summary, unless some positive
action is forthcoming to overcome the observed tendencies in students’ choices in courses of study, B.S.
degree ﬂroduction in the fields of natural science and engincering will decline. It is not reasonable to
expect the fabor market for undergraduate degree holders in NS&E fields to solve this emerging problem,
for at least two reasons. First, in the past there has been virtually no relationship between anges io the
relative starting salaries for BS holders in NS&E fields (i.e., relative to other fields such as business, the
social sciences and the health sciences) and the annual £roduction of aggregate NS&E BSs, so there is
oo sound reason to expect market signals to expand NS&E degree production in the future. Second, in
the future all professional disciplines will probably experience a reduced flow of new graduates.

The cumulative reductions in production of NS&E B.S. degrees is called a shortfall. This analysis does
not attemapt to forecast future demands for B.S. degree carners. The size of the problem caused by the
lowered production depends on the need for such skills in the future in a hcahhg competitive cconomy,
The shortfall is measured as the drop in estimated future production from the 1983 production level. if
the NS&E participation ratc remains at 5% of the 22-year-old population, the cumulative shortfall of B.S.
degrees to the year 2006 would be about 675,000, with 275,000 being in engineering degrees (Figu:e 4).
Even with an optimistic assumption that the demand for new degrees at the BS level will drop by 1,000
each year from 1989 to 2006 due to improved utilization and productivity of the NS&E workforce, the
Nation would still face a cumulative shortfall of 440,000 during this period.
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Cumulative Shortfall in NS&E B.S. Degrees

(below a constant 1983 production rate)
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Figure 4 By 2000, the US. will bave a cumulative sLortfall of 675,000 B.S. degrees, when compared
to the 1983 production level.

Supply: Ph.D. Degrees

A shortage of baccalaurcate degrees also suggests a conesgonding scarcity of doctorates. However, the
historical link between population and degree production has not been as strong at the Ph.D. level, in
contrast to the 4 to S percent link between B.S. degrees in traditional fields of NS&E and 22-year-olds.
Part of the reason is the wide age distribution of Ph.D. recipients (90 percent of whom are 25 to 37
years old) compared to B.S. recipients (90 percent of whom are 21 to 24 years old). The median age
of all new NS&E Ph.D.s was 29 to 30 years old during the 1960s and 1970s, but it has drifted up over
the last S years to about 31 years old in 1987.

" Ph.D. degree prodactim fo.tecasts "m'ua_ "'t‘:qus.i}fe'k economic factors and

lomigration.

Two major reasons for a weaker population-degree link to the Ph.D. degree production are the greater
importance of specific economic considerations and immigrations of graduate siudents in determining the
oumber of Ph.D. students. Both favorable expected job avaiiability and improved salary prospects will
increase the rate of enrollment in Ph.D. programs from a given number of B.S. degree holders. Ph.D.
production in natural science and engineering approximately tripled between 1960 and 1972, dropped
gradually in the late seventies, then slowly recovered, thc:?h not quite to the 1972 level. Most of this
recovery, particularly recently, is due to a nise in Ph.D.s conferred to foreign citizens who are in the United
States on a temporary basis. On the average, across all NS&E ficlds, the U.S. retains about half of the
foreign-born Ph.D. candidates (studying in the U.S. on student visas) as mcmbers of the workforce after
they finish their doctorates. Unlike its influence on B.S. degrees, computer science is not a major factor
in the total numbei of Ph.D. degrees granted in NS&E, as shown in e 5. Demographic trends will
affect future supplies of Ph.D.s to the extent they are dependent on baccalaureate production. Most
obviously, if the rate of conferral remains fixed at S percent of U.S. citizens receiving baccalaureates in

5
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Ph.D. Degrees in Natural Science and Engineering
Showing Growth of Computer Scicnce Field

Thousands
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Computer Sciencea
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Figere § In 1987, NS&E Pb.D. production rates fisaily returned to the peak rate of 1971,

and the sumber of foreign citizeas i at - igher than in 1987 -
N s i of s e e (1 240 o b
mmu.mhmmmuwmmmmmqmmmm. ing below
13,000 in 2001, and approsching 12,000 in 2006, as shown in Figure 7.

The projections shown in Figwes 6, 7, 8 and 9
reﬂeg average, ?t‘qm(w-y:'k)m:ﬁ

been 4% in industry, 3% in scademe, and 1% otiser sectors.
more recent 1975 to 1987 period are 58%, 4.4% in academe, and 1 . Altbough a continuation
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Growth of Potential Ph.D. Jobs at Current Salary Levels
Showing New and Replacement Jobs in Three Sectors
Thousands

LR |-
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Figure 6 Over the pext two decades, Ph.D. replacement needs will double in all sectors.

-
*

of these growth rates is improbable due to the large Federal share of the cost of basic and applied
rescarch (51 percent in l%ﬁ. and eﬁsaed Federal austerity, future Federal research support may
still continue to grow rapidly. If this scenario materializes, J:rojected constant-salary demand would
probably be much higher, as would production of American and foreign Ph.D.s.

Initially, new position demand fc - teaching Ph.D.s is expected to decline significantly due to falling
undergraduate earoliment in NS&E dgg:; programs. In the late 1990s, NS&E undergraduate enrollments
are cxpected increase once again, leading to growth in the number of new teaching positions. Overall,
there are three significant componenis to growth in the future demand for NS&E Ph.Ds given the
specification of scctoral growth rates for research: new position demand in industry, replacement demand
in the academic sector, and new posilion demand in the academic sector. Most of thergml:y hired during
the boom period of the 1960s were given tenure and many are still in academe. In the middle to late
1990s, these individuals will begin to retire in large numbers with the result that the replacement demand
for faculty will increase substantially, from about 2,900 atﬂfresent (including early retirements) to about
S, 700 in 2006. New position demand in industry is projected to grow from 3,600 to 7,400, and in academe
it is expected to grow from 3,300 to 5,600.

This increasing demand in the face of a falling number of Ph.D. candidates -- assuming the present 50
perceat rate of ion of foreign students into the labor force is maintained -- would produce a
substantial shortfall of doctorates starting in 1994 %ee Figure 7). The most uancertain feature of this
forecast is the future pumbers of foreign citizens in U.S. doctoral programs and (after they bave finished
their doctoral work) their raiz of entry into the U.S. labor force. Growth iz foreign student enrolimeats
seems likely; an increased rate of entry into the U.S. workforce is less likely because employment c?ansion
in technological occupations in Third World Nations is likely to absorb gains in production by US.
universities. This issue is discussed in detail later in this paper.

Market Responses to Shonfalls: General Comments
Dcmographically determined shortfalls can be expected to occur in most occupations, not just science

and eogineering. The impact is likely to be greater, however, in occupations requiring lengthier training,
superior base-level abilities, and well-developed learning skills. Oocupau}:)ns requu?ng only rudimentary skill

7
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The NS&E Pipeline

Several national economic indicators imply a continued growth in demand for scientists and engineers for
the foresccable future. At the same time, demographic data indicate a probable decline in the nation’s
production of college graduates with those skills. paper specifics sizc and mature of shortages
which are likely to occur in the absence of substantial in young people’s career choices, and
examines several gemeric strategies which might attract and retain more students for science and
engincering. At the PhD. level, this Palrer considers various strategies for increasing US. ce
production, including additional graduate fe owsln% programs. The analysis of future Ph.D. labor markets
compares equilibrium levels of Ph.D.’s hired and Ph.D. salaries in a variety of future settings.

Projected demand for scientists and engineers is up wihile projected
supply ls dowa.

Under the current apprenticeship system of graduaie education in natural science and engincering (NS&E),
rescarch and the nexi generation of researchers are jointly produced. Thus, concerns about the amount
and quality of research performed cannot be considered separately from concerns about the demand for
and supply of researchers.  The following analyses have used trend projections or past relationships
between varnables only if these are stable in the sens¢ that have held for years (in a few cases, decades).
All such assumptions about the persistence of past trends and relationships have been identified. The
analyses should be interpreted as conditional on the continuation of past trends and relationships -- they
assume that social values will not suddenly change.

Long-term data est the percent of the college ® Apapu.!at.ion
receiving NSEE BS degrees is unlikely to be much s 5'5.:::.

The discussion is focused principally on a cat called narural scientists and engineers (NS&Es), which
excludes social and bebhavioral scientists. This s of disciplines is responsible for the majority of the
Nation's scientific research and development, and, as described below, is least responsive to market signals,
and thus most vulnerable to future shortages.

Supply: B.S. degrees

Irres d&e_myfmm‘mueﬂuiptomeadud.%mfwudﬁw rcent of
the US. 22-year-olG age has obtained B.S. in N for almost three decades (Figure
1). Althougrgennohs dg above 5% , college freshman career intentions survey data
predict that the ratio of annual N BS. degrees awarded to the national 22-year-old population (the
of BS. will fall to below 5% in 1989 and 1990. Projections in this paper use a
slightly optimistic value of 5%. This estimate does not greatly oversiate the near-future supply or downplay
severity of forccasted shortfalls. If this participation rate remains constant as assumed, the factor
controlling future supply of scientists and engineers is the size of the pool from which they are drawn
Figure 2). The deciine in the number of people in the 22-year-old age group will continue until after
mid-1! at which time it will begin to rise. The anticipated decline in B.S. degrees has not yet been
observed in actual counts, although the 1986 total was the same as in 1985. (Data for 1987 were unavailable
from the Department of Education when this paper was prepared.)
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Effect of Computer Science Field on NS&E B.S Degree Rates
(Degrees Awarded per 22-year-old U.S. Population)
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Figure 1 The recent rise 1o NS&E degrees was mostly due $0 computer sclence.

&nt 5 rowth of cmur cenucc hnceﬂnnatu dtd mt m fm Iih.!y
andidstes pﬂnal _

for hccallnrmul :u: athar ”&I discj

Over the past three decades, the number of baccalaurcate dﬁm in patural science and engineering
increased sleadng with population, but the growth of the individual components has shifted s:gmﬁcantly
Separating NS
resents very different pictures of the trend m degree production com . Natural science degrees,
ormmple.peakedmthewd-lmand!membun degreub on the other
ve been incressing since the mid-19%0s. The combined a conmderably modulated
whchhubeenoonsstenﬂybemeudmd45permofm year-old population.  The
%lmd intcuions of the curcat sudeot body presages o declne i BS level NSAEdegrees due 102
uction in tage of majors in the major decline is expected to
demograplnully dmen.m

uter saenee deﬁ-ues are less predictable. Rapid increases through 1986 a to be devolving into
n : based on freshman intentions data (see Figure 3). C!early e addition of computer
scncnoc to other NS&E fields bas made the NS&E aggregate a much less cohcrent set. From the early
1970s until the early 1980s, the number of mdmdunls receiving computer science ces was relatively
smnll.andthesesmdentsseemedtobe fromthesame as other NS&Es, particularly those
interested in mathematics. Receat dala.and growth in these degrees from 1980 to 1986
suggest that they have been increasing at expensc degmmanmberofm—NS&Eﬁclds There
is some ewdence that this field is attracting students that previously were not candidates for B.S. degrees.

into tllrec major components (natural sciences, computer sciences, and engineering)

2
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Number of 22-Year-0lds in the United States
{(Millions)
41
38+
3.1 F
26}
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Figure 2 The dominant factor controlling NS&E B.S. degree supply Is the size of the coll
population, which wiil decline until m% 1990's. " i

Slow persistent growth in the rate of conferral of NS&E baccalaureates
to wumen has been largely offset by a .mum in conferral to men.

olds in 1959 to 2.5 percent in 1986. This rise has been offset in lar measute?ldeclmcinthe
conferral rate to males, from 7 percent of male 22-year-olds in the early 1970s to 6 percent in recent

Between 1972 and 1982 new female baccalaurcates in NS&E felds steadily from 1.5 percent
of female 22-year-olds to 2.5 percent in 1982, but in the first

in the five years &omh was_entirely in life
scicnce, while in the latter five years growth was eatirely in the remaining NS&E fields. During 1982-85,
female NS&E baccalaurcates rose to 33 percent of female 22-year-oids, with the growth almost eatirely
i computer science. BS. degrees in computer science, the new NS&E field, have risen very fast during
the 1980s. The conferral rate in this ficld alone was only 0.3 percent in 1980, compared to over 1 percent
in 1986. The 1986 conferral rate to women in this ficld alone was equivalent to the rate in afl other
NS&E fields combined in 1959 (0.8 percent).
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B.S. Degrees in Natural Science and Engineering

(Last three years based on freshmen intention surveys)
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Cholce of major fields by currently enrolied students portends a decline in NS&E degrees
over the next few years.

The 5 percent conferral rate may be optimistic as a projection because underrepresented minorities have
been (and are expected to continue) nging at a proportion of all 22-year-olds. The participation rate
of the underrepresented minorities been substantially below average during the last ten years.
Currently, blacks account for 13 percent of 22-year-olds but only 4 percent of NS&E B.S. degrees, and
Hispanics account for 7.5 perceat of 22-year-olds, but only 2.5 percent of NS&E B.S. degrees. College
ge blacks and His are expecied to increase their proportion of the total college nﬁe population from
percent currently to 25 percent in 1996, and 33 percent in 2010. In summary, ualess some tive
action is forthcoming to overcome the observed ancies in students’ choices in courses of study, B.S.
degree production in the fields of natural scicnce and engineering will decline. It is not reasonsble to
¢ labor market for undergraduate degree holders in NS&E ficlds to solve this emerging problem,
for at least two reasons. Firsy, in the past there has been virtually no relationship between es in the
rglaxivc starting salarics for BS holders in NS&E fields (ic., relative to other fields such as business, the
scicnces and the health sciences) and the annual production of aggregate NS&E BSs, so there is
0o sound rmmmqwmmn@gktom NS£E‘ degree production in the future. Second, in
the future all professional disciplines will probably experience a reduced flow of new graduates.

The cumulative reductions in production of NS&E B.S. degrees is called a -hortfall. This analysis does
not attempt to forecast future demands for B.S. dcg:ekwnm The size of the problem caused by the
lowered production depends on the need for such skills in the future in a healthy competitive economy.
The shortfall is measured as the drop in estimated future production from the production level.
the NS&E participation rate remains at 5% of the 22-year-old population, the cumulauive shortfall of B.S.
degrees to the year 2006 would be about 675,000, with 275, inginenginecringdﬁees(l" 4).
Even with an optimistic assumption that the cfemdfornewdegreesgltheBSlevel dro) EUID
cach year from 1989 to 2006 due to improved utilization and productivity of the NS&E workforce, the
Nation would still face a cumulative shortfall of 440,000 during this peri
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Cumulative Shortfall in NS&E B.S. Degrees

(below a constant 1983 production rate)
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Figare 4 By 2000, the U.S. will bave a cumulative shortfall of 675,000 B.S. degrees, when compared
to the 1983 production level.

Supply: Ph.D. Degrees

A shortage of baccalaurcate degrees also suggests 2 corresponding scarcity of doctorates. However, the
historical link between population and degree guoducuon oot been as strong at the Ph.D. level, in
contrast to the 4 to S percent link between B.S. de; in tradiiional fields of NS&E and 22-year-olds.
Fari of the reason is wide age distribution of Ph.D. recipieats (50 percent of whom are 25 to 37
years old) compared to B.S. recipicnts (90 percent of whom are 21 to 24 old). The median age
of all new N EPhDswasﬂtoaoyemoldduﬁnglhemmmﬁmnm&iﬁedupom
the last 5 years to about 31 years old in 1987.

m‘ Factors end

P8.D. degrx adéction Forecasts must ¢
immigration. K SN I

et WAL

Two major reasomns for a weaker population-degree link to the Ph.D. degree production are the greater
importance of specific economic considerations and immigrations of graduate students in determining the
oumber of . students. Both favorable expected job availability and improved prospects will
increase the rate of enrollment in PhDD. programs from a given number of BS. degree holders. Ph.D.
production in natural science and engineering approximately tripled between 1960 and 1972, drotppcd
gnduallyinthchtesevcnﬁeqthendow!xrepomed.thc:&ghmmkemtpelmm Most of this
recovery, particularly recently, s due o a rise in Ph.D.s conferred to foreign citizens who are in the United
Statcsonalemgmybass.’ Ontbpav_en&ee.mallNS&Eﬁelds.. US. retains about half of the
foreign-born Ph.D. candidates (studying in U.S. on student visas) as members of the workforce after
they finish their doctorates. Unlike its influence on B.S. degrees, computer science is not a major factor
in the total number of Ph.D. degrees granted in NS&E, as shown in n%uc 5. Demographic trends will
affect future supplies of Ph.Ds to the extent they are dependent on baccalaurcate production. Most
obviously, if the rate of conferral remains fixed at 5 percent of U.S. citizens receiving baccalaureates in

3
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The NS&E Pipeline

Several national economic indicators imply a continued growth in demand for scientists and
engineers for the foreseeable future. At the same time, analyses of student choice of college major
and demographic data discussed in this paper indicate a probable decline in the nation’s production
of college graduates with those skills. Even allowing for some excess during the last decade in the
number of new graduates over the number needed to fill occupations requiring training in the natural
sciences and engineering, a growing scarcity will develop in the 1990s. This paper specifies the size and
nature of scarcities which are likely to occur at both the B.S. and Ph.D. level in the absence of
substantial changes in young people’s career choices, and examines several generic strategies which
might attract and retain more students for science and engineering. At the Ph.D. level, this paper
considers various strategies for increasing U.S. degree production, including additional graduate
fellowship programs.

The analysis of B.S. degree production focuses on the evident limited response of aggregate NS&E
degrees to marker signals. Also considered to come extent is the flow of students through the high school
and college "pipeline” and the attendant losses of potential natural scientists and engineers. The analysis
of future Ph.D. labor markets compares equilibrium levels of Ph.D.’s hired and Ph.D. salaries in a

variety of future settings.
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Projected demand for scientists and engineers is up while projected supply is down.

- re—d - nd-suppiy-of-researchers— The anahses in xhzs paper have used trend
projections or past relanonshlps between varlab!es only if these are stable in the sense that they
have held for years (in a few cases, decades). All such assumptions about the persistence of past
trends and relationships have been identified. The analyses should be interpreted as conditional
on the continuation of past trends and relationships -- they assume that social values will not
suddenly change.

Long-term data suggest the percent of the college age populanion receiving NS&E BS degrees
is unlikely to be much over 5 percent.

The discussion is focused principally on weategory-ealted narural scientists and engineers (NS&Es),
rather than the larger populat:on of saenr:.m wlucfz mcludes ihe sub popu!anon of socnal and

behavnoral scientists.

ﬂﬂd-&h-uﬂ-fﬁﬂ&!-ﬁ‘ﬂ%ﬂﬁrﬁ-bl&-&ﬁ-ﬁﬁﬁf&ﬂh&ﬁﬂgeﬂ-'f he choice of facus is based on abserved d:ﬁerences in



