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Chapter 2

Demographic Trends:
Undergraduate and Graduate Education

THE CHANGING COMPOSITION OF THE
UNDERGRADUATE POPULATION

Significant changes in the size, composition,
and career interests of the undergraduate popu-
lation have characterized the past quarter century
of American higher education. Demographic and
other trends indicate that similar changes, al-
though not as rapid or extreme, will also mark
the next 20 to 30 years. Since the baccalaureate
is the entry-level degree to a scientific or engineer-
ing career, the composition of the undergraduate
population can be expected to have a significant
effect on the size and make-up of the science and
engineering work force. This section will exam-
ine the changing demographic and career patterns
of the undergraduate population and discuss the
implications of the trends for the size and qual-
ity of the scientific and engineering work force.

The explosion in higher education that took
place in the 1960s saw undergraduate enrollments
increase by 120 percent, from 3.3 million in 1960
to 7.4 million in 1970.1 This sizable change was
caused only in part by demographics. The num-
ber of 18 to 24 year olds, who constituted about
70 percent of the college population, z also in-
creased over the decade, but at a substantially
lower rate of about 54 percent.3 Close to half of
the increase in enrollment in the 1960s was caused
by an increase in the rate at which high school
graduates chose to participate in higher education.
In 1960 only 23.7 percent of the 18 to 24 year olds
that graduated from high school were enrolled in
college: by 1970 that ratio had increased to 32.7
percent, where it remains today.4

In the 1970s, undergraduate enrollments in-
creased by 47 percent (from 7.4 million in 1970

‘Statistical Abstract, 2982-1983 (Washington, DC: U.S. Depart-
ment of Commerce, Bureau of the Census, 1984), p. 159, corrected
to include unclassified pre-baccalaureates;  and The Condition of  Edu-
cation ( \\’ashington,  DC: National Center for Education Statistics,
1985), p. 98.

‘The  Condition of Education (Washington, DC: National Cen-
ter for Education Statistics, 1984 ), p. 72.

‘Projections of the Population (Washington, DC: U.S. Depart-
ment of Commerce, Bureau of the Census, 1984), p.  7.

to 10.9 million in 1983),5 but the population of
18 to 24 year olds only increased 22 percent. Most
of the new college students were adults 25 years
and older who doubled their participation in
higher education as a whole (including graduate
school) in that period. More than 70 percent of
the new over-25 group were adult women, whose
enrollment in higher education more than tripled
between 1970 and 1983. ’ The overall share of
women in higher education increased from 41.2
percent in 1970 to 51.7 percent in 1983.7 Blacks
increased from 6.9 percent of the higher educa-
tion population in 1970 to 10.6 percent in 1978,
but then fell back to 9.6 percent in 1982. Hispanics
increased from 2.0 to 4.4 percent between 1970
and 1982; Asian Americans from 1.0 to 2.7 per-
cent.8

In sum, from 1960 to 1983, the number of un-
dergraduates increased by a factor of 3.3, from
3.3 to 10.9 million. About 60 percent of that
change was due to demographics: a 1.9-fold in-
crease in the number of 18 to 24 year olds. The
remainder was caused by an increase in the rate
at which high school graduates, especially adult
women and minorities, chose to participate in
higher education. These enrollment trends tended
to favor public over private institutions and 2-
year colleges over 4-year colleges. Enrollments in
public institutions increased by a factor of 4.2
(from 2.3 to 9.7 million) in the 23-year period;
enrollments in 2-year colleges increased more than
sevenfold (from 650,000 to 4.7 million).9

— — . —
‘Statistical Abstract (Washington, DC: U.S. Department ot

Commerce, Bureau of the Census, 1985), p. 149.
‘Condition O} Education, op. cit., 1985, p. 79.

‘ I b i d ,

71bid., table 2.4, p. 94.
‘Statistical Abstract, op. cit., 1985, p. 152.
‘Statistical Abstract, 1982-83, op. cit., p. 159, corrected to in-

clude non-degree credit students; and Condition of Education, op.
cit., 1985, p. 79.
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BACCALAUREATES
The doubling in the enrollment of undergradu-

ates in the 1960s was accompanied by a doubling
in the number of bachelor’s degrees awarded in
the course of the decade. In 1960, 395,000 stu-
dents received B.A.s and B.S.s from the Nation’s
colleges and universities; by 1970 that number had
increased by 112 percent to 840,000.10

The 1970s saw a very different pattern. Al-
though the number of undergraduates increased
by 47 percent between 1970 and 1983, the num-
ber of baccalaureates only increased by 16 per-
cent (from 840,000 to 970,000). 11 The number of
awards below the bachelor’s degree granted in oc-
cupational curricula (business and commerce tech-
nologies, data processing technologies, health
services and paramedical technologies, mechani-

10Statistica~  Abstract, 19,79  (Washington, DC: U.S. Department
of Commerce, Bureau of the Census, 1979) p. 168; Condition o f
Education, op. cit., 1985, p. 90.

‘ ‘condition of Education, op. cit., 1985, p. 90.

u

- l
l
l.

cal, engineering, and electronic technologies) in-
creased 160 percent (from 154,000 to 400,000).12
Thus baccalaureates decreased from 84.5 to 70.4
percent of the total undergraduate degrees awarded
in the 1971-82 time frame.

The trend toward occupationally oriented degrees
is mirrored by the changing mix of fields within
the baccalaureate in the 1970s. As figure 2-1
shows, the number of bachelor’s degrees in job-
related fields, especially business and manage-
ment, increased dramatically in the 1970s, while
arts and sciences degrees declined substantially. *3

According to the National Center for Education
Statistics (NCES):14

IZSue E. Berryman, “The Adjustment of Youth and Educational
Institutions to Technologically-Generated Changes in Skill Require-
merits, ” prepared for the National Commission for Employment Pol-
icy, May 1985, pp. 30 and 31.

I ~Diges~  ~~ ~~ucation  Statistics,  1983-1984 (Washington, DC: Na-

tional Center for Education Statistics, December 1983), p. 11~,
141 bid., p. 118.

Figure 2-l.— Bachelor’s Degrees Conferred in Selected Fields: United States, 1965-66 to 1980-81

Arts and sciences Job-related fields

$ ,

1965-66 1970-71 1975-76 1980-81

Year

1965-66 1970-71 1975-76 1980-81

Year
SOURCE U S Department of Education, National Center for Education Statistics,  Digesr  of Educaf/on  .Sfat/st/cs,  1983-84, p 119



In 1965-66 degrees in English and literature, his-
tory, mathematics, modern foreign languages,
and physics constituted 20.4 percent of all bach-
elor’s degrees conferred . . . . by 1980-81 they
had declined to 7.4 percent of the total . . . .

In 1965-66 degrees in business and manage-
ment, engineering, the health professions, public
affairs and services, and computer and informa-
tion sciences comprised 22.6 percent of the total
bachelor’s degrees conferred . . . . in 1980-81
[they were] 41.8 percent . . . .

At least one occupationally oriented field has
not participated in the general rise in recent years.
Bachelor’s degrees in education . . . peaked at
194,000 in 1972-73 and subsequently declined by
44.3 percent to 108,000 in 1980-81. There has been
an annual decrease in public school enrollments
for a decade, and this has adversely affected the
demand for new elementary and secondary school
teachers.

At first glance it appears that science and engi-
neering fields have been immune from these strik-
ing changes in undergraduate career preferences.
According to the National Science Foundation
(NSF), science and engineering fields represented
approximately 30 percent of the bachelor’s and
first professional degrees awarded every year from
1952 to 1982. In no year have they exceeded 32
percent or fallen short of 28 percent. (Unfortu-
nately, the NSF tables and charts include first
professional degrees, such as the M. D., D.D.S.
D.V.M, and J. D., with bachelor’s degrees, so the
numbers are not strictly comparable to those pre-
sented above. ) The total number of science and
engineering bachelor’s degrees and first profes-
sional degrees has remained within the 280,000
to 305,000 range since 1972.

This apparent constancy, however, masks some
striking changes taking place within and between
fields (see figure 2-2). From 1960 to 1974 the per-
centage of total B.A. s and first professional
degrees awarded in the physical sciences and engi-
neering fell from 4.1 and 9.6 percent, respectively,

~ ‘Science and Engineering I’ersmnel:  A Natimal  Ot’er~’iew’,  NSF
85-302 ~~t’ash]ngton,  DC.  National Science Foundation, 1~85 ), p.
154.
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Figure 2.2.— Bachelor’s and First-Professional
Degrees in Science and Engineering
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SOURCE Nat{onal  Science Foundation. Scfence  and  Technolocrv  Resources,

NSF 85-305, 1985 p 73

to 2.1 and 4.3 percent. That decline was accom-
panied by an increase in the percentage of degrees
awarded in the social sciences from 8.0 to 14.4
percent. Between 1974 and 1982 the trend reversed
itself, and engineering degrees increased from 4.3
to 6.5 percent of the total, while social science
degrees fell from 14.4 to 10.9 percent. ”

Science and engineering baccalaureates, there-
fore, appear to follow the same trends as total bac-
calaureates; increasing with total college enroll-
ments through the 1960s and then going up only
very gradually in the 1970s and early 1980s. In-
dividual fields, however, follow changes in un-
dergraduate interests, such as the shift from the
natural sciences to the social sciences in the 1960s
and from academic subjects to job-oriented sub-
jects in the 1970s. It is a combination of demo-
graphic forces and career and educational choices
(strongly influenced by market considerations)
that determines the number of bachelor’s degrees
that will be produced in a science or engineering
field in a given year.

‘b Ibid.



36

According

FUTURE TRENDS:

to demographer Harold Hodgkin-
son, three major demographic trends will affect
colleges and universities over the next quarter cen-
tury. The first is the already cited decline in the
population of 18 to 24 year olds:17

Higher education can look forward to a gen-
eral decrease in the size of high school graduat-
ing classes for 16 years, followed by increased
numbers of high school graduates beginning in
1998. . . .

Most recent Census Bureau projections (Middle
Series) indicate that the number of 18 to 24 year
olds will decline from 30.4 million in 1982 to 23.3
million in 1996, a 23.4-percent decrease .18 This
is the group that participates at the highest rate
in higher education. As can be seen from table
2-1, for every 100 members of the 18- to 21-year-
old population there are 27 full-time equivalent
(FTE) students in higher education, (The number
of “full-time equivalent students” is equal to the
number of full-time students plus one-third the
number of part-time students, ) The ratio for 22
to 24 year olds is 11.5, and the ratios for all other
age groups are much lower. 19

Using the ratios in table 2-1 and the Census Bu-
reau Middle Series projections of the population
by age group, 20 it is relatively straightforward to

“Harold Hodgkinson, “College Students in the 1990’s: A Demo-
graphic Portrait, ” The Education Digest, November 1983, pp. 28-31.

l~prolectjons of the Population, op. cit., pp. 38 and 65.
I Qcaro] Herring and A]]en  R. Sanderson,  Doctorate EmP~oYment:

Supply  and Demand Considerations, 1981-2000 (Princeton, NJ:
Princeton University, 1981), p. 8.

‘L’F’rejections of the Population, op. cit., pp. 30-81.

Table 2.1.— Full-Time Equivalent Enrollments

A s  a  p e r c e n t a g e  o f  t h e  t o t a l  p o p u l a t i o n

A g e  g r o u p 1968a 1 973a 1978a 1 9 8 0 - 2 0 0 0 b

17 7.1 “/0 6.70/o 5,80/o 6.00/0

18-21 : : : : : : : : : 2 8 . 0 2 8 . 0 2 6 . 0 2 7 . 0

22-24 . . . . . . . . . 9 . 7 1 1 . 2 1 1 . 4 1 1 . 5

25-29 . . . . . . . . . 4.0 5.0 5.0 5.0
30-34 . . . . . . . . . 1.9 2.5 3.0 3.0
35-59 . . . . . . . . . 0.4 0.6 0.8 0.8
aActual
bAss u m e d based on current trends

SOURCE Carol  P Herring and Allen  R Sanderson,  “’Doctoral Employment Sup-
ply and Demand Considerations, 1981.2000, ” Princeton Unlverstty  April
1981, p 8

DEMOGRAPHICS

construct a table of potential FTE enrollments in
higher education for the rest of the century (and
even to the year 2020, if one is willing to accept
population projections based on births that have
not occurred yet). Figure 2-3 shows a continued
decline in FTE enrollments through 1996, with the
minimum in that year at 85 percent of the peak
in 1981. Enrollments then increase through the
first decade of the 21st century, with a new peak
occurring in 2010 about 15 percent above the 1996
minimum. 2]

These projections are based on a model devel-
oped by Carol Herring and Allen Sanderson that
assumes existing patterns of enrollment in higher
education among different age groups will con-
tinue for the next quarter century. Other assump-
tions could produce strikingly different results.
For example, the number of 25 to 34 year olds
in undergraduate education increased by nearly
70 percent in the decade 1972-82, as compared to
an increase of only 23 percent in the number of
18 to 24 year olds. If this older group, which will
remain relatively constant in population over the
next decade, continues to increase its rate of par-
ticipation in undergraduate education, it could
partially offset the decline in 18 to 24 year old en-

2 I FTES through  2000 calculated by Herring and Sander-son, O P.

cit., FTEs,  2000-20 calculated by Eugene Frankel.

Figure 2-3.— Projected Full-Time Equivalent
Students in Higher Education

1 9 8 0 1 9 8 4 1 9 8 8 1 9 9 2 1 9 9 6  2 0 0 0 2 0 0 4 2 0 0 8 2 0 1 2 2 0 1 6  2 0 2 0

Year

SOURCE Carol P Hemlng  and Allen R Sanderson,  Doctoral Employment
Supply and Demand Conslderatlons,  1981-2000, Pr[nceton  Un[ver.
slty,  Apr!l  1981 p 8: and Off Ice of Technology Assessment
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rollments. 22 specifically, if one assumes that ‘he

percent enrollments in higher education of 30 to
34 year olds and 35 to 59 year olds will continue
to increase at the rates they increased between
1968 and 1978 (0.1 and 0.04 percent per year),
it would generate an additional 1 million full-time
equivalents in 1996. The decline of 15 percent in
FTEs between 1981 and 1996 would become a much
less problematic decrease of only 2.4 percent.

Herring and Sanderson argue against these
more optimistic assumptions :23

There are those who . . . argue that the growth
in “non-traditional” enrollments will more than
compensate for the loss of the traditional popu-
lation base in higher education. We disagree
. . . . The recent increase [in non-traditional en-
rollments] has been due in large measure to
women going back to school, and at the present
time they make up about half of the enrolled stu-
dents. Therefore, the impact of this catching up
phenomenon—in which women were making up
for missed educational opportunities—is expected
to level off . . . . Part of the increase in older stu-
dents can also be traced to the effects of the Viet-
nam War and the GI Bill. These effects, too, have
undoubtedly run their course, and most veterans
who are going to return to school on the GI Bill
have done so by now.

The NCES projection of enrollments in higher
education for 1993 is consistent with Herring and
Sanderson’s results. It projects a drop in FTE en-
rollments of 12.3 percent between 1983 and
1993.24 Herring and Sanderson also project a drop
of 12.3 percent. It is worth noting that in the
NCES projections the fraction of enrollments that
are part time increases from 42.9 percent in 1983
to 48.3 percent in 1993.

The second major trend noted by Hodgkinson
is the increasing proportion of the college age pop-
ulation that will be made up of racial or ethnic
minorities: 25

The major decline in births after the baby boom
was almost completely a Caucasian phenomenon.
Birthrates for minorities stayed even during those
years, resulting in an increased percentage of

“Digest of Educational Statistics, 1983-1984, op. cit., p. Q8.
‘] Herring and Sanderson,  op. cit., p. 6.
“The Condition of Education, op. cit., 1985, pp. 96 and 100.
zjHodgkinson,  Op. cit., P. 29”

births coming from minorities . . . . The conclu-
sion for higher education is inescapable: Amer-
ican public schools are now very heavily enrolled
with minority students, large numbers of whom
will be college eligible . . . . Out of sheer self-
interest, it behooves the higher education comm-
unity to do everything to make sure that the
largest possible number of minority students do
well in pubIic school . . . . By 1990, minorities of
all ages will constitute 20 to 25 percent of our to-
tal population, while their percentage among
youth cohorts will be over 30 percent. In some
states, minorities will be over 45 percent of the
state birth cohorts.

Public school enrollments in 1980 presage these
trends. Of the 46 million students enrolled in the
Nation’s public elementary and secondary schools
in 1980, 26.7 percent were minority. of the largest
minority groups, blacks represented 16.1 percent
of enrollments, Hispanics, 8.0 percent.26 Seven
States and the District of Columbia had minor-
ity student populations in excess of 35 percent;
11 others exceeded 25 percent (see figure 2-4),27

In addition, 23 of the 25 largest city school sys-
tems in the Nation had a majority minority pop-
ulation in 1980.28

The report of a 1983 forum on “The Demo-
graphics of Changing Ethnic Populations and
Their Implications for Elementary-Secondary and
Post-secondary Educational Policy” concludes
that :29

Based on the demographic data . . . it seems
clear that much greater attention will have to be
paid to the needs of minority young people, and
to the development of programs that are more re-
sponsive to their backgrounds and interests, for
facilities and equipment to sustain these pro-
grams, and for teachers specifically trained to
teach particular populations. . . . More research
is needed into how young people of different
backgrounds learn, and existing research should
be mined and adapted for practical application to
local conditions.

‘*The Condition of Education, op. cit., 1985, p. 18.
271 bid., pp. 18 and 19.
‘pIan McNett,  “Demographic Imperatives: Implications t(~r Educa-

tional Policy, ” Report of the June 8, 1983, Forum on “The Demo-
graphics of Changing Ethnic Populations and Their Impl  icat ions for
Elementary-Secondary and Postsecondary  Educational Policy, ” p.
10,

291 bid., p. 20.
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Figure 2-4.— Minority Enrollment As Percent of Public Elementary/Secondary School

Percent minority in 1980

I

Enrollment, by State

A K

.

❑
● a

 .  .  . H

Less than 25.0 percent minority

25.0 to 34.9 percent minority

35.0 or more percent minority

SOURCE National Center for Educallon Statlstlcs,  The CondItIorr  of Educat/on,  1984 Ed///on,  p 19

A third trend noted by Hodgkinson and others
is the striking variation in population growth from
region to region. As can be seen from figure 2-
5 ,30 the number of high school graduates is ex-
pected to decrease between 1981 and 2000 in the
North, East, South, and Central sections of the
country, while increasing in the West, Far West,
and Southwest. Moreover, some of the increases
(in Wyoming, Nevada, Utah, Texas, and Alaska)
will be as large as 48 to 76 percent, while some
of the decreases (in Michigan, Massachusetts,
New Hampshire, Rhode Island, Delaware, and
District of Columbia) will be as great as 30 to 51
percent .31

Thus [according to Hodgkinson] we are faced
for the first time with a “two nation” perspective
on educational policy—trying to get more educa-
tional facilities and services for youth in the Sun
Belt, and continuing to cut back on these same
services in the Frost Belt. It is hard to imagine how
a single federal policy on educational assistance
can be equitable in both “nations. ” Further, since
we can expect that institutions of higher educa-
tion in the Sun Belt will begin to show gains in
undergraduate student populations, while the
Frost Belt institutions can look forward to at least
a decade of decline in enrollments, it will be very
difficult to present the “needs” of higher educa-
tion to the U.S. Congress by 1990.

~OHaro]d  L. Hodgkinson, “Demographics and the Economy: Un-
derstanding a Changing Marketplace, r’ The Admissions Strategist,
January 1985, pp. 1-6.

‘lHodgkinson,  op. cit., 1983, p. 29.

IMPLICATIONS FOR SCIENCE AND ENGINEERING PERSONNEL
AND EDUCATION POLICY

The implications of these trends for science and science and engineering careers decreases, it will
engineering education appear to be the following: become increasingly important to ensure that all
As the number of college graduates available for potential resources are utilized to the fullest ex-
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Figure 2-5.— Projected Changes in Graduates, by State, 1981-2000
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SOURCES. Western Interstate Commission  for Higher Education. and Harold L Hodklnson, “Demographics and the Economy Understanding
a Changing Marketplace, ” The Adrrr/ss/on  .Sfrateg/sf,  January 1985, p 3

tent possible, and that no qualified candidates for
science and engineering education are discouraged
by problems related to gender, race, or ethnic
background. Hence, policies to promote equal-
ity of opportunity for women and minorities will
take on increasing relevance to science and engi-
neering “manpower” policy.

Blacks and Hispanics may be of special concern.
They tend to participate in higher education at
half the rate of their white counterparts, and tend
to select quantitative fields as majors once in col-
lege or graduate school at one-half (for blacks)
to three-fourths (for Hispanics) the rate of the
white student population, 32 As the fraction of the
college age population increases, programs to pro-
mote equality of access to science and engineer-

“Sue E. Berryman,  J1’ho H’iil Do Science (New York:  The Rocke-
te]]er Foundation, 1983), pp. 18-21.

ing careers for minority groups may have to be
expanded in order to prevent a decline in the num-
ber of science and engineering degrees awarded.
These programs will be discussed in greater de-
tail in chapter 5.

It is not possible to judge unequivocally the ef-
fects of a drop of 15 percent in the number of
science and engineering baccalaureates on the Na-
tion’s scientific and technical efforts. NSF data dis-
played in table 2-2 show that only 43 percent of
the science and engineering baccalaureates in 1980
and 1981 were employed in a science or engineer-
ing field in 1982. 33 Of the remaining science and
engineering baccalaureates, 28 percent found
work outside science and engineering altogether,
21 percent went on to graduate school in science
———.—

‘‘~\’ational Patterns ot Science and Technology>’, 1984,  IXSF 84-
311 (Washington, DC: National Science Foundation, 1Q84),  p. 24.
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Table 2-2.—Transition of 1980 and 1981 Science/Engineering (S/E) Graduates From School to Work in 1982 (percent)

D e g r e e  l e v e l / f i e l d

Bachelor’s degrees:
All S/E . . . . . . . . . . . . . . . .

P h y s i c a l  s c i e n c e sa  . . . . . . .

Mathematics . . . . . . . . . . . .

Computer  spec ia l t ies  .  .  .  .  .

Engineering . . . . . . . . . . . . .

Life sciences . . . . . . . . . . . .
Social sciencesb . . . . . . . . .

Master’s degrees:
All S/E . . . . . . . . . . . . . . . .

Physical sc iences a . . . . . . .
Mathematics . . . . . . . . . . . .
Computer specialties . . . . .
Engineering . . . . . . . . . . . . .
Life sciences . . . . . . . . . . . .
Social sciencesb . . . . . . . . .

Total Total —

100 71
100 53
100 80
100 94
100 89
100 58
100 68

100 74
100 65
100 77
100 88
100 82
100 65
100 68

Employed

In S/E Outside S/E

43 28
41 12
57 23
85 9
78 10
34 24
21 46

55 19
47 18
56 21
76 12
72 11
47 17
34 34

Full-time
graduate
students

21
40
13

3
7

33
22

21
29
17
10
14
31
24

Not employed

Seeking Outside
employment labor force

5 4
4 3
4 4
2 1
3 2
5 5
6 5

3
3
3
1
2
2
6

2
3
3
1
2
3
3

alncludes environmental sciences
blncludes psychology

SOURCE National Science Foundation, National Patterns of Science and Technology Resources, NSF 84.311. p 24

and engineering and other fields and another 5
percent were still seeking employment. Thus, it
appears that the Nation is currently producing
more science and engineering baccalaureates than
are absolutely required by the science and engi-
neering work force.

This finding clearly does not hold true for engi-
neering and computer science, which showed em-
ployment rates in science and engineering of about
80 percent. However, engineering and computer
sciences illustrate another important feature of the
science and engineering marketplace: the extreme
responsiveness of undergraduates to market sig-
nals and career opportunities. Undergraduate en-
rollments in both computer science and engineer-
ing have increased dramatically in the last 8 years
in response to excellent job opportunities for bac-
calaureates in those fields, as discussed in chap-
ter 1. If other scientific fields were to require

greater numbers of technically trained baccalaure-
ates, market signals alone would attract an in-
creasing supply of undergraduates to them. As
Sue Berry man has found:34

Overall, the data on the levels and fields of
completed degrees suggest that youth respond to
oversupplies by earning fewer degrees in oversup-
plied fields. If they enter an oversupplied field,
they increase the amount of education they ob-
tain—presumably to increase their competitive-
ness in a loose labor market. They respond to
shortages or more liberal employment opportu-
nities by increasing their educational investments
in these fields at the lower degree levels and re-
ducing them at the higher degree levels—presum-
ably because they are in a seller’s market.

‘“Sue E. Berryman, “The Adjustment of Youth and Educational
Institutions to Technologically-Generated Changes in Skill Require-
merits, ” op. cit., p. v.

GRADUATE EDUCATION

Graduate school is the principal training ground
for a research career. Here the student gains the
advanced knowledge and techniques that are the
tools of the research trade, and forms the profes-
sional contacts that shape a research career. A
great deal of detailed information about science

and engineering graduate education is available
from the National Science Foundation, the Na-
tional Academy of Sciences, the Institute of Medi-
cine, and the science and engineering professional
societies. Science and engineering graduate stu-
dents are classified by field, degree, source of sup-
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port, type of institution, sex, racial and ethnic
group, and citizenship. Ph.D. scientists are prob-
ably the most thoroughly surveyed and well-
documented citizens in the United States. This sec-
tion summarizes the principal trends in graduate
education, focusing on the doctoral degree as the
entry level to a research career.

Graduate enrollments have followed a pattern
similar to that of undergraduates in the past quar-
ter century, dramatically increasing in the 1960s
and then rising more modestly in the 1970s and
early 1980s. However, the relationship to larger
demographic trends is far more tenuous than in
the undergraduate case. From 1960 to 1970 grad-
uate enrollments nearly tripled, rising from
360,000 to over a million, while at the same time,
the population of 22 to 34 year olds increased by
only 18 percent.

35 From 1970 to 1982, by contrast,
the number of graduate students increased only
modestly, by 30 percent, while the overall popu-
lation of 22 to 34 year olds rose more than 55 per-
cent.36 (See below. ) Thus there appears to be no
direct relationship between graduate enrollments
and the graduate school age population.

Science and engineering have followed overall
graduate enrollment trends quite closely. From
1960 to 1970 the number of full-time graduate
science and engineering students enrolled in U.S.
institutions increased 150 percent, from about
78,000 to 188,000.37 By 1982 that number had

“Statistical Abstract, 1982-83, op. cit., pp. 25 and 159.
“Condition of  Education, op. cit,, 1985, p. 79; Projections of the

Population, op. cit., p. 38.
‘“Susan Fallows, “Federal Support for Graduate Education in the

Sciences and Engineering, “ background paper prepared for the Ad
Hoc Committee on Government-University Relationships in Sup-
port of Science, National Academy of Sciences, 1983, p. 10.

reached 264,000, a further increase of 40 percent .38
(An additional 150,000 science and engineering
graduate students were enrolled part time, bring-
ing the total to 414,000.39) Enrollment growth was
greatest in the social sciences and the life sciences
over the full 23-year period, as can be seen from
figure 2-6, and weakest in engineering, physical
science, and especially mathematics and computer
science. 40

The number of doctorate degrees awarded an-
nually in all fields tripled in the decade of the
1960s, reaching a peak in 1973 at 33,755. It has
subsequently declined to a level of 31,000 per
year, where it has remained since 1978 (see above
and figure 2-7).4’ The number of science and engi-
neering Ph.D. s grew slightly less rapidly, by a fac-
tor of 2.85 between 1960 and 1970. It reached a
peak at 19,009 in 1972 and has subsequently de-
clined to a nearly constant level of 17,500 to
18,000 per year in the 1980s, ’2 The share of total
doctorates awarded in science or engineering de-
creased from 65 percent in the early 1960s to 55
percent by the late 1970S.43

----- . . . — --
a8Academic  Science Engineering: Graduate Enrollment and  SUP-

port, Fall  1982, NSF 85-300 (Washington, DC: National Science
Foundation, 1985), p. 20.

“Ibid.
JOFalloW,s,  Op. cit .  # p ,  12”

“I bid., pp. 31 and 32; Science and Engineering Personnel:  A VJ-
tional Overview’, op. cit,, p. 156, gives sllghtly  different numbers
for total Ph. D.s: 9,733 in 1960; 29,498 in 1970.

“2Fallows,  op. cit., p. 31.; Science and Engineering Personnel: A
National Over~iew,  op. cit., again gives different numbers, b,263
science and engineering Ph .D. s in 1960 and 17,743 in 1970. This
is due to a difference in classification of life science and social science
fields between the National Science Foundation and the National
Academy of Sciences.

djscience  and  Engjneerjng  IJersonne]:  A ,%ra  tiondi ol’er~’ie~+’,  Op.

cit., p. 156.

Graduate Population, Enrollments, Ph.D.s
1960 1970 1983

population of 22 to 34 year olds. ... , . . . . 29,250,000   34,500,000 53,600,000
(percent change) ( +18 perdent} (+55 percent)

Total graduate enrollment , . . . . . . . . . . . . . 356,000
, 8  ( + 2 0 0  p e r c e n t )

1,031,000 1,339,090
(percent change) (+30 percent)

S/E full-time enrollment , . . . . . . . . . . . . . . . , 187,843 263,800
(percent change) ( +l50 percent)

Ph.D.s per year, all fields.. . . . . . . . . . . . . . 9,132
29,479 (+ 40 percenO

31,190
(percent change) (+223 percent) ‘ (+6 percent)

S/E Ph.D.s per year . . . . . . . . . . . . . . . . . . . 6,263 17,743 17,924
(percent change) (+183 percent) (+1 percent)
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Figure 2-6.— Full-Time Graduate Enrollments in
Science/Engineering at U.S. Institutions, by Field

and by Year, 1960-83

Physical -’Math/computer sciences
--, -----

1960 1965 1970 1975 1980 1985

Year
SOURCE Susan Fallows, Federa/  Supporf  for Graduate Educaf/on  (n the Sc/emes

arm Ertg/neer/ng  (Washl  ngton,  DC National  Academy of Sc!ences,
1983) p 12

The number of Ph.D.s awarded annually grew
at roughly the same rate in all science and engi-
neering fields during the 1960s, as can be seen
from figure 2-8. In the early 1970s, however, the
paths of the different disciplines began to diverge.
The number of doctorates awarded annually in
engineering, and the mathematical and physical
sciences decreased by 30 percent between 1971 and
1978, dropping from 4,500 to 3,200 per year in
the physical sciences, from 3,500 to 2,400 in engi-
neering and from 1,300 to 960 in mathematics and
computer science. Meanwhile, the number of life
science Ph. D.s remained constant at about 4,4oo
per year, while the number of social science
Ph. D.s increased from 5,000 to 6,000 per year.44

Since 1978 the number of doctorates awarded each

~~Fa] ] oh,s, op, cit., p. 33.

Figure 2-7.— Number of Doctorates Awarded by
U.S. Institutions, by Field and by Year, 1958-83

3(

o0-
-  2 0
x

al
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6!

o
19

#
‘ Total
doctorates

● # i * .  x *  : , :

60 62 64 6[
i a

6 68 70 72 74 76 78 80 82 

enc.e.s arrd Eng/~eerf~g  ~ Wash I n gton DC Nat ~on al Academy of Sc I
en{. es 1983) p 12 and Nat Ional  Research CO(, nc I I Docfora/  f7ec/p(
en(s f r o m  Un~(ed  States  Un/vers/t!es  Surr~mar~  Re~ort  1983 p 5

year in the various science and engineering fields
has remained relatively constant, with modest in-
creases taking place in engineering and the life
sciences.

The changes in graduate enrollments and an-
nual doctorates awarded in the different science
and engineering fields are related to broader
changes in the composition of the graduate school
population since 1970. Women and foreign na-
tionals have dramatically increased their shares
of both enrollments and doctorates over the past
15 years, with the effects varying from field to
field. According to educational consultant Robert
Snyder :45

It is important to note that graduate science and
engineering enrollments would have remained

4’R. C. Snyder, “Some Indicators of the Condition of Graduate
Education in Science and Engineering, ” paper  presented  at “The
Brookings  Institution, Nov. 15, 1984, typescript, pp. 4-5.



Figure 2-8.— Doctorate Degrees in Science and
Engineering by Field and by Year, 1958-83

Social sciences/
psychology

/
/

Life sciences

.“
.’.

● **

Math/computer
sciences

1960 1964 1968 1972 1976 1980 1985

SOURCES Susan Fallows Federa/  Support for G{aduafe  Educat/on  /n the SCI
ences  and Eng/rteer(ng  (Washington, DC National Academy of SC I

ences 1983} p 12, National Research Council Doctora/  Rec/p/en/s
F,onJ  bnffed  States  Unlvers{rtes,  Surnfnary  Report, 1983 p 5, and Na
tlonal  Science Foundation .%~ence  and Techflo/ogy  Resources. NSF
85305 Jaluary 1985 Pp 6365

flat, were it not for the marked increases in fe-
male and foreign enrollments. With respect to
gender differences, female full-time enrollment in
doctoral institutions rose 53 percent in the 1975-
1982 time period, compared to level enrollment
for men. While sharp percentage increases oc-
curred in engineering, environmental and com-
puter sciences, these increases were built upon a
meager base. Therefore, as of 1982, women com-
prised only 11 percent of fuI1-time engineering stu-
dents, 20 percent in physical/environmental
sciences and 25 percent in mathematical/com-
puter sciences. The greatest impact of female en-
rollment increases has been in the biological

43

sciences (4o percent women) and psychology/so-
cial sciences (46 percent women). In fact, male
full-time enrollment in the 1975-82 period declined
14 percent in the biological sciences and 17 per-
cent in psychology /social sciences compared to
female increases of 38 and 35 percent, respec-
tively, in the same period. Thus female enroll-
ments were wholly responsible for positive enroll-
ment trends in these two broad fields.

In [the “EMP” sciences], enrollment increases
have been due significantly to surging enrollments
of foreign students. In engineering, foreign full-
time enrollments rose at an average annual rate
of 8.4 percent from 1975 to 1982, reaching almost
21,000 students or 43 percent of total full-time stu-
dents in this broad field. This compares to an
annual increase among U.S. citizens of only 1.6
percent, An even larger discrepancy was in math-
ematics/computer sciences. Here, foreign enroll-
ments increased at a rate of 12.7 percent per year,
to a 36 percent share of full-time enrollments,
compared to a 0.5 percent per year increase for
U.S. citizens. One encouraging note is that in
1981-82, the most recent year for which data are
available, U.S. enrollments in both these broad
fields rose at much higher rates than previously.

With respect to minority participation in grad-
uate science and engineering education, the pic-
ture in recent years is not encouraging. While ex-
tended trend data are not available, recent NSF
data show very low rates of participation. For all
fields, blacks comprise only 2.5 percent and
Hispanics 2.1 percent of full-time science and engi-
neering enrollments in 1982.

Data on doctoral degree production confirm
these trends. Figure 2-9 shows the dramatic in-
creases in percentage of Ph. D.s awarded to
women in all fields between 1965 and 1983. 46 Ta-
ble 2-3 shows the dramatic increase in the per-
centage of science and engineering doctoral recip-
ients who were foreign nationals on temporary
visas between 1970 and 1983 in physics/astron-
omy, chemistry, mathematics, and engineering.
The first two fields increased by more than a fac-
tor of 2; the last two by a factor of 3.47

‘“Opportunities  in Science and Engineering (\ Vashingt[>n,  DC.
Sclentif]c  Manpower Commission, 1984), p. 8.

‘-~rolessiona) t$~omen  and ,Jlinorities (\ Nashingtc>n, IX. Sclen-
t ific Manpower Commission, Auxust  1~841, p. 32,
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Figure 2.9.— Percent of S/E Ph.D.s Earned
by Women

1965 1970 1975 1980

Year
S O U R C E  Sclentlflc Manpower  Commlsslon,  Oppor/unlfles  in .Sclerxe  and

.Engineenr?g,  Washington, DC, 1984, p. 8.

Table 2-3.—Percent of S/E Doctoral Recipients Who Were Foreign Nationals on Temporary Visas, Selected Years

Field 1962 1966 1970 1974 1980 1983
Physics/astronomy . . . . . . . . . . . . . . . . . . . . . . . . . . 13.70/0 12.20/0 11 .3’% 17.2°\o 19.2°\o 24.60/o
Chemistry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9.7 11.1 7.9 10.2 15.4 16.1
Earth/environmental science . . . . . . . . . . . . . . . . . . 9.2 12.9 13.9 16.1 12.7 16.6
Mathematics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16.8 12.6 10.9 18.5 18.7 29.8
Economics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17.2 20.1 17.2 22.0 25.0 25.9
Political science . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19.1 13,0 9.3 10.8 11.9 13.9
Engineering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17.9 16.7 13.7 22.4 34.3 42.1
Biological science . . . . . . . . . . . . . . . . . . . . . . . . . . 14.4 14.3 10.5 10.5 7.8 8.6
Medical science . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14.6 18.6 16.6 9.4 11.3 13.7
Agricultural science . . . . . . . . . . . . . . . . . . . . . . . . . 23.8 30.4 25.3 33.2 32.6 31,2

Total S/E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15.2% 15.30/0 12.50/o 16.70/o 18.80/0 15.5%— .
SOURCE Sclenttflc  Manpower C;mmlsslon, F’rofess/orra/  Women and A4/norrfres.  Washington, DC, 1984, p 32

FEDERAL SUPPORT FOR GRADUATE EDUCATION
IN SCIENCE AND ENGINEERING

The pattern of graduate enrollment and Ph.D.
production in science and engineering in the 1960-
7.s era is also related to the changing nature and
level of Federal support for graduate education
in those fields. Since World War II, the Federal
Government has utilized a variety of mechanisms
to support graduate students and further the goal
of enhancing the Nation’s resources of highly
trained scientists and engineers. Fellowships and
traineeships are the direct forms of support for
graduate students that have been most frequently
used to target areas of perceived personnel need.
Research grants and institutional support have
also provided essential, though indirect, means
of supporting graduate education.

Fellowships are tuition/stipend mechanisms
that are awarded directly to students through na-
tional competition. Award is made principally on
the basis of merit, the intent being to attract the
best students available into a particular field or
problem area. Fellowships are portable in the
sense that the awardee is free to enroll in any qual-
ified institution to which he/she can gain ad-
mittance.

Federal traineeship programs (sometimes called
“training grants”), in contrast to fellowships, are
blocks of student tuition/stipend awards that are
made to departments or institutions on a multi-
year basis. Traineeships focus on the training pro-
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gram, not the student. Departments typically ap-
ply for training grants in national competition,
and awards are made by peer review so that high
quality standards are met. Because of the multi-
year block nature of training grants, they are well
suited to target personnel at social problem solv-
ing areas as well as broad fields of science. The
National Institutes of Health (NIH) training
grants, historically the largest of these programs,
have been used for both purposes.

Federal research grants are an important vehi-
cle for training and support of graduate students
through the research assistantship (RA). Since re-
search training is generally acquired through an
apprenticeship with a faculty member, the RA
aids in this mentoring process, while providing
a source of financial support for the student. How-
ever, since the primary purpose of the RA is to
assist in the production of research, the number
of RAs awarded is often not explicitly related to
national personnel and training requirements.

A final source of Federal support for graduate
education is the institutional grant, such as the
general science support grant, facilities and equip-
ment support, and the science development grant.
Most of these forms of assistance do not support
graduate students directly, but undergird the re-
search and education environment.

Prior to 1958, the primary source of Federal
assistance to graduate education in science and
engineering was the research assistantship. Ac-

cording to education consultant Robert Snyder,
“a survey of graduate student support in 1954 by
NSF indicated that 10 percent of all graduate stu-
dents received Federal stipend support (6,751), of
which 86 percent came in the form of research as-
sistantships, ” By 1969, the situation had changed
dramatically: 36 percent of all graduate science
and engineering students (51,620) were supported
by the Federal Government, and 56 percent of
those supported held either a fellowship or a
traineeship. Table 2-4 illustrates those changes.48

The impetus for this change was the launching
of Sputnik by the Soviet Union in October 1957.
The following year Congress passed the National
Defense Education Act (NDEA, Public Law 85-
864) which “marked the inception of large-scale
Federal graduate education support .“49 The Title
IV fellowship program of NDEA grew to support
more than 15,000 graduate students at a budget
of $86 million in 1968, with support being pro-
vided in many academic fields, including the
heretofore excluded humanities. so In addition,
NDEA also “provided subsidies to educational in-
stitutions to create low interest loans for needy
students in all disciplines . . . . [which] would be

~HRobert  G.  Snyder, “Federal Support of Graduate Education in
the Natural Sciences: An Inquiry Into the Social Impact of Public
Policy, ” doctoral dissertation, Syracuse University, June 1981, pp.
103 and 110; appendix tables 6 and 9, pp. 264 and 267.

‘qJbid.,  p. 108.
‘“Ibid,

Table 2-4 .—Distribution of Primary Sources of Support for Full-Time Science and Engineering
Graduate Students in Doctorate-Granting Departments, Selected Years

S o u r c e  o f  s u p p o r t -  ‘- - – 1954 1966 1969 1974 1979 1983

Number of graduate students:
All sources, . . . . . . . . . . . 67,136 118,273 141,199 195,915 223,409 243,646
Federal Government . . . . . . . . . 6,751 44,612 51,620 48,016 52,871 47,402
i n s t i t u t i o n / S t a t e  .  .  . 16,958 42,343 50,471 75,411 82,813 96,188
Self . . . . . . . . . . . . . . 39,000 19,571 26,307 56,085 67,686 75,641
Other. . . . . . . . . . 4,427 11,747 12,801 16,403 20,039 24,415

Percent distribution:
All sources, . . . . . . . . . . . . . . . . 100.0 100.0 100.0 100.0 100.0 100.0
F e d e r a l  G o v e r n m e n t  . , 10.1 37.7 36.6 24.5 23.7 19.5
institution/State . . . 25.3 35.8 35.7 38.5 37.1 39.5
Self . . . . 58.1 16.6 18.6 28.6 30.3 31.0
Other. . . . . . . . . . . . . . . . 6.6 9.9 9.1 8.4 9.0 10.0
NOTE Except for 1979 and 1983 absolute numbers  In t~Is table should be used wtth caution for trend analysls  because they are derived from somewhat incompatible

sources 1954 data Include part-t !me students thereby overrepresent!  ng self-support

SOURCES P4at,  onal Science Foundation Graduafe  Sfudent  Enro//rnerrt  and Support  In Arrrer/can  Un/vers/t/es  and Co//eges  1954 National Sc!ence  Foundation Gradu.
afe Studen/  Supped and Manpower Resources In Graduafe  Sc(ence  Educat/on  fal I 1966 and fal I 1969 Nat Ional Science  Foundation, Academ/c  Sc/ence
Grad(/afe  Enro//menf  and Supper/ Fa// 1978 and National Science Foundation Academ/c  Sc/ence/Eng/neer/ng  Graduate Enro//rrrent  and Support Fa// 1983
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forgiven for students who later went into teach-
ing careers. ”51

In the years following the passage of NDEA,
the President’s Science Advisory Committee is-
sued a series of reports calling for increased sup-
port for science and engineering education. These
reports —Education for the Age of Science (1959);
Scientific Progress, the Universities and the Fed-
eral Government (the “Seaborg report, ” 1960),
and Meeting Manpower Needs in Science and
Technology (the “Gilliland report, ” 1962)—
“articulated the national need for greater numbers
of scientists and engineers . . ., and for stronger
Federal support for the training of manpower for
basic research and for university level teaching. ”52

They were followed by a set of significant actions:

1.

2.

3.

4.

5.

The NSF fellowship program, begun in 1952,
was expanded from about 500 to 2,500 per
year.
An NSF traineeship program was begun in
1962, and awarded 5,000 traineeships a year
to 200 institutions by the late 1960s.
NIH predoctoral support programs expanded
from 55 traineeships in 1958 to 7,696 trainee-
ships and 1,527 fellowships in 1970.
The National Aeronautics and Space Admin-
istration (NASA) instituted a traineeship
program in 1962 for engineers, mathemati-
cians and physical scientists.
The Atomic Energy Commission (AEC) ex-
panded its fellowship program and instituted
a new traineeship program (1965) in nuclear
science and engineering.

All told, the number of science and engineer-
ing graduate students supported by Federal pre-
doctoral fellowships and traineeships increased
from 5,000 in 1961 to 34,100 in the peak year of
1969. 53 (See figure 2-10. ) At the same time Fed-
eral research and development (R&D) support to
universities expanded fourfold, from $40s million
in 1960 to $1.595 billion in current dollars in
1969. 54 As a result, the number of federally sup-
ported research assistantships increased to more
than 19,600 in 1969.55

“Fallows, op. cit., p. 5.
“Ibid.
“Snyder, op. cit., 1981, p. 109 and appendix table 7, p,  265.

“Fa l lows,  op.  c i t . ,  p .  404,

“Snyder, op. cit., 1981, p. 267, The number 19,646 given in Jp-
pendix table 9 of Snyder’s dissertation represents those tull-time grad-

In addition to direct stipends for graduate study
and research, two new programs in the mid-1960s
broadened the scope of Federal support for grad-
uate education. These were the Guaranteed Stu-
dent Loan and College Work Study programs au-
thorized by the Higher Education Act of 1965
(Public Law 89-329). The work study program
“enabled graduate departments and researchers
to hire low income students at a small fraction
of the costs of the students’ wages through Fed-
eral wage subsidies. ” The loan program was
directed at low-income graduate and undergradu-
ate students in all fields “as part of a larger shift
in Federal policy towards aiding disadvantaged
socioeconomic groups. ”56 By 1969 more than
70,000 students were receiving guaranteed student
loans; 17,000 were enrolled in college work-study

programs and 27,400 held NDEA loans. An addi-
tional 91,464 graduate and professional school
students (the numbers are not available for grad-
uate students alone) were supported by veterans
benefits. 57 It should be noted, however, that the
average level of support per student from these
programs was less than $1,000 per year, as com-
pared to more than $5,500 per year, tuition plus
stipend, from the NDEA Title IV fellowship
program.

Thus, between 1960 and 1969 Federal support
for graduate education in science and engineer-
ing expanded dramatically, as part of an overall
Federal emphasis on post-secondary education.
Other forces were at work as well during this
period. Increasing State support for higher edu-
cation, and especially the expansion of many State
university systems in this era, created an increas-
ing demand for new faculty to instruct the grow-
ing numbers of undergraduates. And increasing
undergraduate enrollments created significant ad-
ditional demands for teaching assistants, thereby
providing much additional graduate student sup-
port. By 1969, over 50,000 full-time science and
engineering graduate students were receiving their
primary source of support from institutional and
State sources, nearly as many as received Federal

-.
uate science students who indicated research assistants ips as their
“primary type of support. ” There may be other RA recipients that
relied on other sources for “primary support” and are theretore  not
Included in the total in Snyder’s table,

‘dFallows, op. cit., p. 6.
“Snyder, op. cit., 1981, appendix table 11, p. 269 and appendix

table 12, p. 270.
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Figure 2-10.— Federal Predoctoral Fellowships and Traineeships by Field.
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SOURCES For all fields except btologlcal  sciences — FY 1961-1969 data, FICE (1970), FY 1970-1975 data, FICE
(unpublished) For blologtcal  sciences–FICE (1970, unpublished) and NAS. NIH trainee file, and NIH (1978)
Robert G Snyder, The Effecflveness  of Federa/  Graduate Educaflon  Po/Icy  /for]  Sclerrt(/lc  Personne/,  report to
Off Ice of Technology Assessment June 1985, table 2

assistance (see table 2-4). Of those students,
33,000 held teaching assistantships.58

With undergraduate enrollments in both pub-
lic and private institutions increasing dramati-
cally, as we have seen above, the labor market
for doctoral personnel was booming in the 1960s.

‘“Graduate Student Support and Manpower Resources In Grad-
uate Science Education, NSF 70-40 (Washington, DC: National
Science Foundation, 1969), p. 50.

75

The 260,000 new junior faculty hired during the
decade exceeded the number of doctorates awarded
between 1960 and 1969—170,000—by 53 per-
cent .59 This situation boosted the salaries of doc-
torate recipients relative to other occupations,
thereby providing added inducement for more

‘“AlIan  Cartter,  Ph. D.s and the Academic Labor ,\farLet  t New
York:  hlcGraw-Hill,  1Q76),  p. 123.
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people to enter doctoral study .’” (Faculty salaries
rose 50 percent faster than those of all other
workers during the 1960s, according to Richard
Freeman.”)

Thus, a complex array of interconnecting vari-
ables—Federal, State, and private sector—appear
to have combined to produce the surge of gradu-
ate enrollments and doctoral production in the
1960s. In addition, the Vietnam War led many
male college graduates to enroll in graduate school
and remain there through receipt of a degree.

The year 1969 turned out to be a watershed for
Federal support of graduate education in science
and engineering. A combination of political, eco-
nomic, and social factors, and a growing Federal
awareness that demand for doctoral scientists and
engineers was not keeping up with supply, led to
severe cutbacks in Federal fellowship and trainee-
ship support. The number of U.S. Government
supported fellows and trainees declined from
36,000 in 1969 to 10,800 in 1975. The NDEA Ti-
tle IV fellowship program was phased out in 1973.
NSF traineeships, NIH fellowships, NASA trainee-
ships, and AEC fellowships and traineeships were
all eliminated in the early 1970s. All that remained
by 1979 were 4,800 NIH traineeships, approxi-
. .

‘i” The Demand for New Faculty in Science and Engineering ( Wash-

ington, DC: National Research Council, 1980), p. 117.
‘l Richard Freeman, The Market for College-Trained Manpower

(Cambridge, MA: Harvard University Press, 1971),  pp. 77-80.

Table 2-5.—Federal Predoctoral Fellowships

mately 1,500 Alcohol, Drug Abuse, and Mental
Health Administration (ADAMHA) traineeships
and fellowships, and 1,500 NSF merit fellow-
ships. 62

Federal R&D expenditures at universities, which
had increased by a factor of 4 in current dollars,
and a factor of 3 in constant dollars, between 1960
and 1968, stopped growing. In 1974 the level of
Federal R&D support to universities was only 25
percent above its total 6 years earlier in current
dollars, and 7.2 percent less in constant dollars. 63

The number of federally supported research as-
sistantships decreased by about 10 percent be-
tween 1969 and 1974.

The effects of changing levels of Federal sup-
port on the supply of new science and engineer-
ing Ph.D.s is seen most dramatically by com-
paring the experience of different science and
engineering fields during the contraction period,
1968-75. Figure 2-10 and table 2-5 show the dra-
matic drop in the number of Federal fellowships
and traineeships awarded in engineering, mathe-
matics, and the physical sciences between 1968
and 1975. The number of awards dropped from
3,000 to 200 in mathematics; from 6,000 to 600
in the physical sciences, and from 5,500 to 700
in engineering. 64 The total number of full-time stu-
— . . —

‘zSnyder, op. cit., 1981, pp. 122 and 123.
O’FalIows,  op. cit., p. 4.
“Snyder, op. cit., 1981, appendix table  7, p. 265.

and Traineeships by Field, Fiscal Years 1961.75a

All Physical Biological Social
Fiscal year sciences Mathematics sciences Engineering sciences sciences
1961 . . . . . . . . . 5,445 629 1,273 638 1,782 1,123 -

1962 . . . . . . . . . 9,245 852 1,684 860 3,911 1,938
1963 . . . . . . . . . 11,224 899 1,955 1,050 4,940 2,380
1964 . . . . . . . . . 12,757 1,024 2,461 1,402 5,337 2,533
1965 . . . . . . . . . 16,683 1,211 2,974 3,092 6,329 3,077
1966 . . . . . . . . . 21,929 1,824 4,353 4,190 7,536 4,026
1967 . . . . . . . . 28,895 2,598 5,424 4,784 9,250 6,839
1968 . . . . . . . . . 33,901 3,024 5,960 5,507 10,161 9,249
1969 . . . . . . . . . 34,100 2,734 5,776 5,058 10,882 9,650
1970 . . . . . . . . . 30,646 2,006 4,459 4,323 11,182 8,676
1971 . . . . . . 26,694 1,073 4,071 3,540 9,669 8,341
1972 . . . . . . . . . 23,579 776 3,212 2,953 8,851 7,787
1973 . . . . . . . . . 19,335 447 1,893 1,938 8,114 6,943
1974 . . . . . . . . . i 3,084 343 1,183 1,225 6,111 4,222
1975 . . . . . . . . . 10,787 208 592 715 6,098b 3,174
aD~ta ,“cl”de NIH tralnlng grarlt lralrlees In the biological sciences but not In other fields data do nOt Include NIM H trainee S
bEstlmate

SOURCES For all ftelds  except biological sciences–FY1961-69 data, FICE (1970), FY 1970-75 data FICE (unpublished) For biological sciences–FICE (1970, unpub.
Ilshed)  and NAS NIH trainee ftle. and NIH (1978) Robert G. Snyder, The Effectiveness of  Federa/  Graduate Educaf~on Po//cy/for]  Sc/enf/f/c  Persorrr?e/,  report
to OTA, June 1985, table 2
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dents in doctorate granting departments supported
by the Federal Government in engineering, math-
ematics, and physical science decreased by 18, 57,
and 33 percent, respectively, between 1969 and
1974 as can be seen in table 2-6.65 Figure 2-8 shows
the substantial decline in Ph. D.s awarded in engi-
neering, mathematics, and the physical sciences
that occurred in the period 1972-78.66 It should
be noted that those three fields were also affected
by a decline in Federal research funds awarded
to universities of 20 percent in constant dollars
between 1968 and 1974. ’7

By contrast, Federal fellowships and trainee-
ships declined, but not nearly so precipitously,
in the biological and social sciences—from 11,000
to 6,000 in the former, and from 9,700 to 4,200
in the latter. Moreover, as table 2-6 shows, the
total number of full-time graduate students sup-
ported by the Federal Government, including RAs
and other forms of support, actually increased by
45 percent in the life sciences and remained con-
stant in the social sciences in the period 1969-74.
In addition, Federal funding of research at univer-
sities and colleges in the life and social sciences
remained at the same level, in constant dollars,
throughout the 1968-74 period, as opposed to the
decline in engineering and the mathematical and

“~~~.,  appendix table 10, p. 268.
bOFallows,  op. cit., p. 33.
“’Snyder, op. cit., 1981, p. 262.

physical sciences reported above. It is not surpris-
ing, therefore, to find that the number of Ph. D.s
in the life and social sciences did not decrease in
the 1970s.

The apparent correspondence between decreases
in Federal educational support in particular fields
and decreases in the numbers of doctoral degrees
awarded several years later does not, of course,
prove causality. The numbers do, however, sug-
gest that there may be a relationship between these
two variables.

From 1974 to 1980 the Federal share of support
for full-time science and engineering graduate stu-
dents in doctorate granting institutions remained
relatively constant at about to 23 to 25 percent
of the total. Since 1980 it has declined to less than
20 percent.68 Figure 2-11 presents the percentage
shares of Federal support for science and engineer-
ing graduate students as a whole and by field.
Note the sizable variation from field to field, with
mathematics and the social sciences at 11 percent
Federal support, and engineering, physical and
environmental sciences, and life sciences at 20 to
.30 percent.

‘sIbid., appendix table 10, p. 268; and Academic Science Engi-
neering: Graduate Enrollment and Support, Fall 1Q82,  op. cit., pp.
112-113.

Table 2-6.— FuIl-Time Graduate Students in Doctorate-Granting Institutions Supported by
the Federal Government by Broad Field, Selected Years

Total full-time enrollment/
number federally supported 1969 1972 1974 1978 1983

All sciences ... , . . . . . . . . . . . . . . . . . . . . . . . .
——.

141,199 149,937 195,915 - 217,588-- 243,646
Federal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51,620 45,029 48,016 51,373 47,402

Engineering . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30,820 30,908 33,691 37,129 53,553
Federal . . . . . . ... , . . . . . . . . . . . . . . . . . . 12,334 11,246 10,164 10,625 11,924

Physical sciences . . . . . . . . ... , . . . . . . . . . . 30,175 27,544 29,649 31,375 35,904
Federal . . . . . . . ... . . . . . . . . . . . . . . 13,187 9,687 8,868 10,123 10,886

Mathematical sciences . . . . . . . . . . . . . . . 11,727 11,909 13,423 13,706 19,581
Federal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3,223 1,908 1,393 1,307 1,794

Life sciences . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27,588 34,083 54,800 65,097 65,185
Federal . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11,513 12,037 16,757 19,659 17,221

Psychology . . . . . . . . . . . . . . . . . . . . . . . . . . 11,918 14,282 18,728 20,677 21,327
Federal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5,127 4,691 4,404 3,943 1,982

Social sciences . . . . . . . . . . . . . . . . . . . . . 28,971 31!211 45,624 49,604 48,096
Federal . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6,236 5,460 6,430 5,716 3,595

SOURCES Robert G Snyder F>dera/ Support  of Graduate Educat~on (n the Natural  .%len~S-d;~~~l-dl  SSertdtlOn  Syrac;se  Unlvers!ty,  June 1981 app table 10 p 268
and N atlonal  Science Foundation Acadernfc  Scfence/Engfr?eerfng  Graduafe  Enrollment  and Supporf  Fa//  1983 NSF 85300, table Cl 4, pp 112113
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Figure 2-1 1.— Full-Time Graduate Students in
Doctorate-Granting Institutions Supported by the
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Errgtneerlrrg  Graduafe  Enro//rnenf  a n d  Support.  Fa//  1983.  N S F
85-300, table C14 pp 112-113

THE FUTURE

The exact interplay of the various factors that
will determine graduate enrollments and Ph.D.
production in the sciences and engineering over
the next 20 years is difficult to predict. It was
shown above that three factors appear to influ-
ence the numbers of Ph. D.s awarded in science
and engineering fields: Federal support for grad-
uate education, State and institutional support,
and demand for new doctorates. Federal support
for graduate education in the sciences and engi-
neering may rise modestly in the next decade if
the funding of research grants to universities, and

hence research assistantships, continues to in-
crease. Fellowship and traineeship support will
probably remain constant. State and institutional
support will probably decline due to declining en-
rollments, with the declines being greatest in the
Northeast, Middle Atlantic, and Midwestern
States. However, it is also possible that science
and engineering enrollments will not experience
the overall declines of the rest of the higher edu-
cation system and that States will continue to pro-
vide extra support for science and engineering re-
search at their State universities as part of their



efforts to develop high-technology industries for
economic growth. In that case, State and institu-
tional support may not decline at all.

As for demand, we shall see in chapter 3 that
the academic demand for new science and engi-
neering faculty is likely to be very weak over the
next decade and very strong from 1995 to 2010.
Industrial demand for new science and engineer-
ing Ph. D.s, by contrast, has been growing at 7.8
percent per year over the past decade and will,
if it continues to grow at present rates, compen-
sate for the decline in academic demand between
1985 and 1995. After that, if industrial demand
continues to grow, there will be stiff competition
between industry and academia for new scientific
and engineering doctoral degree recipients in the
1995-2010 time frame. That competition will be
discussed in chapter 3.

In the near-term, what is remarkable is the
overall flatness of the recent trend lines, since 1978
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(see figures 2-12 and 2-13),69 for total doctorates,
for doctorates in science and engineering, and for
full-time graduate enrollments in science and engi-
neering. The only exception has been engineer-
ing graduate school enrollment, which has in-

“Science and Technology Resources, NSF 85-305 (Washington,
DC: National Science Foundation, January 1985), pp. 75 and 77.

Figure 2-12.— Doctorates Awarded
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Figure 2-13.—Full-Time Graduate Enrollment by Area of Science/Engineeringa
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blncludes  support from State and local 9ovemmems.
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creased dramatically, primarily at the master’s
level. A reasonable assumption for the next dec-
ade, which is that of the Scientific Manpower
Commission and the National Center for Educa-
tion Statistics (see figure 2-14), 70 is that there will
be a continuation of current enrollment and Ph.D.
production levels. Engineering is likely to continue
to increase its share and the social sciences to de-
crease theirs, due to market forces. Women,
whose attainment of science and engineering
Ph.D.s has grown at a rate of 6.8 percent per year
since 1973, are likely to increase their share of doc-
torates in these fields, while that of men will prob-
ably continue to decline. Foreign nationals will
undoubtedly continue to be strongly represented
among science and engineering Ph. D.s.

The working assumption for this document is
that near-term graduate enrollments will remain
constant and Ph.D. production will remain within
about 10 percent of its current level. In the longer
run, the strong market for science and engineer-
ing Ph. D.s that should occur at the turn of the

‘“The  Technological Marketplace (Washington, DC: Scientific
Manpower Commission, May 1985), p. 11: and Condition of Edu-
cation, 1985, op. cit., pp. 128-129.

Figure 2-14.—Trends in Doctor’s Degrees
Conferred, by Sex of Recipient
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century could lead to an increase in the number
of annual doctorates awarded in those fields as
students are attracted into them by career oppor-
tunities. This development will be discussed in
chapter 3 when we examine the future demand
for science and engineering doctoral degree
holders.


