Steps toward a National Policy
for Academic Science

Two topics that could serve as the
basis of a long-range plan for a national
policy on academic science in the
United States are dealt with here: (i)
the stabilization of that portion of the
federal budget devoted to the support
of research and development (R&D)
in the universities and colleges, and
(ii) the problem of direct federal sup-
port of graduate students. Both of these
topics would attempt to stabilize the
federal support of academic science
after a decade of enormous growth in
certain areas followed by a substantial
shift of emphasis to new fields of in-
terest.

It is necessary to begin by defining
as clearly as possible the terms “sci-
ence,” ‘“technology,” ‘“basic research,”
“applied research,” and ‘“development.”
In a speech Sir Brian Flowers () has
said:

. . . the anglytic development of knowl-
edge that is science, the synthetic devel-
opment of knowledge that is engineering,
and the technological activities that make
both possible are all interdependent and
inextricably mixed into the pattern that
is the fabric of science.

Although this description of the mul-
tiple relationships between the sub-
stance of science and its closely related
activities is accurate, it does not lend
itself as easily to statistical analysis as
does a somewhat simpler conception.
In the United States, the National Sci-
ence Foundation (NSF) has collected
and published data on the funding of
federal R&D programs since 1952 (2).
Because this data base is the most con-
sistent and because it has been main-
tained over the longest period of time,
the definitions of the NSF will be used
in this article.

The data compiled in these studies
have been separated into three princi-
pal categories: (i) “Basic research is
concerned with exploration of the un-

The author is technical assistant to the direc-
tor, Office of Science and Technology, Executive
Office of the President, Washington, D.C. 20506.

14 MAY 1971

Carl M. York

known. It is primarily motivated by the
desire to pursue knowledge for its own
sake”; (ii) “Applied research is con-
cerned with finding the means for meet-
ing a recognized need. It draws upon
the general principles established by
basic research investigations and in turn
creates additional knowledge”; and
(iii) “Development is the systematic
use of knowledge and understanding
gained from research and directed to
the production of useful materials, de-
vices, systems, and methods; such work
includes the design, testing, and im-
provement of prototypes and processes.
Development is directed to generally
predictable and very specific ends. . . .”

These three definitions describe a
spectrum of activities that can be vis-
ualized as shown in Fig. 1. The bound-
aries of separation are poorly defined,
as indicated by the crosshatched lines.
However, in analyzing federal expendi-
tures, the staff of NSF has been able
to resolve most of the individual cases
and to assign them consistently to one
category or another. If basic research,
applied research, and development are
used to describe the total range of the
spectrum, then science and technol-
ogy might be viewed as a dual separa-
tion of the same activities, as indicated
schematically in the middle part of Fig.
1. Such a separation is at variance with
the definitions given by Flowers, but
it arises from the fact that a simply
connected, linear description of these
activities is used for simplicity of data
analysis, while the reality is a mesh of
strongly interacting entities. Because
the data base uses the linear spectrum
of Fig. 1, T use that description also.

Finally, the term “academic science”
will be used to include that portion of
the entire spectrum of activities which
is carried out on the campuses of uni-
versities and colleges throughout the
country. Academic science emphasizes
basic or fundamental research most
heavily, but does include appreciable
activity in applied research and some

few projects that can only be described
as development. In Fig. 1, this varia-
tion in emphasis is indicated by the
degree of shading.

Having defined the terms of refer-
ence, the next task is to consider how
the support of these R & D activities
might be justified. The areas of ap-
plied research and development, as
well as technology, are characterized
by having clearly defined goals for each
of the projects undertaken. The degree
of financial support that might be
needed to achieve a specified goal can
be weighed against the estimated value’
of the outcome to determine whether
or not one should proceed. This type
of cost-benefit analysis has been widely
used when the Department of Defense
has undertaken the development of a
new weapons system, when the Na-
tional Aeronautics and Space Admin-
istration (NASA) has considered a
new project in space, or when an en-
vironmental agency has undertaken the
development of a new kind of pollu-
tion control technology.

On the other hand, basic research
cannot be treated in this way. Although
it is not possible to put a dollar value
on the extension of knowledge, history
has demonstrated that the advance of
scientific knowledge has been of enor-
mous benefit to mankind and has been
an extremely profitable investment. Un-
fortunately, we cannot predict which
area of scientific research will yield a
given kind of knowledge or what ap-
plications that knowledge might have.
It is this element of unpredictability
that causes basic research to depend
upon long periods of uninterrupted ef-
fort to achieve its purposes. The ran-
domly distributed times of delivery of
results, plus the long periods between
discovery and utilization, make it ex-
tremely difficult to apply the usual cost-
benefit analyses to basic research.
However, it is possible to manage the
flow of funds, to judge the quality of
work on a periodic basis, and to mea-
sure the rate of progress on a given
project in a completely satisfactory
way.

The funding of a group of these
projects, which are aggregated into a
coherent program, requires some cri-
teria in addition to cost-effectiveness
for establishing the proper amount of
support. To determine the appropri-
ate mechanism for the funding of
long-term programs of basic research,
several of the nation’s leading tech-
nological industries have adopted a
“level-of-effort” philosophy. According
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Fig. 1. A representation of the ranges of
activities covered by the terms “basic re-

search,” *“applied research,” “develop-
ment,” “science,” “technology,” and “aca-
demic science.”

to this rationale, an industry that deals
in technological goods or services must
maintain research activities in order to
generate new products and innovations
because the company would otherwise
lose its ability to compete in the mar-
ketplace. It is then necessary for the
management of such an enterprise to
determine how much research activity
can be sustained. In practice, each in-
dividual research' project is justified
and coordinated into an overall pro-

gram, and the larger companies fre-.
quently have many diverse programs

on an assortment of topics. These
programs must be implemented and
coordinated in such a way that the
long-range objectives of the company
can be achieved. The overall level of
funding for such programs is often de-
termined by the gross income of the

company. It is common practice to use

a fixed percentage of the gross income
as a guide to setting the overall level
of effort. This total is then used as a
reference point in the internal alloca-
tion of resources to the various pro-

grams. The priority and amount of
support assigned to each program re-
flects its importance and relevance to
the stated goals of the company.

The level-of-effort concept of fund-
ing projects with long-term payoffs can
be applied to the programs of the fed-
eral government. This article explores
"the means by which this philosophy can
be applied to-a specific segment of the
federal budget and evaluates the impli-
cations of such a plan. )

Federal Support for Academic Science

The federal government supports sci-
entific research in academic institutions,
industrial laboratories, nonprofit orga-
nizations, and'its own in-house labora-
tories. Almost two-thirds of these re-
search expenditures go to institutions
of higher education, which produce
both research results and trained man-
power. Because the -universities play
such a dominant role in the national
picture of research, let us discuss the
application of the level-of-effort con-
cept to academic science. Although
academic science encompasses some
development and considerable applied
research, as indicated in Fig. 1, the
primary motivation for these activities
centers around the training of students.
Because the average training period for
a Ph.D. student in the sciences is ap-
proximately 7 years, it is appropriate
to identify all of the activities of aca-
demic science with the long - times
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Fig. 2. Federal obligations for R & D by
universities (2).

(periods of 3 to 5 years) characteristic
of basic research, in spite of the ap-
plied or directed nature of some of the
work.

The growth of federal funding for
R & D carried out in the colleges and
universities of the country is shown in
Fig. 2. This curve is based on data
found in Table 1 (2). These funds do
not include federal money spent to im-
prove the physical facilities of the insti-
tutions or funds provided for the sup-
port of students by federal fellowships
and traineeships.

Figure 2 indicates the rapid growth
of federal allocations, expressed in cur-
rent dollars for university research
during the early 1960’s, and the marked
leveling off that began to occur in 1967. .
The period of growth had a profound
effect upon higher education and re-

Table 1. Federal R & D obligations to universities and colleges: 1960—1971, by agency. Table Q-3 in Special Analysis Q qf the 1971 budget
covering federal funding of universities and colleges differs from Federal Funds (2) because the former is prepared earlier in the budget year.
This table contains the latest modifications to the data available from NSF.

Dollars (millions)

Agency .
1960 1961 1962 1963 1964 1965 1966 1967 1968 1969  1970* 1971*
Department of Health, Education, :
and Welfare 157.8 2207 309.8 3504 418.6 472.6 5344 619.8 . 6713 6950 6562 7116
Department of Defense 154.5 191.1 2002 237.5 2920 291.0 2953 279.9 2444 2528 2179 2163
National Science Foundation ) 599 684 89.3 115.3 1274 1421 - 1874 207.8 221.0 212.6 228.8 278.0
National Aeronautics and Space a T i
Administration . 10.4 17.7 53.5 78.2 1056 1241 1332 1241 1306 125.1 109.8 88.0
Atomic Energy Commission 39.3 49.4 54.9 67.4 69.4 744 82.2 89.5 92,6 1014 1003 96.4
Department of Agriculture 31.6 329 38.6 40.6 48.6 58.4 61.6 64.2 61.1 61.5 63.6 73.3
Office of Economic Opportunity ) ) : 71 20.9 15.5 13.8 25.4 23.0 25.0
Department of the Interior 1.5 .22 2.8 3.7 5.5 9.8 19.7 234 25.7 23.8 254 273
Department of Transportationt 0.3 0.7 0.7 0.8 0.6 0.4 1.4 11.1 11.9 12.8 18.4 21.8
Agency for International Development 0.1 0.3 2.7 1.3 - 3.9 6.0 37 32 3.5 5.0 6.4 12.9
Department of Labor 0.1 0.5 11 2.2 3.1 3.0 3.2 3.0 3.1 3.1
Department of Housing and Urban
Development . 0.4 2.5 1.1 1.0 0.9 1.3
Department of Commerce 0.9 0.8 1.6 2.8 29 3.7 3.7 6.0 7.4 1.8 2.7 3.2
All other 2.3 0.7 0.8 1.0 1.7 2.0 3.5 3.5 2.7 4.6 7.8 12.5
Total, all agencies 458.6 584.9 7550 899.5 1077.3 1193.8 1350.5 1454.5 1490.3 15258 14643 1570.7

* Figures for’ 1970 and 1971 are estimates.
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t Federal Aviation Admini_stration only, prior to 1966.
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flected the public dedication to our na-
tional goals in the areas of health,
defense, and outer space. During this
period, the universities expanded their
physical plants, faculties, and student
enrollments in these areas of national
concern. The expansion was facilitated
by federal grants, often with matching-
fund financing, for buildings which,
under the terms of the agreements, had
to be used for specified purposes for
long periods of time. Similar long-term
commitments, in the form of full aca-
demic tenure, were made to the faculty
members who were recruited for these
research programs. These long-term re-
quirements, which were imposed by the
federal agencies or implicit in the
agreements, may have confused some
university administrators with regard
to the long-range intentions of the fed-
eral government.

The trend in Fig. 2 for the years
following 1968 has dispelled any illu-
sions they might have had, but it has
also left many of our largest institu-
tions in an extremely precarious finan-
cial situation. Not only have the dollar
expenditures of the federal government
been roughly constant since 1968, but
the cumulative effects of inflation and
research sophistication have caused a
sharp effective decrease in the level of
support for the universities. This has
added to their financial distress, as well
as to their sense of uncertainty in plan-
ning for the future.

To establish a clear set of guidelines
for future planning, an attempt will be
made to evolve an appropriate level
of effort for the federal funding for
academic science. Two factors are re-
quired in such a program: First, estab-
lishing the dollar amount of support
in a given budgetary year; and second,
providing a prescription for the annual
rate of growth in each succeeding year.
In discussing this latter topic, care must
be used to distinguish between “real”
growth and inflationary increases in
the dollar costs. This distinction is
made in each of the three methods for
determining the level of support and
rate of growth.

Method 1

In 1968, the federal support to uni-
versities for research had increased by
only a small amount over the previous
year, but it was generally agreed by all
concerned that the condition of aca-
demic science in the United States was
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Fig. 3. A projection of federal R & D by
universities at an annual rate of increase
of 6 percent per year.

excellent. By 1969, the decreased fund-
ing had produced significant strains
within the system, and a general re-

" trenchment in research programs and

plans for graduate student enrollment
had begun. The continued decreases
in the fiscal year (FY) 1970 appropri-
ations have now created a serious prob-
lem for the future. There are clear in-
dications that an appreciable erosion
of the base for the technology of the
nation has begun. It has been widely
acknowledged that certain fields of sci-
ence in this country will be unable to
compete with the work done in other
nations. Lee DuBridge (3) has sug-
gested that, if the United States is to
maintain its position of leadership in
world science, a base level of funding
of $1.5 billion, as in 1968, should be
assumed as an. appropriate starting
point.

In establishing a growth rate, Du-
Bridge recognized that the rapid rate
of increase which took place in the
early 1960’s had to decrease. He pro-
posed minimal real growth of no less
than 1 percent per year to provide for
flexibility and some growth in the pro-
gram. Although this real growth is sub-
stantially less than the recent average
annual increase of the gross national
product (GNP), it would permit lim-
ited growth and help to offset the in-
creased costs of performing research
due to the increasing complexity of our
technology. A widely accepted estimate
of the rate of increase in the cost of
living is 5 percent per year (4), and a
total rate of 6 percent per year was
chosen as a minimal rate of growth to
maintain the level of effort in academic
science. A 6 percent per year rate of
growth of the current dollar amount
for research in the universities has been
plotted in Fig. 3, starting with $1.5 bil-
lion in 1968. The resultant gap between
the actual appropriations and this pro-

jection is apparent. The budgetary re-
quest of the President for FY 1971
indicates that the appropriate minimum
rate of growth has been requested for
the current year, although the delay of
3 years causes a substantial funding gap
of about $250 million when compared
with the desired extrapolation from the
1968 base.

Method 2

Eugene Fubini (5) has suggested a
somewhat different approach to this
problem of setting the level of effort
and then calculating an annual rate of
increase.

In determining: a suitable level of sup-
port for academic science two factors are
critical, first, the output of trained scien-
tists and engineers which is required to
support the continued growth of our eco-
nomic base, and second, the amount of
research which is required to produce suf-
ficient new knowledge for continued
growth.

He then goes on to consider the rate
of growth.

Federal Support for Academic Science
should grow at a rate intermediate between
that of the number of students and that
of the GNP. For FY 72-74, the average
rate of growth of GNP (in constant dol-
lars) is estimated to be 5.5 per cent and for
the number of full time equivalent grad-
uate students in science and engineering
the rate is 7.0 per cent. On the basis of
this, the proposed support levels (using
the 1970 totals from Table 1 and a 6.5
per cent annual .increase) are:

(in constant dollars)
FY 72: $1.712 billion
FY 73: $1.823 billion
FY 74: $1.942 billion

If this rate is converted to current dol-
lars by the addition of 5 percent per
year, then Fubini’s method requires a
total annual growth of 11.5 percent,

which is almost twice that suggested
by DuBridge.

Method 3

Derek Price (6) has proposed a
somewhat different approach to the
problem, based upon his well-known
treatment of growth governed by a
“logistic” curve. He chooses the level
of support to be the value in FY 1969.
Then, having recognized that the rate
of growth is in that portion of the
logistic which is changing from an
exponential to a more moderate linear
rate, he fixes the rate and its time
variation. He notes that in FY 1969
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the support for science was a fixed
fraction of the GNP, and he accepts
this fraction as “appropriate.” He then
assumes that the academic science pop-
ulation should continue to grow at its
present linear rate and that support for
this, expressed as a percentage of the
real GNP, should grow proportionately
and at a linear rate. Because the man-
power grows at about 6 percent per
year, the prescription by Price is stated
as follows:

The support for academic science for
any fiscal year relative to the preceding
year’s GNP should equal that ratio for
FY 69 increased by a factor of (1 4 0.6¢),
where ¢ is the number of years elapsed
from FY 69.

The similarity between this result
and that of Fubini is evident, although
Price has used a smaller rate of growth.
Again, to transform the results into
current dollars, one must add 5 per-
cent per year for inflation. In Table 2,
a comparison of the three methods for
making budgetary requests is made in
terms of current dollars.

Implementation of the
Level-of-Effort Concept

The choice of an overall level of
funding and a prescription for its rate
of growth does not solve the problem
of the internal distribution of these re-
sources, nor does it provide a mecha-
nism to insure the maintenance of the
level in succeeding years. Although the
natural analog of the level-of-effort
concept in industry would require the
use of the GNP as a reference point,
several objections led DuBridge to use
the segment of the budget contained
in Table 1. These are the funds that
are under the direct control of the
President, while the GNP is not. The
initial allocation of these funds among
agencies is a dual activity of the exec-
utive and legislative branches of gov-
ernment. Once the budget has been
transmitted to the Congress by the
President, it is divided up among a
multitude of congressional committees
for further action.

After the series of authorization and
appropriation bills streams back to the
President to be signed into law, the
Office of Management and Budget has
the task of reassembling the budget and
comparing it to the original document.
By setting a projected level of expendi-
ture for a budgetary segment such as
that contained in Table 1, the Execu-
tive Office could only make a correc-
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Fig. 4. The college-age population (18
through 21 years of age) and the total
enrollment in higher education.

tive budget request in the succeeding
fiscal year. In some extraordinary
cases, the Administration might request
Congress to supply a supplemental
appropriation for one of the agencies
in the same fiscal year, but this type
of correction is too politically complex
to be made every year. If a policy were
to be adopted to correct the budget
request after I1-year time lag, it
would greatly stabilize the financial re-
lationship between the federal govern-
ment and the academic world.

The flexibility of such a policy with
regard to changes in national goals
can be seen in Table 1. The rise and
fall of NASA’s budgets during the
1960’s clearly demonstrates the adop-
tion of the goal “to land a man on
the surface of the moon in this dec-
ade.” After the achievement of that
goal in 1969, a steady decline in
budgets is seen. However, the growing
national concerns of the mid-1960’s
with civil rights and social objectives
are reflected in the budget of the Office
of Economic Opportunity; other agen-
cies dealing with housing, transporta-
tion, ecology, and urban development
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Fig. 5. Federally supported predoctoral
fellows and trainees.

_have been slower to develop their use

of the talent in the universities.

A policy to provide a deliberate
financial correction to the academic
science portion of the federal budget
not only would give the financial stabil-
ity that is needed by the academic
world, but also wogld provide the
Administration with an important
means of implementing its stated ob-
jectives. The budgetary increment
could be used to start new programs
of research or to expand and modify
the emphasis placed on others. Such a
system would contain most of the bene-
fits of a “pluralistic” system of sup-
port, and at the same time supply the
long-term stability which some people
believe can only be provided by a
single source of federal funds for aca-

- demic science.

Training Scientific and

Technical Manpower

Although many studies on the pro-
duction of advanced degrees have been
carried out within recent years (7-10),
almost none of them considers the
important influence of the declining
national birthrate. This decline has
been clearly evident since 1962, and it
has already been noticed in terms of
unfilled elementary school facilities in
areas where demographic migrations
have not obscured the decline in num-
bers of children. The top curve of Fig.
4 shows the population of college-age
youths (18 through. 21 years of age),
plotted through 1985 (i7). The lower
curve shows the total enrollment in
higher education through 1970, with
two different projections (I and II)
for the next 15 years. Projection I is
that used by the Office of Education
(12) and, later, by the National Sci-
ence Board (13) in their reports. Be-
cause the total enrollment in colleges
reached 50 percent of the college-age
population between 1969 and 1970,
projection II is simply a continuation
of 50 percent of the college-age popu-
lation. One possible rationale for the
50 percent projection as a limit on the
number of students enrolled in colle-
giate higher education can be based on
their intellectual abilities. By definition,
50 percent of any given age group has
an IQ or Army General Classification
Test score less than 100. No matter
how the intellectual attainment of an
individual is measured, most people
would agree that the same verbal skills
required for successfully pursuing a
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Table 2. Current dollars that would be spent
in each method, from FY 1971 to FY 1974.

Current dollars (billions)

Method FY FY  FY

1972 1973 1974
Method 1 1893 2007  2.127
Method 2 1798 1914 2039
Method 3 2048 2289 2.594

liberal arts degree are required for a
score of 100 or more on such a test.
Thus, projection II gives an indication
of how future enrollment in collegiate
higher education might develop. The
Office of Education projection, on the
other hand, can serve as an indicator
of how much the nation ought to pro-
vide for post-secondary school educa-
tional opportunities for young people.
The Higher Education Act of 1970 has
already called for a shift in emphasis
from the liberal arts education toward
more junior college and paraprofes-
sional training. Even these require-
ments will not continue to grow after
1982, when the population curve for
18- to 21-year-olds begins to drop; and
future plans for post-secondary school
education will undoubtedly take this
into account.

Supply and Demand of Doctorates

in Science and Engineering

I next explore the implications of
this population limit, or demographic
saturation, in its relation to the future
supply of scientists .and engineers. If
the collegiate undergraduate enrollment
is limited to 50 percent of the popula-
tion, there are well-established rela-
tionships that can be used to predict
the number of Ph.D. degrees to be
awarded. The calculation is made by
first converting the total enrollment
into the number of full-time equivalent
(FTE) students. The graduate enroll-
ment had been about 12 percent of the
total FTE enrollment, but it has been
steadily rising for the past decade. In
the projections presented here, this
fraction was allowed to increase from
13.5 percent in 1971 to 15.0 percent in
1985. The Ph.D. degrees granted in
each year in science and engineering
have been about 2.2 percent of the
total graduate enrollment, and this
fraction has been taken as constant
from 1971 through 1980. The calcula-
tions are summarized in Table 3 and
show that we can anticipate a total of
229,600 Ph.D. degrees to be produced
in the period from 1968 to 1980. This
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is about 15 percent smaller than the
number predicted by the NSF (7),
which estimated that 264,300 would be
produced. After applying all of the
NSF corrections (7) to these numbers,
the total supply of Ph.D.’s is estimated
to be 317,400 in 1980. It should be
emphasized that this estimate of pro-
duction is an upper limit to the num-
ber that can be produced. If the gradu-
ate schools change their emphasis on
the Ph.D. by introducing new degrees,
or if the fraction of the student popula-
tion going into science and technology
is smaller than it has been in the past
decade (10), then the true number of
Ph.D.s in 1980 will be smaller than
this upper limit.

A number of projections of the job
market for Ph.D.’s in 1980 have been
made (7, 9, 10), and one of the most
sophisticated estimates has been carried

out by the Bureau of Labor Statistics

(14). This study starts with a model
of the nation’s economy in 1980 and
a fairly complete set of assumptions
about how the country will change in
the intervening years. It concludes that
there will be an oversupply of elemen-
tary and secondary school teachers
during the coming decade, and this
conclusion is consistent with the declin-
ing birthrate mentioned above. It pre-
dicts that, in higher education as a
whole, a substantial oversupply of full-
time teachers will be available as the
result of increased Ph.D. production.
This conclusion is in agreement with the
analysis done for scientists and engi-
neers (7). In the teaching profession,
as well as in industry, an overabun-
dance of Ph.D.’s would cause an ap-
preciable decrease in the number of
non-Ph.D.’s employed in the same kind
of work. Most educators would agree
that this upgrading of the qualifications
of their teaching staff would be desir-
able, if somewhat more expensive in
terms of salaries. It is not clear that
industry would respond to this pro-
jected overabundance of Ph.D.’s in as
positive a manner.

In spite of the general agreement
that there will be an excess of Ph.D.’s
in 1980 if present trends continue,
openings in certain fields will be in
short supply over the next decade. The
Bureau of Labor Statistics predicts that
the fields of physics, chemistfy, and, to
some extent, engineering will have
shortages. Since the Bureau’s trend
analysis includes a long-term decrease
in federal expenditures for the defense
and space programs, the present un-
employment in the aerospace industry

Table 3. Projected supply of science doctorates
in 1980, adapted from table Bl (7, p. 13).

Number (thousands)

Doctorates NSF Corrected
69-37 for
saturation
Supply in 1968 147.0 147.0
New awards,
1968 to 1980 264.3 229.6
Immigration, 1968
to 1980 5.0 5.0
Subtotal 416.3 381.6
Attrition of 1968 base —27.2 —272
Attrition of
1968 to 1980 —10.6 —10.6.
Emigration —26.4 —26.4
Subtotal —64.2 —64.2
Net 3521 3174

can be interpreted as a transient phe-
nomenon that will not affect the long-
range demand for physical scientists
and engineers.

Federal Support of Graduate Students

The recent history of direct federal
support to graduate students can be
seen in Table 4 and in Fig. 5, which
plots the number of full-time, pre-
doctoral fellows and trainees supported
by the federal government for the
past decade (/5). The funds to be
budgeted and appropriated in FY 1972
will reach the universities in the be-
ginning of FY 1973, if no undue de-
lays in the appropriation process are
incurred. The students who receive
this support will be graduated with

. a doctoral degree from 3 to 7 years

later—that is, in the -period from
1976 to 1980. Thus, it is difficult to
argue that students should not be sup-
ported now because there is temporary
unemployment of scientists and engi-
neers now. These students will not be

Table 4. Federally supported predoctoral fel-
lows and trainees.

Fiscal Students Dollars
year (No.) (X 10%)
1960 9,395 36.5
1961 13,716 53.8
1962 15,974 65.8
1963 19,037 92.8
1964 24,413 120.2
1965 31,185 158.3
1966 45,265 2329
1967 56,945 279.3
1968 57,586 286.6
1969 48,986 248.4
1970% 41,000% 201.0*
1971% 36,000 182.1%

#* Contributions to these numbers from the Na-
tional Institutes of Health are based upon esti-
mates for these 2 years.

647



entering the job market until the end
of this decade.

In spite of the careful analyses de-
scribed above, at the end of this dec-
ade no exact picture of the number of
Ph.D.’s needed at the end of the dec-
ade has been generated to date. How-
ever, as our society becomes more
and more dependent upon technology,
it would be unwise to reduce signifi-
cantly the technical manpower that
will be available at the end of this
decade. One course of action might be
to maintain the level of fellowships
and traineeships at some predetermined
level for the next several years. The
problem is somewhat complicated by
the fact that direct support of graduate
students by traineeships and fellowships
is provided to only one-sixth of all the
students supported. Hence, the funding
of this one channel of support does not
determine the entire picture. Never-
theless, during a period of financial
stability for both the universities and
the graduate students, several impor-
tant changes could take place. The
adjustment of the new federal agencies
to their roles in solving societal prob-
lems will become more clearly defined,
and their programs for achieving these
goals will become better developed.
The wuniversities, on the other hand,
need time to focus on the solutions to
their own internal problems of organi-
zation, The difficulties of establishing

interdisciplinary degree programs to
provide broad training in the tech-
niques of synthesizing practical solu-
tions to real problems must be sur-
mounted. This will be especially diffi-
cult for institutions that have used the
traditional approach of analytic and
theoretical solutions to idealized situ-
ations as their prime standard of excel-
Ience. It will take time to reeducate
and reorient significant portions of the
university community to a new set of
operational techniques and methods.

Conclusion

In the discussion above, two steps
toward a national policy for academic
science have been proposed. The first
suggests a budgetary policy that would
stabilize the total amount of federal
money made available to the universi-
ties and colleges for R & D. The sec-
ond suggests a temporary freeze on the
level of direct support for graduate
students in science and engineering.
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problems have been repeatedly cata-
loged (2-5). These areas have ob-
viously been affected by modern man’s
overall disturbance of the biosphere, as
well as by his more specific disturb-
ances, including elimination and intro-
duction of species, designation of arti-
ficial park boundaries, and suppression
of natural biotic processes. I will not
minimize these problems: an Ever-
glades without water or with a jetport
would be a travesty. I contend that,
despite man’s intrusions into the ecol-
ogy of national parks, the pristine
ecosystem relations in many of them
are comparatively intact or have some
reasonable potential for being re-
stored. This sounds incongruous, since
visitors to several of these areas number
in the millions annually. However, it is
necessary to recognize that the uses
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