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ABSTRACT
Long-range biomedical manpower needs up to 1965 have

been projected and the best estimate indicates that there will ;e an
increase from 64,000 workers in 1965 to 1'30,000 in 1985. The related
expenditure is expected to increase from 1.9 billion dollars to 15.7
billion dollars in the same period. Alternate predictions, based on
other possible economic policies, lead to different results. The
methods used, and the assumption made, for each projection are
discussed. The period from 1947 to 1967 is used for a base, and a
comparison of similar projections made in 1961 with the actual
figures up to 1967 demonstrates the utility of the model. The
projections imply that there will be (a) a need to fully utilize
Ph.D.'s research skills; (b) a decrease in the proportion of M.D.'s
trained as clinical investigators; (c) continued need for expansion
of National_ Institute of Health training facilities; and (d) a need
to continue accelerating expansion of facilities and equipcent for
health research. Appendices tabulate the projections, define
biomedical research, and list localities where graduate education is
expected to significantly expand. (AL)
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FOREWORD

The period immediately ahead presents challenges and opportunities un.
paraileled in American history. Advances in the character and quality of
health care and the improvement of the health of American peopi, through
research will require accelerated expansion in the F p pl y of health manpower
for service, research, and educat ion. This acceleration fortuitously coincides with
the surge of 22-year olds meking graduate and professional education and,
subsequently, postdoctoral training and careers in medicine and related health
professions. Meeting the challenge will dernfuld: (1) Substantial expansion of
existing institutions; (2) upgrading of weaker institutions with the potential
of reaching excellence; and (3) the creation of 23 nimr medical schools and
nearly 150 new graduate schools, about one-half of whom plan doctoral pro-
grams in the health sciences.

The future growth of health research is the ordinal determinant of the
need for trained biomedical manpower. An effort to look ahead for two decades
is speculative and recessarily tinged with uncertainty. Many as yet unforeseen
forces are bound to influence the growth of biomedical risearch during this
20 -year span. Some of the forces, like the 1065-1968 escalation in Viet/nun,
have &Tressed growth. As the outlook brightens, however, it is anticipated Gad
the rate of advance of biomedical research will be accelerated, responsive to
the health needs of the American people and taking full advantage of scientific
opport unit le& flecogni sing the inevitability of peaks and valleys that will reflect
the impact of such unique and specifi,. circumstances, long -range projections
of national biomedical manpower needs for research, teaching, and related
service activities provide the most. useful frame of reference for the develop
ment of plans for VIII training activities.

Four different methodological approaches hare been utilised in developing
alternate projections of Ion g.targe biomedical research manpower needs, First,
became of the direct connect ion bet wren dollar support for biomedical research'
and the utilisation of scientific capability, al,enlativc levels of 'he Nation's
investment for biomedical research (1965 -83) hare been eetirneed, in terms of

(1) continuationat a diminished rateof long-term secular growth in
expenditures for biomedical research, in relation to the Nation's eco.
nornk capability (GNP) and

(2) prolongation of the current (1267-M) constrsirts on the nondefense
aspects of Federal prografrm

To derive the estimated manpower for research, teaching, and related service
activities, alternative dollar levels of support for biomedical research have
been related to a projected expenditure per professional worker for each of the
blear periods, 1965-70, 1970-75, 1976-80, and 19110-85, to derive e.aimated
biomedical manpower needs.
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An opposite approach has been taken by projecting the probable size of
the labor force of highly trained manpower for research, teaching, and related
service activities; in effect, this approach sets upper limits upon future man
power requirements.

In contrast to these two macro approaches, two appraisals have been made
of biomedical research manpower needs at the micro level. Quantitatively, we
have assessed the high priority functional staffing requirements to pinpoint
specific biomedical manpower needs fur- -

(1) Staffing medical schools and other health professional schools,
(2) providing faculty for biomedical components of graduate schools and

for advanced undergradiin.e education, and
(8) staffing specialized biomedical research centers in the national interest,

e.g., cardiovescular meearch and training centers, eye research in
stitutes, population research centers, environmenta! health research
and training centers, and institutes for the study of aging.

Qualitatively. re have taken into account critical shortage categories such
as bioengineering, behavioral sciences, environmental health sciences, clinical
investigation, and the neurosciences.

The "best judgment" projection of manpower needs for the futurs is based
upon continuationat a diminished rateof the longterm secular growth in
support for biomedical research, in relation to the growth in OSP. The critical
assumptions in nulling this projection are that ;

1. Tht.. key factors influencing the growth of biomedical research are (1)
the thrust and promise of scimce, (2) human needs and expectatkins,
(3) population dynamics and the institutional base of biomedical science,
and (4) economic capability.

2. The future cost per professional worker wi'l continue to rise but at a
slower rate than the experience of the past decade.

The implications of the projections are clear and call for action now to
assure an adequate supply of highly trained biomedical manpower for the
futrure:

1. 1985, 150,000 professional workers will be needed for biomedical
research, education, and related service activitic

2. Ph. D.'s will comprise a steadily increasing share of biomedical research
manpower, with major increments from the behavioral sciences, engi
meting, mathematics, and the physical sciences

S. The proportion of biomedical research conducted by industry will rise
in consonance with the extensive utilizatiol of systems analysis tech-
niques and growing opportunities for development of end products which
will improve diagnosis, therapy, and rehabilitation.

4. Staffing new medical schools and graduate schools and facilitating the
sorely needed expansion of existing institutions constitutes a major fore-
seeable manpower need.

it



The conclusions presented in this report pose a host of broad policy issues:

1. What proportion of ONP should be devoted to biomedical research t
2. What measures will be most effective in changing the 1I.D.Ph. D, bio-

medical research manpower mix
3. What is the desirable level of Federal support of graduate and medical

education to increase and to enrich supply during the next. two decades/
4. Can we depend upon the market to attract nontraditional Ph. D.'s (be-

havioral sciences, mathematics, and engineering) into biomedical
research or should we intervene with training programs tailored to
induce participation during the formative period of graduate study!

b. What kinds of facilities will be needed, where, when, and what will they
cost for:

a. Teaching
b. Research

All reports in the RcAourcot /or ?Mira Reararrh series are prepared under
the direction of Dr. Herbert II. Rosenberg, Director, Office of Resources
Analysis, Office of the Associate Director, Program Planning and Evaluation.

Robert Q. Marston, M.D.
Director
National Institutes of Health
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SUMMARY

The future growth of health research is the car-
dinal determinant of the need for trained biomedi-
cal manpower. An effort to look ahead for two
decades is speculative and necessarily tinged with
uncertainty. Many as yet unforeseen forces are
bound to influence the growth of biomedical re-
search during this 20-year span. Some of these
forces, like the 1965-68 escalation in Vietnam, have
depressed growth. Recent changes in the Selective
Service law and regulations may depress graduate
enrollment and subsequent Pb. D. output over the
short run. As the outlook brightens, however, it is
anticipated that the rate of advarve of biomedical
research will be accelerated, responsive to the
health needs of the American people and taking
full advantage of scientific opportunities. Recog-
nizing the inevitability of peaks and valleys that
will reflect the impact of such unique and specific
circumstances, long-range projections of national
biomedical manpower needs for research, teaching,
and related service activities provide the most use-
ful frame of reference for the development of
plans for NIH training activities.

Approaches to Estimating Biomedical Man-
power Needs for the Future

Long-range biomedical manpower needs have
been projected in this report following four dif-
ferent methodological approaches in relation to:
(1) the probable course of fiscal capability, (2)
high priority functional staffing requirements for
the nonprofit sector, (3) probable size of the avail-
able labor force for biomedical research, and (4)
critical manpower shortage areas.

First, because of the direct connection between
dollar support for bir,medical research and the
utilization of scientific capability, alternative
levels of the Nation's investment for biomedical
research (1965-85) have been estimated, in termsof

1

(a)

(b)

continuationat a diminished rateof
long-term se.cular growth in expenditures
for biomedical research, in relation to the
Nation's economic capability (GNP) and
prolongation of Or! current (1967 -6g) con-
straints on the nondefense aspects of Fed-
eral programs.'

To derive the estimated manpower for research,
teaching, and related service activities in 1970,
1975, 1930, and 1985, the alternative dollar levels
of support for biomedical research have been re-
lated to a projected expenditure per professional
worker for each of the 5-year periods, 1965-70,
1970-75, 1975-80, and 1980-85, to derive estirrated
biomedical manpower needs (See ch. III, pp. 35 ff) .

Second; an assessment of the high priority func-
tional staffing requirements for the nonprofit
sector, 1967-75, has been developed to pinpoint
specific bicmedical manpower needs. The estimate
yielded by this microanalytic approach compares
closely with the "best judgment" projection for the
nonprofit sector (See ch. III, pp. 50 it).

Third, the biomedical research manpower for
1985 has been estimated from projections of the
probable size of the available labor force of highly
trained manpower for research, teaching, and
related service activities (See ch. III, pp. 43 II).

Fourth, another approach, only partially sus-
ceptible to quantification, has been the identifica-
tion of critical shortage categories. Despite the
lack of precise estimates, this approach should
contribute to the development of KM training
plans and programs aimed at expanding the supply
of biomedical manpower in these critical shortage
categories (See ch. III, pp. 55 if).

' There is no Inherent certainty about either of these
di. ',vent assumptions Secular trends can be modified by
future developments. While It seems unlikely that the cur-
rent situation will be roionged much longs:, this assump-
tion cannot be dismissed without appraising its probable
implications.



Alternative Projections
The beat judgment projection of manpower

needs for the future for biomedical research, teach-
ing, and related service activities is based upon con-
tinuationat a diminished rateof the long-term
secular growth in support for biomedical research.
This projection indicates that biomedical research
manpower I.eeds would increase from 64,000 in
1965; to 71,000 in 1970; 100,000 in 1976; 180,000 in
1980; and 150,000 in 1985, The related E. -;pendi-
tures for biomedical research (iii 1967 ccnstant
dollars) would increase from $1.9 billion in Y905,
to $0.9 billion in 1970; $5.5 billion in 1975; f9.7
billion in 1980; and $15.7 billion in 1985.

In making these projections, it has been assumed
that expenditures (in 1967 constant dollars) per
professi anal worker would continue to increase at
the rat6 of 6 percent a year for the Government
and nonprofit sectors and 7 percent a year in indus-
trythe same rates experienced during the decade
from 1954 to 1965. Rising expenditures per pro-
fessional worker during the seventies and eighties
will reflect the following factors; (1) Greater use
of more complex, automated, and precise instru-
mentation and other costly research equipment;
(2) the operation of large-scale population studies
requiring use of computerized techniques; (3)
greater involvement of technicians and supporting
staff for the efficient conduct of research by the
principal investigator and his collaborators; and
(4) a higher proportion of more costly applied
research and development. As a consequence, ex-
penditures per professional worker in biomedical
research are projected to increase from $30,000 in
1965; to $41,000 in 1970; $55,500 in 1975; $75,000
in 1980; and $105,000 in 1985 (expressed in 1067
constant dollars).

The austerity projection (alternative C) is based
upon the assumption that the current (1968-69)
stringent fiscal constraints may be prolonged in-
definitely. Using the same methodological pro-
cedure, this assumption results in a steady drop in
biomedical research manpower requirements from
64,000 in 1965; to 63,400 in 1970; 56,000 in 1975;
50,700 in 1980; and 4.4,000 in 1985. This would
represent a net reduction of 20,000 workers
almost one-third below the number engaged in
biomedical research in 1965. The related expendi-
tures for biomedical ren.irch (in 1967 constant
dollars) would increase from $1.9 billion in 1965;
to $2.6 billion in 1970; $3.1 billion in 1976; $3.8
billion in 1980; and $4.6 billion in 1985.

2

In the decade from 1957 to 1967, medical
research expenditures trebled as a proportion of
GNP; the best judgment projection is based on
a trebling in two decades, 1967-1985. Conversely,
the austerity projection posits no further increase
in the allocation of resources for biomedical
research, expenditures for biomedical research
remaining constant as a proportion of GNP,
1967-85.

Factors Influencing the Growth of Biomedical
Research

The key factors influencing the growth of bio-
medical research are;

1. The Thrust and Promise of Science. The
progress of science has revolutionized the range of
diagnostic, therapeutic, and preventive capability
available for medical and health services. It is
anticipated that the prospect for even more revolu-
tionary findings will compel greater and broader
research efforts. This prospect is coupled with the
urgent need for transforming both current and
new information into diagnostic, therapeutic pre-
ventive technology, and the utilization of this
advanced technology to improve c. e delivery of
services (See ch. III).

2. Human Needs and Expectations.Despito the
enormous progress in medicine and health, the
scientific base of knowledge and technology
remains critically limited. At the same time,
advances in the social, economic, and scientific
capability of the nation have greatly accelerated
public and private expectations that health prob-
lems will be diminished through further public
action. These circumstances create a continuing
condition of public demand for progress in both
the science and practice of medicine.

3. Dynamics of the Population and the Institu-
tional Base of Biomedical Science. The first post-
war birth cohort (1946) will reach age 22 in 1968.
For that and subsequent years, there is the pros-
pect of substantial increases in potential enroll-
ment in graduate and health professional schools.
As indicated in chapter II, (pp. 15 ff) the new
Selective Service Act, and regulations may channel
these increases away from graduate schools into
the Armed Forces. This trend will be reflected in
pressure for increased graduate and professional
educational capacity, through expansion of exist-
ing facilities and creation of new ones, with in-
creases in faculty, resource, and support require-
ments. The Nation also faces critical problems in



sustaining the vigor and stability of existing in-
stitutions and substantially upgrading the quality
of the weaker and less capable components. At the
same time, the Nation must meet urgent needs
for the expansion of resources to (1) meet critical
national objectives in health-related areas and
(2) bring about a more 'equitable geographic dis-
tribution of the relevant educational resources an
scientific capability. These dynamics represent the
third set of forces playing upon the future direc-
tions and dimensions of the national biomedical
research effort (See ch. III, pp. 28 IT).

4. Economic Capability. Medical research ex-
penditures have trebled as a proportion of gross
national product since 1957. If long-term trends in
the relationship between national expenditures for
biomedical research and gross national product
are sustained, then biomedical research expendi-
tures would probably increase by 11 percent per
year for the next two decades appreciably below
the 15-percent increase for the past two decades
(1947-67) and the 16-percent increase, 1957 -67.

Manpower for Biomedical Research, Teaching,
and Related Service Activities

The number of professional workers engaged
full or part-time in biomedical research rose from
19,000 in 1954 to 42,000 in 1960more than a 100 -
percent increase. Between 1960 and 1965, the num-
ber increased more than 50 percent to 64,000an
additional 22,000 professional workers in bio-
medical research and related activities. The domi-
nant characteristics of this growth can be
summarized briefly :

1. The largest increase has taken place in uni-
versities and research institutes;

2. The number engaged full-time in medical
research has been rising, and those working
part-time an devoting a larger share of their
energies to research ;

3. Participation of Ph. D.-trained manpower in
the basic medical sciences has been rising
rapidly, accompanied by the growing involve-
ment in biomedical research of (1) the other
biosciences, (2) the behavioral sciences, (3)
the physical sciences, (4) mathematics, and
(5) engineering;

4. Research opportunities combined with teach-
ing and/or service responsibilities have be-
come increasingly attractive to M.D.'s;

5. The underlying supportive force in this de-
velopment has been the substantial enlarge-
ment of national programs for public and
private support of research, research train-
ing, and construction of research facilities.

It should be emphasized that a large pool of
trained manpower, cumulated through the depres-
sion and the war, was available for independent
investigation at the end of World War II. With-
out this substantial pool of talent as a base, it
would have been impossible to man the current
national medical research effort. No sivth pool of
underutilized talent is availab1.3 for the future.

As summarized above, several approaches based
upon divergent assumptions have been used to
estimate biomedical manpower needs for the
future, 1967 -75, and the decade beyond. The re-
sults produced by these divergent assumptions
(with one exceptionindefinite prolongation of
the current situation) lead to the same general
conclusion: The supply of manpower for bio-
medical research, teaching, and related service
activities must be enlarged substantially to meet
the needs for:

1. Staffing the expansion oi oiomedical research;
2. Facilitating the enlargement of biomedical

faculties in existing medical schools and
health sciences programs of existing graduate
schools;

3. Contributing to the upgrading of weaker
medical schools and weaker health sciences
programs in graduate schools;

4, Aiding in the creation of 25 new medical
schools and 150 new graduate schools over
the next decade;

5. Meeting high priority functional require-
ments between now and 1975 (See ch. III,
sec. E) ;

6. Providing research-trained personnel for
staffing the national network of regional
medical programs ;2

7. Developing manpower in critical shortage
categories such as bioengineering, behavioral
sciences, environmental health sciences, neu-
rological sciences, clinical pharmacology,
radiation therapy, anesthesiology, and diag-
nostic radiology.

' See Report on Regional Medical Programs to the Presi-
dent and the Congress, Public Health Service, Department
of Health, Education, and Welfare, June 1007.



Outlook for the Future
In assessing the probable future magnitude of

the Nation's biomedical research effort, these and
alternative projections have been utilized as gen-
eral guides. It should be emphasized, however, that
the best judgment projections of $5.5 billion for
1975 and possibly $16 billion for biomedical re-
search by 1985 are not set forth as goals or targets
of this Administration. Nevertheless, in conson-
ance with the Administration's emphasis upon
planning, NIII has utilized the projections as a
general guide for assessing the future magnitude
of the Nation's biomedical research effort, taking
full account of alternate assumptions, including
indefinite prolongation of the current situation.
The L 'st judgment projection suggests that bio-
medical manpower requirements will reach 100,000
in 1975 and rise to 150,000 by 1985.

Meeting biomedical manpower needs for the fu-
ture will require (1) full utilization of the re-
search skills of Ph. D.'s in all fields, (2) a modest
increase in the output of trained clinical investi-
gators, with the likelihood that this group will
decline as a proportion of all M.D.'s, (3) a sub-
stantial and continued expansion of NM training
activities, albeit through mechanisms which pro-
vide for the synergistic phasing of support for
institutional development and formal training
programs in the sciences and clinical specialties,
and (4) a greatly accelerated expansion of facili-
ties and equipment for health research.

Divergence Between Cpportunity and
Capability

The years immediately ahead present unparal-
leled opportunities for progress in biomedical
research ultimately aimed at improving the health
of the American people. At the same time, staffing

4

requirements for the biomedical sciences will in-
crease to (1) permit expansion of existing medical
schools and biomedical components of graduate
schools, (2) enable upgrading of weaker institu-
tions, (3) provide faculty for newly created medi-
cal schools and graduate schools, (4) assure
staffing essential for the operation of a national
network of regional medical programs, and (5)
expand the supply of manpower needed for spe-
cifically designated critical shortage categories.

Population dynamics, mirroring the coming of
age of the post-World War II baby boom, provide
the potential for an unprecedented enlargement in
the resource base, 1968-1980. Experience demon-
strates that Federal support for graduate educa-
tion and postdoctoral training (1) enhances the
quality of training, (2) assures that a higher pro-
portion of graduate students complete training
through the doctorate, and (3) significantly
shortens the duration of training.

There is, however, a sharp divergence between
these unparallel opportunities and the financial
capability to provide the support necessary to
maximize the output of doctoral trained man-
power and the quality of training. The current
situation, reflecting the growing involvement of
the United States in Vietnam, has necessitated
stringent fiscal constraints upon a wide range of
domestic programs, including support for bio-
medical research and training in the health sci-
ences. It is not possible to predict the duration of
the current situation, although the outlook is far

today than it was 3 months ago. For fiscal
year 1968 and probably for fiscal year 1969 there
is a sharp divergence between diminished financial
capability for support and the anticipation of
steeply rising numbers seeking support, for
graduate and postdoctoral training in the health
sciences.



I. SECULAR TRENDS IN GROWTH OF BIOMEDICAL RESEARCH

A. Biomedical ResearchFunds and Per-
formers, 1947-67

National support for th' conduct of biomedical
research in the two decades since the end of World
War II has increased 23-fold, from $87 million in
1947, to a total of $2,280 million for 1967 (and
$2,490 million for 1968). This support has made
possible the investigations of an increasing 'Tim-
ber of highly trained and dedicated scientists
using the research facilities of the Nation's gov-
ernmental laboratories, institutions of higher
education, hospitals, research institutes, and
industry; principal investigators (and their chief
collaborators) engaged in biomedical research in
1954 approximated 19,200; by 1965 they
numbered 64,000.

What are the major factors that underlie this
post-World War II commitment to biomedical
researchexemplified by growth (1) in funds
provided by all sectors of the economy for bio-
medical research, and (2) in the numbers of sci-
entists turning their attention to the solution of
problems in health through research?

It is recognized that a view of biomedical re-
search in terms of dollar outlays provides no
measure of the scientific significance of thousands
of pioneering investigations aimed ultimately at
improving the health of the American people; nor
does it provide a true measure of the Nation's
resolve to conquer disease and uplift the qTality of
human life. But this evaluation of past dollar
tre.nls provides a frame of reference for the pres-
entation in chapter III on the possible future
course of biomedical research expenditures; it
also provides a base for one delineation of the
Nation's requirements for professional manpower
for biomedical research.

The factors providing the major impetus to the
evolution and growth of biomedical research in the
post -World War II period stemmed first, from the
realization of the potentialities of a comprehen-
sive, systematic, and large-scale research effort to
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conquer disease and disability. See-Aidly, awance,s
in the medical and biological sciences during the
war and postwar years made these fields ripe for
intensive exploration. Thirdly, the country's eco-
nomic capability was adequate to support the con-
viction that a significant part of research
resources of the Nation could be productively di-
rected toward biomedical research. Fourthly, the
Congress and the Executive Branch determined
that progress in medical research should not be
hampered by lack of funds for research, for train-
ing, or for the requisite physical facilities. Finally,
and perhaps of greatest significance, the interest of
the Nation's scientists, in all fields related to health,
was stimulated and challenged by the prospects for
careers in biomedical research.

The developments summarize-1 above can best
be quantified by a review of the trends in the post-
war support of biomedical research, in terms of-

1. The relation to the gross national product
the proportion of the Nation's total resources
devoted to the conduct of medical research,
as an indication of the Nation's Iwonomie
capability to support this activity.

2. The sectoral sources of the funds for biomedi-
cal research.

3. The sect o r al performers of biomedical
research.

4. The numbers of professional personnel
principal investigators and their chief col-
laboratorsengaged in biomedical research.

B. Relation to GNP
Nfedical research is a part of the complex proc-

ess using energy and human effort in the produc-
tion of goods and services to meet the needs and
wants of society. Over the past 20 years, biomedi-
cal research has emerged as a distinctly measur-
able portion of that process, in common with
research and development activity in general.
Since 1947, the conduct of biomedical research,
measured in current dollar terms, has increased 18
percent a year (compounded) ; in the same period,
gross national productthe market value of all



goods and services produced in the Nationin-
creased 6 percent, a year. Thus, biomedical research
drew upon the Nation's resources in an increasing
degree from an amount equal to four one-hun-
dredths of 1 percent of GNP in 1947 to three-
tenths of 1 percent in 1967. These trends are
summarized in table 1.

TABLE 1.Biomedical Research and Relation to
Gross National Product, 1947-67

(In current dollars)

Year
ON?

(billions)

Biomedical research

Amount
:millions)

Percent
of GNI'

1917 $231.3 $87 .04
1948 257. 6 124 . 05
1949 256.5 147 . 06
1.150 284.8 161 . 06
1151 328. 4 175 . 05
1952 345. 5 197 . 06
1953 364. 6 214 . 06
1954 364. 8 237 . 07
1955 398. 0 261 . 07
1958 919.2 312 . 07
1957 441. 1 440 . 10
1958 497.3 543 .12
1959 483.7 648 . 13
1960 503. 7 845 . 17
1961 520.1 1, 045 . 20
1962 560.3 1, 290 . 23
1963 590. 5 1, 486 . 25
1964 632.4 1, 652 . 26
1965 683.9 1, 841 . 27
1966 743.3 2, 050 . 28
1967- 785.0 2, 280 . 29

Source: Oros. Marmot ProCurt, Department of Commerce; 1967 esti-
mateNational Institutes of Health, based on first three quarters of 1967.
Biomedical research National Institutes of Health.

C. Sources of Funds for Biomedical Research,
1947-67

The widespread public recognition of the po-
tentialities of medical research has stimulated pub-
lic and private interests to provide the resources
to further our knowledge and understanding of
disease and disability. In our pluralistic society,
the CO9peration of diverse forcesFederal, State,
and local governments, industry, private philan-
thropic foundations, voluntary health agencies and
individual citizenswith a single objective has
generated national support for science as an
instrument in advancing the health of the
American people.
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In realization of the need for, and the capability
of advancing the Nation's medical science and
teclnology, all sectors of the economy steadily
increased support for medical research (table 2).

Growth in Fedora! support.The growing com-
plexity, difficulty and costliness of research has
required agencies of the Federal Government to
provide a greater proportion of the Nation's re-
sources for biomedical research, rising from less
than one-third of the total support in 1947 ($27
million) to almost two-thirds by 1967 ($1,458
million). CongresSional support for medical and
health-related research has paced and stimulated
the growth of the Nation's total capabilities, re-
sources, and technical skills for research in this
area. The American taxpayer, through the Con-
gress, has provided funds not only for the pro-
grams of Federal agencies whose sole research
iniss;ou is the advancement of medical knowledge,
and whose pregrams are budgeted and justified on
that basis, but resources are also provided for re-
search which, although directly related to human
health, is carried on primarily for the fulfillment
of an agency's broader mission. Every Federal
agency with a major research program con-
tributed in some way to the advancement of medi-
cal knowledge; currently, 12 Federal agencies
support. research in the health sciences. Examples
of mission-related health research are the support
of life systems required for further exp:orations
in space, elimination of health hazards in connec-
tion with the uses of atomic energy, maintaining
safety standards in civil aviation operations, and
promoting the health of the American people
through improvements in nutritional qualities of
agricultural products.

In summary, Federal support of medical re-
search now constitutes a comprehensive and large-
scale program designed to (1) combat specific
diseases and health hazards, (2) provide the in-
formation required for the more effective per-
formance of Federal agency missions, and (3)
push back the frontiers of knowledge in the basic
sciences related to medicine in the interest of ad-
vancing the health and well-being of the American
people.

The increased levels of Federal supportand
the evolution and growth of the grant mechanism
for providing funds for researchhas made pos-
sible the fruitful participation of the knowledge
and research capability of investigators working



TABLE 2.-National Support for Biomedical Research, by Source of Funds, 1947-67
(Current dollar is mlllluroj

Year
Source of funds Percent of total

Total Federal Industry All other I Federal industry All other

Total (1947-07) 816, 041 $9, 509 $4, 243 $2, 289 59. 3 26.4 14. 3

1947 87 27 35 26 31. 0 40. 2 28. 7
1948 124 50 43 31 40.3 34.7 25.0
1949 147 05 48 34 44. 2 32. 7 23. 1
1950 181 73 51 37 45.3 31.7 23.0
1951 175 85 52 38 48.8 29. 7 21.7
1952 197 103 52 42 o2.3 28.4 21. 3
1953 214 107 58 49 50. 0 27. 1 22. 9
1954 237 119 61 57 50.2 25.7 24.1
1955 281 139 82 80 53. 3 23. 8 23. 0
1950 312 182 79 71 51.9 25.3 22. fs.

1957 440 229 120 85 52. 0 28.8 19. 3
1958 543 279 170 94 51.4 31.3 17.3
1959 648 351 190 107 54.2 29.3 16.5
1980 845 448 253 144 53. 0 29. 9 17. 0
1901 1, 045 574 312 159 6.1. 9 30.0 15. 2
1962 1, 290 782 330 172 80. 6 20. 0 13. 3
1903 1,488 919 375 192 81.8 25.2 12. 9
1984 1, 852 1, 049 400 203 83. 5 24. 2 12. 3
1985 1, 841 1, 174 450 217 83. 8 24.4 11. 8
1906. 2,056 I, 316 510 230 64.0 24.8 11. 2
1907 2, 280 1, 458 580 242 83. 9 25. 4 10. 7

Percent increases

1947-67 17. 7 22.0 15. 1 12. 0
1947-52 17. 8 31.0 8.2 10. 9
1952-57 17. 4 17.3 19. 4 15. 1
1957 -82 24. 0 28.0 22. 0 15. 1
1982 -87 12. 0 13.3 II. 5 7. 1

Incldes private philanthropic foundations, voluntary heal h agencies,
State and local governments, and contributions from other private sources.

in the laboratories of universities, medical schools,
hospitals, and other nonprofit organizations, as
well as a greater number of federally employed
scientists. (A detailed description of the major
Federal medical research programs, the historical
setting, and the postwar evolution of these pro-
grams was presented in "Federal Support for
Medical and Health-Related Research, 1947-
1964", Resource* for Medical Research Report
No. 4, August 1963, PHS Publication No. 1068.)

Diversity of sources of support-Federal agen-
cies have provided a cumulative total of almost
$10 billion for the conduct of medical research in
the 1947 -87 period, the, dollar flow increasing at
an average annual rats of 22 percent a year, from

880-549 0-69---2
fi

Annual compound rate of Increase.
Source: National Instituto of Health.

$27 million in 1947 to $1,458 million in 1967. Bio-
medical research activities financed by profit-
making organizations have totaled cumulatively
more than $4 billion since 1947, a 15 percent an-
nual average growth from $35 million in 1947,
to $580 million in 1967.

The manufacturers of ethical pharmaceutical
products have been the predominant industrial
performers of medical research, but in recent years
the Nation's electronics, chemical, medical supply
and related industries have also become more ac-
tive in this field; in the current period, industrial
sources provide almost one-fourth of the funds
for medical research. An additional $2.3 billion
for medical research, primarily from the volun-



tary contributions of the American people through
health organizations,' from the endowments of
philanthropic foinalations, and other private gifts
represent about 15 percent of the Nat ion's invest-
ment in medical research during the 1947-67
period. (Included iii this total are funds made
available by State and local governments, amount-
ing to about $100 million cumulative inn the post-
war period.) The annual support for medical
research from this sector increased from $25 mil-
lion in 1947 to $242 million in 1967, about one-
tenth of national support for medical research in
1967. In summary, funds for the support of bio-
medical research have increased each year since
1947, but the rate of increase in recent, years has
not equalled the advances of the fifties and early
sixties.

D. Performers of Medical Research, 1947-67

1Nrhile the Federal Government has been the
single largest source of funds for medical research
in the national schema of medical and health-re-
lated research, laboratories and clinics of the Na-
tion's institutions of higher education are the
largest performers of medical research. Together
with those of other nonprofit, agencies (hospitals,
research institutes, State and local governments)
they currently account for 53 percent, in dollar
terms, of the medical and health-related research
performed in the United States. With the growth,
from 1947 on, in the grant mechanism for the Fed-
eral support of investigations of promise by inde-
pendent scientists, the facilities of nonprofit, in-
stitutions have increasingly become the site for
the performance of biomedical res?arch. Shortly
after World War II, about two- fifths of all medi-
cal research was performed at nonprofit institu-

' An analysis of the impact of voluntary health vgeneles
on the evolution and direction of programs In the health
sciences is presented in "Voluntary Wahl' Agency Ex-
penditures for Research and Research Training," Re-
sourcca for .11cdfcal Research, Report No. 7, December
196.1. NIS Pub. No. 1417.

A review of the role of philanthropic organizations in
medical research and Millen t fon is presented in 'Founda-
tion Expenditures for Medical and He:OMRelated Re.
search and Education, 1960." Resources for Medical Re
search, Report No. 2, November 1902, PITS Pub. No. 9M,
and 'The Medical Research and Education Activities of
Foundations and Nonproflt. Research Institutes," Re-
sources for Medical Research, Report No. 15, Siptember
19CA.
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t ions; by 1960 this sector accounted for 50 percent
(table 3).

Since 1957, federally owned research facilities
have been the locus for less than one-fifth of the
medical research performed in the United States.
Although Federal intramural research has Con-
tinned to increase., currently at about, 12 pflccent
a year, a growing proportion of Federal funds has
supported the investigations of scientists in non-
profit institutions.

Industrially owned laboratories account for 30
percent of the medical research la.rformeda pro-
portion of the total that has declined from the
early postwar period, although there has been
steady growth in funds allocated to this activity by
the Nation's manufacturers of pharmaceutical
products, of instruments for diagnosis and ther-
apy, and of new biomedical materials. The medical
research performed at industrially owned facili-
ties is financed-80 percentby the companies'
own funds with one-fifth provided through con-
tractual arrangements with Federal agencies for
specific research and development tasks.

The distribution of funds for biomedical re-
search among the several performers of that re-
search is in marked contrast, with the situation
concerning the distribution of funds to meet na-
tional needs through IUD in areas other than the
biomedical sciences. Industrial organizations
claim almost 70 percent, of the Nation's funds for
all R &D, with the remaining 30 percent about,
equally divided between the science departments
of nonprofit institutions (including institutions of
higher education) and the laboratories of Federal
agencies.

E. Biomedical Research Manpower, 1954-65
Between 1954, the first year for which consistent

and comprehensive data are available, and 1965,
the numbers of professional investigators engaged
in biomedical research increased more than three,
times, from 19,200 to 64,000. In the same period,
funds to support their work increased about eight
times, from $237 million to $1,841 million. These
trends are shown in chart. 1. Expenditures per pro-
fessional worker in biomedical research, obviously,
have increased substantially over this period, re-
flecting the increasing costliness of research in
terms of the more sophisticated equipment and
techniques that are available now for explorations
of new areas of scientific inquiry not, possible here-
tofore, as well as the general increases in salary



TABLE 3.-National Support for Performance of Biomedical Research, by Performer, 1947 -67'

[Current dollars In millions)

Year

Performer Percent of total

Total Federal Industry Nonprofit
institutiot.s 3

Federal Industry Nonprofit
institutions 3

Total (1947-67) $18, 041 $2, 807 $4, 898 $8, 338 17. 5 30. 5 52. 0

1947 87 17 36 34 19. 5 41. 4 39. 1
1948. 124 23 96 55 18. 5 37. 1 44.4
1949 147 30 52 65 20. 4 35. 4 44.2
1950 161 35 55 71 21. 7 34.2 44.1
1951 175 40 57 78 22.9 32. 6 4,:.. 6
1952 197 49 58 90 24. 9 29.4 45. 7
1953 214 51 65 98 '23. 8 30. 4 45. 8
1954 237 53 67 117 `22.4 28.3 49. 3
1955 261 84 09 128 24. 5 26.4 49. 1
1956 312 74 86 152 23. 7 27.6 48. 7
1957 440 90 136 214 20. 5 30. 9 48. 6
1058 543 104 187 252 19. 2 34. 4 46.4
1959 648 121 209 318 !S. 7 32. 2 49. 1
1960 845 138 280 427 16. 3 33. 1 50. 5
1961 I, 045 164 348 535 15. 7 33. 1 51. 2
1962 I, 290 215 384 691 16. 7 29. 8 53. 6
1963 1, 488 250 433 803 16. 8 29. 1 54. 0
1964 1, 652 272 479 901 16. 5 29. 0 54. 5
1965 1, 841 305 537 999 16. 6 29. 2 54. 3
1968 2, 056 342 628 1, 038 18. 8 30. 0 53. 1
1987 2, 280 370 690 1, 220 16. 2 30. 3 53. 5

Percent inereaae 3

1947-67 17. 7 16. 7 15.9 19.8
1947-52 17. 8 23. 0 10.0 21. 0
1952-57 17. 4 12. 9 18.6 18.
1957-62 24. 0 19. 0 23.0 ?6.0
1962-67 12. 0 11.5 12.4 12. 0

3 Coverage Is limited to Londuri: of research and development support of
other activities, such as researes training or capital outlays fir research
facilities, Is not included.

3 Annual compound rate of increase.

levels that have occurred over the past decade.
This increase in expenditures per professional
worker is also a phenomenon of the greater par-
ticipation in medical research of investigators at
the doctoral level, as compared with the earlier
period.

Comprehensive statistics on the numbers of
principal investigators and their chief collabora-
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3 Includes research performed at State and local government agencies,
educational Institutions, and foreign performers.

Source: National Ingtitutes of Health.

tors engaged in biomedical research, by level of
training, and sector of employment (Government,
industry, nonprofit institutions) are available for
selected bench-mark years only. The estimates,
based primarily on studies conducted or stimu-
lated by the Resources Analysis Branch, Office of
Program Planning and Evaluation, NIII, are
summarized in table 4.



CHART 1

National Expenditures and Professional Manpower for Biomedical Research, 194' -6T
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TABLE 4.-ScierdiFie and Professional Manpower Engaged in Biomedical Research, by Sector and Level of
Traininf, 1954-65

Item 196$ 1900 1950 19.44

Sector total. 64, 000 41, 700 34, 600 19, 200

Government 11, 800 7, 800 6, 900 3, 700
industry 11, 900 9, 200 6, 600 3, 400
Nonprofit institutions 40, 300 24, 700 21, 200 12, 100

Level of Training:
Total 64, 000 41, 700 34, 600 19, 200

lar.......+r
11.D., 1).D.8., U.V.M 17, 000 11, 800 10, 000 (')
Ph. D., Sc. D 3?, 000 18, 600 14, 700 0)
At/ thin doctoral (M.8., M.P.H., M.A., 8.8., A.11.) IS, 000 11, SOO 9, 900 (1)

1 No4 stsflsblc
No:tn.-TM data scams and statistical foetbodoloay aoderlring lb.

dertstloa of the data lot 1954, 1939, sod 1900, were detailed la "Itsnoolref
fat 1441041 Re iamb, Reaulrerracts and Resources. 1965-10," &moo. h

11

Nonni Rime A, lifocat No.1 J snowy ma, PH! Pub. 140.5001.
Poo sm. 11 lot 'Salvation of 1965 tollinsw s.-.1 1900 re4-413c as.
Rotate: National Institutes of tlesIth.



II. THE CURRENT SIWATION

In contrast to the secular trend which depicts
the steady growth of biomedical research over the
past two decades, hi recent years, we have wit-
nessed a leveling MT of the rate of growth of bio-
medical research. In addition there has been a
(1) decline in Federal support for graduate
education in the sciences, (2) one of the major
nonFederal sources of fellowship support for
graduate students has been liquidated and (3) the
Military Selective Service Act of 19(17 chang-
drastically the draft status enjoyed by graduate
students for the past 1t years.

Probably one of the major forces influencing
the allocation of limited resources between mili-
tary and domestic programs was the growing in-
volt ement of the United States in Vietnam. Since
11161, the commitment of U.S. troops in Vietnaat
1133 mounted sharply from 21,000 to more than
7;00,000 at the present time. As a consequence the
share of all Federal outlays allocated for military
purposes rose from 62 percent in 1961 to M percent
hi fiscal year 1'68. Military expenditures have
risen $27 billion, increasing from ..!.50 billion in
1961 to $77 billion in fiscal vear 1908. To accom-
modate this substantial increase in the Federal
blidgd, both the President and the Congress have
endeavored to slow the growth o: 1. ide range of
tic mestic progranik. The impact ot .nese endeavors
has been felt by all Federal agencies that
vide support for arAdentic science end graditate
adoration.

A Kt.ond force threatening the current situsdion
is the Military Selective Service .1ct of 1967 ' and
its implementing Presidential regulations.' It had
been anticipated that the number of graduate stu-
dents would mount steeply in academic ye:as
IPOS-69 and 1969-70, mirmring the post-World
War II baby boom of 191( and 19i7. In October
1967, however, the American Council on Educa-
tion predicted that :
.111..01100111011111.1

'Public Law 110-4(1,
'Executire onia 11.1M sisnol June aa. V i. Prihroit

Rrfialfr, Jul: 4. Ira57 32-12, jig. friki-ft46.
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"It would appear that unless changes are made
by amending either the statute or the regula-
tions, vitrollitient in the first 2 years of graduate
and professional schlols next fall will be limited
to women, veterans, men physically disqualified,
and tho::: over the age of 25."1

The evidence is now abundantly clear that.
these dire consequences have lima far failed to
materialize.

f.ess than a year ago it appeared not smlikely
that the four factors characterizing tho current
situation might continue imalit-red for the next
! 1r even possibly the next 20 years. Recent events
stik,trest a much more hopefiii ontlrok. But what
if the situation, grim and bleak as it appeared a
few months ago, weer to c(aitintte unchanged
throngli 1980! What in pact wont(' this have upon
txquirements and supply of biomedical manpower
for reSeAtCh, Service, and ttio 'dim! If it is RS
mimed that the "current" fiscal y Nat 190S situation
were prolonged indefinitel.v. we could project the
nadir of bic..nedical manpower retpurements and
styli]) for tie period immediately ahead.

Four critical factors varying markedly from
secular trends characterike the current situation.

A. Decline In Rate of 3rowth of Medical
Research, 1967-69

The ling-term iron! in the gmwth of the NS-
tinii's investment for better health through re-
cra)] has beet] detailed in chapter I. That
discussion eitiphas;zed the leading tole of the Con
gems and the Exeoroth.e Branch in providing the
trsotincvs to maintain RIM further biomedical in-
vestigationson the broadest wientific front as
well as those targeted to support specific
and pnlgrams of Federal agencies It was also em-
phasiitl that biomedical remirch has continued
to attract the interest and significant contributions
of funds from other sectors of the economy. To.
immila.111111.11.

'John F. Ntoreo. birectot f Cotninitslon nn Yodel-id
lielation.t of the American conokil on 1:ftuontion. In a
Special Report to Metatrer InAtitntiong. tact. 20. 1067.
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gettier, public and private support has increased
at rn annual rate of 18 percent a year, 1947-67, in
current dollars; Federal funds alone at 22 percent,
r, year.

110WeVC r, this growth pattern has not 1:een uni-
.ortn over the last two decades. Within the long
term pattern of growth (expressed in 1967 con-
stant dollars to eliminate the effect of general
pri.e increases) of Federal funds of 20 percent t.
ykur, marked fluctuations have occurred when this
axe, -;e rate was ex,;eded, as new progratns
merged, and scientific opportunities became ripe
for exploitia ion, followed by other periodssome
of national emergency, and others of program con-
solit!ation--whentlie rate of grov.-th Was consider-
ably lower. Thus, the emergence of biomedical
research, immediately after the end of World War
11, .is a large-scale Federal commitment, called
forth n 100-percent increase in Federal funds
between 1947 and 1949.

Ilut the period of emergency that developed
beginning in 1950 will, the Korean conflict slowed
the rate of these advances; in 1953, the terminal
year of the Korean emergency, Federal support
for biomedical research increased 3 percent over
the sums providei in 1952. As the emergency pe-
riod ',bawl out after 19,41, the rate of increase in
research pi nmant funds WAS stepped ups,

strelphertAt furtf:er in the late 1950's by the na-
tit,nal resolve to broader. the Nation's scientific
capabilities in all fields, following the
sticciAss with Sputnik in 19.17. For biomedical .e-
search, the annual raft of growth in Federal
funds, 1933 -17, WAS 18 percent, and 26 percent,
1957-62. While Federal support continued to in-
crease each year doting the next 5year period,
the annual rate of growth in Federal biomedical
research dropped to 11 percent, 1962-67-1ms than
one-half the rate of growth for the preceding
6.year period.

The. Nation's growing involvement in Southeast
Asia spurred a period of program consolidation.
In the short term, the current years. 1968 and
quite itsibly 1969, will be marked by even more
stringent budgetary constraints, neceitated by
(1) mounting military expenditures and (2) the
need for reducing the budget deficit. The Admin-
istration and Congress have emphasized the
urgency of deferring nondefense it*pects of Fed-
eral prgrams.' at the same time recognizing the

'11* Congrert ham accepted the Adminittration's pro-
pose to reduce obligation* below the level* presented La
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need for maintainingto some degreeprogram
itnpetus and advances. While all the necessary
directives have as yet not been stipulated in dollar
terms, the net result may be a Federal biomedical
reward. effort (hi 1967 dollars) at a level for 1968
of about 6 percent above that of 1967; and in
terms of the 1969 budget (presented to Congress
in January 1968), a level for 1969 of about 4
percent over 11,63.

The strength of the American economy is such
that following 'his emergency period and our
sticceFsfid resolve in Vietnam, the national will
and econotnie capaility for advancing (lie well-
lieing of the .1merican people through progress
in biomedical research will perlilit, the resumption
of lov-terin growth for this activity.

B. Decline in Federal Support for Graduate
Education, 1967-69

Federal support fur graduate education has
ken hard hit as a result of drastic changes in the
political climate, stemming primaril) from the
need to slow the gmwth of "n...sntrollable"' civil-
ian programs. Graduate school enrollments have
been increasing at the rate of about 10 percent
per year and are expected to exceed 330,000 in
1968 (although this estimate nifty be curtailed
sliarA)ly as a consefriellee of the new Selective
S. vice Act). The decline in Federal support
'oetween fiscal year 1960 and fiscal year t968 would
strike most severely at the number of first-year
graduate students receiving stipend support under
Federal pmgratns.

Because of budgetary uncertainties, precise
figures on Federal support for graduate education
in the year ahead Are not available. At
this stage, the best estimate i. that the propor-

TA(' ftwelgrf of fht niffter tier* Oorcrameat. fiscal tear
ending June 30. taas, by lamtaire of lt.J. R. FS,4t,, Dee.
12. 1007. In line with the Adtninifttrallon'a proposal Pub-
milted to Congre** on Nov. 20. 1001. As title 11 of the
hremsed TAX Surcharge And Elienditure* Reduction
Ad, nonclefente obligation* for fiscal tear 1008 win
held to:

(a) The Anoonts appropriated for fiscal year 1004t, or
hi The ohlioratic71 estimate' in the 1008 budget. re-

duced by: ft) 2 percent of the e*titnated amount
for per*Gnnel compentatIon and benefit*. and 121
10 percent of the e5titnated obligation* for other
mi tram.* :

rraicaterr Rt kw.
The "controllable" civilian program* are delineated

is the statement of Chart,* L. Scholar. Pirector of the
Roman of the 1;qadret. before, the Howe War* and Mean*
ornnrnitiee on the Pre*idenr* ri*eal Procmcn. Nov. 20.
1007.



lion of first-year graduate students receiving
Federal support will be cut in half from 6 per-
cent. to 3 percent of full-time graduate enroll-
ment. It has been estimated that the number of
first-year greduete students receiving Federal
fellowship or traineeship support will decline
one-third--about 15,000 from fiscal year 1966
funds dipping to approximately 10,500 from fiscal
year 1968 funds.'

The decline in Federal support coincides with
the long-predicted surge in first year graduate
enrollment, reaching a new peak, reflecting a
eimiler peak in baccalaureates generated two dec-
ades ago by the post-World War II baby boom
of 1046 and 1947.

In a recent interview,' I)r. I)onald F. Ilern:g.
Science Advisor to the President and head of the
Office of Science and Technology, stated that.:

`There surely is no policy to cut back on grad-
uate eclecaticm. It is clearly recognized by
everyone concerned that in an expanding tech-
nological society, and expanding society gen-
erally, every category of highly trained, highly
talented persons is short,"

In the same interview, however, Dr. Hornig also
indicated that the. general fiscal squeeze dictated
cuts in university research support, which may
continue through fiscal 1969.

Accepting this informed assessment that fiscal
constraints are likely to continue through fiscal
year 1069, it is possible that Federal support for
first-year graduate students might dwindle even
further as a proportion of total geeduale enroll-
ment in the 1969-70 academic year.

C. Phasing Out of Motor Non-Federal Source
of Support for Graduate Students

On April 9, 1067, the Ford Foundation en-
pounced that it was reducing its support of the
Woodrow Wilson National Fellow-ship program.
rnder this program, approximately 1,500 grad-
uate fellowships were awarded annually; it is
estimated the number will decline sharply in the
coming academic year to about 100 dissertation
type fellowships and 50 fellowships in Canedirn

'These estimates are tepnrterl In Refeaer. Vol. ISS, No.
5901. Not. S. MI. p. MS. mesa other mum's, It is esti-
mated the number of Arstyear itraJuste students sup-
ported by Aral year IPaq tan& may ranee between 10.000
and 12.0n1.

'Reported to TOlt ItsaA ispfoR Pot?. :toirrflar. Nov. 27.
1%37, arr. A. p. 1.
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universities. However, the mast drastic reduction
will be the elimination of first-year graduate
fellowships, which, have approximated poo per
year.

In announcing the curtailment, of this fellow-
ship program, the Foundation pointed out:

"No Federal funds were available for graduate
wort' in the humanities and the social sciences
when the Woodrow Wilson program begen;
sortie 3,000 Federal fellowships a year are now
awarded in these fields."

S;x moetlis later, the number of new fellowship
awards in all fields funded by the Office of Edu-
cation, under title IV of the NDEA program,
WAS reduced nearly 50 percent, from 6,000 in 1966
to an estimated 3,325 in 1968. New fellowship
awards in 19(6 in the humanities, social sciences,
and education together accounted :or about three.
fifths of the 1966 total; about 500 more than the
total new awards for fellowships in all fields
estimated for 1968.

If the same prom-lions continue for 1968, then
awards in the humanities, social sciences and edu-
lRil011 will be reduced 50 percent below the 1966
level, to a total of about 1,500 to 2,000.

Simultaneously with this announcement, the
Ford Foundation initiated a 7 -year experiments)
program designed to reform doctoral education in
the social sciences and humanities. Atraid2 were
made to 10IeA ling universities which grant 30 per-
cent of the Ph. D.'s in these fieldslIarvard, Cali-
fornia (Berkeley) Yale, Stanford, Chicago,
Cornell, Princeton, Pennsylvania, Michigan, and
Wisconsin. Funds will be used mainly for student
supportstipends, tuition, and dissertation ex-
penses. The typical pattern is expected to embrace
(1) 2 years of full-time course. work, (2) one year
as a teaching Assistant financed by the university,
and (3) a dissertation fellowship in the fourth
year. During the 7year period, the FoPel Founda-
tion estimates that 10,500 students in the social
sciences and humanities at these 10 universities will
be directly affected.

Nrhile this experimental program may, in fact,
lead to reform in doctoral education in the social
sciences and humanities at these top 10 universi-
ties, it clearly conflicts with expressed Presidential
and Congreionsl concern for strengthening the
graduate education capabilities of universities not
included in this elite group. In particular, the elim-
ination of first-year graduate fellowships will be



felt keenly because the action coincides with a pre-
cipitous decline in Federal support for first -year
graduate students.'

D. Potential Impact of Military Selective Serv-
ice Upon Graduate Enrollment

Changes were made in the Military Selective
Service Act and regulations in June 1967 and
procedures in February 1968. The changes
threatened a drastic impact on graduate school
enrollments. The impact, which was expected to
begin in September 1968, failed to materialize but
may only have been postponed until early 1969.

As of December 1968, :acts concerning reclassi-
fications, induct ions, enrollments, and changes in
the composition of graduate student groups by
ileld and level of training were being collected but
hhd not yet become available. Also the Paris peace
negotiations, the forthcoming inauguration of a
new President, and changes in the upper echelons
of the executive branch could lead to act ions which
might ameliorate the potential impact. on graduate
schools.

The present report assumes that the pr )bible ef-
fect of the revised Selective Service law and regu
lat ions on the long-term total output of doctorates
in the biomedical and related sciences will be tran-
sitory. In the following paragraphs a brief account
is given of past events and future possibilities.

New Selective Service Low and Aegviations, Arne
1967.On June 30, 1967 a considerably revised
Selective Service law 9 was enacted, accompanied
or. the same day by new Selective Service regula-
tions=' The major change was the elimination of
what had been virtually blanket deferment of
graduate students so long as they were engaged

'Preeldential mernorandu.n t' head* of departments and
ape :ies, subject : tenet hentng Academic Capability for
Science throughout the Country". Sept. la, 1063. I-
ert+th Rotor, of the Howse Committee on Government Op-
eratIon*. ''Conflkia between the Federal Research Pro-
grams and the Nittkves floes for Higher ndocitioe." H.
Rept. No. 11!,5 , Moth Cong. 1st POM The committee
recommended fp. 45) that :

'1"he system of awarding project* Ahoolci be modified
by adopting educational criteria PO *A to /low itrarits
to 'NWT IA slit. fa lefitt retreph Fe*, orce.t. titali
ituppiled)
-Milltary Selective &nice Act of 1967." Public Law

PO-40. 51 Stat. 100. approved June 90. 1907.
*filets:Rite Order MOO "Amending the Selective Serv-

ice Regulation,.." signed June 80. 1967. pchlithed in Fed-
(-ref Pc-Fiske. lets 82, No. 125 . July 4. 1961. p. A787-9796.
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satisfactorily in full-time graduate study. Ac-
tually seven key decisions affecting graduate stu-
dents were mad?, including the four listed below
plus throe more in February 1988.

1. Bachelor's degree recipients who As under-
graduates had been deferred in class II-S
could no longer be deferred in class I -8(0)
as graduate students. This removed the legal
protection against induction in tho middle
of an academic to in in graduate school.

2. Gradual'., students who were enrolled for
their first year of graduate study on October
1, 1967 were allowed to be deferred in class
II-S for 1 academic year only. Those en-
rolling later for the first time were not so
covered.

3. Graduate students who were entering their
second or rbsequent year of graduate study
on October 1, 1967 could be deizrred for 1
more year to complete the master's degree
or up to a total of 5 years to complete the
doctorate.

4. Graduate students satisfactorily pursuing a
course of graduate study in medicine, den-
tistry, and the allied medical specialties
could be deferred in class II-S. These were
the only graduate fields specifically men-
tioned in the new law and regulations. Ex-
tension of coverage to additional fields still
remained a possibility through exectitire
action, due to a provision in the law allow-
ing coverage of "other subjects necessary to
the maintenance of time national health,
safety, or interest as are identified by the Di-
rector of Selective Service, upon the advice
of the National Security Council."

Additional executive actions, February 1968.
1 hree major questions left unresolved in June 1967
were decided in February 1968much to the dis-
may of the academic comtr.unity." Two of these
decisions were recommended by the National
Security Council," as follows:

5. Student deferment for graduate study was
ruled out for all fields except medicine,

01111.4.=1M011.1111

"One observer ('_`red IL Hechinger. Nett Fork Mut*.
Feb. 1Ft, 19ftq1 "ln the dew of mo*t university
spokesmen (these actiesrAl ubstituted a nightmare for
mere giceplefk* foxing."

"National Security council. -Memorandum of Ad-
vice Reaperting Occupational and Graduate School
Defennei..s." Feb. it,. 14"4.1.



dentistry, and allied medical specialties on
the grounds that deferments of graduate
students in other fields are "not essential for
the maintenance of the national health,
safety, and interest."

6. The lists of essential activities and critical
occupations were sospenCted as guidelines in
making deferments, leaving only -essential
community need" as the critinion. This key
term shifts the lvsis of occupational defer.
ments from national guidelines to the
uniquely local determination of roll and
every draft board.

These last. two decisions were transmitted the
following day throughout the Selective Service
System. " Included in the same message was a
third decision that. had evi iently beer made Pt. the
White lIousi level," as Ifullms:

7. "The sequence of selectiof 'n filling calls will
remain the same." In accort:anct) with this de-
termination, the oldeet qualified eligibles are
to be included first.. This execnti 7e, decision
was not. recommended in the National Secu-
rity Council's "Memorandum of Advice," nor
was it specified (although .*ermitted) in th.,
law of June 1987.

The combined effect of the first six chanims and
the continuation of The "oldest first" procedure
clearly made vulnerable virtually the entire body
of male graduate students, and also male bachelor's
degree graduates who were potential graduate stu-
dents. Thus after February 1968 it appeared
inevitable that "Under the new rules, almost the
entire draftable population will have achieved
one or more college degrees." "

Predictions concerning September 1968.--In
March 1968 a survey of graduate schools was con-
ducted is which reflected the alarm of the academic

" Telegram to all State directors from Director of Se lee-
tire Service System, Feb. 16. 19ft

In the Washington Port. llortott Mints, Feb. 15. ltd
General Hershey was quoted as salini this decision waa
made from the top"

/6 Plc*, iP-Etitinecrialr- Teta Meal Marpoveer cone-
went*, Scientific Manpower (loam Issict, ea PPec11.1
sue. mar. 1904 R ti

"'The impact of the Draft on Ortdalte School* In
11+84 44," a surrey conducted I e the Se:entlfle Manpower
Ocwatnirtion and the Cmintil of Graduate Schools of the
1 tilted States. March 1rKt4
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community. A drastic reduction in graduate school
enrollment was anticipated, the survey showed, to
the extent of only 50 percent of normal first year
classes and 77 percent of second year classes, all
fields combined. The expectation by field was as
follows:

Percent of Normal Claws Arailabk for 1068-69,
by F'itld

t Int year
class

&road
year Ow

All studcnts. 50 77
Medical, dental, divinity 100 i30
Biology 54
Mathemat;cs tt 68
Chemistry 46
Physics 63
t3ngineecing 38 72
Social se.ences 67 17

Other science 54 87
llumaniii N... 62 ss
All other. 59 71

This reduction was expected to occur as the re-
sult of drafting or enlistrient n! tours men or
of their entering employment (teachiog, defense,
industry, etc.) where occupational deferments
might be obtained. In turn, this would produce
R considerable rise in the proportion of women
graduate students, from 28 percent in 1967-68 to
56 percent in the 1968-69 first year class and a
leer rise from 25 to 33 percent in the second year
class, all fields combined. The breakdown by field
was expected to be as follows:

Re-petted Mange., in Percentage of Women
Graa,:ate StidentA, by VW

cleft year ties email par Ow

1 ga-lia lilre-es I 467-EA 1 alt-ta

Total, all 8clds 28 Sti 23 33
Medical, dental, divinity_ 5 5 5 5
Biology 25 47 23 34
Mathematic 18 35 16 23
Chemistry_ 17 36 13 24
Physics 8 24 7 11

Engineering 2 6 2 3
Soda! scienees 37 SS 30 40
Other science 19 36 17 25
Humanities 38 C3 39 49
All other 31 S. 26 37



Incidentally, the anticipated rise in the total first
year class to a ratio of more than 50 percent women
would be the first such occurrence since World
War II.

Actual situation In the fall of 1968.As noted
earlier, the anticipated drastic reduction in
graduate enrollments at the beginning of the
1068-69 academic year has failed to materialize.
By late September this maintenance of normal
levels had become apearent to the Scientific Man-
power Commission and the Council of Graduate
Schools," and was confirmed in November." The
conclusion was based, however, on a spot check of
graduate schools rather than on a comprehensive
graduate enrollment census," which will not be-
come svailable until May 1969 or later from lire
U.S. Office of Education.

There were many reasons for this situation.
Judging from some item( in the list below, the
depletion of young mei, front graduate schools
may have been on'," postponed rather than
ameliorated.

1. Lou, draft calkFrom Jun:, through De-
cetnber 196.3 draft sail. t-ore low, ranging from
20,000 to as low as 10,, 00. llut the call for 'fano itr)
1969 jumped to 26,800 and the call for Februai
is 33,500, beginning a substantial rise that tends
to occur every 18 months and could soon exceed
40,000 a month."

2. flelerment of inducllon 1 hrou g h (limn!
tern', On October 24, 1968, General Hershey is-
sued an advisory memorandum to State Seloctire
Service directors saying that the induction of grad-
mite students might be postponed until the end of
the school term." State Director Advice Xo. 763
states that : "When college students are ordered to
report for induction during a school term in which
they are satisfactorily pursuing full-time postbac-
C*IMIreate courses, consideration should be given,
on an individual ease basis., to a postponement of
induction until the end of the term (quarter, tri-
m,ster, or semester)." " Although this advice was
all...11111m

CA ronicie of Rill(' Eiwnthon, Sept. 23, IRA,
P.1.

" SeIttite, Nov.& Ift&S, p. OM.
Stint ti)lr-Eattattr-fecit atoll Manpower Cornment,

hemnber. p.
Ceotf Cs ta! trarataafon Pool. Nov. 23,

p.
Prirner. Nor. tk tom 054.
scicatifle-raolatertref.trcloalcul meaporcr Co ni once,.

OT. tem n, 22.
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not binding on State directors, all appeared to be
granting such postponements; but it was not
known whether such postponements would bo
granted during winter quarters or spring
semesters."

3. "Gandders."Prelitninary information
showed that about 90 percent of the men classified
as F--A enrolled in graduate school during Septem-
ber expecting to be able to complete the semester.
This was, in effect, gambling tuition and other ex-
penses on the basis of a statement made to educa-
tors in Mardi 1968 by General Hershey that he
would consider postponement of inductions in in-
dividual cases "where the facts clearly demon-
strated the good faith" of a registrant who re-
ceived his draft call in the middle of a semester."
During the early weeks of the fall term, however,
such graduate students were considered not to have
enrolled "in good faith" by ninny State directors,
nor by the National Director, if induction was or
dered soon after the beginning of the term." As
already noted, postponements have been granted
in most cases since issuance of the October 24
State Director Advice.

4. nigh admission nttc4 ;nta grrielude *Moth.
A. number of graduate school:, admitted more stu-
dents than usual in September 1968, in 30r,t( cases
to a very considerable extent, in response to the
warnings of the preceding spring.' This tended to
balance the schools where enrollments were below
normal.

5, Stotrnots of reclassiflortiom, appeals, and
physical c.mmination4.Local Boards were slow
to rtclaify graduate students from their former
deferred status. The numerous appeals of those
who were reclass=.fied further slowed the process
during the summer and fall of 1968." In addition,
budget cuts reduced the rate of giving physical
exxminat ions."

6. rodent! IctloicAhips and traince.shipp.The
major Federal agencies which fund graduate ed-
ucation (NM, USOK, NSF, NASA, DOD, etc-)
reached an agreement that holders of their fellow.

Op. sit.. December Mrs p.
Scloter, Not. S. 'Mc p.
Priem tific-fiveptotrring-tcrA *feel Fampower Com.

meat,. December ifIGS. p. 23.
tar CArookit of MO!? Eiirettirdl. Sept. 23, 12&41,

11. 1.
Seicoree. Not. tk, 111O4k
information from Scientific Manpower Commimdoo.



ships or traineeships who are draftA will be able
to retain them after returning from military serv-
ice. This provided a strong incentive for accept-
ance of such awards and for enrollment, even if
induction appeared imminent, since otherwise the
students would have to compete again after
military service."

7. New applieanta.Preliminary information
from graduate schools indicates that many appli-
cations were received, and accepted, from indi-
viduals who normally would not have applied nor
been accepted. This seems to have been the result
of the March and April forecasts of a drastically
reduced September graduate enroll: lent."

Probabilitios for the near rouro.As of mid-
December 1968, a survey of graduate science de-
partments, conducted by the Scientific Manpower
Commission and its constituent societies," was
nearing completion. The survey showed that 37
percent of first-year and 41 percent of second-year
male science graduate students were either 1-A
or II-S. Classification in I-A meant they were
liable fet draft call on "oldest first" basis, and in
II-S meant subject to immediate reclassification
into 1-A, since the 11-S clamtication became un
available for graduate students except for those
enrolled on or befog October 1,1967, and only for
one year in the rase of those who %rem first -year
graduate students on that date. For totaled first-
year and second-year students, the data showed 38
percent in I-A or II-S for all such students, and 46
percent for American students (excluding foreign
nationals). The. complete results of the survey
were released early in January, 1961."

Information about engineering has already been
released by the Engineering Manpower Commis-
sion. "Total numbers of graduate students actually
enrolled (in enginering) have not changed much,
but the composition of the group is changing dras-
tically." Many bachelor's degree graduates have
.011111.111011.1

*Mow. Nor. S MIA P. SU.
*Information from the Scientific Manpower (bomb.
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gone into industry, hoping for occupational defer-
ment or awaiting the draft, or directly into mili-
tary service. Their places have been filled by men
ineligible for induction for physical or family rea-
sons, and by a further increase in the number of
foreign nationals."

In the meantime, the mix of draftees has been
changing and is expected to change much more.
During fiscal year 1068 about 5 percent of draftees
were college graduates. By October 1968 the ratio
had risen to 20 percent. By early 1969, Pentagon
manpower specialists expected it to rise to 80 per-
cent or higher." Some non government manpower
experts believe it will rise to 00 percent by Febru-
ary or March, if there are no changes in the rules."

Possibilities for ameliorating the Impact.-1Vhen
the peace talks in Paris produce a cease-fire in
Vietnam, and when this is followed by a partial
or complete withdrawal of troops, these hoped-for
events should soon be followed by a reduction in
both draft calls and enlistments. The timing and
extent of such a reduction cannot, of course, be
foreseen. Moreover it is not possible to predict. the
effect of a new President and Cabinet on these
events.

A second means of ameliorating the effect on
the graduate student population 'could be to
change the "oldest first" order of call. This is
within the. power of the President acting as Presi-
dent, as Chairman of the National Security Coun-
cil, or as Commander in Chief of the Armed
Forces." The mode would probably be designation
by the President of a "prime age group" as pro-
vided in the Military Selective &nce Act of
1967" and adoption of the so-called "Modified
Young Age System" referred to in the following
segment of a letter from Congressman I, Mendel
Rivers to Oen. Lewis 13. Hershey:

"I was also disturbed by the failure of the
National Security Council or the President to
make any recommendations on changing the
sequence of selection in filling future draft calls.
As you will recall, the Department of Defense;

4111111.1.1111111.
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the Marshall Commission ; the Clark Panel; the
House of Representatives; and the Senate all
concurred in the desirability of adopting the
socell...4 'Modified Young Age System' which
would identify the 10-20 year age group A8 the
prime age group for induction. The President
of the United States, on March 0, 1067, in
his Message to the Congress on proposed
changes to the Selective Service Act, also
indicated his intention of adopting this modi-
fication in the order of call. Yet, for reasons
that are not quite clear, rt decision has appar-
ently been made by the President to either
defer action on this recommendation or abandon
it altogether. ""
The effect would be to dilute very considerably

the present exclusive impact on men approaching
age 213, who are primarily college graduates and
gradunte students granted deferment through
college to the bachelor's degree, and who would
legally mullein eligible for induction. This effect
would Apply across all fields of graduate study.

A third action, also within the rower of the
l'resident, would be selective as to field, based on
the section of the Military Selective Service At
of 1067 which concerns National Security Council
Advice on

the identifivetion, selection, and defer-
ment of needed profeionel And scientific
personnel And those engaged in, and prepar.
;rig for critical skills And other professional
occupat ions." "

It was under this provision that the National
Security Council in its memorandum of February
16, 1968, referred to earlier, ruled out deferments
for grid-mite study except in medicine, dentistry,
and trilled medical specialties. tinder the same
provision, the new incoming NEC ceu.,1 broaden
deferment policy to cover other fields in the
national interest.

A fourth method which would dilute orer-
empha.sis on college graduates and graduate stu
dents would be a lottery system. But this would
require legislation, and both the Sezrete and Itou9e
Armed Services Committees are on record against
such a sy.stem.

"fetter dated Feb 213. Om. front Chairman of noose
Committee on Armed SertIcet to Director of Sek.ctlre
Service Sr [nem.

l'oblk Law MAO, rec. f 21. Dank-4 added.
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A fifth solutionelimination of the draft after
the requirements of the Vietnam war are pasty- -
was promised in the Republican platform adopted
in Miami Beach in August of 1068:

"For greeter equity we will further revise Selec-
tive Service policies and reduce the number of
years during which a young man can be con
sidered for the draft, thereby providing :omc
certainty to those liable for military service.
When military manpower needs can be Appreci-
ably reduced, we will place the Selective Service
System on standby and substitute rt voluntary
force obtained through adequate pay and career
incentives."'"

This would obviously require legislation. Unless
such leo-islet ion were given high priority and acted
upon almost instenteneously, it would not help the
liort term situation.
There are many other possibilities. But both

the political end military situations are too un-
predictable to warrant productive speculation as
of mid.Deceinber 1D68.

Some compensating factors.It seems reason-
able to speculate that it no changes are made in
the Selective Service p.--;' dunes now in cited, and
if concurrently the expected cyclical rise in draft
calls is prolongedan "iffy" situationincreased
numbers of present and potentiel male graduate
students will probably enter military service by in.
duction or enlistment, or wi'l seek employment
rather than graduate study. But this expected flow
could, after a short period or a long period, be re-
duced nr virtually eliminated almost overnight by
ex i ve or legislative Ref ion or more slowly as the
result of international erents,

flowerer, if the flow does become heavy and
does extend over a period of months or yeers, there
would nevertheless Ix. some factors tending to com-
pensate for the reduced graduate enrollments.

The first among these factors has Already been
noted in the field of engineering (see footnote 33).
Declining graduate enrollments due to military
serrics and industrial employment have been corn-
pentted by men who are nondrafteble for family,
physical or other reasons an by foreign netionals.
Whether or not the same pattern is occurring in
the science departments of graduate schools to the
extent to which etch a trend can compensate nu-
merically for the lows is unknown. The degree of

CorqrrAsioaa Qrfarterly, Ana. P. IAGE p. 212E



effect on the quality of graduate students is like-
wise unknown.

A second compensating factor would be an in-
crease in both the number and the proportion of
women earning advanced degrem This is much
more likely to occur and be significant in fields
other than engineering, where the number of

women can be expected to remain very low.
What could conceivably turn out to be an his-

torical parallel case occurred in the decade 1040
to 1050 during and after World War II. During
that period the number of doctorates granted to
men dropped drastically and eventually recov-
ered, as can be seen in the following table.

Produrtion of Doctorates During and Apr World War II, Shown by Sex'

Year
All (*Ids Biolcske.1 sciences Physical ociences

Mete Fe male Peron t
female

Male Female Perrin t
female

Male Female Percent
female

1940 2, 824 421 13 627 86 12 789 47 6
941 3, 161 403 11 6S2 64 9 966 34 3

1942 2, 968 418 12 633 74 10 850 38 4
1943 2, 174 390 15 506 54 10 686 35 5
1944 1,611 328 17 309 71 19 563 29 8
1945 1, 296 333 20 244 65 21 372 26 7

[946 1, 608 380 19 248 68 22 438 45 9
1947 2, +538 411 14 447 81 15 704 46 e
1948 3, 428 435 12 603 86 12 967 47 5
1930 A, 865 541 10 633 89 9 1, 468 60 4
1960 5, 904 613 9 998 113 10 1, 721 57 3

toodreare Preiodio* I. obi Seto t alrerelet. 411. National Academy of Sleek's. Pub. No. 1142. 1761, table Xt. mires 10-33. Enemata, le rot
inchetkel In the Physical kieereit.

It can also be seen, discouraging! }, that the
number of woman who were granted doctorates
actually declined during the war, though not as
drlit.4kAlly as the more than 50 percent drop for
men. The prodiict;on of neither women nor men
doctorates recovered to the 1940 level until about

1948. This was true for both the biological and
physical sciences, as well AS for all fields combined.

A comparison with the decade of the 1940's is
provided by the following table which shows the
most recent decade. (Note that the first lines are
each 3-year averages.)

Prodwrtion of bettor-atm 1960-671

Al beris Alcilskii sciences Physical 'Moms
Test

Male Penshle Percent
*rusk

Mile smile Peewit
lens*

Male Trieste Perna t
ternste

1958 80 tt, 236 1, 003 11 1,492 163 0 1, 971 72 4

1961-63 10,294 1,251 11 1,757 187 10 2.472 102 4

1964-0 14. 368 1, 796 11 2, 330 287 11 3.320 165 3
1967. 17,880 2,415 12 2,704 412 13 3,844 211 5

1 Prearde Peripirith PIA Voice Den reitervirire, sal .ca !levy Ft. vort Na kepi acsitorty or ftriesscee. The forosibers Pe I rel-44, 1$1-1,
and tare es% ere It ammo!, bee/we strtsiertet Ante by set and by thh Rime tresi** were not aeltattit: the data Re ken IV. 12 and 114. t "Tioeee kW le
tot Inchreleel is It* physield tehesces.

90



It can be seen from this table that the percentage
of women among total doctorates during the 1960's
has remained roughly comparable to that during
the first and last parts of the 1940's. But the total
number of Ph. I).'s awarded to women in the
biological sciences has increased more than 21,G
times over the decade, accompanied by a steadily
rising percentage of women.

More important than past production of women
doctorates, however, is the large pool of women
baccalaureates from whom potential Ph. I). candi-
dates could be drawn. The following table (not
strictly comparable to the preceding tables due to
the different source) shows the numbers and
proportions for 1967.

Numbers and Percentage. of Men and Women Balking College and Unirersily Degrees, 1966-67 '

Nino
All fields 1314ogicaf sciences Ph's-kW sciences

Male Fem., Fermat
kmak

Male remsk Fesceot
female

Mak Female Percent
kmak

Bachelor 355, 300 239, 562 40 20, 942 8, 051 28 15, 392 2, 402 13
Master 103, 179 54, 713 35 3, 721 1, 282 26 4, 859 553 10
Doctorate 18, 164 2, 457 12 1, 914 342 15 3, 300 162 5

I Data from annual Nem by V.8. Office of Education. not yet published
In anal firm. !Int professional degrees such Is the M.D. ate included among
bac-beta's degrees, not at the masters of doctorate isscl; such degrees ate
likeilse not included among the tkriotites named by the National Aced-

Women received more than onefourth of all the
baccalaureate degrees and master's degrees
awarded in the biological sciences. However, less
than onhalf as many women with undergraduate
majors in biology proceeded to the doctorate as
did men, and only onethird as mAny in the physi-
cal sciences. This is shown in the following table of
ixrcentages derived from the same data.

Prreentage of Male and Female Batcalaltrealts
Rectiring Master's and Doctorate Degrees

MI acids Moklical
Pekoes*

Physical
Weems

Mak Femak Mak Female Mak Female

Master
Doctorate...

29
5

21
1

18
9

16
4

32
21

23
7

In the event of a dearth of men in graduate
schools, perhaps a larger number of well-quelified
women could be encouraged to pursue training
beyond the master's degree and continue to the
doctorate, Fellowships and traineeships, coupled
with positive recruitment efforts, might increase
the number substantially.

There is one final compensating factor if total

21

*my of @demote, The Otace of EduostIon and National Academy of Ocknoes
stoma ditto In theft definitions of biologics' sciences and physical ocknoes,
and si'o slightly In their to allots' doctorates.

doctorate production does in fact decline sharply
for a significant time. This would be a period of
overproduction following the period of under-
production.

Possible historical parallels are shown in chart
2. During and after World War I there was a
sharp drop beneath the trend line for 5 years
(1918-22), followed 4 a slight rise above the
trend line for 6 years (1923-28). The even sharper
8-year drop during and after World War II
(1942-49) was likewise followed by a 6year com-
pensation period (1950-55) of small overproduc-
tion. The 0.year period of "overproduction"
(1P29-37) and the 11-rear period of "underpro-
duction" ( i956-66) seem to have been due to other
factors, e.g., the great depression and the low
birthrate of the thirties.. The point to be empha-
sized, however, is that compensatory overproduc-
tion after these two major wars never approached
the magnitude of the kiss.

In summary, the decimation of graduate enroll-
ment anticipated a scant 6 months ago has not
occurred. This initiation of the Paris peace talks
and the advent of a new Administration con-
tribute to the fluidity of the situation. While it is
probable that graduate enrollment may be affected
in the short run as draft calls rise, it is unlikely
that a shorttzrm perturbation will result in di-
minished Ph. I). output during the decades ahead.
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HI. MANPOWER NEEDS FOR THE FUTURE

A. Uncertainty of Current Situation
Until recently, a general malaise of pessimism

has permeated the current situation. It is a fact
that the rate of growth of natianal biomedical
research expenditures has declined in recent years;
it is a fact that Federal support for graduate
education is diminishing; it is a fact that the
major non- Federal program for support of gradu-
ate students is being phased out; it is a fact that.
the 1967 amendments to the Selective Service Law
may have the impact of substantially reducing
male graduate enrollment in 1968 and 1969years
when peak enrollments were anticipated. These
are hard, stubborn facts which make it difficult to
take an optimistic view of the near future.

But it would be unreasonable to assume that
these facts in the current situation will continue
unchanged into the indefinite future. It is ex-
pected that the share of the Federal budget and
the GNP devoted to the civilian sector will be
enlarged when foreign policy objectives in Viet-
nam are achieved. However, uncertainty domi-
nates the current scene ; uncertainty as to when and
how foreign policy objectives will be achieved;
uncertainty as to when a larger share of the Fed-
eral budget and the GNP will become available
for the pursuit of domestic objectives in general,
and increased support for medical research, edu-
cation, and health services, in particular; and un-
certainty as to what proportion of a steadily rising
GNP will be allocated to each of the domestic
programs such as health, research, education, ur-
ban development, transportation, and economic
development.

Taking full account of the hard realities of the
current situation and recognizing the inherent un-
certainty of the future, the soundest approach to
estimating manpower needs for the future for bio-
medical research, education, and related service
activities is to (1) appraise critically the long-
term prospects for the growth of biomedical re-
search, (2) examine the implications of such
growth for manpower needs, (3) isolate the high

330-549 0-69-3
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priority functional requirements so that training
programs can be targeted to urgent and specific
manpower needs, and (4) identify the critical
shortage categories.

B. Long-Term Prospects for Growth of Bio-
medical Research

Projections of manpower needs are essential to
provide guidance for development of NIH train-
ing programs and to pinpoint problems which
warrant special consideration, e.g., institutional
development, emerging areas of science, critical
shortages. More than 6 years ago, the National
Institutes of Health prepared an assessment of
Manpower Resources and Requirements, 1966-70,1
for the House Appropriations Committee. Since
then, the Resources Analysis Branch of the Office
of Program Planning and Evaluation, NIH, has:
(1) Continued a systematic assessment of re-
search manpower needs; (2) Initiated analyses of
NIH training programs; (3) Developed projec-
tions of enrollment and output ; and (4) Initiated
studies aimed at, identifying probable expansions
in graduate and medical education and probable
faculty staffing needs for the future.

In the brief span of 6 years, many changes,
both anticipated and unforeseen, have taken place
in the aspirations and commitments of the Ameri-
can people. The broader social, economic, and polit-
ical changes can best be summarized as (1) the
enactment of legislation aimed at achieving the
Great Society, and (2) .the mounting involvement
since 1965 of the United States in the war in
'Vietnam with the inevitable concomitant of fiscal
restraint upon the growth of civilian programQ

It is instructive, however, to examine ret r.
tively the 1961 projections, comparing them ith
actual experience, notwithstanding the :-''4.iltieant
unforeseen changes that have occurred .1 the
period since they were prepared.

' Ruources for Medford Research report No. 3, 'Man-
power for Medical Research, Requirements an,1 Re-
sources, 1965-70," January 1063, PHS Pub. No. 1001



The projections reflected explicit assumptions
as to (1) the probable rate of growth of biomedical
research, (2) the probable increase in expenditure
per professional worker, (3) the probable distribu-
tion of biomedical research by sectoral per-
formers government, industry, and nonprofit
organizations, (4) the probable number of profes-
sional research workers required by 1970, and (5)
the increment required between 1960 and 1070 to
meet the projection, taking into account deaths,
retirement, and shifts to other activities.

The projection of manpower requirements by
1970 was based upon the moderate assumption that
the level of national expenditures for biomedical
research, expressed in 1958 constant dollars, would
approximate $3 billion by 1970. The projections
also indicated the alternative possibilities of a
more rapid rate of growth, rising to $3.3 billion in
1970, and of a less rapid rate of growth reaching
only $2.3 billion by 1970.

Comparison between prolestions and actual ex-
perience.Chart 3 compares these projections with
actual experience. In 1960 and 1961, the growth
rate (in constant 1958 dollars) exceeded the rapid
projection. In 1962 and 1963, the growth rate ex-
ceeded the moderate projection but fell below the
rapid projection. Since 1964, the growth rate has
dropped below the moderate projection but has
continued to exceed the low projection. Thus, it
appears likely that national expenditures for bio-
medical research will reach $2.5 billion (expressed
in 1958 constant dollars) in 1970. This is slightly
above the low projection and $300 million short
of the moderate projection. Expressed in current
dollars, however, it now appears that the Nation's
investment in biomedical research may approxi-
mate $3 billion in 1970.

Three factors account for the gap between pro-
jection and experience:

1. All Federal research programs have been
subjected to more rigorous review both within
the legislative and the executive branches.

2. Many new and urgently needed programs
have been launched in the civilian sector
thereby forcing greater competition with re-
search programs, especially those funded by
the Federal Government.

3. While these two factors are eignifcant in
themselves and likely to continue for the in-
definite future, the dominant consideration
impeding the rate of growth of biomedical

24

research is derivative of a fundamental for-
eign policy decision. One inevitable conse-
quence of this decision has been an absolute
increase of $30 billion for national defense
in the Federal budget from 1965 to 1968.

Between 1960 and 1965, prior to the substantial
expansion of national defense expenditures, the
Nation's investment in biomedical research in-
creased at a compound rate of 15 percent per an-
num (in constant 1958 dollars). If one conjectures
that this rate of increase might have continued
through the 1965-70 period, then national expendi-
tures for biomedical research would have reached
$3.4 billion (expressed in 1958 constant dollars)
a shade above the rapid growth projection pre-
sented in Manpower Re8ouree8 and Requironents
for Medical &march, 1965-70.

In this earlier report, it was explicity stated
that :

"An effort to look ahead for a decade is an
undertaking obviously fraught with uncer-
tainty. Many as yet unforeseen factors will influ-
ence the growth of research expenditures during
the sixties. Thus, it should be emphasized that
the $3 billion projection is not set forth as a
goal or target of this Administration. With
these qualifications clearly identified, the Na-
tional Institutes of Health has utilized the $3
billion projectionabout three times the cur-
rent effortas a reasonable and feasible basis
for estimating research manpower nee(19."

'With respect to projections of manpower muire-
ments, it was noted that:

"The primary factor determining medical re-
search manpower needs is the growth of medical
research itself. Research expenditures constitute
the best single quantitative measure of such
growth."

The earlier report noted further that:
"Such projections are useful in establishing
probable ranges of future expenditures in terms
of general orders of magnitude; they are essen-
tial to any appraisal of the probable future de-
mand for research manpower. Inevitably, such
projections draw upon past experience, take ac-
count of prevailing trends, and then reflect the
best judgment of the person or institution mak-
ing the projection. The crucial question is:
`What is the pro'-ability that the projections
provide a sufficie.itly close forecast of the future
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as to be useful in planning policies and develop-
ing programs?' "

"While only the historian of the future can give
as the final answer to this question, we can: (1)
Examine experience since the projections were
developed, (2) Scrutinize critically the assump-
tions used in arriving at the alternative projec-
tions, and (3) Consider the influence of other
factors bearing upon the growth of medical
research."

With respect to these considerations, actual
experience strongly confirms the utility of such
projections in estimating future manpower re-
quirements. Experience also confirms the critical
significance of explicitly stated assumptions and,
vis-a-vis Vietnam, the extent to which assumptions
may be affected by unforeseen contingencies. More-
over, events of the past 7 years and clear challenges
which loom ahead argue for consideration of al-
ternative methods of approach to the projection
of biomedical research and teaching manpower
requirements which take into account more
specifically the predictable and expected demands
of the. future.

Background of Projections
The projections of manpower for biomedical

research presented in this report have been pre-
pared under different assumptions concerning the
future availability of funds for biomedical re-
searcha view of the economic capability for sup-
porting researchwhich will govern the numbers
of professional workers whose investigators can
be supported. To place these alternative projec-
tions in perspective, however, the dynar-4cs of
scientific achievements and opportunities for re-
search, the availability of trained manpower and
research institutions, and the institutional
arrangements for the coupling of the conduct of
research and the delivery of health services, must
also be considered.

The Prospects for Biomedical Research in the
Next Two Decades

The dynamics of scientific achievements and
opportunities. The relation of the past trends in
biomedical research funds to ecorunnic capability,
as shown by its growing proportion of the GNP
(outlined in ch. I), should be construed as only
one of many forces that have influenced the mag-
nitude, pace, and composition of biomedical re-
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search. Another major f wee is the dynamics of
research momentum.

The progress of science in the post war years has :

Revolutionized the range of diagnostic, thera-
peutic, and preventive capability available for
medical and health services;
Eliminated a number of infectious diseases as
important causes of disability and leath;
greatly modified the prospects of a substantial
proportion of patients with prospective or
actual cardiovascular disease and cancer;
made available a number of therapeutic agents
which are now able to moderate a number of
other diseases which heretofore were accom-
panied by substantial disability or high
mortality rates;
Opened penetrating insights into the nature
of life, the functioning of biological systems,
the basic character of disease, degenerative
processes, and the conditions of health which
provide the basis for the further advances of
medical science and practice.

But the most recent report of the House Com-
mittee on Appropriations, discussing proposed
research programs of the National Institutes of
Health, indicated that:

"Despite the heartening progress [in medical
research] the areas of ignorance remain more
extensive than the areas of knowledge. The dis-
mal catalog of the many diseases and disabili-
ties whose cause is not known or for which no
effective treatment or preventive measure has
yet been discovered underscores the continuing
need for intensive work on the many unresolved
problems."

What are the areas in which the projected
growth in research can preLently be envisaged for
the next two decades?

Fundamental to this is the observation by Dr.
James A. Shannon, former Director of the /%:. a-
tional Institutes of Health, that :

"Despite the great strides forward in recent
years, the biomedical sciences are still in a primi-
tivL, stage of development. The lack of under-
standing of underlying causes is still the main

'Report of the House Committee on Appropriations on
the Departments of Labor, and Health, Education, and
Welfare, and Related Agencies Appropriation Bill, 1038,
DOth Cmg., 1st secs., House Rept. No. 271, p. 18 (brack-
eted phrase added).



barrier to the solution of the major chronic ill-
nesses. Much of biological research must con-
tinue to be descriptive and observational and
its approach to the solution of problems is still,
necessarily, empirical. The unifying and clari-
fying principles and 'laws' that transformed
alchemy into chemistry and natural philosophy
into physics have yet to be uncovered in the life
sciences. A major step forward brings into view
still largerand more forbiddingareas of un-
known territory. For example, the success in
combating bacterial infectious diseases laid
bare, for all to see, the puzzling roles that seem
to be played by viruses in both acute and chronic
diseases.
"For the chronic diseases with which medical
research is now primarily concernedheart dis-
ease, cancer, an array of metabolic and neuro-
logical diseases, and congenital defectsthe
valleys of ignorance are broader than the peaks
of knowledge. The exploration of the cause of
these diseases or defectswhich must precede
the development of wholly effective treatment
and preventive measuresis most formidable.
In fact, many of these diseases probably have
no single cause. Rather, the cause of disease and
the determinants of the rate of progress in deal-
ing with it are likely to be a combination of
chemical and biological, environmental and de-
velopmental, and behavioral and sociological
factors. A total understanding of these diseases
will require research in many disciplines and
in many directions." 3

The "new look" in medical research is the move
towards the intensive study of human develop-
mentviewing man as a single complex unit and
his progression from conception to death as a bio-
logical, intellectual, and emotional continuum.
There is ample reason to believe that such an inte-
grated approach will (1) shed fresh light on the
r'rigin, causes, and courses of some diseases and
disabilities, and (2) make unique contributions to
preventive medicine and to the solution of con-
genital and environmental health problems.

The opportunity fcr fruitful scientific inquiry
is limitless, and from future biomedical investiga-

' Statement by Director, National Institutes of Health,
In licaringa before Subcommittee of the Committee on
Appropriations, Department* of Labor, and Health, Edu-
cation, and Welfare Approprfatton for 1968, Pt. t, 90th
Cong. 1st sess., April, 1987, pp. 4 and 5.

tion will emerge the new scientific approaches and
the intensified application of existing techniques
and knowledge for the solution or the ever-present
and constantly changing problems of human dis-
ease and disability, within reasonable limits es-
tablished by the Nation's economic capability.

The prospect for even more revolutionary find-
ings, emir' d with the need for the transformation
of both current and new information into diag-
nostic, therapeutic and preventive technology,
plus the need to secure the effective utilization of
these advances in the delivery of services, will
compel greater and broader research efforts.

Areas of burgeoning significance for health in-
clude (1) those fundamental to advancing gen-
eral knowledge concerning man, and (2) specific
diseases and disabilities calling for "targeted" re-
search investigations.

Future explorations in the basic area will be
concerned with

The genetic basis of biological replication and
differentiation ;
Virology and molecular biology in relation
to the fundamentals of cell biology;
Immunology and transplantation of biologi-
cal materials;
The processes of reproduction, development,
and decline;
The interaction of chemical, physical, and
biological phenomena as the fundamental
basis of nutrition, therapeutics, toxicology,
and environmental health.

The "targeted" areas will incht.111
The intensification and expansion of the ap-
plication of engineering, mathematics, and
physical sciences coupled with the life sci-
ences to the solution of problems in health,
such as (a) the development of improved and
new artificial implants to replace diseased or
malfunctioning vital organs and other parts
of the body (heart, kidney, teeth), (b) thr.,
elimination of environmental poisons, not
only the contaminants of water and air, but
the cumulative effects of all kinds of chemicals
and drugs, which are breathed, swallowed, or
touched;
Further advancement against diseases sus-
pected to be of viral origin, such as cancer,
and the further search for specific chemo-
therapeutic agents in the treatment and con-
trol of this dread disease;
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Exploration of new approaches directed to-
ward the alleviation and eventual prevention
of myocardial infarction, hypertension, and
other cardiovascular complications;
Development of vaccines effective against a
broadening array of infectious diseases, some
of which are displaying now forms against
which existing controls are ineffective;
Exploration of the behavioral factors in the
cause of disease, calling forth effective inter-
disciplinary and heterogeneous approaches to-
wards a fuller understanding of the complex
interactionphysiological and psychologi-
calof man and all aspects of his environ-
ment.

Finally, a common feature in the current ctevel-
opments in medical research and one of increasing
exploitation for the futuie is the highly effective
use of the concepts, inethocs, and instrumentalities
not traditionally associated with biology and
medicine. These new approaches, adapted from
the physical sciences, include translation of biolog-
ical phenomena into mathematical models, utili-
zation of computer techniques for the solution of
problems in biology, the application of miniatur-
ized electronic equipment, and the increased use
of epidemiological studies and population surveys
to yield valuable resuita unobtainable through nor-
mal laboratory research or clinical investigations.

In summary, the scope and momentum of cur-
rent scientific efforts, the continuing challenge of
the unknown and the prospects of new and revolu-
tionary capabilities are powerful influences bear-
ing upon the further development of biomedical
research.

Dynamics of the population, trained manpower,
and the institutional base of biomedical science.
The national medical research scene is now being
influenced by the results of the rapid expansion of
national medical research training programs start-
ing in the latter part of the 1950's. Increasing
numbers of scientists trained through these mech-
anisms are now initiating or in the beginning stages
of their careers. (These developments are detailed
in chs. IV and V.)

The first postwar birth cohort (1946) will reach
age 22 in 1968. For that and subsequent years,
there is the prospect of substantial increases in po-
tential graduate and professional school enroll-
ment, the primary source for professional trained
investigators. This trend will be reflected in pres-

s
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sure for increased graduate and professional edu-
cational capacity, through expansion of existing
facilities and creation of new ones with attendant
faculty, resource, end support requirements. In ad-
dition to the prospect of this substantial expan-
sion, the Nation faces critical problems iu sustain-
ing the vigor and stability of existing institutions
and substantially upgrading the quality of the
weaker B. :1 d less capable components. At the same
Lime, there are urgent needs to expand resources to
meet ingent national objectives in health-related
areas as well as to bring about a more equitable
geographic distribution of the relevant educa-
tional resources and scientific capability.

The prospect of continued expansion of bio-
medical research and national programs affecting
the character, stability, and development of aca-
demic institutions clearly emphasizes the need to
develop a more unified and more rational frame-
work for the relationships between the Federal
Government and academic institutions involved in
the biomedical sciences. This framework should
permit a logical, systematic, and unified approach
to the following matters:

The further advance of undirected academic
science;
The sound development of the fundamental
educational processes;
The strengthening and enhancement of exist-
ing institutions as well as the expansion of in-
stitutional resources related to national and
geographical needs;
A meaningful distinction between the devel-
opment of national programs requiring uni-
versity capability and the Federal support
and advancement of higher and professional
education as a fundamental social function;
The development of appropriate coupling ar-
rangements between centers of scientific and
academic medicine and the framework of com-
munity health services.

The support of academic science.Three-
quarters of the expenditures of NIH research
grant funds take place in colleges and universities.
The support for academic science will continue to
be a dominant area of biomedical research activity
since the advance of the fundamental sciences will
continue to be crucial to the successful engagement
with the problems of disease and health. The re-
quirements for research support in this area will
derive directly from the intrinsic processes of



growth and the cost influences affecting the devel-
opment of graduate research and education and
the basic academic framework of the Nation.
These dynamics of growth and change in the aca-
demie scene are the consequence of a set of general
but independent forces, such as the rate of popula-
tion growth expressed in the moving wave of un-
dergraduate, graduate, and postdoctoral students;
he concomitant expansion of academic and re-

search institutions with their additional faculty
and staff demands; the upward trends in prices
and wages; and the effects of advancing sophisti-
cation and technology upon the substantive costs
of research. A basic requirement, therefore, in the
overall management of NIII programs is the evo-
lution of a stablebut not staticsupport rela-
tionship to this impelling pattern of academic
growth and change.

The coupling of academic science and the com-
munity health scene.The extent to which the
knowledge, capability, and new technology emerg-
ing from research is being brought into effective
use in the clinical and health service smile has been
a matte- of acute concern for some period of time.

The prospect of a vast improvement in the
quality of health services that can lo..; made gen-
erally available is derived from the demonstra-
tion of the rapid application of new knowledge,
vithin a sphere of high professional competence,
such as is characteristic of the good university
medical center. The event that has made possible
the most direct attack upon this problem has been
the development of regional medical programs
under the Heart Disease, Cancer, and Stroke
Amendments of 1965.4 The innovative concepts
underlying this program involve the development
of direct linkage of the centers of scientific and
academic medicine with community hospitals and
community medical services hi order to bridge
the critical gaps in the most effective and mean-
ingful manner. In a very real sense, this develop-
inent parallels the extension service which has
serve-1 so successfully to transform the knowledge
and. technology generated in agricultural schools
and experiment stations into radical improve-
meets in production and distribution of agricul-
tural products. This development is now being
adapted to improve medical care through extend-
ing the functions of academic medicine and their
relationship with community medical services
under regional medical programs.

'Public Law 138-239, Oct. 6, 1965.
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Eac4 regional medical complex encompasses a
medical center having major teaching functions,
one or more specialized research centers, and an
array of community facilities. These entities will
be linked by staff exchanges, integrated research
amid training activities, and programs of continu-
ing education and demonstration. Such arrange-
ments can provide for the direct and expeditious
flow of knowledge, capability and technology out-
ward from the centers of academic and scientific
medicine and the speedy referral of patients
(either physically or through the use of enhanced
computer capabilities) for specialized diagnostic,
therapeutic, and research purposes inward from
the community medical care framework.

In summary, despite the enormous progress in
medicine and health, the scientific base of knowl-
edge and technology remains critically limited.
Society has utilized specific knowledge at a rate
which roughly equals its production. The be-
ginnings of broad generalizations are just
emerging. The broad scientific base needed to
cope definitively with disease, disability, the
ravages of the aging process and understanding
the conditions of physical, mental, and social well-
being, are in many areas perilously marginal, if
not nonexistent. Beyond the limitations of knowl-
edge, the prospects for health for large segments
of the Nation's population are seriously marred
by the inadequacy and maldistribution of health
services, by quality differentials, high costs and
motivational and attitudinal deterrents. At the
same time, advances in the social, economic, and
scientific capability of the Nation have substan-
tially accelerated public and private expectations
of the extent to which these problems can be
diminished through further public action. But
action at the governmental level alone will not
be sufficient to overcome these difficulties. The
President's National Advisory Commission on
Health Manpower has indicated that:

"We are convinced that just as it is true for
so many of our Nation's gravest difficulties,
government alone is not big enough to Woe
the problems of health care for the American
people. For all its great size, the capabilities
of the Federal Government, even when united
with State and local governments, are small
compared with the combined resources and
experience of the private sector. These include
the professions, voluntary agencies, religious
and educational institutions, hospitals, or-



ganized labor, business and industry, and con-
cerned citizens. Our recommendations require
that the resources of each of these very power-
ful forces be applied to reshape effectively the
health care system." a

It. is these circumstances that create a continu-
ing condition of public demand for progress in
both the science and practice of medicine.

C. Projections of Biomedical Research Ex-
penditures and Manpower

It is within this frame of reference, and with
this perspective of scientific challenges, and op-
portunities, and human needs and aspirations for
improved health care that expenditures and man-
power needs for biomedical research have been
projected to 1985. Because the simplest way to
calculate biomedical research manpower require-
ments is to project the probable future levels of
medical research, national expenditures for bio-
medical research have been projected from 1967
to 1985, in constant 1967 dollars, under different
assumptions of the relationship of this effort to
the gross national product. The usefulness of the
results of this approach to indicate projected
levels of effort. has been discussed earlier in this
chapter. That discussion emphasized the im-
portance of the assumptions and relevant factors
nu which projections are based. Moreover, in
emphasizing the very uncertainty of forecasting
the future, it, was noted that projections are to
be viewed as general-order-of-magnitude esti-
mates, providing guides to probable levels of
expectation.

In addition to (1) the alternative projections
developed on the basis of varying relationships
of biomedical research expenditures to GNP,
manpower projections have also been prepared,
based (2) upon tia; full utilization in research
of manpower trained in the health sciences, and
(3) on the high priority staffing requirements
of major research and teaching components in the
nonprofit. sector (sec. E).

Alternatives based on GNP.The projections
provide a range of levels for biomedical research
expenditures to 1985, based upon different
tionships to GNP. Each of these alternatives,
however, is based on the same projection of GNP.

For the purpose of this report, the real growth

$ Report of the National ildriaory Commintion on Health
Manpower, vol. 1. November MG, p. 3.
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(in constant, dollars) in the gross national product
is assumed to increase at a rate of 4 percent a year
from 1967 to 1983. This assumption, tied with the
national objective of limiting unemployment, to
4 percent, is based upon an analysis prepared for
the Subcommittee on Economic Progress of the
Joint, Economic Committee.° While the Commit-
tee's study did not venture beyond 1975, a. continu-
ation of this rate of growth is one of the
determinants used in projecting biomedical re-
search expenditures to 1985 for the purposes of
this report.

In summarizing the results of its study, the
Joint, Economic Committee staff indicated that :

"The U.S. economy has a potential for a rate of
economic growth of between 4 and 41/2 p,...cent
per year between 1965 and 1975. This is between
one-third and one-half the rate prevailing in
the first two-thirds of this century, and is sub-
stantially above the 3.5 percent, prevailing over
the 17 r.29rs from 1948 to 1965. This higher rate
of grovth will not be achieved automatically,
and will require improvements and adjustments
in economic policies, both public and private., if
it is to be achieved in a manner that does not
generate undesirable inflationary byproducts."'
Thus, the 4 percent, growth rate is the lower of

the two alternatives the Joint Economic Commit-
tee's study provided. The assumptions and
methodology underlying these alternatives have
been detailed in the Committee report. Acceptance
of the 4 percent growth rate (rather than the
historical 3.5 percent, or the 4.5 percent. alternative
growth rate) is a midpoint in possible rates of
growth, and reflects a conservative view of the
potential capabilities of the national economy over
the next two decades.

The alternative projections of biomedical re-
search expenditures based on relationships to
GNP are presented in Table 5.

Joint Economic Committee. U.S. Economic Growth to
1975: Potential* and Problem-I, Joint Committee Print,
80th Cong., 2d Sess. Projections of future economic de-
relopmentn have been prepared by other organizations,
for instance, National Planning Association, Federal
Budget ProjeetionA, which also indicate that the 4 percent
growth rate is a goal for the future. In a more recent
study, the National Planning Association has used a 9.4
percent annual growth rate in real GNP, National Eco-
nomic Prokrttons to 1077/78, report No. 07-N-1.

Op. cit., p. 1.
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TABLE 5.-Alternative Projections of National Expenditures for Biomedical Research, 1970-85, Based
Upon Varying Assumptions of Proportion of GNP Allocated for Biomedical Research

(In 1967 Dollars)

You GNP
(billions)

Best Judgment 1 Alternative A Alternative B 1 Alternative C 1

Propor
tion oP f
GN

Amount
(billions)

Propor-
tion of
GNP

Amount
(billions)

Propor-
tGIon

Pf

Amount
(billions)

Propor-
tion of
ON P

Amount
(billions)

196: $/10 . 27 $1. 9
1967 785 . 29 2. 3

PROJECTIONS
1970 886 . 33 2. 9 . 33 $2. 9 . 33 $2. 9 29 $2.6
1075 1,077 .51 5.5 . 48 5. 2 . 42 4.5 . 29 3. 1
1980 1, 310 . 74 9. 7 . 85 8.5 . 50 6. . 29 3.8
1985 1, 594 . 98 15. 7 . 80 12. 7 . 60 9. 5 . 29 4.6

p Growth rates (annual compound rate of increase)

1965 -70 8.4 8.4 8.4 5. 8
1970-75 It 0 12. 8 9. 4 t 0
1975-80 12. 0 10. 1 8.1 to
1980-85 10. 0 8.4 7. 6 4.0

1 Best Judgment projection based on assumption that national biomedical
research expenditures will Increase as a proportion of GNP from 0.29 of 1
percent In 1967, and 0.83 of 1 percent In 1979, to 0.98 of 1 percent In 1285.

Alternative A is based on the assumption that from 1970 to 1985 national
biomedical ressarch expenditures will Increase uniformly as a proportion of
ONP from 0.83 of 1 percent In 1970, to 0.8 of 1 percent by PISS (approximately
0.03 of 1 percent a year).

1 Alternative B is based on the assumption that from 1970 to 1985, national

The best judgment projection of biomedical re-
search expenditures is believed to be the most
reasonable long-term summation of the forces that
may shape the future course of biomedical re-
search-in terms of the scientific needs and oppor-
tunities, the related research manpower capable
to exploit these opportunities, and the economic
capability of the Nation to provide the necessary
resources. The assumptions underlying this best
judgment estimate are presented below. It. must be
emphasized that basic to tics best judgment pro-
jection is the assumption that the concerted and
intensive drive in Southeast Asia-requiring large-
scale commitmentz of national resources-will
come to a successful conclusion within the next
few years. The national will to improve the well-
being of the American people will then dictate the
increasing allocation of resources for this purpose,
in line with historicll growth patterns. This best
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biomedical research expenditures will Increase uniformly as a proportion of
GNP from 0.83 of 1 percent In 1970 to 0.60 of 1 percent In 1285 (approximately
0.018 of 1 percent a year).

Alternative C 1, based on the assumption that national biomedical re-
search expenditures, as a proportion of ONP, will remain constant, 1970-85,
at the 1967 proportion of 0.29 of 1 percent of ONP.

Computed from unfounded figures.

Source: National Institutes of Health.

judgment estimate is to be considered, therefore,
as indicative of long-term growth, with the proba-
bility that the estimates implied for the years
clustering around 1970 may overstate the possible.

(An alternative projection (pp. 41 ff) is pro-
vided which assumes a continuation to 1985, of the
stringent budgetary conditions governing the
current situation for Federal agencies.)

1. Total national expenditures for biomedical
research will continue to grow as a propoFtion
of the gross national product. They have in
the past and there is no intrinsic scientific,
economic, or technological reason why they
should not grow in the future. The historical
growth shows a rise from .04 of one percent
in 1947 to .29 of one percent in 1967 (table 6).
Extrapolation of this growth at a reduced
rate of increase brings the level to one percent
of GNP by 1985, with the major thrust. occur-



ring in the early seventies and continuing
through the decade.

2. The proportion of the national biomedical
research total performed in the industrial
sector will probably increase substantially
and could rise from 30 percent in 1967 to 34
percent by 1075 and 36 percent by 1085. This
assumption is based on the prospect of a
major increase in technological development,
especially in the emerging r.rea of engineering
as applied to biology and medicine.

3. It is assumed that Government outlays for
national security will decline by 1975. In a

TABLE 6.Biomedical Research and Relation to
the Gross Notional Product For Selected Years,
1947-67, and Projections to 1985

[In 1967 dollars]

Year
GNP

(in billions)

Biomedical research

Amount
(in millions)

Percent
of GNP

1947
1952
1957
1962
1965
1967 cat
1970
1975
1980
1985

1947-52
1952-57
1957-62
1962-67
1965-70
1970-75
1975-80
1980-85.

$359 $135 . 04
457 261 . 06
523 522 . 10
613 1, 411 . 23
710 1, 920 . 27
785 2. 280 . 29
886 t 2, 870 . 33

1, 077 t 5, 525 . 51
1,310 '9,737 .74
1, 594 115, 682 . 98

Growth rates
(annual compound rate

of increase)

4.9 14.0
2. 7 14. 9
3. 2 22. 0
5. 0 IO.
4. 5 8. 4
4. 0 14. 0
4.0 12.0
4. 0 10. 0

1 Best judgment projection.

Source: Gross National Produd: Based on current dollar Series for 1947-65,
Department of Commerce, and 1967 estimate. Council of Economic Advisers;
converted to 1967 dollars by use of ONP deflator. Projections from 1970 to
196,5 based on 4 percent growth rate from 1967 provided to an analysis prepared
for the Subcommittee on Economic ?regress of the Joint Economic Com-
mittee, U.S. Economic Growth fo 1D75: l'olenlials and Problem. Biomedical
research: National Institute of Health.
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world now torn by conflict and tensions, this
assumption is inevitably speculative. Never-
theless, only a few years back, the Adminis-
tration gave serious consideration to the
probable consequences of a reduction in na-
tional defense spending and the allocation of
an increasing share of the Federal budget to
civilian purposes. Looking ahead, it seems
reasonable to assume that such a reduction
may occur between now and 1975.

Assuming further that the Federal budget re-
mained relatively constant as a proportion of
GNP, funds available for civilian programs would
increase. substantially.

The best judgment projection suggests an in-
crease in national expenditures (in 1967 constant
dollars) for biomedical research from $1.9 billion
in 1065 to $5.5 billion in 1975 and, looking toward
the more dimly perceived future, $16 billion
roughly 1 percent (.98) of GNPby 1985. What
growth rates are implicit in these projections? Do
they appear feasible in the light of past experience
and future research opportunities? What P.m the
implications of these projections for manpower
requirements, by sector of employment, and by
level of training? And what. are the implications
of these projected levels of expenditures in terms
of the providers if the projected funds, and the
sectorial performers of medical research?

Growth rotes for best ludgment estimate. The
past is not necessarily a prologue to the future but
an examination of historical growth rates for bio-
medical research may suggest the feasibility of the
projected rates for the future.. The historical data
for 1947-67 are suintiorized in table 7.

The growth rate (in 1958 constant dollars)
hovered at 14-15 percent, 1947 -57, rose to 22 per-
cent for the 1957-62 period, and then dropped
sharply to less than 10 percent for the most recent
period, 1962-67. The 1967-72 period will be
heavily weighted by the fiscal restraints which
have operated to allow only minimal increases in
research in fiscal year 1967 and 1968 with a cor-
responding outlook for the next budget cycle..
Looking beyond these short-term fiscal constraints
growth rates (in 1967 constant dollars) for
1070-75,1975-80, and 1980-85 have been projected
at 14 percent, 12 percent, and 10 percent
respect ively.



TABLE 7.National Expenditures for Biomedical
Research, 1947-67, Current and Constant 1958
Dollars

[Millions)

Year Current
dollars

1958
dollars I

1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961..

1962
1963_-

1964
1965
1966
1967 est_

1947-52_
1952-57
1957-62
1962-67

$87 $117
124 156
147 186
161 201
175 204
197 225
214 242
237 265
261 287
312 332
440 451
543 543
648 638
845 818

1, 045 999
1, 290 1, 219
1, 486 1, 336
1, 652 1, 517
1, 841 1, 660
2, 056 1, 805
2, 280 1, 944

Growth rates
(annual com-
pound rate of

increase)

17. 8
17. 4
24. 0
12. 0

14. 0
it 9
22. 0

9. 8

I Based on gross national product deflator, 1958=l03;1.7.8. Department of
Commerce and Joint Economic Committee, U.S. Economk Growth to 1976:
Potentials and Problems.

Source: National Institutes of Health.

These growth rates reflect seven broad assump-
tions:

1. A. continuously growing biomedical research
effort is in the national interest because pur-
suit of scientific knowledge in these areas on
a large scale is necessary in order to solve
major disease problems;

2. In science-based professions, such as medi-
cine, high quality professional education, and
graduate cducation in the health sciences can
be provided only by institutions where the
faculty is heavily involved in research;
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3. Growing partic, ration of industry, especially
in biomedical migineering and related
technological dev opment;

4. 116 expansion of existing medical schools
and graduate schools, the creation of 25 new
medical schools and 150 new graduate schools
in the 1965-75 decade, and a sharply rising
supply of doctoral-trained scientists through-
out the seventies;

5. The expansion of specialized research cen-
ters concentrating upon health and disease
problems of urgent national interest such as
cardiovascular research and training centers,
dental research institutes, pharmacology-
toxicology research centers, eye research in-
stitutes, environmental health sciences re-
search centers, regional primate research cen-
ters, institutes for the study of aging, and
mental retardation research centers;

6. The operation of more than 50 regional medi-
cal programs spanning the Nation, linking
the country's major medical research centers
with a network ultimately involving 3,000-
4,000 community hospitals, to bring to the ill
in all parts of the country the possibility for
receiving the benefits of the latest research
developments.

7. The intensification and expansion of research
aimed at improving the system for the de-
livery of health services. The President's Ad-
visory Commission has underscored the need
for a research program of broad scope in this
area:

"* * * while medicine has participated in
the scientific revolution, the provision of
care has been little affected by the techno-
logical changes. Computers are now a
major aid to management in almost every
industry, but not in the health care sector.
Increasing substitution of capital for labor,
and advances in communication and trans-
portation have taken place in many service
industries, but not in medical care. Yet, it
is only by exploiting the innovations and
technologies of other sectors and by devel-
oping new techniques appropriate to its
own problems that the health care system
can adequately respond to social change
and scientific advance."
"Financial support should be made avail-
able for large-scale experimental projects



of integrated health service systems under
a variety of auspices including physicians
in private practice, universities, hospitals,
voluntary agencies, and government. These
systems should include, but not be limited
to, programs, which are comprehensive,
serve a cross-section of socio- economic
groups on a community or artawide basis,
and emphasize organized services for
ambulatory patients." 8

Sources of funds for biomedical research (best
judgment estimate). About two-thirds of the
funds for biomedical research are currently sup-
plied by agencies of the Federal Government. By
1985, the proportion is projected to increase to 75
percent.

The assumption that a greater proportion of
funds for biomedical research will be required of
Federal agencies reflects primarily an increased
participation by the National Institutes of Health,
as the principal Federal nedical research agency,
as well as other agencies of the Federal Govern-
ment supporting medical research germane to their
agency missionssuch as research to support the
life systems required for further explorations in
space, the need for further research to combat the
hazards of atomic energy development, and the re-
quirements of the defense agencies in maintaining
the health of Armed Forces for deployment in
other areas of the world.

Moreover, over the next 20 years, a greater utili-
zation of the research capabilities of industrial or-
ganizations will be required .° But the costliness
(and the uncertain payoffs) of this research prob-
ably will require the Federal Government to pro-
vide an increased proportion of the funds support-
ing biomedical research in industry, just as the
Federal Government now supports almost 90 per-
cent of all research performed in the aircraft and
missile industry, and three-fifths in the electrical
equipment and communications industries."

Report of the National Advisory Commission on
Health Manpower, Vol. 1, November 1067, pp. 74, 75.

See the report prepared by the Aerospace Corp. for the
Director of the National Institutes of Health, Medical En-
gineering Development and the Rote of the Federal Gov-
ernment, July 1067, and the report prepared for the U.S.
Arms Control and Disarmament Agency, evaluating the
use of Defense Systems Resources in the Cleft Sector, July
1967.

2. National Science Foundation, Baste Research, Applied
Research, and Development in Industry, 1965, June 1967,
p. 28.
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Finally, almost all the biomedical research con-
ducted in the nonprofit sector is currently sup-
ported by the Federal Government, and this trend
will continue over the next two decades.

Is this a reasonable assumption in relation to
the fiscal capability of the Federal Government to
provide these seemingly large sums?

Currently, about 1 percent of the Federal budget
supports the biomedical research missions of all
Federal agencies. Assuming that the Federal budg-
et will approximate about 16 percent of the GNP
in the 1970-85 period (the same ratio experienced
in the 1957-67 period) then Federal medical re-
search would increase from 1 percent of the Fed-
eral budget in 1967 to 2.3 percent by 1975, and 4.6
percent by 1985 (table 8). This would appear to be
well within a natioral commitment for increased
support of Federal programs that are aimed at the
improvement of the health of the American people.

TABLE 8.Federally Supported Biomedical Re-

search in Relation to the Federal Budget, 1957-
67 and Projections to 1985

Year ONP
(billions)

Administrative
budget

Federal
biomedical
research

Amount
(bill-
Sons)

Percent
of

ONP

Amount

}rig's')

rent
of ad.
minis.
trative
budget

Current dollars:
1957 $441 $69 16. 0 $. 2 .3
1962 560 88 16.0 . 8 . 9
1967 785 127 16.0 1. 5 1. 2

1967 dollars:
1970 886 142 16. 0 2.0 1. 4

1975 1, 077 172 16.0 4. 0 2. 3

1980 1, 310 210 16. 0 7. 1 3. 4

1985 1,594 255 16.0 11.7 4. 6

Source: National ProductTables I and 6. Adminietraiire Budget-
1937-67: The Budget of the United States Oovernment, fiscal year ending
June 30, 1968, p. 460; 1970-80 based on 16 percent of ONP. Federal biomedical
researchNational Institutes of Health.

Relation of biomedical research expenditures to
total health expe: litures.In 1965, national ex-
penditures for health totaled $39 billion (in cur-
rent dollars) ; in that year biomedical research
expenditures of $1.8 billion (in current dollars)
represented 5 percent of total health expendittms.



By 1975, total expenditures for health may exceed
$100 billion (in current dollars) based on the esti-
mates for healt It services and supplies of $94 billion
(the major component of the total health bill, ex-
cluding research and construction, made by the
President's Commission on Health Manpower").
In current dollars, biomedical research expendi-
tures tinder the 1)est judgment projection are esti-
mated at $6.2 billion, by 1975, or about G percent of
the projected heaith expenditures total. In terms
of this relationship, therefore, the projected bio-
medical research expenditures also appear to be
Nell within the commitment for better health for
the American people.

Performers of medical research, 1970-85 (best
judgment estimatel.Irow will the total biomedi-
cal research effort, in terms of dollar expenditures.,
lte reflected by the research performed by each of
the three major sectoral performers, Government,
industry, and the nonprofit sector?

Historically, and projected for the period to
1985, the preponderance of support. for medical
research will be provided by the agencies of the
Federal Government. But Federal agencies will
continue to look to investigators in the nonprofit
rest.rch sector and in American industry for an
increasing proportion of the biomedical research
necemiry to further agency missions and objec-
tives. In 1967, about 16 percent of all biomedical
research WAS performed by federally employed
scientists: this proportion is projected to decline
to 12 percent by 1985.

The greater involvement of engineering and the
physical sciences in t csearch leading to the devel-
opment of and application of new medical
products and processes will require a glater par-
ticipation by industry in the performance of
biomedical research. The proportion ,,f biomedical
research funds accounted for in the industrial sec-
tor is conservatively projected to increase from 30
percent in 1967 to 36 percent by 11185, reflecting not
only the increased level' of biomedical research
performed in this sector, but also the higher costs
of developmental research as compared in
vestigations of a more fundamental nature.

By 1985, investigators in the Nation's institu-
tions of higher education, hospitals, and nonprofit,
research institutes will have available. abolt the
same proportion of the Nation's ineconftrit in
medical research as in 1967. Currently, 2
percent of the dollar total supports these explora-
tions in the nonprofit sector, by 1985 it is projected
to 52 percent. These projections are detailed in
table 9.

Professional manpower for biomedical research,
projections to 1985. having developed projected
estimates of the level of dollar expenditures avail-
able .or biomedical research in each of the major
sectors] performers, it is now possible to estimate
f he number* of prole4sional manpower required.
The procedure followed in projecting biomedical
research manpower to be supported by the pro-
jected level of biomedical research expenditures is
as follows:

TABLE 9.National Support for Performance of Biomedical Research, by Sector, 1967, and Best judgment
Prolevion to 1985

rtrt 1967 ttotisirt1

Year

Amount (ballots) Percent oftotali

Total federal Irrime.r7 Nonprofit
lostRat font

Teta federal freltrdry Nonprofit
instKatIons

1967 $2.3 S. 4 & 7 $1.2 100 16 30
1970 2.9 .4 .9 1.e 100 15 30 SS
1973 5.3 . 8 1.9 100 14 34 52
19F0 9. 7 I. 3 3. 4 & 0 100 13 33 32
19g; 15.7 1.9 3.6 R2 100 12 36 52

Conatrated on tit Artemide,' dates Soaree Ns iota" 1ArtRetee of Res1111.

" Rrport of 'At* Nstiottel .4daror Covrirsfstio* or Mink Monowtr. tai. 1. Nor-ember 1907. p.
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In 1965, there were 64,000 professional workers 12
engaged in biomedical research in Government,
industry, and the nonprofit sector which encom-
passes academic institutions as well as research
institutes and hospitals. (See app. 13.)

For each of the three sectors, a professional
manpower total for 1965 was established. By relat-
ing these numbers of manpower to the dollar totals
for each of the sectors, the expenditures per prc-
fessional worker (in 1967 dollars) in 1965 for each
of the three sectors have been derived. In project-
ing manpower requirements, a careful examination
has been made of the best data available on cost
per professional research worker in each of these
sectors. These costs have been increasing at a rate of
6 percent per annum and 7 percent per annum in
Government and industry, respectively, where the
preponderance of those engaged in biomedical re-
search devote full-time to such activities. In the
nonprofit sector, the bulk of professional workers
engaged in research combine this activity with
teaching of service or both. The best data available
for rrsearch in academic institutions developed by
the National Science Foundation suggests that
cost per man soared roughly 10 percent per annum
between 1958 and 1964."

In developing manpower projections under the
best judgment projection of biomedical research
expenditures, it has been assumed that cost per
professional worker engaged in biomedical re-
sew+ in the nonprofit sector will continue to rise
6 percent per annum, in constant dollars, 1965-
85; 6 percent in the Government sector, and 7 per-
cent in the industry sector. This assumption
appears to be a prudent view of the future; it is
considerably beneath the 10 perfent per annum
increase (which includes on staff engaged in re-

"The term "professional worker" means M.D.'s. Ph. Ws
and ethers with less Dan doctoral training who fanctioard
as principal totresfloolor cut collebora fors. In general, It
does tot Include persons with such training who performed
AS research aktiKatt; it also excludes technicians and
all other supporting personnel. It Pbosld be noted, how-
ever, that this dentition of profelonal InAlipOwet in the
Oorertmett and industrial sectors could not be so riot-
ously *rolled because classification spstems for %tern-
meat personnel and industrial employment practices do
hot dearly. dIstinguish between these two categories.

"National Science Foundation, "Resources for Scientific
Actitities at tnirersition and Colleges. 10134." Retitle* of
Data On Stieste Retosreett, No. A, August IPOA
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search) reported as experience data by the Na-
tional Science Foundation.

The increase in cost per worker in the industrial
sector reflects the result of manpower studies con-
ducted jointly by the Pharmaceutical Nfanufac-
turers Association and the National Institutes of
Health of research manpower in the pharmaceuti-
cal industry."

Expenditures per professional worker will con-
tinue to rise to 11,085 as a reflection of the following
factors:

greater use of more complex, automated, and
precise instrumentation and other costly re-
search equipment
the operation of large-scale clinical research
facilities and the conduct of large-scale popu-
lation studies requiring use of computerized
techniques
greater involvement of technicians and sup-
porting staff for the nflicient conduct of re-
search by the princips1 investigator and his
collaborators.

The projected estimates of expenditures per pro-
fessional worker, as shown in table 10, were then
related to the dollar totals for each of the secter.s
for the 5year periods, 1970, 1975, 1980.

The methodolcgy can be translated into a simple
formula:
Projected national expendi-

tures for biomed:cal re-
search (giren sector)

Projected number of
Projected expeuditures per profekional workers

professional worker (giten
sector)

By 1970, about 71,000 professional workers will
be engaged in medical research; the number is
projected to increase to 100,000 in 1975, to 130,000
in 1980, and 150,000 in 1985.

The methodology followed for the derivation of
profe&sional manpower had been utilized in pre-
vious studies. In the most recent of these, expendi-
ture per professional worker was estimated to
increase, eight percent a year. However, recent
indications of increases in cogs substantiate the
more conservative cost estimates used in this
report.

needed (Oren sector)

"National tntitntes of Health. "Trends in R. lk b. lien-
power in the Pharmacf IWO Indnictry. 1ikV1-65, and Ineft."
Reltosreet for anneal Restrerek. Report No. ft, Hardline&



TABLE 10.-Professional Manpower Engaged in Biomedical Research, and Expenditure Per Worker In 1967
Dollars, by Sector, 1965, and Best Judgment Projection to 1985

IT housands1

Year

Professions manpower Federal Government Industry Nonprofit

Total number Expenditure
per Is otter

Number Expenditure
per l ort er

Number Expenditure
per won er

Number Expenditure
per totter

1965 64.0 $30.0 11.8 $25.9 11.9 $46. 8 40.3 $2x1.1

1970 71.0 41.0 12.5 34.7 13.2 65.5 45.3 35.0
1975 100.0 55.5 17.0 46.4 20. 7 92. 0 62.3 48.9
1980 130.0 75.0 20.8 62.1 26.9 129.1 82.3 62.7
198.5 150.0 104.5 22.5 83.1 31.0 181.1 96.5 84.0

Nom-Expenditures pet professional water computed on unfounded
Acores for numbers of torten and biomedical tesnich expenditures by
sector.

Source: National Institutes of lies/th.

TABLE 11.-Total Professional Manpower for Biomedical Research, 1965, and Additions to tit* Medical Re.
search Processional Labor Force, Best judgment Projection to 1985

botteands1

Item I1966/1970 1970/193 I 19751196d 19341963

a. Professional manpower, beginning of period 84. 0 71.0 1 100.0 130. 0

b. Plus: Total additions in 5year period for

c. Less: (1) Replacement of losses for the 5-year period due to deaths, retire-
ments, occupation shifts of professional manpower (shown on line a)._

d. Less: (2) Replacement of losses for the 5year period, due to deaths, occu-
pation shifts of additions to manpower (shown on hns b)

15. 3

7. 9

.4

38.81

R7

1. 1

43.0

i 11.8

1.2

37. 0

16. 0

I. 0
e. (3) New additions to manpower
t. Equals:

7.0 29. 0 I 30. 0 20. 0

Professional manpower at end of period (also sum of lines a -4- e) 71. 0 100.0 1 130. 0 150.0

Nee ow itenototory
The numben of principst investigators and thee collstioroyoro In ten.

medical tesesrels at the end of each tier period sent dented by relating the
estimated dollar total for the *nee of medics.' tetrarch by senor -
Government, Industry, nonptoet institutions-to the estimated expenditure
pet prolenional torte In each of these pet lormet esteem W. 14 eget of the
Slmar . The differences between the members of persons ectus117
erg In medical research at the end of the imeentsive Slew periods rwe
tent only a mtion of the send manpower edditions, sin* repteces *is *re
lase redeted lot thcsseliND hive died, who have retired, a bare Fires e.p thet-
research wort for tome other activity. The numbers tequired 1111triAl.ements
kt these attrition lopes were estimated as towel:

I. As so delsibutIon of the teosswtonoi wecters in medical restate+ it
the end of 1963 (deelettated se cohort I) was derived Cora data presided by
the Ns tnne sew*, remstastk4 tegistet Of telentkts, sod from tabvistions
pawns by the Amerkun Asearistion of Neediest CoGies.

For path at the aye* periods torn MS So 19k. the Mambo of deaths
Stew. the lotion I totters eV envied on the Me LR ones pabliMed by
the hates/Ise enlist lot Health Statfftica, Retirement tom reeetteli wee
Fred at age 63, The attests ke shifts In ectsepattos wen bleed oe the

87

ehsrdes in oceopation among Ph. it. degree holders publi bed n Prodhe
Pi. P:o to ldt &Wow,* summary r port on follow up of dociorate cohons,
1913-90. National Acederny of Seinen, rah. I.

s. Eersore engaged to medial twelfth lot the first time after 1963 (what
D were estimated to he it an &Twee of so at time of wenn( into Ha
medical temente. Deaths for this group Ire! tem tomputed te eat* of the
next leyeaf periods. and oecupstion shifts kit this cohort were also beef
on the experience repotted In Profiler y A. D.'s to tut &irons. (Of (Puree,
no retirements For this and roseceseese cohorts were estimated Ice the enters
perice3.1 e., none of these 1:roups till hate teethed the retirement age beton
1933

S. For tech of the feetesette cavorts (cohort S-entering bicenedleal to-
march ante WO at an anew age of ft eohett 4-entering after 193 at an
average age of 3t, and cohort S-enternd after 1096, se an innate bp of IT),
the same roonOologr era* weed estimate deaths and worst*. shirts
lot the periods

to
to 19SS

leen due to attrition addrotiraete percent el the ton ken pet year
In the period 196N 93.

Source: National Institutes of feesith.
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TABLE 12. -Professional Manpower for Biomedical
Research, 1965, Attrition and Additions, by Sector,
Beet Judgment Projection to 1985

fT housands)

Item Tote]
Cior-
non
ment

Indus.
try

Non-
prate

Institu-
tions

1965 total 64.0 11.8 11.9 4'13
Less: attrition 8. 3 1. 8 1.8 5. 1
Plus: adaitions 15. 3 2. 3 2. 9 10. 1

Equals 1970 total 71.0 12.5 13.2 45. 3
Lets: attrition 9. 8 1.7 2.0 & 1
Pius: additions 38.8 3.2 9. 5 23. 1

Equals 1975 total 100. 0 17. 0 20. 7 62. 3
Less: attrition 13. 0 2. 3 2. 5 8. 2
Plus: additions 43. 0 0. 1 & 7 28. 2

Equals 1980 total 130. 0 20. 8 26. 9 82. 3
Legs: attrition 17. 0 2. 9 3. 3 10. 8
Plus: additions 37.0 4. 6 7. 4 25. 0

Equals 1985 total 150. 0 22. 5 31. 0 96. 5

Summary:
Attrition, 1985-85 48. 1 8. 5 9. 4 30. 2
Additions, 1985 -85. 134. 1 19. 2 28. 5 86. 4

Emote: National Institutes of IlesIth.

It is recognized that the rate of increase in ex-
penditure per professional worker is a critical
element in projecting manpower requirements. If
the true expenditures per worker turn out to have
been overestimated, then the projected number
will have been underestimated; conversely, if the
actual expenditures per worker are underesti-
mated, then the projected manpr -er requirements
are too high.

Based upon these assumption`, 150,000 profes-
sional workers would be needed by 1985, if the level
of national expenditures for biomedical research
reaches 1 percent of GNP (chart 4). But that level
of participation in medical research will require
184,000 additional professional workers between
1965 and 1985 (chart 5). Of this number, approx-
imately 48,000 will replace those lost througl_
attrition (death, retirement, and shift to other
activities) in the 1965-85 period: 86,000 will be
net new additions to provide for expansion in line
with the projections, from 64,000 in 1965 to 150,000
by 1985.

The number required to enter medical research
by 5-year intervals, 1965-85, is indicated in table
11 which also shows the numbers needed for re-

so

placement, and for expansion. A distribution of
these additions, by sector, is shown in table 12
and by level of training in table 13.

The composition of the professional work force
for medical research in terms of the entering co-
horts is shown in chart 6. Of the 64,000 in medical
research in 1965 (cohirt 1), it is estimated that
30,000 will still be active by 1985; they will then
constitute one-fifth of the 150,000 estimated total
for thr.t. year. Of the 15,000 entering medical re-
search as principal investigators after 1965
(cohort 2), about 12,000 will remain in the field
by 1985 or about. 8 percent of the 1985 total. Ap-
proximately three-fourths of the 1985 professional
manpower force will thus be made up of persons
with 15 years or less of top-level research experi-
ence-33,000 drawn from cohort 3 (entering after
1970) ; 39,000 from cohort 4 (entering after 1975) ;
and 36,000 from cohort 5 (entering after 1980).

TABLE 13.-Professional Manpower for Biomedical
Research, 1965, Attrition and Additions, with
Estimated Distribution by Degree Level, Best

judgment Projection to 1985
(Tnoas

Item Total Kt%
Ph. 1).

him
sciences

Ph. D.
other

Less
this

doctoral

1965 Total 64. 0 17.0 21. 3 10. 7 l& 0
Legs: attrition & 3 1. 8 3. 3 1. 7 1. 8
Plug: additions-. 15. 3 4. 8 & 5 3.6 1. 8

Equals 1970 total 71. 0 19. 8 23. 5 12. 8 15. 1

Legs: attrition 9. 8 2.6 3.6 1.8 1. 8
Plus: addit Iona 33 8 & 5 15. 5 7. 5 9. 3

Equals 1975 total 100. 0 23. 7 35. 4 18. ,.' 22. 6
Legg: attrition l& 0 3 3 4. 8 2. 6 2. 4
Plus. additions 43.0 7.0 20. 8 t1.2 4. 0

Equals 1940 total 130. 0 27. 4 51. 4 27.0 24. 2
Legs: attrition.. _ . 17.0 4. 2 6 4 & 5 2.9
Plus: additions 37.0 6 4 17.9 9. 7 & 0

Equals 1985 total 150.0 29.6 62.9 33.2 24. 3

Summary:
Attrition, 1965-85. 45. 1 11.9 18. 1 9. 5 & 6
Additic.v., 1965-

85.. 134. 1 24. 5 59. 7 32. 0 17.0

ott.-The en dbtrttectIoli of Ph. D.1 In reentets, 1463, b dented Irma
the Nation/A astute` fur Etienttete end Encl./seen. The an dietribelre of

In tertirtil 111 belfitb414 I. be exnparsbie to the bre sib/snob of
me Al D. tenet/ entdieel reboot bred 'pots tbe bade, totter me/0-
I by A Abe. The hotel t.s to tte II ktth Mitres imethodolocy.

should to emphatieed that this h Imesited attrition. Empirical remises We
heeded to Ironic a /rondo have he reboring (I) lot many }LILY cater
twitch, (f) boy toe* they niers eetfce in terse rob, (I) *bee they 041,3
rho attic-Mee Poet/ r areal pteelir. et ednelobbettob,
tel that the Neter et Were+ tee is he thb eabcolsettlk4.

Porte: Kriebel farther, Si Health.
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Other alrernotiv. projections.-13efore accepting
the best judgment estimate, several alternative ap-
proaches to estimating biomedical research man-
power needs were explored. First, it has already
been indicated that an alternative projection was
developed, assuming that the stringent budgetary
restrictions on nondefense Federal expenditures
would continue indefinitely. The proposed Federal
support of medical research for 1968 (in 1967
dollars), when coupled witl best estimates of
funds provided from non-Federal sources indicates
an increase of 6 percent over 1967 in national in-
vestment for medical research; for 1969, an in-
crease of 4 percent over 1968 is projected. Since
this 4 percent increase is consonant with the 4
percent projected increase in ONP, positing a con-
tinuation of the 4 percent per annum rate of
growth for biomedical research means that na-
tional biomedical research expenditures would re-
main as a constant proportion (.29 of 1 percent)
of ONP from 1987 through 1985. What are the
implications for manpower requirements under
this alternativet

Secondly, what would be the consequences of a
diminished growth rate, as compared with the
best judgment projection, whereby national ex-
penditures for biomedical research reached .6 or .8
of 1 percent. of ONP by 1985f

Thirdly, what level of biomedical research ex-
penditures would be commensurable with the
utilization of the total supply of doctoral trained
manpower, Fourthly, what would be necessary
to meet the high priority staffing requirements of
the nonprofit sector by 1975 f Hach of the varying
assumptions has been examined in terms of their
probable consquences for biomedical manpower
requirements for research, teaching, and related
service activities.

In the discussion relating to the best judgment
projection, it has been assumed that national ex-
penditures for biomedical research would grow
at a considerably less rapid rate than it did during
the 20 years following World War II, reaching 1
percent of ONP by 1985. While the 1 percent as-
sumption appears reasonable, alternative assump-
tions would remit in different estimates of (1) the
1985 'level of national expenditures for biomedical
research, and (2) manpower requirements for bio-
medical research, teaching, and related Activities,
1967-85. Consequently, the manpower implications
of each of three alternative assumptions relating

41

projections of national expenditures for biomedi-
cal research to GNP projections have been
examined.

If national expenditures for biomedical research
remain constant as a proportion of GNP (alterna-
tive C), the Nation's investment in health research
would rise from the present level c.f $2.3 billion to
S4.6 billion in 1967 constant dollars by 1985
an increase approximately 55 ,lercent over an 18-
year period (chart 4). flowerer, as indicated in
table 5, the compound growth rate under this AS-

sumpt ion would drop to 4 percent-2 percent less
than the 6 percent annual increment in cost per
professional worker. The consequences flowing
from this assumption are stark and clear:

1. Twenty thousand fewer professional workers
would be involved in biomedical research,
training, and related service activities in 1985
than in 1967 (table 14).

2. The average annual increment (1974-85) in
national expenditures for biomedical research
from all sources public and privatewould
approximate $130 million.

If it is assumed that biomedical research ex-
penditures rise to .6 of 1 percent of ONP by 1985,
a level of $9.5 billion would be reached by 1985
as indicated in table 5; if this proportion increases
to .8 of 1 percent, then national expenditures for
biomedical research would approach $13 billion
($12.7 billion) by 1985.

The implications of these three alternative as-
sumptions for biomedical manpower requirements
for research, teaching, and related service activi
ties are summarized below (table 14) in relation

TABLE 14.Altemative Projections of Biomedical
Reetarch Manpower Requirements, 106S-11S

Iiimeedicil rowel, manpower
meet emenZi

1. Cross addition!, 1963 -65.
2. Attrition, 1963-53
3. Net additions, 1964-55

AteomptIold

1968 Notional trpeadftores Ibt
biomedical resew * tr Dermot

el ON

Alter. Alter-
melee ratite
A CI (

et I OM. et 1 par-
ent) (tat)

Al
er-
t...a

C (19
at I w-
ont)

Istarmairee (la tholosodi)

104

6
46

5

70
43
27

17

37

20
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TABLE 15.-- Professional Manpower Requirements,
1965, and Projected Attrition and Additions-
Based upon Alternative Estimates of Biomedical
Research as a Proportion of GNP

IThouandsl

hem
Butes, Altar.

nally
Alta'.
native

Alter.
native

1905 toted 64. 0 64. 0 64. 0 64. 0
Less: attrition 8.3 & 3 & 3 8. 1
MI: additions 15.3 15. 3 15. 3 7. 5

Equals 1970 total 71.0 71. 0 71. 0 63. 4
Less: attrition 9. 8 9 7 9. 3 8.3
Plus: additions 33. 8 32. 4 19. 3 .9

Equals 1975 total 100.0 93.7 81.0 56. 0
Less: attrition 13. 0 12. 3 11. 2 9. 2
Plus: additions 43. 0 31.9 18. 2 3. 9

Equals 1930 total 130.0 113.3 88.0 50. 7
Less: attrition 17.0 15.7 13.9 11.1
Plus: additions 37. 0 23. 9 16, 9 4. 4

Equals 1935 total 150.0 121.5 91.0 44.0
Cross manpower additions:

1965 -85 134. 1 103. 5 69. 7 16. 7
Attrition:

1965 -85. 48.1 46.0 42.7 36, 7
Net manpower additions 8.e. 0 57. 6 27. 0 -20. 0

best lodgment projection booed on eratoptre that national biomedical
research rpeeditives will Increase ea a propoition of ONP from It of I pet.
cent in 1107. and .330 1 pecent la 1970. to .90 of off percent at 1141.

Attentive A Is bred on the reampire that Fors 1E0 to 1903 nitres'
Ical mean* espendituros via Increase uniformly as a proportion ofbiomedical

S3 el 1 pettert lair/awl a 1 percent by MS (ePP7071777ek0
AO 0/ I percent a year).

Alternatist 8 Is booed on the avamption that from MO to HA national
biomedical reeterch trpeeditisres will Increase Uniformly as s revoruoti
ONP from AI or I percent In 1170 to or 1 percent) In 19P4 (sinew:11[1%44T
.010 of I percent a pia

Alternative C le bred on the avomption thet national biomedical te-
retch espenditaree., r yropottloa of ON P, termites toratant, I is70-0,
at the 19C tropcetion of .11 or 1 Watt of ON P.

Mara: National Institatss er Ileahh.

to the earlier assumption that national expendi-
tures for biomedical research might reach 1 per-
cent of ONP by 1983.

The difference in net additions would range
from s reduction of 20,000 (assuming national
biomedical research expenditures as a constant
proportion of ONP) to 86,000 (assuming that the
projected let-el of 1 percent of GNP by 1985 is
realized).

Table 15 provides detail by 5-year periods of
professional biomedical manpower requirements
(including attrition and additions), under each of
the alternative projections.

Projecting biomedical research expenditures as a
function of manpower svpply.-Xone of the fore-
going projections takes into account manpower
supply-the probable site of the doctors lly trained
labor force likely to be available for biomedical

4$

research, teaching, and related service activities.
If the intermediate output estimates of 3f.D.'s, and
the projected supply of Ph. D.'s in the sciences
are realized, then approximately 170,000 profes-
sional workers would be available for employment
in these activities by 1985. This would represent
an increase of 20,000 professional workers-one-
seventh above the number needed by the 1 percent
of ONP estimate. The composition of this larger
group is shown in table 16.

Approximately 170,000 professional workers at
$101,500 cost per roan in 1985 would result in a
national expenditure for biomedical research of
$17.8 billion-roughly 1.1 percent of 1985 GNP.

TABLE ib.-Alternative Estimate of Biomedical Re-
search Manpower Requirements, Based on Man-
power Supply, 1985

(T housands1

Steen Ita1

Total in biomedical research, 1985
M.D.'s (including 1).0., D.D.S., and

D.V.M.) in medical research, 1965
Plus: intermediate output estimate,

1960-85
Less: attrition (due to deaths, retire-

17. 0

1 30.8

170. 8

ments, etc.) 13. 8
Equals: M.D.'s in research, 1935 34.0

Ph. D.'s-
Hicleetences in medical research, 1965.. 21. 3

Plus: high output 1966-83:
Basic medical sciences * 54. 5

Other biosciences 1 14. 4
Less: attrition (due to death, retire-

ments, etc.) 21. 1
Equals: Ph. D.'s in biosciences in

research, 1935 69. 1
Other fields in medical research, 1965. 10. 7

Plus: additions, 1960--85 144.4
Less: attrition (due to deaths, re-

tirements, etc.) 11.6
Equah: Ph. D.'s in other fields, in

research, 1985 43. 4

Less than ductoral medical research,
1965 15.0

Plus: additions, 1966-63 I 17. 9
Less: attrition (due to deaths, retire-

ments, etc.) R. 6

Equals: less than doctoral manpower
in research, 1935 24. 3

I App. E. table SA.
App E. bible 1A.
App. E, table S.

I retrieled of 10,100 tom teb.Nceal Rittiet.4 (We P. tsbk 11; 14,105
Revel OTtleti 'divan app. E. table 7). IMO from itstbesA$0 and reindict'

E. table p.m ow engleeering mt. F. table 97.
Yabie IS

Foam: Netionil to sti Wes it final.
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This labor force approach yields a projectionin
terms of the expenditures for biomedical re-
searchof about 15 percent greater than that de-
rived from the 1 percent of GNP projection.

A note on Inflation.The projected estimates for
biomedical research expenditures have been ex-
pressed in terms of 1967 dollars. However, expen-
ditures for medical research are usually reported
and budgeted in current dollars of the year to
which they relate. The GNP real growth rate of 4
percent a year used in this report was coupled by
the Joint Economic Committee staff wi!lt a pro-
jected increase of 1.5 percent a year in pt ices" If
the increase in prices of 1.5 percent a year is pro-
jected to 1983, then the constant 1967 dollar best
judgment estimates for biomedical research can
be convened to current dollar... In 1970, the current
dollar estimate for biomedical reseocch will ap-
proximate $3.0 billion, as compamd with $2.9 bil-
lion in 1967 dollars. For 1975, the estimates are
$6.2 billion in current dollars compared with $5.5
billion in 1967 dollars; for 1980, $11.8 billion and
$9.7 billion, and for 1985, $20.5 billion and $15.7
billion.

D. Anticipated Changes In Medical Educa-
tion, Graduate Education, Postdoctoral
Training, and Continuing Education

Great changes are occurring in the Nation's
structure for higher education. To obtain more
precise information on the nature and geographic
location of these changes, the National Institutes
of Health has contracted for a study "of the prob-
able major expansions in graduate and profes-
sional education, 1965-80. While results from this
study will not become available until later this

r, progress reports thus far confirm the dimen-
sion and character of the probable expansions
likely to occur during the decade ahead.

"The Joint Hconomic Committee staff report also pro-
jected an annual growth rate of 4.5 percent for GNP. with
a 2 percent annu:1 increase In prices It this growth rate
It achieved. then a larger (INP would tyroside the possi-

bility for ellocatiore of fonds for biomedical research
ereeedtng the !ere!. projected in the best judgment
estimate.

Cospo,:iored by the nitre of FAncation. the National
Science routdatkm. and the Human of Health Manpower.
1)111:11-.
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Expansion In numbers of institutions. :Bost ex-
isting medical schools and graduate schools plan
to expand their faculties in the health sciences. In
addition, it is expected that a minimum of e.6 new
medical scnools will be established during the
1965-7S decade. Seventeen of these schools (includ-
ing the California College of Medicine, converted
from the California College of Osteopathy) have
already received their provisional accreditation
from the Association of American Medical Col-
leges; " seven of the new schools admitted their
first climes between 1963 and 1987." Five schools
(California-Davis, California-San Diego, Con-
necticut, Mt. Sinai, and Texas-San Antonio) ex-
pect to admit their first students in 1968. Louisiana
State-Shreveport and Toledo anticipate students
in 1969, Massachusetts in 1970, and New York-
Stony Brook in 1971."

(Than 7 shows (1) the existing medical schools
as of 1960, (2) the 17 new schools provisionally
accredited since 1960, and (3) the possible locations
of an additional 10-15 new medical schools.
Twenty-five new schools will represent a 30 per-
cent expansion in the number of medical schools.

During the same period, it appears likely that a
minimum of 135 major expansicels will occur in
graduate education (chart 8). Nearly 50 (47) of
these major expansions will be located in five

States: California (13), Texas (9), New York (9),
Ohio (9), and Florida (7). Virtually all of these
expansions are taking place in public institutions:
in California, Texas, and Florida, they are respon-
sive to rapid growth ;n population; in New York
and Ohio, they reflect implementation of State
master plans for higher education substantially
enlarging the number and dispersing public insti-
tutions on a better geographic distribution within
these States.

Some of these expansions reflect the emergence
of institutions now granting master's degrees or
even doctor's degrees in a few pregrams into full-
fledged universilies: some represent the growing
tendency of large public institutions ro establish

" ioorwoi of the A mrrfeoll
So. ft Nor. 21. INS. p.

" Art tons. firown.
Penn State. and Rutgers.

'' Ionial of the .4 trtrtran
No. fl Nor. 2(1.1987. p.

.11fo4ice/ A erode lion. rot. 19Q .

Michigan State. New NIPTICO.

.11r4levi .4 ititotlettno. col. 202.



branches in major urban centers; e.g., University
of Illinois at Chicago, University of Missouri at
Kansas City, University of South Florida at
Tampa, University of Wisconsin at Milwaukee;
some represent conversions from private institu-
tions to public institutions, e.g., Temple, Univer-
sity of Houston, State University of New York at
Buffalo; some represent pew institutions estab-
lished in accordance with State master plans for
higher education. It is encouraging to note that
many of these newer institutions are giving high
priority to the establishment of Ph. D. programs
in the health sciences and in the environmental
sciences.

Expansion of capacity in existing medical cen-
ters.The recent Report of the National Advisory
Commission on Health Manpower recommends
that "the production of physicians should be in-
creased beyond presently pl tinned levels." '° The
Commission urges that primary dependence must
be placed upon expanding the capacity of existing
medical schools. The report also emphasizes that:

"Although faculties of medical schools often
resist expansion because they believe it may
lower the quality of education, a recent summary
of available studies shows that class size is un-
related to academic aptitude of students, achieve-
ment on National Board Examinations, attri-
tion rates or ultimate career choices. We see few
drawbacks to expansion, and great advantages
in terms of saving time, reducing initial invest-
ment and overhead expense, and conserving
teachers."

Changing role of the university medical center.
As noted in the Coggeshall report,21 important
substantive changes have occurred in medical
education :

Medical education has increased in complexity
as the center of attention has shifted from the
disease itself to the patient, his environment,
and the mechanism of the disease process;
Patient care has become a major medical
school responsibility. As medical schools have
assumed responsibility for caring for increas-
ing numbers of patients, they have developed

" VOL I, November 1967, p. 19.
'1 Lowell T. Coggesball, M.D., Planning for Medical

Progress Through Education, 1965.
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their own hospitals or established cpntrolling
affiliations with' hospitals sponsored by others;
Research has growit dramatically in the medi-
cal center setting. More and more, research is
is considered an essential ingredient in the
preparation of a young physician for future
professional life, whether he intends to engage
in academic activities or practice a3 a general-
ist or a specialist.

As this fundamental core has evolved in the
modern medical center, integrating education, re-
search, and service, NIH has become increasingly
concerned with the, support of the academic and
institutional base of the medical sciences. However,
as depicted on chart 9, national purposes and
the emergence of broad social programs have in-
volved the establishment of specialized research
institutes in the medical school environment and
separately organized health service arrangements
which strengthen the linkage and transfer func-
tions between the centers of scientific and academic
medicine and community health practice. The
specialized research institute in the medical school
environment directly reinforces the scientific re-
search activities carried on as one of three basic
missions of the school and indirectly strengthens
its educational and service capabilities. Similarly,
the separately organized health service com-
pm-lent of the school, considerably enlarged to meet
the mounting demandi imposed by Medicare,
Medicaid, 0E0 Neighborhood Health Centers,
and Regional Medical Programs, directly fortifils
the traditional service responsibilities and in-
directly but substantially buttresses the educi-
tior.al and scientific research functions.

To increase the production of physicians and to
improve the quality of theiv professional educa-
tion, the Report of the National Advisory Com-
mission (p. 20) emphasizes the need for:

"Curriculum review aimed at reducing both the
length of formal medical education and the
length of specialty training * * * an integral
part of any expansion plan. By lessening the
delay in earning power, such a revision would
help to attract additional highly qualified in-
dividuals who would otherwise be unable to
consider medicine as a career choice. More im-
portant, it would release substantial quantities
of teaching and physical resources that could
then be used to expand educational capacity."
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Prospective effect of anticipated curecvium
changes In the basic sciences. -- Curriculum
changes should also be responsive to the changing
content of the sciences involved, changes in media
and educational technology, and changes in the
preparation of students at the secondary school
.,,nd college level.

At the graduate level, to a large extent, the classi-
cal scientific disciplines are being remolded from
within. That is, the anatomical sciences and
pathology are heavily involved with cellular and
molecular biology, and, in significant instances,
with the neurosciences. Pharmacology is rapidly
being converted to biochemical pharmacology.
Microbiology is heavily involved with biochemis-
try and genetics. Biochemistry is concerned with
highly sophis icate.d bio-organic and biophysical
chemistry. Physiology is becoming rapidly ori-
ented towards systems biology and bioengineering.
Sensitive to these developments, it is likely that an
increasing number of institutions will fuse their
departments of anatomy, biochemistry, micro-
biology, and physiology into modern departments
of molecular biology, cellular biology, and systems
biology. Other schools may meek. these problems by
establishing new departments of genetics, bio-
physics, bioengineering, aid the neurosciences.
Still others may provide broad graduate training
in departments of biology, allowing for specializa-
tion as the student's interests and capabilities
crystallize.

It is nicely that sueeping curriculum changes
will be initiated at the college level. Secondary
school training in chemistry, mathematics, physics,
and biology has been radically upgraded in the
post-Sputnik era. In many instances, college stu-
dents are eager and well prepared for courses in
physiology, biochemistry, and biophysics now
taught at the graduate level. These new develop-
ments are especially pertinent for the planning of
NIH training programs in three respects:

1. Teachers will be needed in substantial num-
bers to provide this advanced undergraduate
training;

2. Advanced undergraduate training in the bio-
medical sciences offers NIH the opportunity
to interest a high proportion of talented col-
lege students in careers in the health sciences
and medicine;

3. Well-planned undergraduate programs can
lead to significant improvements in the qual-
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ity of graduate and medical training and
shorten the period required.

Continuing education.Tho need for institu-
tionalizing lifetime learning through more effec-
tive continuing education programs it* the health
and scientific fields is widely acknowledged.
Within NIH, responsibility for fostering continu-
ing education is shared by Institutes which support
specialized continuing education programs, the
Bureau of Health Manpower acrd the National
Library of Medicine.

The National Institutes of Health together
with the newly formed Health Services and Mental
Health Administration provide Federal leadership
for continuing education in the biomedical sciences
and the health professions. In this connection, the
creation of regional cooperative arrangements
through the regional medical programs may pro-
vide significant new opportunities for the develop-
ment of effective continuing education activities.
The regional nature of the programs can also pro-
vide other assets to continuing education and train-
ing by providing (1) the opportunity for a close
relation of teacher and learner, (2) accessibility
of programs, and (3) opportunity to build together
links between education and health care.

However, as the report of the National Advisory
Commission notes, simply making opportunities
for continuing education available will not assure
their utilization by busy physicians. To provide
an incentive for the physician to keep abreast of
the latest medical knowledge, the Commission
recommends that :

"Professional societies and State governments
should explore the possibility of periodic reli-
censing of physicians and other health profes-
sionals. Relicensure should be granted either
upon certification of acceptable performance in
continuing education programs or upon the basis
of challenge examinations in the practitioner's
specialty."

Whether or not relicensing procedures become
a potent consideration, it is likely that the recom-
mendation itself will elicit greater participation
in formal continuing education programs. Cooper-
ative arrangements among medical centers, re-
search institutions, and hospitals developed
through the regional medical programs should
contribute significantly to the quality and scope of
continuing education.



E. High Priority Functional Requirernente
The aggregate approaches to projecting man-

power requirements fail to show explicitly the
relationship between (1) aggregate manpower
needs, (2) specific manpower needs required to
staff specific activities in the national interest, and
(3) the graduate education and training programs
through which individuals acquire the skills
needed to perform such activities. In contrast to
these aggregate approaches to projecting future
requirements, it is fruitful to concontrate upon a
microanalysis of the high priority staffing needs of
the crucial nonprofit sector where research, tegch-
ing, and service are so inextricably linked.

The use of a microanalytic approach is particu-
larly relevant in considering specific manpower
needs in the nonprofit sector. In both Government
and in industry the preponderance of those en-
gaged in biomedical risearcF work full time in
this activity. In contrast, the preponderance of
those conducting biomedical research in the non-
profit sector also teach or render health services
or both. Thus, a microanalytic approach can take
explicit account of specific high priority staffing
needs in the nonprofit sector, especially as these
needs are dictated by broad considerations of na-
tional interest.

In his memorandum of September 13, 1965, ad-
dressed to the heads of all Cabinet Departments
and independent agencies, the President enjoined
all mission-oriented agencies to contribute to the
strengthening of higher education and science.
As a consequence of the post-World War II baby
boom, the numbers of persons seeking careers
coupling biomedical research, teaching, and service
will expand rapidly. This surge will be reflected
in (1) the expansion of existing centers of excel-
lence, (2) the need for upgrading biomedical train-
ing capabilities in schools of lesser quality seeking
to realize their potential, and (3) the creation of
25 crew medical schools (16 of which are now provi-
sionally accredited) and 150 new graduate schools,
of which about one-half plan graduate programs
in the biomedical sciences.

Table 17 provides a partial framework for
assessing the probable magnitude of these needs
in the nonprofit sector, primarily, but not exclu-
sively, for personnel trained through the doctoral
level. It should be emphasized that the estimates
are illtatratire of specific high priority staffing
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needs which can now be anticipated; it is likely
that these requirements will be modified both
quantitatively and qualitatively as the future un-
folds. These staffing needs are directly related to
(1) the staffing and upgrading of existing institu-
tions and the establishment of new schools and
(2) the pursuit of national biomedical research
objectives through a nationwide network of
specialized research institutes.

1. Staffing of medical 8choo18.At the present
moment, there are approximately g2,500 full-time
faculty members in existing medical schools plus
an additional 1,000 scattered among the 16 provi-
sionally accredited new medical schools.22 In the
past 15 years, from 1951 to 1966, the full-time
faculty in medical schools increased from 4,000 to
approximately /8,000more than a threefold gain.
During this period, the full-time basic science
faculty has increased from 1,500 to nearly 6,000.
This has permitted an increase in the average num-
ber of staff members per basic science department
from 3.2 to 9.6.

This expansion in full-time faculty has (1) en-
abled the schools tc provide a higher quality of
medical and graduate education than could be ac-
complished by the use of part-time staff and (2)

permitted the mounting of extensive research pro-
grams which have now become an integral charac-
teristic of the medical school environment. It is to
this full-time staff of scientists, engineers, and
academie physicians that the Nation must now look
in the decades ahead for innovation in the devel-
opment of new systems of health care that will
provide new toots to the physician, such as the
automation of diagnostic methods, the use of com-
puters to provide new sources of scientific knowl-
edge to the physician engrossed in the immediate
problems of patient care, and for the development
of sophisticated techniques by which the latest
advances in medical research can be brought
directly to bear on the delivery of health cervices.

Looking ahead one can foresee staffing require-
ments to (1) facilitate the expansion of existing
schools, (2) foster the upgrading of existing
schools, and (3) enable the establishment of new
schools.

"Based upon, data reported by medical schools for
medical school faculty roster, 1065-60, maintained by
AA111C. The 1965-66 totals have been increased by 7 per-
cent to reflect the probable increment in 1066-67.
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TABLE 1 7.n/evolve List of High Priority Staffing Needs for Nonprofit Sector, 1967-75----
Area of need

Number of
Institutions

Professional manpow :

1967
base

1967-
1976

1967
base

Needed by
me

I. Medical Schools
A. Expansion of existing schools 87 87 22, 500 AC 000
B. Upgrading of existing schools 40 40 (6, 000) 3 (11, 000)
C. Establishment of new schools 16 25 1, 000 6, 000

IL Other Health Professional Schools 4
A. Expansion of existing schoold 75 75 2, 200 4, 000
B. Upgrading of existing schools 25 25 (4501 (900)
C. Establishment of new schools 5 20 100 1, 000

IL Biomedical Components of Graduate Schools 1
A. Expansion of existing schools 75 75 5, 000 8, 000
B. Upgrading of existing schools_ 25 25 (1, 000) (2, 000)
C. Establishment of new schools___ 25 75 400 2, 000

11/. Staffing of Specialked Biomedical Research Centers
A. Cancer research centers 3 10 (GOO) (2, 000)
B. Myocardial infarction research units 4 5 12 (60) (650)
C. Cardiovascular research and training centers 1 12 (50) (1, MD
D. Eye research institutes 13 20 (150) (400)
E. Head injury research centers 4 12 (40) (180)
F. Dental research institutes i 0 9 0 (1, 350)
G. Pharmacology-toxicology research centers 3 12 (75) (50U)
H. Environmental health research and training centers 3 25 (50) (400)
I. Mental retardation research centers 4 0 12 0 (900)
J. Institutes for the study of aging 0 4 0 (360)
K. General clinical research centers 91 125 (400) (1, 000)
L. Biomedical computing centers 43 60 (250) (500)
M. Biochemical, instrumentation, biological materials production, and

scientific information centers 16 30 (200) (360)
N. Regional primate research centers 7 10 (150) (300)

V. Research and Continuing Education Staffing of Community Hospitals in
Regional Medical Program Network 0 4, 000 0 ? 6, 000

'I. Biomedical Faculty for Advanced Undergraduate Education 0 200 0 1, 000

Total 4 31, 200 4 64, 000

Numbers in parentheses 0 are not additive; they are already encompassed
in national estimates for biomedical research or they involve part-time faculty
participation.

3 Other health professional Schools include schools of dentistry, veterinary
science, pharmacy and public health. Data for t9e7 are projected forward
from the 1965 base. For the short-term needs of dental schools, see Mos power

19
for

62.
Dental Research, 1063, 1910, National Institute of Dental Research, May

I Biomedical components include graduate programs in anatomy, bio-
chemistry, molleular biology, cell biology, genetics, pharmacology, physiol-
ogy, pathology, bioengineering, behavioral sciences (excluding clinical psy-
chology), neuroaciences, biomathematics, and environmental sciences.
Prop ems planned by new graduate schools are discussed in a progress report
to N111 on the Studs of the Future of Higher Edueal fed 18615-1985, Academy for
Eductional Development, Inc., Oct. 1, 1967 (unpublished). The final report
of this study dealing with probable major expansions of graduate and profes-
sional education, should be available early in 1969.

The total of 12 myocardial infarction research units by 1976 Is expected to
be supplemented by about 60 clinical testing units. The total staff for both
types of units is expected to be 650 by 1975.

6 The first fit e Dental Research Institutes were funded in fiscal year 1967,
staffin nt be4un.

All
g

12
o
centers have been funded for construction on a 3 to 1 matching balls

by the National Institute ci Child Health and Human Development.
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1 The estimate of 6,000 full -time equivalent professional workers for research
and continuing education staffing of community hospitals in the regional
medical program network by 1975 is believed to be conservative. It Is esti-
mated that 1 to 2 full-time equivalent health and tredicill professional per-
sonnel will be Involved per hospital. Staff of the division of regional medical

[ anu estimates that the
In the RMP network may well renxbeeeers do f4 c(i0Trannudnirteyacilr ?Alt?

participating

estimate proves valid, an additional 2,000 full-time equivalent professional
workers would be needed.

s The professional manpower estimates of 64,000 by 1975 for the high priority
staling needs (end the related 1967 base of 31,203) oover only the. designated
components of the nonprofit sector and, therefore, do not encompass total
roquirements for professional research manpower in this sector Specifically
omitted from the 1967 total are investlgat,rs who are exclusively engaged in
biomedical research in the hospital setting, In undergraduate science depart-
ments of liberal arta colleges and rtniversities, in nonprofit research Snotitutes,
and scientific associations. However, a considerable proportion r: these addi-
tional requirements for 1975 are included Implicitly in the neeits of the high-
priority group since it may be assumed that investigators conducting research
In these settings, will Increasingly hold staff appointments at another com-
ponent of the nonprofit sector i.e. a combination of a staff appointment at a
medical school and participation in biomedical research at a hospital.



Enrollment at existing schools could double, as a
conservative estimate, by 1976. This includes medi-
cal students, graduate students, and postdoctoral
fellows. If medical student enrollment nears the
high estimate, the increase in total enrollment
would approximate 126-160 percent, To RCC0111-
modate this doubling of enrollment, it is estimated
that 36,000 faculty members--a 60 percent increase
over 1967would he required by 1975. This as-
sumes that approximately 8,500 would be needed
by the top 37 schoolsan average of 230 per school
or 40 per year, 1967-75,

About 5,000 additional faculty would be needed
to upgrade the lottom. 40 schools. The estimate of
5,000 additional faculty assumes that each of these
schools will reach the minimum critical mass of
$1.5 million in medical research (in 1967 constant
dollars) by 1975. A minimum of 75 biomedicd,
scientistsan average of three per department
would be needed by each of these institutions
(75 X 40=--- 3,000). An additional 50 faculty mem-
bers per school would be needed to improve the
quality of medical education and to meet rising
service needs.

The total of 6,000 faculty for the 25 new medical
schools assumes an average of 250 ;11114 ime faculty
per new school by 1975. The study of six new medi-
cal schools established during the fifties suggested
a need for 400 faculty per school." While the lower
figure of 250 seems more realistic for 1975, because
only 13 of the 25 new schools will have admitted
their first class before 1970, more rapid growth in
staffing toward an average of 400 per school is a
slim but not unlikely possibility.

2. Staffing other health profesRional schools.
At the present time, there are 49 schools of den-
tistry, 75 schools of pharmacy, 18 schools of vet-
erinary medicine, 13 schools of public health, and
five schools of osteopathy." Last year, 79 of these
other health professional schools each had less than
a $1.5 million ,eseareh base (49 dental schools, 11
schools of veterinary medicine, six schools of pub-

"National Institutes of Health, Development of etafitne
Pctterna fn Six New Medical Schools Established 1951 -
1960, November 1965.

"U.S. Department of Health, Education, and Welfare,
Health Resource. Statistics, 1965, MS Pnb. No. 1509.
Numbers of schools of public health reported in Hearing.
before Subcommittee of the Committee on Appropriations,
Departments of Labor, and Health, Education, and Wel-
fare Appropriations for 1968, pt. 4, 90th Cong., 1st seas.,
April 1967, p. 247.
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lic health, eight schools of pharmacy, an five
schools of osteopathy). These 79 schools already
receiving General Research Support awards from
NIH (reduced to 75, assuming that four schools
reached the critical research mass of $1.5 million
this year) were taken as the base of existing insti-
tutions.

To accommodate expanding enrollment and to
strengthen the science base in these existing
schools, it is estimated that 4,000 facu:ty will be
needed by 1975. This represents an increment of
1,350 faculty members at the top 50 of these
schoolsa 60 percent increase, averaging 21 per
schoc:1, or three to four per year.

The increment for upgrading the bottom 25 of
these schools (weakest in biomedical research) rep-
resents a 1C0 percent increase, nvei aging about 18
per schoolor slightly better than two faculty
additions per year.

It is estimated that 20 new other health profes-
sional schools will require about 50 faculty per
school, totalling 1,000.

3. Staffing biomedical components of graduate
schools. Jt is estimated that graduate enrollment
in the biomedical sciences will double 1967-75."
To cope with this surge in enrollment., it is esti-
mated that an increase of 60 percent in the number
of faculty will be needed (5,000 in 1967 to 8,000
in 1975). It is suggested that one-third of the in-
crease be allocated to upgrading the bottom 25
graduate schools with significant programs in the
biomedical sciences.

A progress report on The Future of Higher
Elueation, 1965-1985 2° pinpoints the major
planned expansions in graduate and professional
education. It is estimated that 150 new graduate
schools will be established during this period."
Of these, about one-half will offer Ph. D. programs
in the health sciences and the environmental sci-
ences. NIH has primary responsibility for train-
ing future faculty in disciplines central to the
accomplishment of NIH missions. Illustrative of
these disciplines leading to the Ph. D. degree are
anatomy, biochemistry, molecular biology, cell
biology, pharmacology, physiology, pathology,

See ch. IV, table 22.
"Prepared for the National Institutes of Health by the

Academy for Educational Development, Inc October 1967
(unpublished).

"See app. D for a listing of locations of new graduate
schools.



bioengineering, behavioral sciences (excluding
clinical psychology), biomathematics, and the
environmental sciences.

Spread over these disciplines, approximately
3,000 faculty will be needed by existing institutions
(1,000 of whom will contribute to the upgrading
of existing institutions with significant potential
for advancement) and an increment of about 1,600
will be required by the newly established biomedi-
cal components of graduate schools.

It is assumed that the 75 new graduate schools
will offer Ph. D. work in an average of five bio-
medical disciplinessome in two disciplines,
others in eight or more disciplines. Thus, the esti-
mate of 2,000 faculty for 75 new graduate schools
assumes an average of five to six faculty per de-
partment in each of five depart

4. Staffing of A pedalized biomedical research
centers.Some of the specialized research centers
indicated on table 17 have been functioning for
five years or more; others are in the initiation
phase; still others have been authorized by the
Congress and the executive branch. It should be
noted that the staffing figures are not regarded as
additive; they are already encompassed either in
national expenditures for biomedical research or
they involve part-time faculty participation. These
estimates have been derived from the sources indi-
cated below :

A. Cancer Research Centers
Three are currently in operation. A total of 10

such centers were recommended by the President's
Commission on Heart Disease., Cancer, and
St roke."

B. Myocardial Infarction Research Units
Five are currently in operation; the National

Heart Institute projects a total of 12 by 1975.
These research units would be supplemented by 48-
50 clinical testing units.

C. Cardiovascular Research and Training
Centers

One is currently in operation; 12 are proposed
by 1975 by the National Heart Institute."

"A National Prr2ram to Conqur, Heart Disease, Can-
cer, and Stroke, 1064, p. 49.

"House of Representatives, Subcommittee of the Com
mittee on Appropriations. Hearings on Departments of
Labor. and Health, Education and Welfare APPropriotions
for 1968, pt. 5, 90th Cong., 1st sess., April 1967.
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D. Eye Research Institutes
Thirteen eye research institutes now supported

by the National Institute of Neurological Diseases
and Blindness" are staffed by 160 professionals.
According to NINDB, the staff is expected to rise
to about 400 by 1975 when 20 of these institutes
are in full operation.

E. Head Injury Research Centers
Four head injury research centers supported

by the National Institute of Neurological Diseases
and Blindness now employ about 40 professionals.
By 1975 NINDB proposes to expand the number
of such centers to 12possibly to 15.

F. Dental Research, Institutes
Five dental research institutes are to be estab-

lished in Alabama, Michigan, North Carolina,
Pennsylvania, and the State of Washington. The
National Institute of Dental Research expects that
they will be fully operational by 1972. NIDR also
anticipates that by 1975 there will be a total of
nine such institutes.

G. Pharmacology-Toxicology Centers
At present there are three pharmacology-toxi-

cology research centers. The National Institute of
General Medical Sciences estimates that by 1975
there will be 12 such centers, staffed 500

professionals.

H. Environmental Health Research and Train-
ing Centers

According to the Division of Environmental
Health Sciences, there are three such centers in
1967; 25 are planned by 1975.

I. Mental Retardation Research Centers
The construction of 12 such centers has already

been funded by the National Institute of Child
Health and Human Development; it is expected
that all of them will be in operation by 1975.

J. Institutes for the Study of Aging
The National Institute of Child Health and

Human Development estimates that four institutes
for the study of aging will be in operation by 1975.

K. General Clinical Research Centers
L. Biomedical Computing Centers

"The National Institute of Neurological Diseases and
Blindness became the National Institute of Neurological
Diseases and Stroke. Public Law 00-639, Oct. 24, 1068.
Public Law 00 -489, Aug. 16, 1968, created the National
Eye Institute.



M. Biochemical, Instrume, tation, Biological
Materials Production, and Scientific Information
Centers

N. Regional Primate Research Centers
There are now currently in operation: 91 gen-

eral clinical research centers, 43 biomedical com-
puting centers, 16 biochemical, instrumentation,
biological materials production, and scientific in-
formation centers, and seven iwional primate
research centers.

In the spring of 1968 the Division of Research
Facilities and Resources estimated that by 1975
the number of such centeis will expand to 125, 60,
30, and 10, respectively.

5. Research and continuing education staffing
of community hospitals in the regional medical
programs network.Planning grants have been
awarded to 53 different regions for Regional Medi
cal Programs; it is estimated that the total num-
ber of regions may increase to 60-65 by 1975. The
core planning and administrative staff may ap-
proximate 1,000 individuals, of whom about one-
third are professional. In addition, there will be a
considerable amount of part-time professional
assistance from individuals at the medical center;
this could be equal to 1,000 full-time equivalents.

The number of community hospitals participat-
ing in Regional Medical Programs is estimated at
1,500 for 1970, rising to 4,000 conservatively by
1975possibly 5,000. This estimate assumes a Fed-
eral appropriation for this program in the neigh-
borhood of $500 million by 1976.

The Regional Medical Programs will accelerate
the flow and use of new knowledge and techniques
in diagnosis and care. These programs will also
serve as foci for research and continuing education
in areas concerned with heart diseases, cancer,
stroke, and related diseases.

It is anticipated that most of the professional
personnel working in these facilities will be part-
time. Assuming an average of 11/2 to 2 bill-time
equivalent health and medical professional per-
sonnel per hospital, 6,000 full-time equivalents
would be required for 4,000 community hospitals,
8,000 for 5,000 hospitals.

6. Biomedical faculty for advanced undergrad-
uate education.Experience during the past 10
years has demonstrated that many of the problems
in training biomedical scientists arise from de-
ficiencies in their undergraduate backgroundde-
ficiencies which increase the cost of graduate
(raining by needlessly prolonging the time re-
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quired to train a first-rate scientist, and slow the
pace and excitement of the effort for faculty and
students alike. Many of these deficiencies arise
from the obsolescence of college science faculty and
curricula, from the mass approach to undergradu-
ate science education in the large universities, and
from the highly discipline-oriented structure of
undergraduate education.

The liberal arts college is amorg the victims of
the advancing scope and technology of scientific
research. In the absence of highly sophisticated
equipment and research programs, the libesal arts
college is having increasing difficulty in attracting
bright young scientists to the faculty. Despite these
limitations, liberal arts colleges retain a degree of
student-faculty contact and a perspective that are
difficult to obtain in a large university. For this
reason they continue to attract many able. students
to their campuses, some of whom have excellent
research potential.

The universities in the past have been concerned
with the education of the exceptional and the good
student. Now, under current social pressures, they
are also being asked to educate the average-to-poor
student. Faced with a burgeoning enrollment,
reselling 30,000-50,000 in some large universities,
the outstanding undergraduate finds himself en-
trapped in a vast machine created to process large
numbers of young people with relatively little re-
gard for quality or individual creativity. If under
this changing social environment biomedical re-
search is to assure itself of a continuing source of
potential young scientists, it must assist univer-
sities in finding more effective ways of identifying
these young students early and of providing them
challenging and creative opportunities during the
undergraduate period. Moreover, if biology and
medicine are to gain their share of tha excellent
young minds coming from mathematics and the
physical sciences, ways must be found to expose
them to the challenges of modern biology while
they are still uniergraduates.

For the reasons indicated above, and because of
the great advances in the content of science courses
in secondary schools, there is an urgent need to
strengthen biomedical research and teaching capa-
bilities for advanced work at. the undergraduate
college level, building upon well-tested experi-
mental programs and extending them to approxi-
mately 200 undergraduate institutions. If initiated,
programs undoubtedly would vary widely from
institution to institution, perhaps with an average



increment of five new faculty members per
schoola total of 1,000 new faculty for teaching
advanced biomedical courses at the undergraduate
college level by 1975. NIH experience with experi-
mental training grants at Haverford and Provi-
dence Colleges, for example, suggests that this
estimate of fire per institution is reasonable.

By 1975 there will be a minimum of 3,000 insti-
tutions offering undergraduate education. Of this
large number, it is estimated that a minimum of
200 will comprise the top quality liberal arts
schools, the top qeality technological schools, and
the top quality Ph. D.-producing institution: with
strong undergraduate colleges. Thus, the estimate
on table 17 assumes that support of advanced
undergraduate training in the biodmedical sci-
ences would be concentrated in these institutions
which represent low-risk, high-potential invest -
meats. Any aotion in this direction should build
upon well- tested experiment/1J programs which,
after evaluation and modification, could be ex-
tended to these approximately 200 undergraduate
institutions.

7. Staffing for existing research institutes and
teaching hospitals.The above listing of high-
priority staffing needs for the nonprofit sector doe
not explicitly provide for increments to profes-
sional workers now engaged in biomedical re-
search, primarily at hospitals, and research
institutes.

Be; ween now and 1975 additional research man-
power requirements primarily for hospitals and
research institutes may, however, to an increasing
extent be met through more extensive affiliation of
those professional workers who also contribute to
teaching and service activities in the multiple set-
ting of hospital-research institute-academic
institution.

8. Critical shortage categories.The above list-
ing of high priority staffing needs for the nonprofit
sector does not explicitly provide for meeting
manpower requirements in critical shortage cate-
gories. To a limited extent, these critical shortage
categories are already encompassed in each of the
specific high priority staffing needs summarized in
table 17, p. 51. Neverth2less, these critical shortage
categories are delineated below, even though it is
not possible to estimate precisely how many scien-
tists will be needed in each of them. The discussion
of "critical shortage categories" is illustrative and
selective. It includes disciplines and medical spe-
cialties which were identified as critical shortage

880-5410 0- -69-- -5
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categories with respect to the training plans of
Institutes and Divisions of NIH; it does not focus
upon the more general problem of the doctor
shortage and the urgent, need for expanding the
supply of physicians to meet the health service
needs of the American people.

BloenpIneisring.This newly emerging field
fusing science end technology brings the ap-
proaches of systems analysis to bear on the study
of how the various systems of the body operate
together effectively in a coordinated manner. Ma
engineering encompasses (1) the use of systems
concepts in the study of human biology, and (2)
the design of systems for delivery of health care.
Although a flourishing start has been made in sys-
tems analysis of the over-all integration of bio-
logical events in an understanding of Duman
biology and how these events are altered in dis-
ease, further progress is impeded by the critical
shortage of trained bioengineers. Equally urgent
is the use of the systems approach to develop more
efficient and effective systems of health care," to
provide more accurate information to physicians
for data storage and retrieval, and to automate
clinical laboratories for biochemical, patho-
logical, radiological, and other clinical diagnostic
procedures.

As the supply of bioengineers enlarges, the sys-
tems approach will increasingly permeate the
daily work of each physician as he goes about the
routine problems of patient care, the taking of
medical histories, and executing procedures of
physical diagnosis. Many of these procedures can
be automated with greater accuracy and reliability
thereby (1) providing more accurate data storage
and retrieval and (2) utilizing the already exist-
'.ng body of knowledge to assist the physician in
making more accurate diagnoses.

Behavioral sciences:The domain of biomedical
research has broadened beyond the core concern
with biological determinants of disease and health
and now embraces the social, intellectual, emo-
tional, and economic factors which influence well-
being. Questions concerning growth and develop-
ment, the behavioral determinants of biological
systems, and social pathology fa'i within the joint

"In its recent Report, the National Advisory Commis-
sion on Health Manpower stressed that "Unless we im-
prove the system through which health care is provided,
care will continue to become less satisfactory, oven though
there are massive increaser in cost and in numbers of
health personnel." vol. I, p. 2, November 1907.



domain of the behavioral and niedleal sciences.
More effective apptieation ef the behavioral srsi-
ences should also contribute to a better ividerstand-
ing of the social and economic health systems and
of the attitudes and motivations toward health of
society and of individuals. While the need is great,
the scientific basis for understanding many of
these behavioral factors compares with the status
of biological knowledge in the 1930'sdeveloping
rapidly but still fairly primitive.

Thus, the behavioral sciences comprise a critical
shortage category for biomedical research. And
the incorporation of the behavioral sciences into
the medical school curriculum and the establish-
ment of research and faaalty pests in medical
schools has been alinost universally neglected, with
few exceptions. Thus, the demand for behavioral
scientists in the health research, teaching, and
service milieu is bound to rise sharply.

Recognizing this situation, the National Insti-
tutes of Health, in collaboration with the National
Academy of Sciences and the Social Science Re-
search Council, is sponsoring a comprehensive
assessment of the present position, promise, and
future requirements of the behavioral arid social
sciences in the United Stares.

Selected environmental health sciences.The
complexity of the environment and the ways that
it can influence man's health have been greatly en-
larged as a result of population growth, urbaniza-
tion, industrialization, and the multiplied use of
chemical substances. The penalties to be paid for
a rapidly advancing technology are delayed and
less visible than the large, tangible, and immediate
rewards, but are nonetheless serious. Contamina-
tion of our environment now threatens the health
and character, if not the very existence, of life
forms." Thew hazards are ubiquitous and they
present relatively new types of health problems.

It is the total and cumulative exposurn o: the
individual to harmful environmental agents that is
now recognized to be important, wilether amurnu-
lated through contact via air, water, food, skin
or through radiation. The situation is further
complicated by the fact that the emergence of dis-
ease is frequently not identified clearly as a cause-
and-effect relationship with individual enviroa
mental toxicants, but may be ceased by a series of
agents and frequently by different agents acting

"America's Changing Environment", Daedatitm, Pall
1997, vol. 9(3, No. 4, of the Proceedings of the American
Academy of Arts and Sciences.
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in concert, thurs the toxic effects of certain chemi-
cals are multiplied man) time4 by the sir piltaneolts
presence of another substancea synergistic or
enhancing effect - --even though the additional sub-
stance may not in itself be harmful,

The complexities of research in environmental
health are great. Not only must the approach of the
past be used in determining: (1) the hazard, (2)
the transmitting vehicle, and (3) particular popu-
lation groups affected; but, reduction of environ-
mental hazards demands (4) vigorous and inte-
grated study of all facets of environmental etfec:3
upon human health and productivity, and (5)
rapid progress toward providing basic information
upon which realistic control measures can 'ae de-
vised and adjusted to continual changes in both the
environment and the population.

The diverse needs for professional research and
teaching manpower reflect the breadth and com-
plexity of environmental research. To cope with
these environmental health research needs, new
fields of science are emerging with a profound em-
phasis upon interdisciplinary collaboration.
Among the more critical shortage categories are
environmental toxicology, stress physiology, and
ecology. The supply of scientists in eaeli of these
categories must be enlarged so that research may
contribute to maintaining a better balance between
urbanized _Ian and hostile environmental changes
which threaten health and the quality of life.

Clinical invectigatGrs.--The supply of well quali-
fied clinical investigators hat become increasingly
critical for the progress of biomedical research.
Only about a quarter of those entering clinical
investigative training programs do sufficiently
well to qualify as investigators, and considerably
fewer develop into unit leaders with investigative
stature adequate to seek and achieve support as
head of a research and postdoctoral training activ-
ity. Consequently, this critical shortage category
continues to be the limiting factor in staffing clin-
ical research units focusing upon heart, cancer,
stroke, and related diseases. The availability of
qualified investigators continues to bo the limiting
factor in tho establishment of new clinical research
units.

Experience indicates that training programs in
clinical investigation have three tracks:

1. One-year yielding a "graduate" who will
function as a specialist and community
leader:

2. Two-year, whose "graduate" may function in



a teaching and nonindependent investigative
capacity and cent ributo to staffing needs of the
Regional Medical Programs;

3. The 4-year "graduate" vvho will realize a
productive career in clinical investigation.

Necessarily skilled as a clinician, the 4-year
"graduate" is rarely the individual to step directly
into the role of leader of a small investigative unit
in a medical center, responsible for integration of
patient care, teaching, and research, both labora-
tory-based and clinical. :11 aiming at the earliest
possible recognition as investigators, their other
skills in ay have to be neglected in the process. Con-
sequently, the emerging investigator is more likely
to be able to establish himself if he can work for an
extended period in a career development position.

The experience of the National Institute of
Arthritis and Metabolic Diseases has shown that
(1) the new unit director spends itbout 10 years in
reseanh training and career development posts and
(2) the rate of appearance of individuals with
these qualifications has been close to 10 per year.
It is readily apparent that these key personnel are
emerging at too slow a rate. Given the limiting fac-
tors of (1) long lead time and (2) high attrition
rate, it is imperative that this critical shortage
category of clinical investigators be expanded sub-
ttantially to meet foreseeable biomedical research
needs.

Clinical pharmacology in cancer research.
Rapid program in drug development and in clini-
cal drug evaluation programs is directly and
causally related to alleviating the shortage of
qualified clinical pharmacologists, particularly in
cancer research. To develop better guidelines and
better predictive systems for the select ion of agents
for trials in man, information concerning ae:i-
tumor drugs derived from studies of human pha-
nuteology must be correlated with phermacx1y-
natnic data obtained in animals, respect to
such factors as metabolic pat hwe tocicity, rnti-
tumer effects, differences in metabolism of these
drugs between animals and man, effeets of long-
tem administration, and optimum methods for
adminisi ration.

This critical shortage of clinical pharmarologists
concerned with the evaluation of -arcinegenic con-
ditions could be Alleviated by stren7thening and
expanding existing training programs. Thee, the
necessary increesed output could be achieved with
only a moderate increase in the number of par-
ticipating institutions.

b7

Clinical anesthesiology and diagnostic radiol-
ogy.It is estimated that there are less than one-
half of the necessary number of anesthesiologists
performing anesthesia in the currently available
operating rooms in the United States. Mounting
needs for X-ray diagnosis have placed a similar
restriction on the number of highly trained radi-
ologists. The soaring service responsibilities of
medicare and the Regional Medical Programs,
coupled with the increase in population, increases
the demand for these two critical shortage catego-
ries. In addition, academic research faculty will
be needed for (1) the expansion of existing medi-
cal schools and (2) the creation of 25 new schools
in the next decade.

Radiation therapy.In 1960, the National In-
stitutes of I Iealt It r .!ognized the magnitude of the
shortage of qualiCed radiation therapists in the
United States and concluded that training pro
grams in that specialty were totally inadequate.
Since that time, N III has vigorously endeavored to
enlarge the supply of radiation therapists. To meet
this mounting need, it is estimated that the number
of individuals in training must increase fivefold
over the next ',para.

Neurological sciences.The neurological dig-
eases include stroke, Parkinson's Disease, multiple
sclerosis, muscular dystrophy, epilepsy, cerebral
palsy, brain tumors, head injury, paraplegia, and
the many handicapping disorders of vision, speeetn
and hearing. The resulting economic burden of
the neurologically handicapped runs into billions
of dollars annually. Progress in prevention and
successful therapy depends heavily upon advances
in research which, in turn, requires a substantial
enlargement in the supply of highly skilled neuro-
logical seientists.

An estimated 10 percent of patients have pri-
mary or major diseases affecting ta )e nervous s,t
tern. Yet only 1 percent of medical graduates
currently choose neurology as a specialty. As a re-
sult, cast numbers of patients with neurological
diseases and injuries do not receive attention from,
skilled neurologist& In academic and research posi-
tions, highly trained professional specialists are
urgattly needed in Ave critical shortage categories:
(1) clinical neurolor., (!") neurosurgery, (3)
neurosciencee (nonclinical ) , (4) otolaryngology,
and (A) ophthalmology.

Clinical neurology. --If there were * reasonably
adequate number of neurological specialists in
private practice, there would be not the current



1,200 but more than 3,000, a ratio of one per 68,000
population. In addition, some 1,900 clinical neu-
-ologists would be engaged in teaching-research
activities.

A net increment of slightly more than 1,000 clin-
ical neurologists per year would be needed to meet
this ratio. But the best that can be realistically
expected will be an increment of 78 in 1968 to an
increment of 288 in I976. This estimate assumes
(1) a gradual increase from the current 1 percent
of M.D. graduates entering 3-year training for
neurology, to 2 percent by 1976, and (2) a doubling
of M.D. graduates from about 8,000 in 1968 to
16,000 which is the high estimate for 1975. If the
Nation is to provide adequate medical care for the
wide range of neurological disorders, the supply of
clinical neurologists must be increased substan-
tially above these est ;mates.

Neurosurgary.--About 1,475 neurosurgeons are
now in clinical practice as compared with 2,650
needed to provide a ratio of one per 80,000 popu-
lation. This disparity is not as great as in the case
of clinical neurologists. But the potential output
of neurosurgeons per year is proportionelly more
discouraging. Even assuming 18,00 M.D. gradu-
ates per year by 1076, the projected annual our put
would rise only from 82 in 1968 to 133 in 1976.
This discouraging prognosis reflects (1) the
lengthy post-M.D. (reining period of 6 to 7 years,
and (2) an expectation that the proportion of
M.D. graduates choosing neurosurgery as a spe-
cialty will not ries above the current 1 percent
unless specific measures are taken to enlarge sup-
ply in this critical shortage category.

Nourosclences.The nonclinical eeienree di-
met iy relevant, to neurology nifty be grouped under
the term "neurosciences." There are 38 different,
self-identified disciplines listed by the 750 neuro-
scientists now in !reining. Among the more im-
portant are neumanatomy, neurophysiologv, and
neuropethology.

An R d eq uftte ratio of nonclinical neuroscientists
would be twice the current ratio of 10 to 100 Nt.D.
graduates. The alleviation of this critical shortage
is within reach if training programs can be geared
to (1) mixing graduate enrollment in the eciences
and (2) expaesion of institutional capabilities.

Olokirengology.Four percent of the young
adult population suffers from deafness or serious
hearing disebilitike, rising to 25 percent for those
age 75 and over. This disability strikes about 2
percent of the. Nation's children. But the impact
upon children is heightened by disorders of speech

arising from physical and other causes as well as
from loss of hearing, thereby inflicting communi-
cative disorders on about 10 percent of all chil-
dren. In addition, disorders of the nose and throat
afflict persons at all ages.

To deal with the medical aspects of these prob-
lems, there should be 6,000 specialistsa 40 per-
cent increase above the 4,800 otolatyngologists
currently practicing. And, there are only 120 full-
time teacher-researchers in this field. By 1076, the
Nation will need 7,000 practicing specialists and
600 full.ime and pa .-time teacher-researchers in
otolaryngology.

Ophthalmology. Over 400,000 American!! are
legally blind and more than 1 million are unable
to read newsprint, Research has contributed to the
prevention of blindness, for example, in the vir-
tual elimination of retrolental fibroplasia among
prematurely born infants. Significant advances in
therapy have resulted from eye research relating
to virus infection of the cornea, cataract surgery,
corneal transplants, and glaucoma. Further ad-
vances, in large measure, depend upon increasing
the supply of ophthalmologists in research and
teaching.

9. Summory.This analysis of high priority
staffing needs illustrates (1) urgent biomedical re-
search and teaching needs in the burgeoning ace.-
dernic community, (2) the projected manpower
needs of the specialised research activities (ine,i-
cated in table 17), and (3) the additional needs for
manpower for research, service, and continuing
education in an (estimated 4,000 community los-
pit els participating in regional medical progruns
by 1975 (in addition to core staffs required for
the administration of such programs in 50--75tned-
ical centers).

In summary, this alternative approach to esti-
mating biomedical manpower needs for research,
teaching, and related service activities in the !non-
profit sector illustrates that approximately 84000
profmionel workers may be required in the non-
profit vector by 1076. This tetimate competes
closely with the projection of 82,300 derived from
the Aggregate technique of pmjecting biomedical
ttecitareh expenditures and cost per man. (Ste
(Able 12.)

Thus, these tetimates, coupled with the identifi-
cation of critical shortage categories, provide it
basis for aligning manpower requirements with
the future development of training programs, in-
cluding those funded primarily or exclusively
b,y NM.



V. THE LONG RANGE OUTLOOK FOR OUTPUT OF M.D.'s AND PH. D.'s

Three basic factorslong lead-time, future
needs, and a unique educational and manpower
opportunityimpel an intensive analysis of the
outlook for production of new and Ph. D.'s.
Such an analysis shows that action is needed now
and that it is featible.

First, the long lead-time required for develop-
merit of qualified biomedical investigators and
faculty is shown by the fact that new M.D.'s re-
quire 6 to 15 years of additional training and ex-
perience before entering the research manpower
pool as principal investigators, and new Ph. D.'s
require 3 to 10 years. Thus, those who have just
received their NI.D.'s in 1907 will not even begin
to enter productive research and teaching in sig-
nificant numbers until 1972, and few of those
awarded the Ph. I). in 1007 will begin to enter the
biomedical manpower pool as independent investi-
gators prior to 1970.

The second factor, the dearly evident future
need for qualified biomedical manpower for re-
seareh, teaching, and related service activities has
already been discussed at length in chapter
Meeting this need will call for more effective utili-
zation of the present staff of medical schools and
graduate schools. When trained, however, these
new professionals will not only heip fill the need
for biomedical research manpower but. will also
provide iotential faculty essential for (1) the ex-
pansion of existing medical schools and biomedi-
cal components of graduate schools, (2) the
upgrading of weaker health professional schools
and health sciences pregrams in graduate schools,
and (3; the creation of 25 nen inedkal schools
and 160 new graduate schools that. America need,
now and probably will have by 1975. In addition,
a significantly enlarged supply of biomedical
manpower will be needed to (1) staff the rapidly
growing network of Regional Medical Programs,
(2) provide scientific leadership for specialized
research institutes to meet national needs, and (3)
alleviate the problems posed by critical shortage
categories such as bioengineering, the tnviron.
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mental health sciences, the neurological sciences,
and the behavioral sciences.

The unique educational and manpower oppor-
tunity, listed above as the third basic factor in-
fluencing the long-range outlook for the output
of M.D.'s and Ph. D.'s, is embodied in the surge
of 22-year-olds (the cohorts of the post-World
War II baby boom) seeking (1) graduate educa-
tion and, subsequently, postdoctoral training, and
(2) careers in medicine and the allied health
professions.

A. Uncertainty of Current Situation

Uncertainty permeates the current national
situation which temporarily constricts the con-
tinued expansion of biomedical research programs
to meet the health needs of the American people.
As indicated in diaper II, the current. situation,
primarily responsive to mounting involvement of
the United States in the Vietnam War, is reflected
in (1) a decline in rate of growth of medical re-
search, (2) a precipitous drop Federal support
for graduate education, and (3) the new Selective
Service law and regulations. While the duration
of the current. si nation is unpredictable\ the new
Selective Service law has introduced a major ele-
ment, of uncertainty into forecasts of graduate en-
rollment and Ph. D. output.' This element looms
large with respect to (1) immediacy of threat, (2)
severity of potential impact, and (3) uncertainty
as to changes in the near future. The bible effects
on graduate enrollments and hence, on Ph. D. out-
put, have been discussed in chapter II, pp. 15 ff.
Next in importance is the recent decline of both
Federal and non-Federal support of graduate
education. Unless new patterns and levels of fi-
nancial support for graduate students eme..ge, this
development could reduce or stretch out Ph. D.
output in the bask medical sciences, other bio-
medical scieneets, and the broad spectrum of dis-

I See article by lames RrMon In Ncrt York Ti,,,. c
reb. 11. lAft
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ciplines contribiAing to biomedical research.
Finally, the decline in the rate of growth of bio-
medical research, if perpetuated, could deter
young scientists from seeking careers in biomedi-
cal research, teaching and related serv:co
activities.

Contrasting sharply with these negative aspects
of the current situation is the dramatic surge in
college and university educated manpower poten-
tially available as the resource base for future
growth in biomedical research, teaching, and re-
lated service activities.

B. The Resource Base for Future Growth,
1965-60

The resource base available for the needed ex-
pansion of biomedical research manpower will be
substantially enlarged beginning in 1968 and con-
tinning until about. 1980. This is due to three
factors which now exist : (1) significant increases
in the 22-year-old group of the population, espe-
cially the sharp expansion between 1968 and 1960,
and subsequently, in the midseventies; (2) mount-
ing college enrollment; and (3) rising educational
aspirations resulting in a significant expansion of
graduate enrollnient in all fields.

Although there is no doubt or qualification as to
the demographic existence of this resource base,
there is doubt. concerning availability. Although
the bachelor's degree population is sure to rise in
accordance with expectations under current draft
policies, the graduate student population could be
minced considerably over the short nun unless (1)
the new Selective Service regulations or legislation
are changed in the next few months, or (2) peace
negotiations with North Vietnam prove successful.
On the other hand, it is pmible that a consider-
able drop in graduate enrollment beginning in the
fall of 1968 might be compentatcel in later years
by return to graduate school of young men sup-
prted by veterans' training benefit&

Due to both the short-range and long-range un-
certainties in the situation, the following discuss on
of the manpower resource base and Ph. D. output
does not speculate upon the potential perturbations
of the trends due to effects of the draft ; the options
still open for modification are so great as to pre-
clude a reasonable judgment of the long-term
effects over the next decade.
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The key 22- year -old group.--Twenty-two-year-
olds comprise the key to expanding the pool of
future biomedical research manpower, since this
is the usual age for graduation from college. From
these must be drawn expanded enrollments in
medical and graduate schools for production of
new 2.1.1).'s and Ph. 1).'s.

Between 1950 and 1955 the number of 22-year-
olds (the low birth cohorts of the depresjon years)
actualy declined 11 percent. Between 1055 and
1960, the number of 22-year-olds increased about
8 percent. However, the numbers in this critical
age group mounted steeply between 1061 and
1965rising 33 percent. This age cohort will con-
tinue to increase substantially between 1965 and
1970, rising 20 percent, then tapering off to
about 9 percent in 1970-75 and again, in 1975-80
(chart 10).

But this analysis by 5-year intervals masks the
even more dramatic year-by-year details. More
precisely, the number of 22-year-olds increased
roughly 3.50.000 between 1964 and 1966; tapers off
through 168; and then skyrockets between 1968
and 1969. adding roughly . million persons in
that 1 year (chart 11). The number dips slightly
between 1969 and 1972, then rises ste:dily from
3.6 million persons to 4.2 million by 1980. The
Nation is about to reap tAe educational harvest of
the post-World War 11 baby boom. The popula-
tion explosion in the 22-year-old cohort that tee
hare been predicting for the past 20 years is now
upon us. Such an educational opportunity could
not ros.ibly recur till the end of this century.

This population explosion of 22-year-olds is
important in that it represents the typical age of
entrants into medical schools and graduate schools.
For planning purposes, however, the demographic
facts of life must be coupled with evidence of
rising college enrollments and graduations, avail-
ability for medical school entrance, and prospects
for graduate school entrance.

Rising college enrolheint.Since 1955, college
enrollment has been rising steadily. This steady
increase in the face of a relatively constant popu-
lation base indicates rising aspirations and expec-
tations; as a growing proportion of the Nation's
youth complete high school and continue on to
college. This is demonstrated by the fact that four
out of every 10 (87.8 percent) of the pupils who
were in the fifth grade 3 years ago entered college
in 1965, as compared with three out of 10 in the



fifth grade in 1953 and only about one out of 10
in the fifth grade in 1925 (table 18).

TABLE 18.-- Trends in Relationship Boween Fifth
Grade Pupils, 1925-59, and Finr-Time College
Students 8 Years Later, 1933-67

Of erery 1,000 pupils
entering fifth trade in

If le h
schools

graduated.
ate ar slr

And colleges admitted Ml -time
students

Year Number Year Nu nber
Percent of

high school
indulges

1025 316 1933 112 35

1930. 417 1938 148 35

1935. 439 1943 119 27

1940 481 1948 (t) (I)

1915 524 1953 266 51

1050 582 1958 308 53

1951 507 1959 315 53

1952 621 1960 328 53

1053 637 1961 328 51

1051 642 1962 343 53

1955. 657 1963 351 53

1956 676 1961 362 54

1957 692 1965 378 55

1958 717 1966 394 55
1959. 721 1967 400 55

Retention rated not calculated become of the Saul of seteraw in intitu-
tions of higher education.

taste*: Office of Education.

Enlargement of the college enrollment base is
further indicated by the fact that thteefourths
of the 17-yearold cohort in 1966 were high school
graduates as compared with one-half in 1940, and
ow-sixth in 1920 (table 19).

In the fall of 1967, there were approximately
6.5 million students enrolled in colleges and uni-
versities. This represents an increase of over 125
percent since 1956 or 7.5 percent a year, com-
pounded (table 20). More important, the 9,4
percent spurt between 1966 and 1967 indicates
continued rapid expansion of enrollment.

For all practical purposes, the freshman class
of 1965 sets the upper limit on these likely to enter
the medical research manpower pool by 1974.11.e
freshman class of 1963-66 will graduate in June
1969. Those 'rho go on for graduate or professional
training will not receive Ph. D. or M.D. degrees
before. June 1972 at the earliest; many will not
complete their doctoral studies until after 1974.
Even for those who receive doctoral degrees in
1972, postdoctoral training for Ph. 1).'s and intern.
ship and residency for .M.D.'s will defer their
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entrance into the medical research manpower pool
as principal investigators until 1974and beyond.

Rising number of bachelor's degrees conferred.

From 1960 to 1966, the number of bachelor's
degrees conferred in the United States increased
front 359,000 to 520,000, or 45 percent. (table 21).
This growth averaged 6.3 percent a year in the
size of the cohorts from which persons eligible for
further study and training leading to careers in
medical research, education, and services will be
drawn.

TABLE 19.Trends In Relationship Between High
School Graduates and Persons 17 Years of Age,
1920-67

Total
School year ending (themands)

As s percent
of persons 17
years of to

1920

1930

1940

1950

1958

1960

1962

1964

1963

1966

1967'

311 16. 8

667 29.0
1, 221 60. 8
1, 200 69.0
1,506 64.8
1, 864 65. 1
1, 923 69.

2, 290 76. 3

2, 633 71. 9

2,644 75. 0
2, 650 76. 3

Based on peetiratnary data.
Marcy: High school graduatesOffice of EducalYm. Dye. N MitS1104.1

Stelistits, 1957, p.112. and unpublished data

TABLE 110.Opening Enrollment For Baccalaureate
and Higher Degrees, 1956-66

Tat

1.1,.111... 0111111.

Enrollment

tot al
ft howunds)

Percent
Income*
pettiest

1956 2, 947

1957. 3,063 4. 1

1958 3, 259 & 2

1959 3, 402 4. 4

1960 3, 610 & 1

1:31 3,891 7.8

1962. 4, 207 & 1

1963 4, 529 7.7

1964 4, 933 10. 1

1965. 5, 526 10. 8
1966 ttatim'Ite 5, 947 7.6
1967 estimate 6, 500 9. 3

Maur: 1.416- 45- -Of1ee t4 Edeestioft In "Opera,* Fs testament Om
Nigher EttoratIvn- stoma Proem 1936-47-011k4 of !loathe.

Ore sib 1936-47: 73 percent get waft



The numbers of bachelor's degrees to be con-
ferral in the next decade have been independently
projected by the Office of Education and for the
Commission on Human Resources and Advanced
Education; a these estimates are also presented in
table 21. Both projections begin with estimates for
1065 -66 that differ from the preliminary actual
figures for that year released by the Office of Ed-
ucation subsequent to the publication of the pro-
jected series; the OE estimate for 1965-06 of
490,000 is lower than the preliminary actual figure
of 520,000; the Human Resources projection of
522,000 is only slightly higher.

Since the cohorts of persons receiving bachelors
degrees provide the pool from which graduate an-
rolhnent will be drawn, the assumptions underly-
ing the Office of Education, and the Folger
projections of bachelors degrees conferred are crit-
ical for an assessment of the projection of
graduate enrollment, provided by the Once of
Education.

The Office of Education projection of bachelor's
degrees conferred are, for the sholtterm, lower
than the actual numbers of bachelors degrees con-
ferred. The reliance by the Office of Education for
this projection upon past trends of the proportion
of bachelor's degree holders to the population has
not fully reflected the growing aspirations of all
sectors of the population for higher education, and
beyond t hat for cont hired training at the graduate
level. ), projection published by Folger, on the
other hand, attempts to (1) accommodate the
burgeoning growth in junior colleges, and (2) to
take into account the tumultuous demand for col-
lege careers from groups v-hich in the past did not
have the opportunity or incentive for pursuing
higher education.

Because of these deficiencies, the Office of Educa
tion projection of graduate enrollment hat teen
modified by an overall percentage increase of 10
percent a year. This percentage modification is less
than the percentage difference, 1971-75, between
the Office of Education and Folger projections of
bachelor's degrees conferred.

" Projections preesented by John K. Myer, formerly the

Director of the Commlfekion on Haman Reis arses arid Ad-

vaneel ThInration. In 'The Kahane* Re-titten Supply and

Demand for Collette Graduates," far loarnot of flanosit

Rethavorra. sot. 11. No. 2. Apt% it 1067, 143-175.

terticatlatiy table 1. P. 146.
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TABLE 21. Bachelors Degrees Conferred, 1959-60
to 1965-66, ard Projections, 1965-66 to 1974-75

IThowands)

Year Actual
data'

Projection'

Office
of Edu-
cation ' Totter I

Difference --
Folger/OE

Number Peroent

1959-60 359

1960-61 365

1961-62 382

1962-63 410

1963-64 436

1964-65 00
1965-66 320 490 522 32 665

1966-67 522 550 28 5.4

1967-68 616 651 35 5.7

1964-69 676 713 37 5.5

1969-70 673 742 69 10.3

1970-71 658 753 67 9.8

1971-72 713 816 103 14.4

1972-73 747 844 97 13.0

1973 -74 783 888 105 13.4

1974-75 818 927 109 13.3

Office o4 Education, publksi:ons on Permed Dorm Ooltferld as
ftsflowe of t 14ln FAreatfoo. The degree data published by the Office, of Edu
cation Include In the same catotory bachelor's led Ars: preemal tepees;
the Office or Educstion seeks has been modified by NM to mho& first
prcfesional d_firreec

I Office of Education, itakerfaie of rAstoliotal Ratkests f 10141. OM,
table 17, p. 27. Projections of bachelor's VA first prokelonal degrees bees
been reduced by Si percent to ttelude Ersbprofesional degrees. (See footnote
2 to O.E. table 17.)

Prolecliorts preaented by John K. Potter. formerly the Directot of Com-
mksion on Duman Resources and Advanced Edostion, In "The Lalaate
Retween Supply and Demand Oct Collet, Oradustes", srluu of lfr-
was &wow, tot. I f, No. 2, Spring 19t7, pp. 142.121, particularly table 1.
p. 148.

Graduate enrollmentpast trends.If total col-
lege enrollment and the numbers receiving bach-
elor's degrees have been rising, what hts been
happening to total graduate enrollment for ad-
vanced derees, and more specifically, to graduate
enrollment in the science fields of greatest
relevance for inectical research!

Total graduate enrollment for advanced degrees
in institutions of higher education increased from
314,000 for the academic year 196041, to 535,000,
1905-68, about 70 percent for the 5-year period, or
at the rate of 11.3 percent a year (table22).

In the same period, enrollment for advanced de-
grees in science fields relevant to medical research,
education, and service increased from 103,000 to
101,000, about 9.8 percent a year. For the biosti-
ences only, the numbers increased from 15,000 to
27,000, or 12.9 percent a year.



Gradual. anrollmont-future trends. --A projec-
tion to 1975 of total graduate enrolment has
been published by the Office of Education based
upon past trends of the relationship between grad-
uate enrollment to total enrollment (graduate plus
undergraduate). As already noted, Office of Ed-
ucation proje:::,ions of bachelor's degrees con-
ferred, which will affect the umbers enrolled for
graduate study, have fallen short of the actual ex-
perience. Futhermore, past trends in graduate en-
rollment will be further affected by the mounting
interest of recent college graduates in pursuing
graduate education. These trends are illuminated
by two studies of the intentions and follow-

through of college seniors with respect to graduate
and professional study. The National Institutes of
Health supported a longitudinal study of the 1961
college senior class, with folloup inquiries each
year through 1965. Based upon the results of this
national study, onethird of the 1961 college sen-

TABLE 22.-Trends In Graduate Enrollment, by Field,
1960-61 to 196546, and Projections, 1966-67 to
1979-80

(T howarxts1

Year Total all Seidl
Selected sciences

AU &OhoIds
Total tlkwieneos

1960-61 314. 4 102.6 6 14.8 8 211. 8
1961-62 3559.0 108 9 16.2 230. 1
1962-63 373.9 119.4 17.8 284. 4
1963-64 413. 4 133. 7 20. 6 279. 7
1964-65.- 477.5 148 0 23.7 328. 6
106546 535.3 163 1 27.2 372.2
1966-67 712.0 216.2 36.3 495. 8
1967-68 780. 0 235. 7 39.8 544.3
1969-69 838 0 252.1 42.7 885.
1969-70 866.0 259.3 44.2 606.7
1070-71 909.0 270. 8 46.4 838 2
1971-72 950. 0 284.3 49.0 675.5
1972-73 1, 021.0 301.2 62. 1 719. 8
197344 1,081. 0 317.4 55.1 763. 6
1974 -75. 1. 142.0 MI 7 M. 2 WS. 3
1975 -76 1, 199.0 948 7 61. 1 850. 3
1976-77 1, 260. 0 364.6 64.3 893 4
1977-78 1, 320. 0 3s112 67. 3 939.8
078-79 1. 386. 0 397.2 70. 7 Kt 8
1979-80 1,458.0 415 5 74.4 1.049. 5

P. !WO., !WV a HISS-06-00e* of tdoes1 lot wool robtlestlotte,
enroihronts lectearned 11.147 s triv-SI-total_

t--011110 ltdocattoet kit ei==ti
=ilimmenroltment. pohttobtd la *tine y fair
Up!, silneti000ll rereent atto toot* the tortes telleettot el the beta,.

11 the i.t1Moo eat 1111710ft R4106/1301 tot Mewed %km-
Ikea. "Mob 'SI aged the prefee0d *weber, el hoeheices decreed etolterred.
text Mend" esteem, left upset& the WI lbart *kith 'Masts enroll-
toet.ts t Arse a. Grotosot efeet h Jlead-1c stloral trotititee of Health.
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iurs were in graduate school in 1964-3 years
latent This proportion, while high, understates
graduate study for those whose career field was the
biosciences where 66 rrcent of the 1981 college
seniors of bah sexes and two-thirds of the men
were in graduate school in 19t14.4

A more recent nationwide survey of the June
1964 senior class confirms this rising propensity
for graduate training, showin that two-fifths of
this group intended to enroll for graduate or pro-
fessional study in the Fell of 1064. Roughly CO per-
cent of the biosrience majors and 70 percent of the
men in this field were going on for graduate study
immediately.

For these reasons, the Office of Education pro-
jection of graduate enrollment has been increased
by 10 percent a year, 1966 -87 to 1975, a percentage
increase somewhat lower than the difference be-
tween the Office of Education and Folger projec-
tions of btchelor's degrees conferred, 1971-75.

The modified Office of Education projection of
graduate enrollment which terminated with 1975-
76, has been extrapolated to 1980. This scrim is
shown in table 22.

Future graduate enrollment by Reld.--The Office

of Education projection of graduate enrollment
provides tic) breakdown by field. Within the frame-
work of the projection of total graduate enroll-
ment, however, an illustrative projection, by se-
lected science fields has been prepared by NM.
This breakdown is also sumarited in table 22. The
1965-66 actual distribution provides the basis for
this illustrative projection, taking into account,
however, a judgmental assessment of a slight de-
cline in the proportion of the selected sciences
enrollment to the total-from 30.5 percent in
1965-66 to 28.5 percent by 1980. Within the se-
lected science fields, the 1966 pattern is expected
to continue for all except engineering end the
physical sciences; for each of these two fields, the
distribution by 1980 is projected to decline by 1
percent from the 1966 level of 10.7 percent for en-
gineering and by 1 percent from 6.8 percent in 1966
for the physical scienm.

Special tabulation prepared for the National Institutes
of Health by the National Opinion Fteoearch Center based
upon 1961 Colt to Senior Surrey.

I tomer. Alan S.. Imtetelfbel Ftilks on the Clete el
1141; the Gfreivete Seim.* Firlebts, National Opinion
Research Center, rnirerldty of Chicago; Santo; 1961.
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The graduate enrollment projections are graphi-
cally illustrated in chart 12. In the biosciences,
graduate enrollment is projected to increase from
44,000 in 1970 to more than 74,000 by 1080, an
increase of 08 percent over the decade.

A note on quality.What about the quality of
the 1964 college seniors majoring in biology? Of
those in the top fifth of their class, 93 percent were
going on for graduate study. Of all in the tcp half,
88 percent were continuing on for graduate study.'
Thus, the input of more than nine-tenths of the
top group and 88 percent of the above average
group augurs well for the quality of the future
supply of Ph. 1).'s C years hence.

Summery.In short, considerable enlargement
of the population base, a marked expansion in
college and graduate entollnient, and increased

4 8melal tabulation prepared for the National Inxtitutes
of Health by the National Opinion lieneerth Center bared
upon 1964 Collage Senior Surrey.

educational and research opportunities for tal-
ented youth will substantially broaden the base
from which the Nation's future supply of
M.D.'s and Ph. D.'s will be drawn. Taking these
and other relevant factors into account, what is the
outlook for output of M.D.'s and Ph. D.'s during
this decade?

C. Output of Ph. D.'s, 1961-67, and Pro-
lections to 1980

The number of newly trained Ph. D.'s awarded
increased from less than 0,000 n year h 1958, to
more than 20,000 by 1907, or about 10 percent a
year for the decade. In the more recent. period-
1062-07, the annual rate of growth has been 12
percent a year.

For science fields of direct reevance to medical
research end education, comparable growth rates
have been experienced for both the 1058-67 period,
And the more recent one of 1062-07, with Ph. D.'s
in the selected sciences increasing from 4,700 in
1058 to 11,100 in 1967 (table 23).

TABLE 113.Ttends In Ph. 0. Output, All Fields and Selected Sciences, 19$111-67

Year Total all
tlekla

1958
19"9
1960
1961
1982
1963
1064
1965
1966
1967

1938-62
1982-66
1938-67
196247

8, 770
9,212
9, 734

10, 411
11,507
12, 720
14, 324
16, 302
17, 865
20, 295

Total
*left ed
wee

Illoselestes
atbemet
ks and

statleno

241
292

b sekal
Memo

1, 650
1,801

Sebarfora
Ritmo

956
1,O23

Enitneneer

Tots/
Sark

(

Other
oedical blookaces
Xie110611

4, 743
6,029

1, 267
1,212

684
636

683
576

329
699

5, 266 1, 307 6S7 620 3,42 1, se: 1, 004 792

5, 622 1, 208 723 583 339 1, 993 1, 042 940

6, 302 1, 470 821 649 398 2, 096 1, 123 1, 215

7, 030 1,1382 860 722 493 2, 428 1, 18S 1, 357

7,832 1,754 1,012 742 612 2,527 1,297 1,662
8, 941 2, 030 1, 184 846 708 2, 839 1, 276 2, 068

9,775 2,189 1, 270 919 786 3, 028 1, 489 2, 283

11, 127 2, 398 1, 473 923 913 3, 478 1,7V 2, 381

Potent increase I

7.0 7.3 & 8 47 2.7 I&4 6,21 4. 1 17.9
11.6 11,6 10.5 11.5 9.1 185 9.6 7.3 17.0
9.8 9.9 7.3 R9 & 2 159 &IS 7.0 17.0

12.0 12.0 10.3 12.4 7.3 18, 1 10. 6 9.4 1(3

I inandes pestbokoy, accitatvr, and anthrtrawy.
Amos' eatipo rate of /weak

Note -rhi dais se Pt. IX esigest la tbe **del stit*ett rmilliets I
ping a OA WOW, aim la 1 t NA, Wawa, Speacely,

aNde eon unto the NA It Pawns bate been asiolbed
to the lotto* trig est ,Sara 1" to Peek inedital meanie Includes
tdoetteuntly, sack, ttir4oksy wept plant pititioluvanstooy,

nttro1.4014 story. pb
Pb/learly, oitaltetyy, seiono, ecology, bsito.

T. Tvl T;

Hasp,teasel. y. Noloyfted garnets to Ind II etude. sae'
s. wanties.

stbiontio itcal etattrtle as ears In the te:te node& all the ledekte

67

tweeted Ire the N At mstbeenstiot severs. Om Moraettio sed biattatittio
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The most comprehensive aril up-to-date data on
the recipients of the Ph. D. degree are derived
from the annual updating of the doctorate records
file maintained since 1920 by the Office of Scien-
tific Personnel of the National Research Council-
Nat ions! Academy of Sciences. 'These records pro-
vide more detailed and more 1/4urrent data than the
statistics published by the Office of Education.

Projections of the likely availability of Ph. D.
degree holders to meet the Nation's needs for
principal research investigators in the biomedical
sciences (see ch. III) have ken developed by the
National Institutes of Health, based upon extrap-
olations of recent trends of Ph. D.'s awarded, as
shown by the National Academy of Sciences data.

These projections by field are presented in table
24; chart 13 depicts the Ph. D. output in the basic
medical and ostler biosciences.

Positing a continuation into the seventies and
mideight ies of the recent trends in doctorate pro-
duction is based on the conviction that this is the
most likely course, for the future, in view of the
already documented --

Significant incresse in the 22-year-old age
groups of the population-especially the
sharp expansion betwoen 1963 and 1939, and
subsk gum t ly in the miaseventies;
Nfounting college enrollment;
Rising educational aspirations, resulting in a
significant expansion of graduate enrollment
in all fields.

TABLE 24.-Projection of Ph. D. Output, All Fields, and Selected Sciences, 1960-80
(Tbouundm

You
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Furthermore, it is also evident that (1) to an in-
creasing extent the Ph. D. degree will be viewed
by both student and prospective employer as the
logical fullfillment of formal academic training,
and (2) financial support in the post-Vietnam
period will be available to a growing proportion of
graduate students enabling them to continue to
the doctorate level-probably at an accelerated
pace because more students will be entailed
fulltime.

Assuming a continuation of the 12-percent
growth (1962-67) in Ph. D. output by 1980, an
estimated 88.6 thousand Ph. D.'s will be awarded,
or about 41/2 times the 1967 number. For the se-
lected sciences, as a group, a slightly greater
growth is anticipated, with the total numbers in
these fields increasing almost five times from 11,000
in 1967 to 53,000 by 1980. Underlying this estimate
is the assumption that the proportion of the se-
lected science Ph. D.'s to the total will increase
from 54.8 to 60 percent, 1967 to 1980.

For the individual fields within the selected
science category, the projected number of Ph. D.
degrees earned in the biosciences by 1980 will total
9,000, as compared with 2,400 in 1967. Comparable
rates of growth are anticipated for the physical
sciences, and the behavioral sciences. However,
mirroring the increasing emphasis in recent years
on the Ph. D. degree in mathematics and in engi-
neering, the numbers of Ph. 1). degrees earned in
these two fields are projected to increase seven
times, from less than 1,000 Ph. D.'s in mathematics
to almost 8,000 by 1980, and for engineering from
2,600 in 1967 to 17,800.

How does this projection of total Ph. D.'s to be
awarded compare with other available projections,
namely, those prepared by the Office of Education
and for the Commission on Human Resources and
Advanced Education?

The NIH extrapolation results in Ph. D. levels
that are substantially higher than either of the
other projections; a comparison of the three series
is shown in table 25. As already noted, the extrap-
olation by NIH of doctorate production using the
growth trends of the late sixties was based on the
conviction that this would more likely reflect the
dynamics underlying the educational process in the
seventies and eighties. On the other hand, the
Office of Education projection is based essentially
upon the past relationships of doctorate produc-
tion to the population; while tho Commission on
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TABLE 25.- Comparison of Data on Ph. D. Output-
Adual and Projections

(Thousands)

Year

Actual data Ph. D.
output t

Projections of Ph. D. output

National
Academy

of Sciences

Office of
Education NM 1

Office of
Educe-
tion 1

Commission
on Human
Resources

1958
1959

1960

1961

1962

8.8

9.2

9.7

10.4

11.5

8. 9

9.4

9. 8

10. 6

11. 6
1963 12.7 12.8
1964..... 14.3 14.5
1965 16.3 16.5
1966 17. 9 17.5 18.2
1967 20. 3 18.8 20. 2

1968 22.7 21.0 22.4
1969 25.5 23.6 24.7
1970 28.5 24.8 27.0
1971 31.0 24.9 29.3
1972 35.8 26.8 32. 3
1973 40.1 32.0 35. 8
1974 44.9 35.5 39.6
1915 50.3 35.8 43. 5
1976 56.3 36.9

Percent increase

1958- 65___- 9. 2 9. 2

1958-67____ 9. 8

1962-65.... 12. 3 12. 4

1962-67._ 12. 0
1966-76. 12.1 7.7
1966-75_ 12.2 8.3 10. 2
1966-70_ 12.3 9. 1 10. 3
197046. 12.0 6.
1970-75. 12.0 7.6 10. 0

1 Actual data on Ph. D. output-minor differences in the total number of
Ph. D. degrees awarded are shown in the series published by the Office of
Education , in Projections of Educational Statistics, to 1975-70, p. 27, and the
National Academy of Sciences, in Doctorate Reerpknts from United States
Unkersliks 1958-1966, and unpublished data, 1967. Data provided by the
National Academy of Sciences, however, are more current and provids a
more detailed and exact breakdown of the fields hi which the Ph. D degree
is earned. The Office of Eduction actual data were also used by the Com-
mission on Human Resources in developing their projection.

2 National Institutes of Health, projection based on extrapolation of Na-
tional Academy of Sciences data, see table 24.

1 Office of Education, Protections of Educational Statistics to 1970-70, p 27.
I Commission on Human Resources and Advanced Education, presented

by John K. Folger, "The Balance Between Supply and Demand for College
Oraduates", Journal of Human Resources, vol. 11, No. 2, spring 1967, p. 150.

Annual compound rate of increase.

Human Resources projection is based essentially
upon past relationships of the doctorate to the
baccaulaureate degree. Neither of these method-
ologies, without some judgmental modification,
can accommodate those factors emerging in the late



sixties which will have a greater impact on future
Ph. D. output than the trends of the fifties and
early sixties. Indeed, even though the assumptions
underlying the Office of Education and the Com-
mission on Human Resources projections are
different, both result in levels of Ph. D. output
which reflect rates of growth substantially lower
than the actual recent experience of 12.4 percent
for 1962-65; the OE projection growth rate being
7.7 percent, and the Commission on Human Re-
sources projection 10.2 percent. When compared
with the actual growth rate of 9.2 percent for the
entire 1958-65 period, the Office of Education pro-
jection growth rate (1966-76) falls below, while
the rate (1966-75) for the Commission on Human
Resources is only slightly above.

It should also be noted that both the Office of
Education and the Commission on Human Re-
sources pi ejections were developed prior to the
availabilii ; of the actual data for 1967 which is the
base ye, for the NIH extrapolation; the Office
of Education projection carries to 1976, the
Commission on Human Resources projection
terminates in 1975.

How realistic is the assumption that the pro-
jection of Ph. D.'s in the selected science fields
(i.e. those particularly germane for medical re-
search) will increase from 54.8 percent of all Ph.
D.'s awarded in 1967, to 60 percent by 1980? Stated
differently, what would be the effect of holding
this proportion constant at 54.8 percent to 19801

It is true that for the past decade the proportion
of Ph. D.'s awarded in the selected sciences to

total Ph. D.'s has remained constant at about. 54
percent of the total, on the basis of the National
Academy of Sciences data. But the increasing
emphasis on the Ph. D. degree in mathematics and
in engineering, and the continued growth at the
1962-67 rates for the other selected sciences (table
24) results in a rising proportion of selected
sciences as a group to total Ph. D.'s. Some corrob-
oration of this trend is obtained from the Office
of Education projection which does provide a
breakdown by field. (In contrast, the Commission
on Human Resources projection provides no field
distribution.) This Office of Education break-
down shows the Ph. D.'s awarded in natural
sciences increasing from 50 percent of all Ph. D.'s
in 1966 to 55 percent by 1976.° The Office of Edu-
cation natural sciences category, however, does
not include all of the science fields covered in the
selected sciences category, and include some minor
fields which are excluded from the selected sciences
category. Unfortunately, detailed data by field
are not available to permit a precise grouping of
the Office of Education projection into the selected
science category.

If the proportion of total Ph. D.'s in the selected
sciences were held constant at 54.8 percent 1967-80,
the result would be a reduction in the growth rate
for to selected sciences from 12.8 percent, 1967
to 1980 assuming a rising proportion of Ph. D.'s
in selected sciences to all Ph. D.'s awarded, to 12
percent. The effect of this alternative assumption
is summarized below :

Ph. D.'s Awarded, 1967-80-Alternative Assumption.

[T hoitsands]

Total Bloscienoes Mathe- Behalf-
Year Total selected mattes Physical lora] Erie-

Ph. D.'s sciences and sciences sciences neering
Total Baste

mectical
Other statistics

1967 20.3 11.1 2.4 1.5 0.9 0.9 3.5 1.8 2.6
1970 28. 5 15. 6 3. 2 2. 1 1. 1 1. 5 4. 7 2.3 3. 9
1975 50. 3 27. 5 5. 4 3. 8 1. 6 3. 1 7. 8 3. 6 7. 7
1980 88. 6 48. 5 9. 0 6.7 2. 3 6.3 12. 9 5. 7 14. 6
Growth rate: 1967-80 12. 0 12. 0 10. 7 12. 4 7. 3 16. 0 10. 6 9. 4 14. 4

Office of Education, Pro fectiot a of Educational Statis-
tics to 1975-76, p. 29.

330-549 0-69-6
71



TABLE 26.--Relationship of Ph. D. Output to Graduate Enrollment, by Field, 1961, 1965, and Projections,
1970, 1975, and 1980

Year

Percent of graduate enrollment

Total Ph. D.
output

Total selected
sciences

Blosciences
Mathematics
end statistics

Physical
sciences

Behavioral
sciences Engineering

Basic medical
sciences

Other blo-
sciences

Actual:
1961 3 6 12 7 3 8 8 3
1965 3 0 13 6 4 8 7 4

Projection:
1970 3 6 12 5 5 8 7 5
1975 4 9 15 5 8 11 8 8
1980 6 13 20 6 14 15 10 13

Note.-Based on graduate enrollment data presented in table 22 and Ph.D. output shown In tables 23 and 24.

Relationship of Ph. D. output to graduate enroll-
ment.-About three out of every 100 students en-
rolled for graduate education in the 1961-65 period
earned the doctorate degree. For the selected
sciences as a group, however, where the Ph. D.
degree is particularly important, the ratio was
about double, or six out of 100. In the basic medi-
cal sciences, where training programs supported
by the National Institutes of Health have been
particularly significant, the ratio of doctorates to
graduate enrollment has been 12 out of 100.

Throughout the 1961-65 period, these ratios, by
field, have remained relatively stable, with the ex-
ception of mathematics and engineering, which
have shown a rising trend.

The projection of Ph. D. output based upon the
extrapolation of current trends, is based upon the
assumption that an increasing proportion of grad-
uate students will continue their formal academic
education to the doctorate level. As a proportion of
graduate enrollment, therefore, by 1980 about six
out of every WO graduate students in all fields
and about 13 out of 100 students enrolled in
the selected sciences will earn the doctorates degree.

These future trends and the past relationships
by field are shown in table 26.

In addition to developing these ) jar-by-year
projections for Ph. D. output in the biosciences, a
breakdown was estimated for the subfields com-
prising the basic medical sciences, and the other
biosciences (table 27). These field breaks are in
terms of aggregate output projections for the
period W68-80, as compared with the actual ex-
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perience, 1961-67. These are the fields that provide
the major share of Ph. D. trained scientists for
medical research. It is estimated that Ph. D. output
in the biosciences, 1968-80 will approximate 68,000.

TABLE 27.-Output of Ph. D.'s in the Biosciences,
1961-67, and Projections, 1968-80 by Field

Field
Output

cumulative
1961-67

Projections
cumulative

1968-80

nligeral outp t

1981-67 1968-80

Total, biosciences 12, 727 68, 100 1, 818 5, 200
Basic medical

sciences, total 7, 343 47, 700 1, 049 3, 700
Anatomy 744 5, 900 106 500
Biochemistry 2, 561 15, 100 366 1, 200
Biophysics_ 361 4, 800 52 400
Microbiology 1, 668 9, 300 238 700
Pathology 216 1, 800 31 100
Pharmacology 595 2, 700 85 200
Physiology 1, 198 8, 100 171 600

Other biosciences 5, 384 20, 400 769 1, 600
Botany 890 2, 400 127 200
Biology, general 64 500 9 (1)

Entomology 793 2, 900 113 200
Genetics 706 4, 100 101 306
Phytopathology 586 1, 100 84 100
Plant physiology_ _ 375 2, 900 54 200
Zoology 1, 469 3, 700 210 300
Biology, other 501 2, 700 72 200

Less than 60.
Source: Actual data-National Academy of Sciences, Dodorote Ballade

from United Staid Unimak., 1968-1966, and unpublished data for 1987.
Projections-National Institutes of Health.



For the bask medical sciences, the keystone in
the arch of Ph. D.-trained biomedical manpower,
output during the 1968-80 period will reach
48,000. When the 1968-80 period is compared with
the 1961-67 period, it means that 2,600 more
Ph. D.'s will be awarded annually in the basic
medical sciences if the projection is realized.

In this connection, it should be noted that Ph. D.
output in the bask medical sciences increased 12
percent betwt.,cn 1962 and 1967. This is more than
double the 4.7 rate of increase between 1958 and
1962 (table 23). The sharply rising growth rate
follows, with the anticipated 6-year lag, behind
the major expansion. in NM training programs
beginning in 1967.

In the broader terms of the "selected science
fields" (see footnote, table 23) from which most
scientists are drawn for biomedical research, it is
estimated that Ph. D. output over the 1968- 80
span will total 370,000. Moreover, Ph. D. output
in the selected science fields for the 1976-80 period
will exceed the 1961-65 output by 175,000
roughly, a fivetold increase over the 36,000
Ph. D.'s awarded in these fields, 1961 65.

It should be emphasized that the projection of
Ph. D. output is predicated upon a rising propor-
tion of full-time students. The key to increasing
the proportion of full-time graduate students is
Federal policy with respect to the support of
graduate education./

In a recent report, the National Science Founda-
tion has stated that the importance of support for
science and engineering education, particularly at
th.3 graduate level, at a continuing rate consistent
with the growth in enrollments "cannot be over-
stated." The report notes that the past growth
has been accompanied by large increases in fel-
lowships, research funds, equipment and facility
outlays, etc., and probably could not have occurred
without them. Consequently, according to the NSF
report, extrapolation of past enrollment trends im-
plies comparable increases in resources devoted to
education in these fields.

In this context, the current situation which retleAs a
decline in Federal support for graduate education is
viewed as a perturbation of the long-term trend, 1950-65,
of steadily rising Federal support.

'National Science Foundation, Soienee and Engineering
Stag' in Universities and Colleges, May 1987, p. 8.
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It should be noted that the potential impact of
the recently revised Selective Service law and reg-
ulations has not been considered in developing
these projections of Ph. D. output. If, as pre-
dicted by many, graduate enrollment declines
sharply in 1968-69, then we can anticipate a pre-
cipitous dip in Ph. D. output in 1973. In the light
of rapidly changing events, it is not possible to
predict the impact of short-term policy shifts upon
long-term Ph. D. output projections. As a conse-
quence, long-term projections have not been
modified although it is recognized that actual
experience is more apt to reflect peaks and valleys
rather than smooth trends.

D. M.D. Output, 1956-67, and Prolections to
1980

Historically, two diametrically opposite consid-
erations have governed the output of M.D.'s and
Ph. D.'s. In large measure, M.D. output has been
fixed at a relatively inflexible proportion of total
U.S. population. Ph. D. output, in contrast, has
been responsive to the number of well-qualified
students desiring and undertaking graduate study
(chart 14). Note that this chart extends only to
1974 and depicts a continuation of present trends.
In so doing, we are neglecting the fundamental
fact that both entering medical students and first-
time graduate students are drawn from a common
pool of those awarded the bachelor's degree in the
prior year.

Assumptions underlying projections of M.D.
student enrollment and output.In developing
projections of M.D. student enrollment and out-
put., two alternatives have been prepared based on
the evidence that both entering medical students
and first-time graduate students are drawn from
a common pool. In addition to these two, a third
alternative has been projected, taking into account
the probable developments over the next decade in
medical education resources, short of a major
change in national policy aimed at substantially
enlarging the supply of physicians to meet the
health needs of the American people.

The three alternatives are as follows: First, a
continuation of past trends of the relationship of
M.D. enrollment to the total population-4.6 per
100,000 U.S. populationthis results in a low
estimate.

Secondly, an alternative that reflects the post-
World War II population dynamics and conse-



CHART 14

Enrollment at Institutions of Higher Education, 1932-66, and Projections, 1968-74
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quent increase in baccalaureates by suggesting
that a relatively fixed proportion of graduating
baccalaureates should enter medical school, and
that public and private policy decisions could
bring this ratio to 25 medical school students per
1,000 baccalaureates, a ratio approaching that of
the early 1960's, but somewhat higher than recent
experience. Thi: results in a high estimate. The re-
cent Report of the National Advisory Commission
on Health Manpower supports the approach to re-
lating expansion of entering classes in medical
school to increases in bachelor's degrees .°

Thirdly, an intermediate projection that takes
into consideration (1) the numbers of new schools
expected to become operational before 1973, and
(2) the incentives to expand slightly the size of
entering classes responsive to statutory provisions
governing the award of Federal basic improve-
ment grants and Federal construction funds for
medical school facilities (Health Professions As-
sistance Act). This results in an intermediate esti-
mate which is in line with the more modest phasing
suggested by the National Advisory Commission
on Health Manpower." The intermediate projec-
tion ignores the pressures to enlarge the supply
of physicians to meet the health needs of the
American people and assumes that there will not

° The report states: "The current increase In bachelor
degrees indicates that by 1975 there will have to be spaces
for 16,500 new medical students if the present inadequate
ratio of medical school spaces to bachelor degrees is to be
maintained. This figure is 50 percent above the projected
1975 capacities of medical schools. Education to the limit
of an individual's capabilities is, like the right to health
care, becoming an established national policy. It is likely
that medical schools 1%111 be under heavy pressure to re-
spond to demands for educational opportunity as well as
demands for medical care." Report of the National Ad-
visory Commiasion on Health. Manpower, Vol. 1, Novem-
ber 1967, p. 17.

With reference to total needs for M.D.'s the Report
of the National Advittory Comminion on Health Man-
power, vol. 1, November 1967, states that "the current
increase in bachelor degrees indicates that by 1975 there
will have to be spaces for 16,500 new medical students if
the present inadequate ratio of medical school spaces to
bachelor degrees is to be maintained" and that this is
"50 percent above the projected 1975 capacities of medical
schools." (p. 17). The report also recommends: "The
production at physicians should be increased beyond
presently planned levels by a substantial expansion in
the capacity of existing medical schools, and by continued
development of new schools." (p. 19).
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be a major change in national policy aimed at
achieving this objective.

In developing these projections one further as-
sumption has had to be made concerning the fu-
ture attrition rate among medical students. Cur-
rently about 12 percent of medical students fail
to graduate. The low projection assumes that this
will continue through the graduating claw of
1970-71, and will then decline to 10 percent. Both
the intermediate and high projections assume that
a change to the 10 percent rate will take place for
the 1967-68 graduating class and continue to
1970-71, and then decline further to 8 percent
thereafter. These declining attrition rates reflect
the rising level of quality of first-year entrants
made possible by the rapid enlargement in the
pool of well-qualified applicants."

Contrasting protections.Based upon past
trends, U.S. medical schools can be expected to
award a minimum, of about 110,009 M.D. degrees
between 1968 and 1980 (table 28). This estimate
of cumulative output over the decade has been
developed by NIH, assuming that entering classes
continue to represent 4.6 per 100,000 U.S. popula-
tion, and that completions will increase from 88
percent of admissions to 90 percent.

If public and private forces adopt and imple-
ment a national policy goal of admitting 25' new
students per 1,000 bachelor's degrees conferred,"
and if, in addition, the ratio of completions to
admissions is increased from 88 percent to 92 per-
cent, cumulative M.D. output from U.S. schools
could approximate 190(100 between 1968 and
1980an increment of more than 80,000 physi-
cians above the low estimate. If these high pro-
jections were to become a reality, M.D. output
from U.S. schools would increase 150 percent from
8,000 in 1967-68 to more than 20,000 by 1980;
under the low projection, the growth in M.D.
output would be less than 20 percent.

The intermediate projection, however, which as-
sumes no major change in national policy but
takes account of the planned expansion of existing

" Johnson, Davis G. and Hutchins, Edwin B., "Doctors :.)r
Dropouts," Journal of American Medical Education, vol.
41, December 1900.

"The policy goal is consistent with the goal suggested
a decade ago by the report of the Surgeon General's Con-
sultant Gaup en Medical Education.



TABLE 28. Medical School Admissions and Graduates, 1955-56 Through 1966-67, With Projections Through
1985

Year 1 Entering class U.S. medical Graduates U.S. medical
schoob schools

M.D.'s from abroad (foreign f Total M.D.'s (United States
input) I and foreign)

(Thousands]

Actual

1955-56
1956-57
1957-58
1958-59
1959-60
1960-61
1961-62
1962-63
1963-64
1964-65
1965-66
1966-67
1967-68

Total

7. 7
8.0
8. 0
8. 1
8. 2
8.3
8.5
8.6
8. 8
8.9
8. 8
9. 0
9.5

6. 8
6. 8
6.9
6. 9
7. 1
7.0
7. 2
7. 3
7.3
7. 4
7. 6
7.7

1. 0
1.2
1. 3
1. 8
1.6
1. 8
1.5
1.6
1.5
1. 6
1.7
1.7

7. 8
8.0
8. 2
8. 6
8.7
8.7
8.7
8.9
8.8
9.0
9.2
9. 4

110. 3 85. 9 18. 2 104. 1

Projected

Low Inter-
mediate

High Low Inter-
mediate

High Low Inter-
mediate

High Low Inter-
mediate

High

1967-68 7. 8 8, 0 8. 0 1. 7 1, 7 1.7 9.5 9. 7 9. 7
1968-69 9. 2 10. 1 15. 8 7. 7 7. 9 7.9 1.7 1.7 1.7 9. 4 9, 6 9. 6
1969-70 9. 3 10. 8 18. 1 7. 9 8. 1 8. 1 1.7 1.7 1.7 9. 9. 8 9. 8
1970-71 9. 4 11. 4 18.2 8. 4 8. 6 8.6 1. 7 1,7 1.7 10. 1 10. 3 10, 3
1971-72 9.8 12. 3 18. 3 8. 3 9. 3 14. 5 2. 1 1.9 2.9 10. 4 11. 2 17. 4
1972-73 9. 7 13. 4 18. 6 8.4 9. 9 16. 7 2. 1 2. 0 3.3 10. 5 11. 9 20. 0
1973-74 9. 8 14. 3 19. 2 8. 5 10. 5 16.7 2. 1 2. 1 3.3 10. 6 12. 6 20. 1
1974-75 9.9 15. 4 20. 1 8.6 11. 3 16. 8 2. 1 2, 3 3. 4 10.7 13. 6 20. 2
1975-76 10. 0 16. 5 21. 2 8.7 12. 3 17. 1 2.2 2, 5 3.4 10. 9 14. 8 20. 5
1978-77 10. 2 17. 5 22. 2 8. 8 13. 2 17. 7 2.2 2. 6 3. 5 11. 0 15. 8 21. 2
1977-78 8.9 14. 2 18. t 2. 2 2, 8 3.7 11. 1 17. 0 22. 2
1978-79 9. 0 15. 2 19. 5 2. 3 3. 0 3.9 11. 3 18. 2 23. 4
1979-80 9. 2 16. 1 20. 4 2. 3 3. 2 4. 1 11. 5 19. 3 24. 5

Total 87.1 121.7 171.7 110. 1 144. 4 190. 4 26. 4 29. 2 38. 4 136. 5 173. 6 228. 8

1977-78 10.3 18.5 22.9
1978-79 10.5 19.5 23.7
1979-89 10.6 20.5 24.4
1980-81 10.8 21.5 24. 8 9. 3 17. 0 21. 1 2. 3 3. 4 4. 2 11. 6 20. 4 25. 3
1981-82 11.0 22. 5 25. 4 9.4 17.9 21.8 2.4 3.6 4.4 11.8 21.5 26.2
1982-83 9. 6 18. 9 22. 4 2. 4 3. 8 4. 5 12. 0 22. 6 26.9
1983-84 9. 7 19. 8 22. 8 2.4 4. 0 4. 6 12. 2 23. 7 27. 4
1984-85 9. 9 20.7 23.4 2. 5 4. 1 4. 7 12. 3 24. 8 28. 0

Total I 53. 2 102. 5 121. 2 47.9 94.3 111.5 12.0 18.9 22.3 59.9 113.2 133.8
Note.-Actual data, 1938-87-Entering class and number of M.D.'s: "Med-

ical Education in the United States, 1968-87," Joe real of the American Medical
Association, vol. 202, No. 8, Nov. 20, 1967, p. 758. Entering class, 1967-68,
preliminary estimate of actual data, Association of American Medical Col-
leges, Foreign input; 1956-68, Medical Llcensure Statistics Series by Council
on Medical Educat:1 ,n 'Additions to Medical Profession Representing
Graduates of Foreign Medical Faculties," in Journal of lie American Medical
Association, vol. 200, No. 12, lune 19, 1967, p. 1072, supplemented by passing
candidates from approved schools In Canada, table 5, p.1058, and comparable
tables In preceding issues.

Projections-National Institutes of Health. Entering class: Low projec-
tion based upon rat to of 4.8 medical school admissions per 103,000 population.
Intermediate projection based upon opening of schools already provisionally
accredited, two to five additional new schools by 1973, and expansion of enter,
In classes in existing schools required by (1) basic improvement grants, and
(2) construction of teaching facilities under the health Professions Assistance
Act; the estimate for 1975-78, 18,500 admissions agrees with the figure cited
by the National Advisory Commission on Health Manpower, see report of
the Commission, vol. 1, November 1967, p. 17. High projection based upon
ratio of 25 admissions per 1,000 bachelors degrees.
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Number of M,D.'s Low projection for 1967-68 and 1969-70 based on 88 per-
cent completion rate cf the actual entering classes 3 years earlier; for 1070-71
based on 88 percent completion rate of the preliminary estimate of entering
class, 1967-68; for 1971 72 to 1984-85, based on 90 percent completion rate of the
low projection of entering classes 1968-89, to 1981-82. Intermediate projection
for 1967-68 and 1969 -70 based on 90 percent completion rate of the actual enter-
ing classes 3 years earlier; for 1970-7i based on 90 percent completion rate of
the preliminary estimate of entering class 1967-68; for 1971-72 to 1984-85 based
on 92 percent completion rate of the intermediate projection of entering classes
1968 -69 to 1981-82. High projection for 1987-68 and 1960-70 based on 90 percent
completion rate of the actual entering classes 3 years earlier; for 1970-71 based
on 90 percent completion rate of the preliminary estimate of entering class
1967-68; for 1971-72 to 1984-85 based on 92 percent completion rate of the high
projection of entering classes 1908-69 to 1981-82.

Foreign input: Low projection based on 25 percent of the low projection of
M.D. output; Intermediate projection based on 20 percent of the inter-
mediate projection of M.D. output; high projection based on 20 percent of the
high project ion of M.D. output.



schools. and Me creation of new or additional
medical education facilities will provide for an
output of 31.1).'s totaling 145,000 for the 1968
to 1.980 period, or roughly midway between the
low and high estimates. Graduates front medical
schools would double from 8,000 in 1907-68 to
10,000 by 1.980.

When compared with the intermediate projec-
tion, it is apparent that the high projection would
yield more than 22,000 additional M.D.'sroughly
a 30 percent increasebetween 1976 and 1980.

The wide disparity between the different sets
of assumptions and the consequences for entering
classes and for M.D. output are graphically il-
lustrated in charts 15A and 15B.

Feasibility of prolections.The possibility of the
sul-stantial increase in the size of entering classes
is implicit in the burst of 22-year-olds between
1968 and 1969--a gain of more than 1 million in
the cohort, rising from 2.8 million to 3.8 million
in 1 year. This rise is reflected in baccalaureLte
projections," increasing from 631,000 in 1968 to
769,000 in 1973, a jump of 138,000 baccalaureate
degrees. At 25 per 1,000 baccalaureates, this would
represent an entering class of more than 19,000
first-year medical students in the fall of 1973 as
compared with an entering class of 14,000 as-
sumed by the intermediate projection. Taking the
NM projected size of the entering M.D. class as
given, it should be noted that the rate per 1,000
baccalaureates as projected by the Commission on
Truman Resources and Advanced Education
would still be 25 per 1,000 through 1971, and
would decline to 23 per 1,000 after 1971.

What evidence is available for testing whether
such large numbers of college graduates will be
seeking careers in medicine? The most recent data
are based upon a national sample of 1966 college
freshmen," About 5 percent. of the total sample
expressed preferences for careers in medicine;

"The projection of bachelor's degrees conferred (on
which the size of entering M.D. classes is based) has
been developed by the National Institutes of Health; this
projection is presented In app. E, table 10. This table also
Presents projections of the Office of Education, and the
Commission on Human Resources and Advanced
Education.

"Astin, Alexander W., ct al., National Norms for En-
tering College Freshman, Fall 1966, American Council on
Education, vol. 2, 1007.
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about 8 percent of the menprimarily in private
and public universities and 4-year collegesex-
pressed their intention to seek careers in medicine.
When the sample is blown up, it would appear that
a minimum of 60,000 entering freshmen indicates
their desire to make medicine their life's work.
The fact that a high proportion of the total was
enrolled in private and public institutions with
notably rigorous selection procedures suggests
that perhaps one-half of the 60,000 may emeige
in 1970 as college seniors applying for admission
to whatever medical schools will offer them the
opportunity to pursue their career objective.

Recent public statements of the Amerinn Medi-
cal Association and the Association of American
Medical Colleges suggest that these organizations
now support the acceptance of all well qualified
applicants.

Between 1951 and 1967 the ratio of medical
students per full-time faculty member has
dropped sharply from 6.7 to 1.7 (chart 16). This
expansion of full-time faculty in relation to the
number of medical students provides a measure
of elasticity for accommodating substantially
larger numbers of medical students." The impli-
cations are also clear with respect to the more
effective utilization of existing basic science and
clinical teaching facilities coupled with the rapid
expansion of facilities to meet demonstrable need.

Additional Sources.But the supply of new
M.D.'s is by no mops limited to the output of
U.S. schools (table 28). Since 1950, the number
of newly licensed physicians who received their
degrees from foreign institutions rose steadily to
a peak of 26 percent of U.S. graduates in 1959
and then leveled at about 22 percent." Licenses

"See Joe L. Spaeth, American College Faculty Mem-
bers, 1003, National Opinion Research Center, Report No.
100, October 1066. This analysis based upon a national
sample of teaching faculty in all fields, indicated that
nearly 90 (88) percent of teaching faculty In the basic
medical selenc,s (the preelinical disciplines) were also
engaged in federally sponsored research.

"Foreign input includes three groups: (1) U.S. citizens
who receive their medical education abroad, (2) M.D.'s
who are not U.S. citizens at the time they receive their
medical education in a foreign country but subsequently
take up residence in the United States and (3) foreign
citizens trained as 31.D.'s outside the United States who
engaged in research abroad supported by either public
or private funds included in the Nation's total expendi-
tures for medical research.
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issued to U.S. citizens trained abroad approxi-
mated the output of three typical U.S. medical
schools between 1960 and 1965."

If the 1956-67 trend continues, it seems probable
that the proportion of newly licensed, foreign-
trained physicians may continue to approximate
20 to 25 percent of the annual supply of new
M.D.'s trained in the U.S." The um of this
assumption suggests that the total addition to the
U.S. supply of M.D.'s, 1968-80, from both
domestic and foreign sources, might range from
136,000, using the low estimate based upon an
inflexibly fixed ratio of 4.6 entering medical stu-
dents per 100,GO0 poi ulation, to nearly 230,000
assuming that the size of entering medical classes
is enlarged to 25 per 1,000 baccalaureates. The
number of physicians under the intermediate
projection would total 175,000 for the 12-year
period.

"Journal of tho American Medioat Astoolation, vol. 202,
No. 8, Nov. 20, 1967, p. 754.

" The National Advisory Commission on Health Man-
power recommends (see p. 18 of their report) that "the
United States should produce a sufficient number of physi-
cians to meet its needs" and that the influx of foreign
medical graduates should be "phased out over a number
of years." The report notes, however, that this Phasing
out of foreign medical graduates would necessitate an
eventual expansion of 20 percent above present (and
projected) enrollment in U.S. medical schools to replace
this specific source of medical manpower.

As discussed later (p. 88) expanding the total
supply of physicians would maintain the current
proportion of M.D.'s in research, teaching, and
related activities at 5.6 percent of the total in
1985 for the high projection; the intermediate
projection would show a modest increase in this
ratio to 6.3 percent (see table 29).

Additional sources of medical professionals are
the Doctors of Osteopathy, Doctors of Dental Sur-
gery, and Doctors of Veterihary Medicine. Com-
parable data on research participation are not
available for these groups." Nevertheless, mem-
bers of each of these professions now ngage in
medical research; it is reasonable to assume that
this number will grow in the decade ahead. Thus,
it is necessary to estimate the probable input from
these professions into medical research, 1966-85.
Between 1951 and 1985, more than 65,000 degrees
were awarded in these professions; the best avail-
able estimates suggest that approximately 110,000
will be awarded, 1966-85 (table 30). The annual
average for this 20-year period is expected to
approximate 5,500.

"Reliable estimates on current research participation
of podiatrists, chiropodists, optometrists, and pharma-
cists are also not avahable. Consequently, the research
manpower projections do not include these health
professions.

TABLE 29.-Total Physician Population and Proportion of M.D.'s in Biomedical Research, Teac1..1, and
Related Service Activities 1965, and Projections, 1970-1985

abousan dal

Year

Total number of physicians 2kI.D.'s In biomedical resear ch teaching, and related
service activities

Low Intermediate High Number'
Percent of total physicians

Low Intermediate High

1965 actual 305 305 305 17. 0 5. 6 5.6 5. 6
Projected:

1970 321 322 322 19.8 6.2 6. 1 6. 1
1975 340 348 375 23.7 7. 0 6.8 6. 3
1980 361 396 447 27.4 7. 6 6.9 6. 1
1985 384 467 533 29.6 7. 7 6.3 5. 6

1 From table 13. It should be noted that these numbers include D,O.'a,
D.D.S.'', and D.V.M.'s as well as M.D.'s. However, because the former
group cImprinis only a miniscule proportion of M D.'s engaged In research,
It is unlikely that their inclusion alters the ratio by as much as ha of 1%.
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Note.- Number of physicians-1965 actual: Rube, C. IL NV " Presen t
Projections of Physician Production," Journal of use Amerkan Medical
Amor I allon, vol. 198, No. 10, Dec. 5, 1966, p. 1100. Projections - National
Institutes of Health, derived by adding to th a 1955 base (305,000 ph yaicians)
the low, Intermediate, and high projections of M.D.'centering the pb ysielan
pool from table 28; then subtracting 2 percent per annum for attrition due to
death and retirement.



CHART 16

Number of Medical Students and Organized Research Expenditures in U.S. Medical Schools Per
Full-Time Faculty Member: 1951, 1961, 1966, and 1967

Medical students
per full-time

faculty member

Dollars of
organized research

per full-time
faculty member

6.7

$25,000

1951 1961 1966 1967

Source: American Medical Association
Notional institutes of Health
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TABLE 30.-Output of D.O.'s, D.D.S.'s and D.V.M.'s
From U.S. Schools, 5-Year Intervals, 1946-65, and
Projections to 1980

Year Oroup Total D.O. D.D.S. D.V.M.

Output 1946-68_ 77, 204 7, 602 57, 378 12, 224

1946-50 11, S93 I, 108 10,785 N.A.
1951-65 21, 133 2, 224 14, 915 3, 994
1956-60 21, 953 2, 291 15, 554 4, 108
1961 -65. 22, 225 1, 979 16, 124 4, 122

Projection. 1966-
85 109, 900 10, SOO 76, 600 22, 500

1966-70 24, 700 2, 600 17, 700 4, 400
1971-75 27, 200 2, 700 18, 200 5, 600
1976-80 28, 300 2, 700 19, 500 6, 100
1081-86 29, 700 2, 800 20, 500 6, 400

Sources: 1916-63-D.O.'s, D.D.S.'s, Public Health Service, /kola Aka.
sorer fret Boot and Meta Reosirat Statistics, 1964; D.V.M.'s- American
N'etertnary Medical .k.ssociallon and IhdIS Moira' !Amtrak. INS; Pro)ec-
k)ns 1961 4)-Nslional Institutes of Health.

E. Output of M.D.'s and Ph. D.'s, 1920-65,
and Projections to 1980

During the last 45 years, the ratio of the output
of M.D.'s to Ph. D.'s in the selected sciences has
declined sharply and steadily from 9 to 1 in 1920
down to 0.8 to 1 in 1965. It is likely that this long-
term trend will continue through the eighties not-
withstanding the probable increases in the size of
medical school entering claws after 1969. These
increases, discussed below, reflect the recommenda-
tions of the National Advisory Commission on
health Manpower And in addition, take account
of the development of new medical schools and the
expansion of existing institutions.
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TABLE 31.-Ratio of Output of M.D.'s to Ph. D.'s in
the Selected Sciences, 1920-67, and Projections,
1970, 1975, and 1980

Year of degree Output of
M.D.'s

Output of
Ph. D.'s lo

the selected
scknau

Ratio

Ph. 7).'s

1920
1930
1940

3, 047
4, 565
5, 097

333
1, 119
1, SO4

9.15
4. 08
2. 83

1950 5, 553 3, 682 1.51
1960 7,081 5, 266 1.34
1965 7, 409 8, 941 . 83
1966 7, 574 9, 775 . 77
1C.437 7, 743 11, 127 . 70

PROMCTED
1970:

Low 7, 900 .49
Intermediate 8, 100 16, 000 . 51
High 5,100 . 51

1975:
Low 8, 600 .30
Intermediate 11, 300 29, 100 39
High 16, SOO . 68

1950:
Low 9, 200 . 17
Intermediate 16, 100 53, 100 . 30
high. 20, 400 . 38

faun*: Actual data-output of M.D.'s: 1930 and 03, Atonal aine Amen-
k's' Aledirti Associstios, vol. 10.1i, Na 9, Angst 1935, D. 606.; 1940 to 1967,
/AMA, 202, No. S Nov. 20, 1967, 0. 75e. Ph. D. In tbe Detected Scleoces:
1920 to 1950 stional Aftdemy of Proisdist a 1St
States. 1103-1061, 11S63, 00. 10, II; 1965 1. NAS, Doctorate Recipitsts
United Sista Daktrthits, 0959-010, pp. , 1957, NAB unpubUshed sta.
ProIections-14.D.'s and Ph. D.'s-N &Douai Institutes of Health.

The ratio of M.D.'s to Ph. D.'s is presented in
table 31 and illustrated graphically in chart 17.
That is, assuming a continuation of gradually in-
creasing output of M.D.'s to about 9,200 in 1980
(the low projections) and the estimated Ph. 1). out-
put of 53,100 in 1980, the ratio of M.D.'s to Ph.
D.'s in the selected sciences would continue to de-
cline to 0.17 by 1980. Assumir.g a major policy de-
cision that the number of 14.D.'s to be trained
should be adequate to meet the health needs of the
American people, then the number of medical
school graduates would increase dramatically to
20,400 by IPSO (the high estimate) lifting t'le
ratio to 0.38.



CHART 17

Ratio of Output of M.D.'s to Ph. D.'s in the Selected Sciences, 1920-65, Projected to 1980
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V. THE FLOW OF PROFESSIONAL WORKERS INTO THE MEDICAL RESEARCH MAN-
POWER POOL, 1965-85

In the early years, research growth acted like.
a sponge, absorbing into research activity many
M.D.'s and an even larger number of Ph. D.'s who
had never dreamed of opportunities in biomedical
fields on a scale made possible through the rapid
and steady growth over the past 20 years. But the
current and prospective supply of such investi-
gators no longer meets the growing demand. The
growth of finplcial support. for medical research
generates a demand for more trained researchers,
which requires not only additional M.D.'s and
Ph. D.'s but also postdoctoral research training
for those who have already achieved the doctor-
ate. Thee, the edurat ion and development of large
numbers of well-qualified inveeigators will be the
primary era-legit, factor influencing the growth
of medical ntearel.

This factor is more critical for research than
for other functions because:

1. The manpower pool is restricted to a highly
specialized group.

2. Creative talent is scarce and only a portion
of those adequately trained v ill be motivated
toward research.

3. The possibility of improving utilization
through job dilution or substitution of leer
skills is limited.

4. Extensive preparation is required to meet
exacting standards.

5. The minimum training period is long
from 5 to 10 years beyond the bachelor's
degree.

6. There is a considerable lag between com-
pletion of formal academic preparation for
the M.D. or Ph. D. degree and entrance into
the medical research manpowee pool as an
independent researcher.

This last consideration is crucial in examining
the flow of well investigators into the
medical research manpower pool because (I) doc-
toraltrained manpower (M.D. or Ph. D.) now
comprises 77 percent, of those actively engaged in
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medical research, and (2) it is estimated that this
proportion may approach 85 percent by 1985,1 tak-
ing into account the growing involvement of
Ph. D.'s and M.D.'s in medical research.'

A. Time-Lag influencing the Flow of Doctoral-
Trained Scientists Into the Biomedical
Manpower Pool

The supply of doctoral-level manpower serving
as new principal investigators is drawn from
those who have been serving as co-investigators
and research associates; men from 8 to 15 years
past their formal Ph. D. or M.D. training. As
these new people move into the independent in-
vestigator supply, their numbers are replenished
by postdoctoral fellows and trainees moving up
the research career ladder. Their numbers in turn
are replenished by younger postdoctoral fellows
stepping into responsil'i research assistant slots.
Consequently, for the short run, we must depend
largely but not exclusively upon those who have
already completed the formal requirements for
their M.D. or Ph. D. degrees.

It is assumed that the vast majority of independ-
ent investigators with M.D.'s will flow into the
pool within 5 to 15 years after receipt of the doc-
toral degree. If t1 .8 seems unduly long, it must
be recognized that the normal post-M.D. prepara-
tion involves a minimal period of 4 years, 1 year
of internship and 3 years of residency training.
Military service may add several additional years.
Postdoctoral research training, while it further
defers entrance into the research manpower pool
as a fullyqualified independent. investigator, pro-
vides the research experience and training requi-
site for more productive inquiry. Thus, the M.D.
desiring to do medical research is likely to titer

' See ch. 111. chart 5.
' This proportion may be influenced by recently enr-zed

amendments to the Seleciire Service Ad Irbkh would hare
the immediate Impact of sharply curtailing male graduate
enrollment in liKA and 1969 and possibly rukcequent years.



the mcnpower pool, with the capability of carry.
kg out research at the level of an independent
investigator, sometime between 5-15 years after
completion of his medical school training. In the
interim, of course, he will have participated as a
research assistant or research associate before (1)
seeking support in his own right in the arena of
national competition, or (2) joining as a collab-
orator in a more highly organized research
enterprise.

It is likewise assumed that the independent
investigator with a Ph. D. will flow into the pool
within 3 to 10 years after his doctorate.. After his
formal education in the sciences relevant to medi-
cal research, he can be expected to spend a mini-
mum of 2 years in postdoctoral training, followed
by additional experience and training as a re-
search assistant or researc:. associate before enter-
ing the medical research manpower pool as a
fully- trained independent investigator.

Thus, for all practical purposes, M.D.'s who
receive their degrees between 1956-1980 and
Ph. D.'s who receive their degrees between 1957-

1982 will constitute the pool from which additions
to medical research manpower may be drawn
between 1966 and 1985.

B. The Use of Models
The flow of professional workers into the medi-

cal research manpower pool can be simulated
through the use of models that: (1) take into
Recount the total number available; (2) estimate
the proportion that will engage in medical re-
search; (8) phase the entrance into the research
manpower pool of each cohort or class over a 8-15
year period after receipt of the M.D. or Ph. D.
degree; and (4) make assumptions about the
additional number of scientists trained abroad
and conducting medical rctiearch either in the
United States or with U.S. support in a foreign
country.

The crucial assumptions in developing such
models ate that (1) a relatively constant propor-
tion of M.D.'s and a steadily rising number of
Ph. D.'s already trained and those who will com-
plete formal training will participate in biomedi-
cal research, teaching, and related service act ivit ies
between now and 198.%; (2) there will be a sus-
tained expansion of research training opportuni-
ties both at predoctoral and postdoctoral levels;
and (3) a. continued enlargement of support will
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be available for research and for the construction
of research and related facilities.

To illustrate the flow into the medical research
manpower pool, models based on these assump-
tions have been prepared. These models simulate
the year-by-year flow and set forth sources and
assumptions in detail for two groups M.D.'s and
Ph. D.'s in the basic medical sciencesthat now
comprise nearly 80 percent of the doctoral-trained
manpower pool for biomedical research.

The models show how new entrants flowing into
the research manpower pool in Ray one year are
drawn from Ph. D.'s and M.D.'s who have been
trained from 3 to 15 years before (3-10 years for
Ph. D.'s and 5-45 years for If D.'s), and demon-
strate that the long-term pay-off of today's train-
ing programs shows up in the enlarged supply
and sharpened skills of tomorrow's researchers.

It should be emphasised that these models are
artificial constructs and that the numbers in the
year-by-year flow of new entrants into medical
research depend heavily upon the validity of the
assumptions used. In the present case, it is appar-
ent that the assumptions with respect to Ph, D.
output are not consonant with the realities of the
current situation. hut, Oh indicated in chapter II,
the sharp contrast between assumptions and grim
reality has blurred considerably as the outlook for
peace in Vietnam has brightened. Coasequently,
the assumptions which apply to a long -term assess-
ment based on two decades of experience rather
than Me current situation of unpredictable
duration, have not been altered.

C. The Flow of M.D.'s Into Research, 1966-85

Table 82 traces the flow of M.D.'s from five
classes (1960, 1965, 1970, 1975, and 1980) into the
medical research manpower pool, 1965-91, using
the low eLgtimate of M.D. output; table 33 traces
the flow, drawing upon the high estimate of M.D.
output, and table 34 illustrates the flow under the
intermediate projection. In illustrating the flow
of these fire classes, it has been assumed that :

1. The number of M.D.'s graduating each year
will range between the low and high estimates
described in chapter IV (table 28).

2. The proportion of Af.D.'s entering research
will remain constant at approximately 15
percent from each clams 1960 through 1980.

3. Input into medical researcharch of foreign.
trained If.D.'s will continue at. approximately
20 percent of the total number of U.S.-



trained M.D.'s entering research, reflecting
the continued need of those trained abroad
to meet U.S. requirements for research,
teaching, and service.

4. There is a minimum 5-year lag after gradu-
ation (for internship, residency. military
service, and postdoctoral research training
and experience) before entering into inde-
pendent research.

5. All those entering into research will do so
between the Gth and 15th year following
graduation.

The class of 1065 entered medical school as
freshmen in September 1001 and were awarded
their M.D. degrees in 1065; they spent 1966 in
internship; and most of those who ultimately
might enter medical research will spend a
minimum of 2 years, more likely 3-4 years, in

TABLE 32.-Model for Illustrating Flow of M.D.'s Entering Medical Research Manpower Pool, 1965-94, From
Cassel of 1960, 1965, 1970, 1975, and 1980 (tow Estimates)

Year of grad int ion
Number
of M.D.

awarded

Total of 74.1),'s
entering medical
research 196004
from classes of
1960, 1963, 190.
1975 and 1990

Years

196044 I 196569 1970-74 I 1175-71 I 1960-54 I 1963
aft

and
er

Class of 1060 7, 081 1, 062 797 265
Class of 1965 7, 409 1, 111 833 278
Class of 1970 7, 888 1, 183 885 293
Class of 1975 8, 595 1, 289 967 322
Clam of 1950 9, 171 1, 376 1,376

Total entering research from
at-eve 5 elasseq 6, 021 797 1, 093 1, 163 1, 265 1, 693

Plus foreign input 1, 204 159 220 233 253 340

Grand total 7, 225 956 1, 318 1, 396 1, 518 2, 038

Source. M.D. graduates of claws of 1960 and 1963 from Jeered Wit ka.cf
ten Medico' Anocistio*, col. 202, No. 1, Nos. 20, 1967, g. 156. Erolectit-A
to claws of um, 1975, and 1990, foreign Input, and estimates of narnt-rti

entering medical research dove oged by the Roomers Analysis Branch,
OPPE, Nt11. See app. E, tatik I X, lc hkh gives year-by-yew detail.

TABLE 33.-Model for Illustrating Flow of M.D.'s Entering Medical Research Manpower Pool, 1965-94, From
Classes of 1960, 1965, 1970, 1975, and 1980 (High Estimates)

Year of graduation of ft.
degrees

awarded

Total of M. D.1
e= medical

1143-94
from classes of

1960` 19635 1910,
and 19E0

Years

196044 1963-69 1470-74

11%.
1973-19 199044 1963 Ina

MI et

Class of 1960 7, 081 1, 062 797 265
Class of 1965 7, 409 1, 111 R33 278
Clam of 1970 8, 068 1,210 (107 303
Class of 1975 16, 836 2, 525 1, 893 632
Class of 1980 20, 424 3,064 3,064

Total entering research from
above 5 classes 8, 972 797 1, 098 1,185 2, 196 3, 696

Plus foreign input 1, 794 159 220 237 439 739

Grand totsJ 10, 766 956 1, 318 1, 422 2, 634 4, 435

Source: M.D. Irmo/sates of times of 1000 and 1965 from !multi of Me .4 lore.
teal Netkal Merkel**, col. 202, No. 6, Nov. 20, 1167, p. 756. 170,411ms for
dames of 1976,1975, sad 1990, Iceetra Input, sad est imat es Obtainers entering
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medics' research developed by Resources Analysis Branch. OPPE. Nll.
Sc, att. E, table 26, 'which gives yea,byTew detail.



TABLE 34. -Mods) for Illustrating Flow of M.D.'s Entering Medical Research Manpower Pool, 1965-94, From
Classes of 1960, 1965, 1970, 1975, and 1980 (intermediate Estimates)

Year of tradus'Ion
Number
of
deM.D.irets

awarded

Class of 1960
Class of 1965
Class of 1970.

Class of 1975
Class of 1980

Total entering research from
above 5 classes

Plus foreign input

Grand total

7, 081
7, 409
8, 068

11, 316
16, 100

Total of M.D.'s
entering medical
research 1965-94
from classes of

1990, 1964 1970,
and 1W

Years

190 -1964 1965-1962 1970-1974 1975-1979 1980-1964 1994 and
aftee

1, 062 797 265
1, 111 833 278
1, 210 907 303
1, 697 1,275 422
2, 415 2, 416

7, 495 797 1, 098 1, 185 1, 578 2, 837
1, 499 159 220 237 316 567

8, 994 956 1, 318 I, 422 1, 894 3, 404

Rooms: M.D. yradustes of classes of 1960 and 963 from Jotted Ike
A wurkat Meeks/Aran tie*, so; 202, No. 6, Nov. 20. 1967 p. 7M. Pro)ed Ions
foe climes of 1670, 1171,, Id 1980, Rollin Input, and esunksto N numbers

residency training followed by 1-2 years of post-
doctoral re-earch training. Thus, the first trickle
from this class will not have entered the pool until
1970 at the earliest. Similarly, the clam of 1966
which spent this year in internship and is now
entering residency training will not conduct
research as independent investigators before 1971
at the earliest. By 1980, hotcerer, it is possible
that all of those from 1966 or prior classes will
hare cnkrcd the pool; some will continue in this
activity for the major portion of their careers;
others will conduct resew)* for a shorter period
and then concentrate inttead on medical care,
administration, and other non-research activities.
Thus, the number from any given class making
a career of research, either full-time or combined
with teaching and related service activities, will
be considerably below the 15.percent level which
represents those who engage in research activities
for some period of time within 16 3-ears after
receiving their M.D. degrees.

Nearly one out of every seven young men and
women entering medical school as freshmen can
look forward to productive experience in research,
probably combined with teaching and svlated
service activities. Their career aspirations and
research interests are bound to be influenced by
(t) the opportunities for research experience,
(2) the nature of their medical education, and
(3) the character of their postdoctoral training
and experience.

8710-15111
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entering medical research developed by Resources Analysts Branch, OPPE,
Nt11.14* app. E, table IA, erbkh glees year -by -year

Tables 32, 33, and 34 illustrate:

1. The long lag between attainment of the lf.D.
degree and entrance into research.

2. The effect of the projected increase in the
number of new Sf.D.'s on the number enter-
ing research, beginning with roughly 1,100
fc.t. the class of 1960 and rising to approxi-
mately 1,200 for the class of 1970, then rising
further to between 1,400 to 2,400 to 3,000
(low, intermediate, and high estimates) for
the class of 1980.

This illustrative analysis has been carried
through on a year-by-year basis to project the
flow and total input from each medical school
class that will influence the additional supply of
11.D.'s in medical research, 1966-85 (app. E,
tables 1A, 2A, and 3A). This projection, when
cumulated, indicates that the total increment of
NI.D.'S (including those who receive their under-
graduate training in foreign medical schools)
entering the medical research manpower pool from
1966 through 1985 may approximate 27,000 (low
projection) 30,000 (intermediate projection) and
36,000 (high projection). On an amine/ basis,
an average of 1,380 per year (low projection),
1,620 (intermediate projection), and 1,820 (high
projection) would enter the medical research
manpower supply. 1966 to 1980 (app. E, tables
111, 28, and 311).

As lescribed in the preceding chapter (p. 80),
comparaile data are not available for an



additional source of supply for the medical
research manpower pool comprising Doctors c'
Osteopathy, Doctors of Dental Surgery, Doctors
of Veterinary Medicine, podiatrists, chiropodists,
optometrists, and pharmacists. However, projec-
tions of the output of D.O.'s, D.D.S.'s, and
D.V.M.'s for 1066 -85 are shown in table 30.
The average annual output for this 20-year period
is expected to approximate 5,500. If it is assumed
that about 2.5 percent of each year's graduating
dames of osteopathists, dentists, and veterinarians
will participate in medical research at, least on
a part-time basis sometime during their careers.,
this would add approximately 140 doctoral-trained
clinical investigators annualy, 1966-85.

D. Impact Upon the Total Supply of Physicians

To Meet the Health Needs of the Nation
It is estimated that 27,000-36,000 additional

M.D.'s will enter research, 1966-85, depending
upon whether the low projections or the high pro-
jectiens are realized. The intermediate projection
indicates a flow of 30,000 Nf.D.'s into medical
research. What impact is this likely to have upon
the proportiov. of M.D.'s in research to the total
supply of physicians!

Oyer the long run it is evident Mat the Nation
must expand the supply of physician* and other
health personnel to meet the Nation's total health
needs for tnedkal care, teaching, and research,*
The following observations, however, re pertinent
to a serious consideration of short run implications.

1. In 1965, nearly four-fifths of the M.D.'s in
research were located in universities and
research institutes. Virtually all the M.D.'s
in research in this sector were either full
time members of the clinical faculties cf
medical schools or in independent teaching
and research hospitals. Of the remaining one-
fifth, all but 5 percent were employed in
Federal ai.d State hospitals and health
agencies.

'The National Advisory Commission on Ilealth Man-
power in roiatne 1 of Its report of November Wel Freon'.
mend. At ronflp that 'The production of physicians should

increased beyond presently planned keels ht a sub-
stantial espansion in the capacity of existing medical
sK hoots, and by continued development of new schools."
(p. 19).

88

2. Most of the M.D.'s engaged in research in
medical schools and in nonGovernment and
Government hospitals also teach medical
students, instruct interns, and supervise the
training of residents and postdoctoral fellows.

3. Most of these M.D.'s also render a wide
range of hNiltli services in the inpatient and
outpatient programs administered through
the modern medical centers affiliated with
medical schools or operated by Federal and
State agencies.

4. M.D.'s engaged part time in research also
perform teaching and service functions As
changes occur in the organization of health
services, it is expected Ilya increasing num-
bers of the physicians will participate in
regional medical programs in research, in
teaching, in service, and in continuing
education both as teachers and as learners.

As pointed out in the preceding chapter, the
total supply of physicians, to 1985 has been pro-
jected under three alternatives. The low projection
indicates a 25- percent, increase in the Nation's
physicians from 305,000 in 1065 to 384,000 in 1985;
the intermediate assumption projects a 50-percent
increase to 467,000; the high projedion results
in a 75percent increase to 533,000. Over this same
period, the numbers of M.D.'s engaged in research,
teaching and related activities are projected to
increase 75 percent from 17,000, in 1065 to almost
30,000 in 1085. Thu*, by 1985, the proportion
of 31.1).'s in these, activities in relation. to the
total supply of physicians for the high pro-
jection would remain at the 1965 level of 506
percent; for the intermediate projection ?hi*
ratio would increase to 6.3 percent; and would
increase more substantially to 7.7 percent under
the low projection.

Participation in biomedical research, llortforei
not snateri4lly diminish the supply of phy-

sicians available for ttreke, providing that the
substantial projected enlargemet of total output
of .1.1.9..s. 1970-S5 occurs. To realise this assump-
tion, prompt measure* milt be taIen now to ex-
pand the the of entering classes, taking full
advantage of the unprecedented numbers of well-
qualified baccelaureates seeking career* in medi-
cine, and thereby enlarging the supply of
physicians to meet the many pressinn health needs
now postponed by the doctor shortage.



E. Participation of Ph. D.'s in the Biosciences
in Medical and Health-Related Research

As of 1965, there were nearly 34,000 Ph. D.'s in
the biosciences in the United States (table 35).
The basic medical science groupanatomy, bio-
chemistry, biophysics, microbiology, pathology,
pharmacology, and physiologycomprise one-
half of these bioscience Ph. D.'s.

What are the critical characteristics of this pool
of Ph. D. trained scientists?'

1. Youth and -ccency of training.Roughly
half of the 34,000 bioscientists are under 40
years of age. Approximately 40 percent of
the total received their degrees 1957 -65; more
than 70 percent of them have received their
degrees since the close of World War II.

2. High reAcarrh orientation.Nearly 90 (89)
percent of the basic medical scientists are en-

TABLE 35.Distribution of Ph. D.'s In Biosciences,
by Discipline, 1965

Field sad dltdpitne Number recant

131f-sciences

Basic medical sciences

Anatomy.
Biochemistry.
Biophysics
Microbiology..
Pathology
Pharmacology
Physiology

33, 501 100.0

16,462 49.1

1,659
4, 722

602
4,322

367
I, 737
3,023

5.0
14. 1

1.8
12.9

1.1
5. 2
9.0

Other biosciences 17, 039 50.9

Botany 3, 177 9.5
Ecology 593 1.A
Entomology 2,163 &5
Genetics 1, 873 5.6
llydrobiology I 245 .7
Nutrition 2,177 6.

Plant pathology 1,639 4.9
Zoology 3,496 10.
Biology, all other 1, 671 .5.0

From the Nat total Fdenr* tottedat loft Moiety/ fusee ccirvia sea
DcAtail 1Yrwavt es el oupplemented ti National UV/flay at
Rime's data eft FN. D. ontral Moue% Itto sod dal* from the °like of
Edoest loft through 110.

The Krum tttersetwta the halo* total toe 11198.

olimaimm.11.

I Age, education, and employment data based upon the
National Science foundation Netiostal Rcpittcr of Setta-
tile sad Technical Pcrtowati. supplemented to provide
complete coverage of Ph. D. output through 1905.
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gaged in research either as a primary or a
secondary activity. The other bioscientists
have ahnost as high a research participation
(84 percent), but a smaller percentage report
research as a primary activity.

3. About 70 percent of the bioscientists are em-
ployed in universities and research institutes,
nearly 65 percent of them in colleges and
universities.

Taken together, these three factorsyouth, high
research orientetion, and high concentration in
colleges and universities characterize the current
supply of Ph. D.'s in the bioscienc.

This newly trained group has many productive
years ahead; roughly half of all Ph. D.'s in these
fields are under 40. Likewise, the fact that most of
these Ph. D.'s are faculty members carrying on
research as a part-time activity provides a highly
elastic element in the manpower supply picture'
This element of elasticity is crucial because a slight
increase in the proportion of faculty time devoted
to research can substantially enlarge the effective
medical research manpower pool.'

Between 1016 and 1067, nearly 210,000 Ph. D.
degrees were awarded in all fields.' In the early
years of this period, about two-fifths of all Ph. D.'s
were awarded in the selected science fields; by
1967 this proportion had increased to 55 percent.
While scientists from all fields and disciplines now
participate in the Nation's medical research enter-
prise, about two-thirds of the Ph. D.'s are drawn
from the biosciences. The basic medical sciences'

Based upon a national sample slimy, four -fifths of
university tette?, ing faculty in the basic medical sciences
repotted that they were also engaged in sponsored re-
search. Spaeth. Joe L., .4tnericon Colkpe Powers Mem-
brra, 196,1, p. 45, National Opinion Research Center,
October 1900.

A recent study shows that university administrators
anticipate such an increase in the proportion of faculty
time devoted to research at new and developing

Prctioalmarp Report oa Eiplatfon of °militate sad
Pro1costoagt Estreettee, Academy for Educational De-
velopment, lnc., December 1967.

'National Academy of Sciences, Doctorate Prodirction
(a tailed Stake 01(re-twice, 1020-1061, and Doctorate
Rcetptcalt from Catlett Statra flare-mattes, 1858-114f;
1f607 data unpublished.

The basic medical ecier.ces are the comPonent of total
blosciences which include Anatomy, histology, hacteriol-
citY, virology. mycology. parasitology, mkrobiology, bio-
chemistry, biophysics, cytology. embryology. pathology.
pharmacology. and physiology.



represent the largest and most critical group of the
Ph. D. scientists in medical research.

In the past, the great men in the basic medical
sciencesOnlen, Harvey, Bernard, Virchow,
Koch, Ehrlichwere trained ns physicians; they
received txtensive training in the natural sciences;
they combined research with teaching and with
service; they held university or independent in-
stitute faculty appointments; they were highly
productive ns researchers in their early years;
they exercised n great influence upon their students
throughout their lives.

These characteristics are almost equally descrip
tive of today's basic medical scientistswith the
significant, exception, occasioned by the growth of
knowledge, the modern scientists are increasingly
specialized. Today, the preponderance of basic
medical scientists are Ph. D. trained; with n
steadilydecreasing proportion first seeking a medi-
cal education, the classical pattern that governed
the output of basic medical scientists in the United
States through the t (rent ies.

F. The Flow of Ph. D.'s in the Basic Medical
Sciences Into the Medical Research Man-
power Pool, 1966-135

By applying the concept of the flow model as
was done for M.D.'s we can estimate the probable
number of Ph. D.'s who will enter the medical re-
searzh manpower pool, 1905-85. Table 30 illus-

trates the flow of four cohorts (those receiving
Ph. D.'s in the basic medical sciences in 1985,1970,
1975, and 1980) into medical research, 1068 -89. In
developing this model, it, has been assumed that:

1. The numbers of Ph. D.'s graduating each year
arc extrapolated from the National Academy
of Sciences data on Ph. D. output described
in chapter IV.

2. Ninety percent of Ph. D.'s in the basic medi-
cal sciences will enter research. This corres-
ponds with current. participation.

3. Foreign input equals 20 percent of the total
U.S.-trained Ph. D.'s entering medical re-
search, 1905-75,9 this proportion will decline
to 10 percent of the U.S. Ph. I). output,
1970-85.

4. There is a minimum 3-year lag for postdoc-
toral training and research experience be
tween receipt of the Ph. 1). and entrance into
independent, research.

5. Those entering research will do so between
the 4th and 10th year after receipt of the
Ph. D. This assumes that those who enter
the pool as independent investigators prior
to the 4th year after receipt of the Ph. D.
probably are equal to the number who enter
for the first time after their 10th year.

' National Instituto; of Health First-Time Grantee
Studies.

TABLE 36.Model for Illustratinf Flow of Ph. D.'s In the Basic Medical Sciences Entering Medical Research
Manpower P..ol, 1968-89, From Classes of 1965, 1970, 1975, and 1980

year of treated lot.
Number*/

Ft. D.
degrees
awarded

?del of Fb. D.'s
entering medial
remeth 146649
from c1at of
I MS, ire. 117g,

and 1940

Years

I 'ad lt7: i 107ST9 140044
10 and

stet

Clair of 196.5 1, 184 I, 066 426 640
Class of 1970 2, 092 I, 8.83 7:4 1,129
Class of 1975 3, 753 3, 37S 1,352 2,026
Class of 1980 6,733 6060 2,424 3,636

Total entering research from above four
claws 12,387 426 1,394 2, 481 4, 450 3, 638

Plus foreign input I, 421 85 279 248 445 384

Grand total 13,805 511 I, 673 2, 729 4, 895 4.000

Source: III. D. graduates el errs of IONSNational Aesdesny ' Men es,
Peeferde Perfpiries lima Clad States lleimeiti, 1110410. Prefretford
Ice the dames of Int 1971, and !let ',feign Ingot, and estimates of numbers

90

enter-It* medic-al research tketdeved by Reasurets Analysis Arendt, 0 P F
N I S-ee F. table 4A. 'bleb ?Pres T MAL



It is likely that 1,800 Ph. 1).'s in the basic medi-
cal sciences will enter medical research by 1975
from the two cohorts of 1965 and 1970 (426 plus
640 plus 754-1,820) (see table 36).

Because Ph. D. output triples over a decade
(2,092 in 1970 to 6,733 in 1980) enlarging the
base correspondingly, the two later cohorts of
1975 and 1980 will add three times as many
Ph. D.'s (5,800) in the basic medical sciences to
the supply of medical researchers betwun 1975
and 1985.

Taking these four cohorts as illustrative, the
total input including foreign trained Ph. D.'s into
biomedical research 1968-80 will approximate
13,800. Moreover, Ph. D.'s entering medical re-
Beard] would mount steeply from about 1,100 from
the 1065 cohort to 3,400 from the 1975 cohort and
about 6,000 from the 1980 cohort.

This abbreviated analysis of four cohorts has
been used to (1) illustrate the time lag between
receipt of Ph. I). degree and entrance into the
medical research manpower pool; (2) emphasize
that the number of Ph. D.'s in the basic medical
sciences entering research is likely to rise steeply
in consonance with enlargement of Ph. I). output ;
and (3) show the number of Ph. D.'s in the basic
medical sciences that will probably enter the sup-
ply of well-qualified independent investigators
during each 5-year period depending upon the
assumptions.

A more detailed, year-by-year analysis tracing
the flow and total input from each Ph. D. cohort
that will influence the additional supply of scien-
tists trained in the basic medical sciences, and
entering medical research, 1966-85 is presented in
appendix F, table 4A. Drawing upon the data
presented in this table and the matching cumu-
lative table (app. E, table 413), approxim itely
55,000 Ph. D.'s in the basic medical sciences may
participate in the 'Nation's medical research effort,
1965-85.

0. Input of Ph. D.'s In Other Science Fields
Into Medical Research Manpower Pool,
1966-85

Accepting the flow model as a projection tech-
nique, and the underlying assumptions, about
55,000 Ph. D.'s in the basic medical sciences may
enter medical research, 1966445. Comparable
models have also been prepared ' of the flow of

"See app. E. table., 5, 8, 7, Rand P.
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Ph. D.'s trained in the other selected sciences of
relevance for medical research. In total about
59,000 Ph. D.'s trained in fields other than the
basic medical sciences may also enter the medical
research manpower pool by 1985. The assumptions
underlying the projected numbers for these fields
are the same as those governing the flow into
medical research of Ph. D.'s in the basic medical
sciences, in terms of the numbers of Ph. D.'s
graduating each year, the input into medical re-
search of foreign trained Ph. D.'s, and the time
lag between receipt. of the Ph. D. degree and en-
trance into independent research. However, the
proportion of persons trained in these fields who
will participate in medical research will range
downward from 90 percent for the basic medical
sciences and about 50 percent for the other bio-
sciences (the fields of greatest relevance to investi-
gators in the health sciences) to 30 percent of those
trained in selected areas in the behavioral sciences
(psychology, sociology, and anthropology), 11
percent of the physical science Ph. D.'s, 7 percent
for mathematicians and statisticians (including
biometricians) and 6 percent of the engineers with
formal advanced training.

Based on the projected number of Ph. D. gradu-
ates (table 24), the techniques used in the repro-
duced flow model for basic medical sciences, and
the assumptions outlined above as to participation
rates and foreign input, the following table sum-
marizes by field, the likely flow of Ph. D.'s into
medical research 1966-85:

Ph. D. input into medical research based on
flow models

1111-111
Field : Maar-mit)

selected aelencer 118.8a
Illoaetenees 68.9

Berle :medical teem*, 54.6
Other bloncienotk: 14.4

All other nett!' 44.4

13ebarlora1 field 18k 1

Pittrleal Pelt Net 14.4
Metternallea and atatlatka 8.9
Engineering 8. 2

That medical research investigations *-ill to a
significant degree call upon those trained in the
physical, engineering, and mathematics fields is
a reflection of the directions envisioned for the



course of biomedical research, as outlined in chap-
ter III, pages 261T. Each year, on the average, a
total of about 1,300 Ph. Detrained scientists in
these fields will become available for medical re-
search. The preponderance, however, of new en-
trants into medical research will continue to hA
drawn from those trained in the biosciences, aver-
aging about 3,500 a year. An average of 900 scien-
tists a year, trained in the behavioral sciences (such
as psychology, anthropology and sociology) will
become an additional source of medical research
manpower.

H. Assessment of Less Than Doctoral Man-
power Requirements

The preceding analysis hes concentrated upon
doctoraltrained manpower. Ifowever, the supply
of professional workers engaged in medical re-
smelt is by no means limited to doctoral-trained
inenpeAver. In 1965, 15,000 professional workers
in medical research-23 percent of the total had
not completed formal academic training through
the doctoral level. This group includes biomedical
researchers who have established their compe-
tence as independent researchers, larger but not
exclusively in industry and government, It in-
chides scientists in at number of fields such ns pub-
lic health, social work, and nursing where the AIRS-
terms degree is generally recognized as terminal
preparation. While it is assumed that the propor-
tion of professional workers with less than doc-
toral training will decline from 23 percent in 1965
to 16 percent in 1985 (chat 5), it is estimated that
a total of some 18,000 such researchers will, never -
theless, be needed for replacement of attrition and
for expansion (table 13). This would call for an
average of 900 per yeara tiny fraction of the
total output. of master's degrees in these fields.
Consequently, there can be no question that the
required number of medical researchers with less
than doctoral training will be available, The criti-
cal question is whether the caliber of their re-
Evareh training will be high enough to ensure their
competence to function as independent. researchers.

I. The Probable Balance Between Need and
Supply of Doctor2; Trained Manpower for
Medical Research

The foregoing analyses of 1I.D. and Ph. D. sup-
ply flows, suggest that the aggregate potential
supply of M.D.'s and Ph. 1).`s for medical researcharch
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for the 20-year period, 1966-85, will be sufficient
to meet the manpower requirements delineated by
too best judgment projection, and presented in
table 13. In summary, about 116,200 doctoral
trained professional investigators will be needed
between 1966 and 1985, to (1) replace those lost
because of death, retirement, and shifts to other
occupations (11,900 M.D.'s, and 27,600 Ph. D.'s),
rird (2) expand the numbers of workers to bring
the labor force to a total of 29,600 31.D.'s and
96,100 Ph. D.'s by 1985 (76,700 additional bio-
medical scientists i.e., 12,600 I.D.'s and 64,100
Ph. D.'s). This adds to a total of 24,500 additional
!A.D.'s, and 91,700 Ph. D.'s.

We have seen from the discussion of the projec-
tions of M.I).'s that the intermediate estimate
would provide a flow of 30,800 into medical
research (or 0,300 more than required) and the
Ph. I). projection may provide a total of 113,300
Pb. D.'s (or 21,600 more than required) 1966-85.
While it appears that the aggregate input into
medical research of doctoral trained investigators
:night exceed the aggregate requirements for the
two decades, the blinds for successive 6-yea.- pe-
riods during these decades will, however, not meet
the rquironents for Ph. 11.'s during the 8erentie.,
bvi will exceed the needs for the 1980-86 quinquert-
niutn. The shortfall of Ph. D.'s in the 1970's may
approximate about 5,500 Ph. D.'s Conversely, in
this decade there may be about 1,000 more M.D.'s
engaged in research and related activities over
and above the requirements for M.D.'s suggested
by the best judgment projection. Thus, to some
extent the short fall of Ph. D. trained investigators
could be met by more M.D.'s in rewarch than the
best judgment projection suggests. Additionally,
the talents of some 2,000 Ph. D.'s may provide a
source of manpower for the 1970 decade from
those Ph. D.'s who are estimated to hare completed
their research training by 1970, but who will not
have been drawn into the manpower pool because
of the constraints upon expansion of biomedical
research during the 1967-69 period.

Likewise, this temporary shortage of qualified
Ph. D. investigators, for whom fiscal resources are
Available mild be overcome through :

1. Higher participation rates, especially of
Ph. l).'s trained in the behavioral, physical,
mathematical, and engineering sciences.

2. Reduction of the time-lag between begin-
ning of Ph. I). training and entrance into the
biomedical research labor force



3. Decrease in the attrition rate, especially for
those moving into nonresearch activities.

4. Continued utilization of investigators with
less than doctoral training although admit-
tedly this may place strains upon the scien-
tific capability and professionalism required.

5. More extensive use of specialized and costly
equipment, thereby increasing the cost per
man and reducing the total number of
Ph. D. investigators needed.

(An alternative projection which is based on
the employment in medical research, by 1985,
the total numbers of doctorally trained manpower
that may become available for medical research
by 1985 has been presented in chapter III. This
full utilization of the labor force would call for
a total of 170,000 in medical research by 1985,
20,000 more than the 150,000 best judgment
projection.)

The flow models relating to doctoral trained-

manpower and the availability of persons with less
than doctoral training suggest that the best judg-
ment projection is in reach. But this is predicated
upon meeting the urgent need for a substantial
and continuing expansion of (1) N111 training
activities, (2) institutional development programs,
(3) construction of teaching, research, and related
facilities in order to make possible the availability
of 150,000 active research professionals by 1985,
and (4) programs which encourage the early
involvement of behavioral scientists, physical
scientists, mathematicians, and engineers in bio-
medical research.

J. Some Qualifying Obseravtions on the
Estimate of M.D.'s and Ph. D.'s Entering
Biomedical Research, 1965-85

The flow models used to analyze the potential
supply of M.D.'s and Ph. D.'s in the biomedical
sciences illustrate that.:

1. The new doctoral-level entrants into the
medical research manpower pool, 1966-85,

will be drawn primarily, if not almost ex-
clusively, front scientists who receive their
31.D. or Ph.D. degrees after 1966:

For M.D.'s, more than 70 percent u.,4 the
new entrants will receive their M.D. de-
gree,1966 or later.
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For Ph.. D.'s, more than 90 percent of the
new entrants will have earned the doctoral
degree,1960 or later.

2. New entrants flowing into the research man -
power pool in any one year are drawn from
those who have been trained from 3 to 15
years before.

3. The long-term payoff in support for gradu-
ate education and postdoctoral training in
the biomedical sciences shows up in the en-
larged supply and sharpened skills of tomm
row's researchers.

Unfortunately, these models may also convey
a misleading impression of an automatic or con-
trolled flow of the desired numbers of researchers
in quantities precisely sufficient to meet estimated
needs. This, coupled with the fact that the analysis
indicates that the potential supply may match
future requirements, suggests that the problem
of meeting the Nation's manpower needs for
medical research has already been solved.

Consequently, some qualifying observations are
warranted to (1) put the conclusions in proper
perspective, and (2) reemphasize the critical as-
sumptions and their influence upon the analysis of
the flow of manpower into medical research.

1. It has been assumed that 53 percent of those
currently engaged in medical research will
need to be replaced by 1985. Death and retire-
ment can be predicted with some degree of
certainty. But movement out of medical re-
search into other activities necessarily repre-
sents a judgmental estimate. Death, retire-
ment, and movement out of medical research
currently averages 2 percent per year.
Consequently, if the actual movement of
medical researchers into other activities ex-
ceeds the estimate, the additional number re-
quired by 1985 would increase correspond-
ingly; and vice versa.

2. In estimating the input of doctoral-trained
scientists into medical research, as shown ii
the flow models, it has been assumed that :

a. Research combined with teaching and/oi.
service Will continue to be an attratf ive
and productive career pattern for M.1 ).'s,
The unstated premises implicit in ti
assumption are that (1) opportune'
for such careers will continue to expand
through increased support for resoarch



and for research training essential to
encourage and develop scientific capa-
bilities of M.D.'s who seek careers in re-
search and academic medicine; and (2)
the organization of health service will be
modified to fully utilize the facilities and
expertise of the modern medical center.

b. The proportion of those trained as basic
medical scientists who are engaged in
research will continue at the prevailing
90 percent participation rate. Again, the
the implicit premise underlying this as-
sumption is that research and research
training opportunities will continue to
expand and attract this core group of
basic scientists.

c. Research and research training oppor-
tunities will expand to attract larger
numbers of scientists from the fields of
the social and behavioral sciences and
from the physical sciences, mathematics,
£11 engineering. Whether this assump-
tion holds true will depend largely upon
(1) the exciting anality of opportunities
available in medical research as com-
pared with all other types of endeavor
open to these Ph. D.'s from the be-
havioral sciences, the physical sciences,
mathematics, and engineering; and (2)
the character of NIH training activities
deliberately designed to encourage par-
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tieipation of scientists drawn from
these fields in biomedical research and
teaching.

3. Thus, it is clear that meeting medical re-
search manpower requirements, 1966 -85, de-
pends upon one fundamental assumption
that support for research training, the
conduct of research, and the construction of
teaching, research, and related facilities will
continue to expand, adapting whatever new
mechanisms are best suited to the advance-
ment of medical research in the national
interest.

In short, there is nothing intrinsically "accu-
rate" or 'inaccurate" with respect to these assump-
tions. In each instance, however, it is believed that
the assumptions constitute reasonable expecta-
tions, taking into account (1) experience, (2) long-
term trends, and (3) the outlook for the future
except for the current uncertainties duo to Viet-
nam budgetary constraints and Selective Service
changes, discussed earlier.

Projections to the seemingly far-distant future
of 1985 may seem unrealistic. Nevertheless, esti-
mating biomedical manpower needs to 1985 pro-
vides a useful frame of reference for the
development of a 10-year plan for NIH train-
ing programs; students entering medical school
or graduate school after 1978 will not flow into
the biomedical research manpower pool as inde-
pendent investigators until the late Eighties.



VI. IMPLICATIONS FOR ACTION

The implications for action flow from (1) the
beet judgment projection of aggregate biomedical
manpower needs, 1965-85, (2) the assessment of
high priority staffing requirements in Cie nonprofit
sector, 1967-75, and (3) the identification of criti-
cal shortage categories (see ch. III).

The National Institutes of Health serves as the
primary instrument of the Federal Government
for meeting national biomedical manpower needs
for research, teaching, and related service activities
through its training programs in all fields related
to health. In this capacity, NTH bears a unique re-
sponsibility for insuring an adequate supply of
well-qualified biomedical manpower for research,
teaching, and related service activities for Govern-
ment, for industry, for universities and medical
schools, and for participation in the present and
future medical research programs sponsored by a
wide variety of Federal agencies and encompass-
ing many major national purposes.

Other agencies such as the Office of Education
and the National Science Foundation now provide
support for predoctoral training of a small frac-
tion u! the total number of graduate students en-
rolled in the biosciences. Both agencies, however,
will be faced with sharply mounting needs for
graduate student support in fields other than the
biosciences, and neither contributes significantly
to biosciences postdoctoral support.. Consequently,
NIH must plan ahead on the assumption it will
continue to bear primary responsibility for the
training of biomedical scientists, both predoctoral
and postdoctoral, to meet national manpower
needs.

A. Meeting Immediate Needs
In order to meet the immediate needs (between

now and 1975) for biomedical manpower for re-
search, teaching, and related service activities, it
is essential to :

1. Enlarge the supply of qualified biomedical
research manpower in an increasingly diverse
array of scientific disciplines.
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2. Develop the faculty in the health sciences re-
quired to permit the predictable expansion of
existing medical schools, other health profes-
sional schools, and graduate schools and the
creation of 25 new medical schools and 150
new graduate schools in the 1965-75 decade.

3. Provide the scientific staff required for the
initiation of major biomedical research ef-
forts in the national interest, e.g., cardio-
vascular research institutes, centers for the
study of aging, dental research institute:,
mental retardation research centers, cancer
research institutes, pharmacology-toxicology
research centers, and eye research centers.

4. Ensure the availability of research-trained
personnel for staffing medical centers and
community hospitals participating in the
rapidly expanding network of regional medi-
cal programs.

5. Take target-oriented action to expand, as
rapidly as possible, the supply of biomedical

manpower in critical shortage categories.

B. Relating Manpower Needs to the Develop-
ment of Training Programs

In planning ahead to meet national biomedical
manpower needs for research, teaching, and re-
lated service activities, the assessment of man-
power requirements is only the first step. This
assessment has yielded (1) a best judgment pro-
jection of long-range manpower requirements
through 1985, as well as a range of projecticns
based upon the probable effect of alternative as-
sumptions; (2) an illustrative listing of high pri-
ority staffing requirements in the nonprofit sector;
and (3) an identification of critical shortage cate-
gories. It points up the parameters and suggests
the probable composition and timing of manpower
needs.

The second and crucial step is to determine the
roles which national programs should play in
meeting these biomedical manpower requirements
for the future.



Because of the very long lead time between (1)
the initiation of training activities, (2) the output
of well-qualified biomedical manpower, and (3)
the entry into the manpower pool for biomedical
research, teaching, and related service activities
from 5-10 years beyond the bachelor's degree for
Ph. D.'s and from 8-15 years for M.D.'s, the fol-
lowing general considerations are crucial for
meeting biomedical manpower needs for the
future:

1. Provide strong incentives to attract new
talent into the biomedical fields. This can
best be done by : (1) Strengthening the
capability of institutions to develop well-
qualified biomedical manpower for research,
teaching, and related service activities, and
(2) providing qualified students with ade-
quate support for graduate education and
postdoctoral training.

2. Expand national programs in relation to
(1) the trends in rising graduate enrollment
and subsequent output of M.D.'s and Ph.D.'s
in the sciences critical for the advancement
of biomedical research, (2) the expansion of
existing institutions and the creation of new
centers for the training of biomedical scien-
tists, and (3) the increasing need for par-
ticipation: of behavioral, mathematical, and
physical scientists and bioengineers in
biomedical research and related health
activities.

3. Modify the ratio of predoctoral/postdoctoral
support to relatively predictable fluctuations
in the numbers available for training as
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graduate students and, subsequently, as
postdoctoral fellows.

4. Stabilise support, for the basic medical sci-
ences, where NM is the preponderant source
of support for training, at a relatively con-
stant proportion of graduate enrollment in
these disciplines.

5. Expand support for fields becoming increas-
ingly important for the progress of bio-
medical research. Illustrative of such fields
are (1) behavioral sciences; (2) bioengineer-
ing; (3) genetics, ecology, and cell biology;
and (4) the mathematical and physical
sciences.

6. Reexamine mechanisms in the light of
present and future needs to determine what
changes are most appropriate for student
support and for strengthening graduate and
professional education in the health s.e,iences.

7. Intensify deliberate efforts to (1) enhance
the quality of training, (2) improve the na-
ture of the training environment, and (3)
assure that more stringent qualitative criteria
are utilized by recipient institutions in the
selection of individuals to receive NTH
support for training.

8. Develop criteria and programs for the stra-
tegic phasing of institutional development
with formal support for training activities.

9. Provide for systematic, continuing evalu-
ation encompassing (1) the qualitative as-
pects of training activities and (2) the
quantitative measures of effectiveness, re-
lating output of training programs to meet-
ing national biomedical manpower needs.
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APPENDIX A

DEFINITION OF BIOMEDICAL RESEARCH

Biomedical research comprises a broad area of
scientific inquiry aimed ultimately at the improve-
ment of human health and the conquest of disease.
It draws upon all fields of sciencelife, physical,
engineering, psychological, and socialand many
disciplines with each field. Within this broader
context biomedical research is defined as all sys-
tematic study directed toward the development
and use of scientific knowledge through funda-
mental research in the laboratory, clinical investi-
gations, clinical trials, epidemiological, engineer-
ing, and demographic studies, and controlled pilot
projects in the following areas:

1. The causes, diagnosis, treatment, control, pre-
;ention of, and rehabilitation relating to, the
physical and mental diseases and other kill-
ing and crippling impairments of mfinkind;

2. The origin, nature, and solution of health
problems nob identifiable in terms of disease
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entities, such asreseamh in problems of
mental health and human development;
alcoholism; drug addiction; sexual deviancy;
accident prevention ; air and water pollution.

3. Broad fields of science where the research is
undertaken to obtain an understanding
of processes affecting disease and human
well-being;

4. Research in nutritional and population prob-
lems impairing, contributing to, or otherwise
affecting optimum health;

5. Development of improved methods, tech-
niques, and equipment for research, diagno .
sis, therapy, rehabilitation, the delivery of
health services, and the promotion of public
health;

6. Research concerning all aspects of the or-
ganization and delivery of health services.



APPENDIX B

BIOMEDICAL. RESEARCH MANPOWER ESTIMATES, 1965

The estimate of 64,000 professional workers en-
gaged in biomedical research in 1965 is based on
the bench-mark estimate for 1960, established by
the National Institutes of Health, and detailed in
"Manpower for Medical Research, 1965-1970",1
updated to 1965 for the purposes of this Report.,
using the methodology outlined below.

The 1960 estimate.--The estimates of profes-
sional workers in biomedical research in 1960, by
sector and level of training, were derived primar-
ily from surveys conducted or stimulated by the
Resources Analysis Branch, Office of Program
Planning, NIH, and related surveys. The sources
and methodology underlying these estimates were
discussed in the extensive notes to appendix tables
7 and 8 of "Manpower for Medical Research, 1965-
1970." In summary, the 1960 estimates were as
follows:

Sector : Thousand*

Government 7.8
Industry 7.2
Nonprofit institutions 24. 7

Total 39.7

Level of training: Thousands
M.D 11.4
Ph. D 18.0
Less than doctoral 10. 3

Total 39. 7

It was recognized, at the time these estimates
were prepared, that the coverage of the industry
sector did not accurately reflect the total biomedi-
cal research performed by industry (see p. 1 of
"Manpower for Medical Research, 1965-1970").
Specifically, the figures for professional man-

Resources for Medical Research, Report No. 3, PAS
Pub. No. 1001.
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power and expenditures for medical research were
limited to the then available data on the research
activities of manufacturers of ethical pharmaceuti-
cals. Estimates prepared by the Resources Analy-
sis Branch are now available of expenditures for
biomedical research of companies in the medical
supply, electronics, chemicals, and biomedical
engineering fields. The industry estimate of 7,200
professional workers in 1960 has, therefore, been
increased to 9,200 and the total to 41,700, for 1960.

The 1965 estimate.In the absence of com-
prehensive surveys relating to 1965, similar to
those underlying the estimates of biomedical re-
search manpower for 1960, the following proce-
dure was followed in deriving the 1965 estimate
of 64,000 professional workers in biomedical
research.

1. The manpower estimates for 1960, adjusted
to reflect complete coverage for the industry
sector, were accepted as bench-mark
estimates.
An expenditure per professional worker in
biomedical research was derived for each
sector by relating the numbers of profession-
al workers to the dollar totals for biomedical
research (in 1967 dollars), as follows:

Sector

Biomedical research, 1960

E pewit-
ores (mil-

lions) 1967
dollars

Profession-
e] man-
power

(thousands)

Erpendi-
twee per
profes-
Mond

Government $151 7, 800 $19, 400
Industry 312 9, 200 33, 900
Nonprofit institutions

Total

483 24, 700 19, 600

946 41, 700 22, 700



3. The expenditures per professional worker,
by sector, were increased at the rate of 6 percent
per annum for the Government and nonprofit sec-
tors, and 7 percent for the industry sector, 1960-
65. The 1965 expenditures per professional worker
were related to the dollar totals (in 1967 dollars)
for biomedical research, to derive estimates of the
number of professional workers in 1965 by sector,
as follows;

Sector

Biomedical research, 1985

Expendi-
tures (mil
lions) 1067

dolla-s

Profession-
al man-
pvver

(thousands)

Expendi-
tures per
prores-
atonal

Government $307 11, 800 $25, 900
Industry 557 11, 900 46, 800
Nonprofit Institutions

Total

1, 056 40, 300 26, 100

1, 920 64, 000 30, 000

As a final step, the estimates for 1965, derived
above, were compared for reasonableness with the
available data relating to professional workers in
biomedical research.

1. Government sector.The 11,800 total esti-
mate of professional manpower in biomedical
research in both Federal and State and local gov-
ennnent agencies was corroborated by the result
of blowing up the numbers of the professional and
scientific staff at the National Institutes of Health
by the proportion the NIH intramural research
dollar total represents of the total biomedical re-
search activities in the Government sector. In
1965, the National Institutes of Health profes-
sional and scientific staff (excluding administra-
tion) numbered 3,600, and the NIH intramural
research dollar total was equal to 30 percent of
the combined intramural total for Federal and
State and local government agencies ($340 mil-
lion in 1967 dollars). Applying this 30 percent
factor yields a total of 12,000, comparable with
the 11,800 estimate derived above.

2. Industry Sector. The 11,900 total estimate
of professional manpower in biomedical research
in industry was substantiated by the available
data on the size of the 1965 scientific and profes-
sional staff engaged in research and development
in the pharmaceutical industry. A survey, con-
drcted by the Pharmaceutical Manufacturers As-
sociation, indicated that member firms of that
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Association employed 9,000 scientists in R. & D, in
1965. The pharmaceutical industry accourts (on
a dollar basis) for about 75 percent of all indus-
trially performed biomedical research. Conse-
quently, a blowup factor to take account of all
professional research workers engaged in indus-
trially performed biomedical research was applied
to the 9,000 figure, yielding 12,000corroborat-
ing the 11,900 estimate.

3. Nonprofit sector.Definitive head-counts of
the numbers of persons serving as principal in-
vestigators and their collaborators in biomedical
research in the nonprofit sector are not available.
This sector comprises institutions of higher edu-
cation (both public and private), hospitals (in-
chiding those affiliated with medical schools),
research institutes, and other nonprofit research
organizations. The arrangements under which
researc% is conducted at these institutions are com-
plex; ix., faculty members of enucatioril institu-
tions engage in research in combination with their
teaching function, and in the case of physicians,
in combination with the practice of medicine. Fur-
thermore, biomedical research is conducted at in-
stitutions where medical research is not the sole
or predominant research objective. Recent stir-
vevs of the mannower in R. & D., by the National
Science Foundation focus upon the total R. R D.
activity of the organization, and not specifically
unon the medical and health-related portion.
Where, however, all the R. R D. activity of the
organization is biomedical, indications of the sci-
entific manpower engaged in biomedical research
can be ascertained. Thus, the recent NSF survey
of the scientific activities in institutions of higher
education requested information separately for
the Nation's medical schoolswhere all the re-
search is medicai and health-related. The defini-
tions and guidelines established for the NSF
survey requested that professional personnel be
n.,ported in the function (teaching, R. & D., other
activities) in which they were primarily em-
ployed. Thus, in accordance with NSF guidelines,
persons primarily engaged in teaching but also
engaged in research were not reported in the
R. & D. category.

Nonetheless, the results of the NSF study as it
relates to the Nation's medical schools provides
the basis for checking the reasonableness of the
estimate of biomedical research manpower derived
for the nonprofit sector.



Medical schools are the single-largest performer
of biomedical research. As of January 1965 the
date for which NSF collected information, medi-
cal schools accounted for almost 40 percent of the
total biomedical research performed in the non-
profit sector.

The NSF study shows a total of 14,500 2 full-
and part-time scientists engaged in It, & D, in
medical schools, with research as their primary
function. On the assumption that since medical
schools perform, in dollar terms, 40 percent of the
total biomedical research in the nonprofit sector,
40 percent of the estimated biomedical research
manpower in this sector would also be associated
with medical schools. Applying this factor to the
estimated 40,300 total biomedical research pro-
fessionals in 1965 yields 16,100 for the medical
schools. The difference between the 16,100 and the
14,500 reported in the survey is easily accounted
for: A. minimum of 10 percent of the 23,000 full-
and part-time scientists and clinicians in medical
schools who reported teaching as their primary
activity are also engaged (as a secondary function)
in research.

Level of training.The bench-mark estimates
for 1960 provided a distribution by level of train-
ing, of the professional manpower engaged in
biomedical research. The studies, upon which these
estimates were based, showed a change in the com-
position of the manpower, by level of training,
from 1958. In 1960, a higher proportion of in-
vestigators had doctoral degrees and a lower pro-

' Unpublished detail provided to the National Institutes
of Health by the National Science Foundation. The NSF
preliminary report has been released as "Resources for
Scientific Activities at Universities and Colleges, 1064";
Reticles of Data on Science Resources, No. 9, August 1960.
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portion had less than doctoral training; within the
doctoral group, persons with the Ph. I). or Sc. D.
degree increased as a proportion of the total; the
proportion for those with M.D. or related degrees
remained unchanged.

The bench-mark estimates are as follows:

Manpower in biomedical research

1960 192

Number
(thousands)

M.I)
Ph. I)
Less than doctoral

Total

Percent
Number

(thousands) Percent

11.4 29 10.0 29
18.0 45 14.7 42
10.3 20 0. 0 29

39. 7 100 34. 6 100

Studies of the level of trai ling of the scientific
staff ill R. & D. at pharmaceutical companies, indi-
cate that in the 5 years since 1960, there has been a
decline in the proportion of research workers with
less than doctoral training; the group with Ph. D.
or Sc. D. degrees increasing correspondingly.

From this, and other indications of the increas-
ing participation in biomedical research of per-
sons with the Ph. D. degree, the following
distribution of the 1965 professional manpower
in biomedical research has been used as the base
for the projections detailed in this report:

1965
Number

(thousands)
Percent

M.D 17. 0 27
Ph. D 32. 0 50
Less than doctoral 15. 0 23

Total 04. 0 100



APPENDIX C

MEDICAL SCHOOLS IN DEVELOPMENT

School (location)
Expected
eartIng

date

Year first
elms will
graduate

First year enrollment

Planned Actual 1968

Brown University Program in Medical Science (Providence) 3 1963 3 1089 50 13
University of New Mexico School of Medicine (Albuquerque) 4 1964 1968 48 26
Rutgers Medical School (New Brunswick) 1966 1970 64 16
Michigan State University College of Human Medicine (East Lansing)___ . 6 1968 1970 64 27
University of Arizona Co'Iego of Medicine (Tucson) 1967 1071 64 32
University of Hawaii School of Medicine (Honolulu) 1987 1971 50 28
Pennsylvania State UniversityM.S. Hershey Medical Center (Hershey) 1967 1971 64 40
University of California School of Medicine (Davis) 1968 1972 128 48
University of California School of Medicine (San Diego) i o6s 1972 96 47
University of Connecticut School of Medicine (Hartford) 1 , 1972 64 31
Mount Sinai School of Medicine (New York) 1 16 8 / 1970 100 7 36
University of TexasSouth Texas Medical School (Sari Antonio) 8 1968 6 1970 100 56
Louisiana State University School of Medicine (Shreveport) 19 . r 1973 100
University of Massachusetts School of Medicine (Worcester) 1970 1974 112
Medical College of Ohio at Toledo 1969 1974 100
State University of New York School of Medicine (Stony Brook) 1971 1975 150
University of South Florida College of Medicine (Tampa) 1971 1975 110

1 Journal of the American Malted Aesocialion, vol. 206, No.9, Nov. 25, 1968,
pp. 1994, 1995, 1998-2006.

The Brown University program 1.5 a 6-year program that begins in the
freshmen class In the undergraduate school. Hence, the starting date shown
1.5 that for firstyear undergraduates.

3 This date 1.5 for the completion of the Brown program, but graduates will
have to continue elsewhere for clinical training or for Ph. D. training In the
sciences.

Originally a 2-year school but never operated as such; now a 4 -year school.
Michigan State has s 5-year program which begins with the fourth year of

undergraduate training. Thus, fall 1966 1.5 the time at which the first under
graduates in the program began their senior year.

The Mount Sinai School of Medicine 1.5 affiliated with the Clty University
of New York.

r First class at Mount Slnal consists of 36 firs`.-year students and 23 third-
yea students; consequently, the first class (throl-year students admitted in
1968) will graduate In 1970.

I Enrollment actually began In Septeml-er 1965 (15 students) and 14,.,
(seven students), but these students were assined to University of Texas
medical schools at Dallas and Galveston; al 1968, the first year of operations
at San Antonio these second- and third year students (and other transfers)
continued their studies at San Antonio, which will, therefore, graduate Its
first class in 1970.

MEDICAL SCHOOLS LIKELY TO BE DEVELOPED IN THE FUTURE

Medical schools likely to be developed in the future have been grouped into three categories: (1)
those which are likely to receive accreditation in the next 5 years; (2) those which stand a reasonable
chance of emerging within the next 10 year; and (3) other possibilities where it is not feasible to
assess tivi time factor.

It is difficult to make a precise assessment of which of the other new medical schools will emerge
first because plans are buffeted by feasibility studies, political influences, and financial opportunities
and constraints.

However, as shown below, it appears likely that a minimum of five new medical schools may
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receive provisional accreditation within the next 5 years. The SUNY (State University of Now York)
master plan calls for two more SUNY medical centers; the first one is likely to be based in Nassau
County. The Florida legislature has authorized a new medical school at the University of South
Florida, Tampa-St. Petersburg. The Indiana legislature has authorized a new medical school at Ball
State University in Muncie but there are pressures from the South Bend area for a medical school as
a branch of Indiana University, possibly located on the Notre Dame campus. The Howard Hughes
offer to the University of Nevada has triggered a new medical school in that State; the feasibility
study has already been completed by AMAAAMC. There are pressures for a new medical school on
the main campus of the University of Tennessee at Knoxville, although no action has yet been taken
by the legislature or by the university.

There is a reasonable possibility that an additional eight to 12 new medical schools will be estab-
lished by 1077: SUNY at Westchester or at Binghamton, the University of South Alabania, Mobile,
the University of Texas at Houston; the University of Illinois, Chicago, either doubling class size or
establishing a now school; the University of Missouri at Kansas City, and two new State medical
schools in the Nation's most populous StateCalifornia---in the two maj,3r metropolitan areas, Los
Angeles and San Francisco.

Additional but indefinite possibilities are offered in North Carolina and by the University of
Delaware, the University of Maine the University of South Carolina, and Southern Illinois Univer-
sity. While plins have blown hot and then cold for the Boise Medical Foundation, the Norfolk area
and the St. Paul area, there is a reasonable possibility that new medial schools may be established in
one or more of these areas within the next decade. New Jersey, which now sends out of State enough
students for three medical schools, is pressing for a third State medical school. Thus, the pace at which
the State moves will be influenced by the steps taken by New York and Pennsylvania schools to give
priority to their own residents. The University of Wisconsin at Milwaukee is just beginning to build
its graduate programs; however, there is a reasonable possibility that the State may establish a second
medical school in Milwaukee rather than doubling class size at Madison.

By 1970 (6) By 1977 (8-12) Indefinite (7)

SUNY (Nassau) SUNY (Westchester or University of Delaware
University of South Florida Binghamton)* (Wilmington)

(Tampa) University of South Alabama East Carolina College
Ball State University (Muncie) (Mobile)* (Greenville)

or Indiana University (South University of Texas (Houston)* University of Maine (2-year
Bend) Boise Medical Foundation (Boise) school in Portland)

University of Nevada (Reno University of Virginia (Norfolk) University of South Carolina
or Las Vegas) University of Minnesota or (Columbia)

University of Tennessee Northern Association of Medical M.I.T. (Cambridge)
(Knoxville) Education (St. Paul or Duluth) Brandeis (Waltham)

University of Illinois (Chicago)* Southern Illinois University
New Jersey (Trenton) * (Carbondale)

University of Wisconsin
(Milwaukee)*

University of Missouri (Kansas
City) *

University of California (new
schools in Los Angeles and San
Francisco areas)*

*More likely.
Source: 1. Files of Resources Analysis Branch, OPPE, NIH.

2. Progress report on Future of Higher Education, 1965-1985 prepared for the National Institutes of Health
by the Academy for Educational Development, Inc., March 1967 (unpublished).

3. Discussions with C. H. William Ruhe, M.D., Associate Secretary, Council on Medical Education, AMA,
assessing the probability of institutional plans, political decisions, and State commitments becoming
reality, school by school.
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APPENDIX D

LOCATIONS OF PROBABLE MAJOR EXPANSIONS IN GRADUATE EDUCATION,
1965-80

Region State Institution

New England Maine University of Maine

New Hampshire University of New Hampshire

Vermont

Middle Atlantic

Massachusetts Boston University
Brandeis University
Northeastern University
University of MassachusettsAmherst
University of MassachusettsBoston

Rhode Island

Connecticut

New York

New Jersey

Pennsylvania

104

Brown University
University of Rhode Island

University of ConnecticutHartford
University of ConnecticutStorrs

City University of New York
New York University
SUNYAlbany
SUNYBingham ton
SUNYBuffalo
SUN YNassau
SUNYStony Brook
SUNYWestchester
University of Rochester

RutgersNewark
RutgersNew Brunswick

Carnegie University
Lehigh University
Pennsylvania State UniversityHershey
Pennsylvania State UniversityUniversity Park
Temple University
University of Pittsburgh



Region Stole Institution

East North Central Ohio Akron State University
Bowling Green State University
Case Western Reserve University
Cleveland State University
Kent State University
Miami University
Ohio University
Toledo State University
Wright State University

Michigan Eastern Michigan University
Michigan State University
University of Michigan
Wayne State University
Western Michigan University

Indiana Indiana UniversityBloomington
Indiana UniversityIndianapolis
Purdue University

Illinois Northern Illinois University
Northwestern University
Southern Illinois UniversityCarbondale
Southern Illinois UniversityEdwardsville
University of IllinoisUrbana
University of IllinoisChicago

Wisconsin University of Wisconsin--Madison
University of WisconsinMilwaukee

West North Central Minnesota University of MinnesotaMinneapolis

South Atlantic

Iowa

Missouri University of MissouriKansas City
University of MissouriSt. Louis
Washington University

North Dakota

South Dakota

Nebra.sk a

Kansas Kansas State University
University of Kansas
Wichita State University

Delaware University of Delaware

Maryland
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&Alm Hopkins University
University of Maryland Catonsville
University of 5fatylandCollege Park



South AtlanticContinued
Region State Institution

West Virginia West Virginia University

District of Columbia

Virginia Old Dominion College
University of VirginiaCharlottesville
University of VirginiaFairfax
Virginia Polytechnic institute

North Carolina Duke University
East Carolina Co
University of North Carolina Chapel Bill
University of North CarolinaCharlotte
University of North Caro...mGreensboro
University of North CarolinaRaleigh

South Carolina

Georgia Atlanta University
Emory University
Georgia Institute of Technology
University of Georgia

Florida Florida Atlantic University
Florida State University
Florida Technological University
University of Florida
University of Miami
University of South Florida
University of West Florida

East South Central Alabama University of Alabama -- Birmingham
University of Alabamalluntsville
University of South Alabama

Mississippi

Tennessee Memphis State University
University of TennesseeOak Ridge
University of TennesseeKnoxville
Vanderbilt University

Kentucky University of Kentucky

West South Central Louisiana Louisiana St. UniversityBaton Rouge
Louisiana St. UniversityNew Orleans
Tulane University

Arkansas University of Arkansas

Oklahoma Oklahoma State University
University of Oklahoma
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West South CentralContinued
Region

Mountain

Pacific

Stole in at itu /ion

Texas Arlington State Col.
North Texas State University
Rice University
Texas A&M University
Texas Technological College
University of Houston
University of TexasDallas
University of TexasEl Paso
University of TexasSan Antonio

New Mexico University of New Mexico

Arizona Arizona State University
University of Arizona

vada

Utah Brigham Young University
University of Utah

Colorado University of Colorado
University of Denver

Wyoming

Montana

Idaho

Alaska University of Alaska

Hawaii University of Hawaii

Washington University of Washington
Washington State University

Oregon Oregon State University
University of Oregon

California California State College Long Beach
1'resno State College
Sacramento State College
San Francisco State College
San Jose State College
University of CaliforniaBerkeley
University of CaliforniaDavis
University of CaliforniaIrvine
University of CaliforniaLos Angeles
University of Californialliverside
University of CaliforniaSan Diego
University of California--Santa Barbara
University of CaliforniaSanta Cruz
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APPENDIX E

TABLE 5.Summary of Illustrative Annual Flow Model of Ph. D.'s in the Other Biosciencesi Into the Medical
Research Manpower Supply, 1966-85, From Those Awarded Ph. D. Degrees, 195782

Ph. D. Degrees awarded Entering medical research

Year I Number Total 1236-65 1966-70 1971-7S 1976 -80 196'45

1957-60 2, 286 292 292
1961-65 3, 544 1, 590 1, 207 333
1966-70 5, 045 2, 525 277 1, 713 535
1971-75 7, 091 3, 547 378 2, 411 753
1976 -SO 10, MO 3, 963 535 1.433
1981, 1982 5, 141 762 762

u.e. total 12, 654 1, 776 2, 474 3, 48' 4, 953
Foreign Input 1, 693 355 495 343 495

Total, new entrants into medical research
manpower supply 14, 377 2, 131 2, 969 3, 829 5, 443

I Inc:tides biology general, botany general, loology general, ecology, en-
tomology, genetics, nutritk.,s, plant pat/01(1y, plant physiology, and
biological sciences.

Source: Ph. D. output 12$7,033e of Educatias; 1955-47.N eional Amami

of Sciences, Poorest, Recipient: front 1. aged Stahl Velem /la, 1131-66; 1267
unpublished data.

Pro}ections 1266-52, doe eloped by Resources Analyst Branch, OP PE,
ISI.

NOTES ON METHOD
1. Fifty percent of the Ph. D's in Ite othee blasclences will enter Into

medical restart's as independent Investigators at some time doing their
career.

2. There is a minimal 3-year lag between receipt of the Ph. D., subsequent
postdoctoral training. and entrance into independent research.

3. in developing this rlk,iel, It MS beers stemmed that 60 percent of the
Ph. D.'S in these fields entering medical rematch as independent investigators
will do so In the I years following postdoctoral training (20 percent pet an-
num); the other 40 percent will enter between the 7th and 10th yeas lo%wing
award of the Pb. D. degree (10 percent per annum). It Is further assumed that
a aubstantial proportion will have had et perience as research amristants and
research ~ales

that
to entering the independent Investigator pool. It Is

also recognized that some enter eke pool fat the first time 20-2S-30 rears after
receipt alit* Ph. D. degree.

4. Foreign input (Ph. D.'s trained In foreign universities) lusts appeal-

116

imstely 20 percent (1906-75). tint 10 percent (;976-64) of the total number of
U.S. trebled Ph.D.'t entering the medical rest -. mh manpower pool each year
in them fields. Foreign Input consists tithe following components:

a. U.S. citizens who went abroad lo car elm/ their science training for
the Ph. D., Se. D., et equivalent degree.

Is lh. D's who received their degree abroad who may or may not be
U.S. title os and are now engaged in research In the I. nited

e. Ph. 11.'s It ..ined abroad :rho are conducting research, whose research
etperylitares are included In the total national et penditures for medical
research either In the government coin the Industry component.

S. The model begins with a cumulative total of Ph. D.'s awarded, 1457-00.
Some of these Ph. D.'s will enter ne4ical research In 1966 and later years.
non 14fi on, totals are rOrnrete wept for those Ph.D.'s from climes Prior
to Int who enter research subsequent ta 10 years after earning the Ph. D.
degree.



APPENDIX E

TABLE 6.- Summary of Illustrative Annual Flow Model of Ph. D.'s in the Behavioral Sciences' Into the Medical
Reseoich Manpower Supply, 1966-85, From Those Awarded Ph. D. Degrees, 1957-82

Ph. D. degrees awarded Entering medical research

Year Number Total 1980-85 1960-70 1371-75 1976-80 1981-35

1957-60 3,718 292 292
1961-65 5, 923 1, 585 1, 212 373
1966-70 9, 572 2, 872 2fs3 1, 955 634
1971-75 15, 186 4, 556 467 3, 097 992
1976-80 23, 801 5, 585 733 4, 852
1981, 1982 12, 950 1, 148 1, 148

U.S. total 16, 038 1, 787 2, 795 4, 464 6, 992
Foreign input 2, 061 357 559 446 699

Total, new entrants into medical research
manpower supply 18, 099 2, 144 3, 354 4, 910 7, 691

I Includes an.hropology sociology, and psychology. Ir Is expected,
however, that the scope of the behavioral sciences will, In the future, also in.

etude medical economics.

Source: See table 5, app. Y...

NOTES ON METHOD
I. '70 Percent of the Ph. D.'s in the behavioral sciences will enter into 2-5. See table 5, app. E.

medical research as independent investigators at some time during their career.

TABLE 7.-Summary of II19strative Annual Flow Model of Ph. D.'s in the Physical Sciences' Into the Medical
Research Manpower Supply, 1966-85, From Those Awarded Ph. D. Degrees, 1957-82

Ph. D. degrees awarded Entering medical research

Year Number Total 1960-85 1960-70 1971-75 1975-80 1981-85

1951-60 6, 886 194 194
1981-85 11, 903 1, 175 891 284
1966-70 19, 314 2, 125 211 1, 447 467
1971-75 32, 149 3, 537 357 2, 402 778
1976-80 51, 221 4, 569 590 3, 979
1981, 1982 30, 021 975 975

U.S. total_ 12, 575 1, 296 2, 088 3, 459 5, 732
Foreign input. 1, 698 259 418 346 573

Total, new entrants into medical research
manpower supply 14, 171 1, 555 2, 506 3, 805 6, 305

I Includes physical sciences general, astronomy, chemistry, metallurgy,
meteorology, pharmaceutical chemistry, physics, end earth sciences.

Source: See table 5, app. E.

NOTES ON METHOD
1. Eleven percent of the Ph. D.'s In the physical sciences will enter into career.

medical research as independent Investigators at some time during their 2-5. See table 5, app. E.
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TABLE 8,--Summary of Illustrative Annual Flow Model of Ph. D.'s in Mathematics and Statistic:. Into the
Medical Research Manpower Supply, 1966-05, From Those Awarded Ph. D. Degrees, 1957-82

Fh. 1.). degrees awarded Entering medical research

Year Number i'ot al 1960-85 1966-70 1971-75 1576-80 1981-85

1957-60 1, 084 20 20
1961 -65 2, 555 164 124 40
1966-70 5, 639 394 35 269 90
1971-75 13, 101 917 82 622 213
1976-80 28, 963 1, 562 184 1, 378
1981, 1982 19, 436 398 398

U.S. total 3, 455 17'0 391 898 1, 989
Foreign input 403 36 78 90 199

Total, new entrants into medical research
3, 858 215 469 986 2, 188manpower supply

Source: Fee table 5, app. E.
NOTES ON METHOD

9. Seven percent of the Ph. D 'a In mathematics and statistics will ter career,
into medical research as independent investigators at some time during t .elr 2-5. Sce table 5, app. E.

TABLE 9.-Summary of Illustrative Annual Flow Model of Ph. D.'s in Engineering Into the Medical Research
Manpower Supply, 1966-85, From Those Awarded Ph. D. Degrees, 1957-82

Ph. D. &grecs awarded Entering medical research

Year Number Total oss-ss 1958-70 1971-75 1978-80 1951-85

1957-60 2,716 42 42
1961 -65 7, 242 397 295 102
1966 -70 15, 649 939 85 639 215
1971-75 33,645 2,020 ....... - - 180 1,371 463
1978-80 68, 901 3, 194 385 2, 809
1981, 1982 43, 984 774 774

U.S. total 7,366 422 927 1, 971 4, 046
Foreign input 871 84 185 197 405

Total, new entrants into medical re-
search manpower supply 8, 237 506 1, 112 2, 168 4, 451

Source: See table 5, app. E.
NOTES ON METHOD

1. Sit percent of the Ph. D.'s In engineering will enter irio medical rese arch 2-5. See table 5, app. E.
as independent investigators at sometime during their career.
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TABLE 10.Project1ons of Bachelor s Degrees Conferred, 1968 5
'Thousands)

Year Office of Edu.
cation 1

NIII s Folger

1967 -68_ 616 631 8651 l(635)
1968-69_ 676 726 713 (695)
1969-70 673 730 742 (723)
1970-71 686 732 753 (734)
1971-72 713 745 816 (796)
1972-73 747 769 844 (823)
1973-74 783 805 888 (866)
1974-75 818 850 927 (904)

I Office of Education, ProJeclions of Educational Statistic* to 1975-70, 1960.
Projections shown on table 17, v. 27, of bachelor's and first-professional
degrees have been reduced by 8.6 percent to exclude first-professional degrees.

Projections prepared by Resources Analysis Branch, Office of Program
Planning and Evaluation, National Institutes of Health. Based upon long-
term trends and experience, represents a it e of 21-, 22-, and 23-year-olds
receiving bachelor s degree. The NIIf projections are approximately 2.6
percent above those prepared by the Office of Education; for ail years, except
1959, 1970 and 1971. They are appreciably lower than the projections prepared
by Dr. John K. Folger, formerly the Director of the Commission on human
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Resources and Advanced Education. By 1975, Folger's projection overall is
about 6 percent above the NIII projection.

I Projections prepared by John K. Folger, formerly the Director of the
Commission on Human Resources and Advanced Education. See, "The
Balance Between Supply and Demand for College Graduates," The Journal
of Human Resources, vol. II, No. 2, Spring 1967, pp. 143-175, particularly
table 1, p. 146.

OD sit Figures in parentheses ) reflect reduction of projections shown
on table , p. 146 (Folger) by 2.6 percent to exclude first-professional degrees.
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