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long-range biomedical manpower needs up to 19€5 have

becn projected and the best estimate indicates that there will bhe an
increase frorx 64,000 workers in 1965 to 150,000 in 1985. The related
expenditure is expected to increase from 1.9 billion dollars to 15.7
billicn dollars in the sare period. Alternate predictions, based on
other possible economic policies, lead to different results. The
nethods used, and the assumption made, for each projection are
discussed. The perjod from 1947 to 1967 is used for a base, and a
comparicon of similar projections made in 1961 with the actual
fiqgures up to 1967 demonstrates the utility of the nodel. The
projections ivply that there will be (a) a need to fully utilize
Ph.D.'s research skills; (b) a decrease in the proportion of N.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 exgfansion of facilities and equiprent for
health research. Appendices tabulate the projections, define
bioaedical research, and 1list localities whele graduate education is
expected to significantiy 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 improvament of the health of American peopl. through
research will require accelerated expansion in the supply of health manpower
for service, research, and education. This acceleration fortuitous!y coincides with
the surge of 22-year olds seeking graduate and professional education and,
subsequently, postdoctoral training and careers in medicine and related health
professions. Meeting the challenge will demand: (1) Substantial expansicn of
existing institutions; (2) upgrading of weaker institutions with the potential
of reaching excellence; and (3) the creation of 25 naw 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 rescarch is the cardinal determinant of the
need for trained biomedical manpower. An effort to look ahead for two decades
is apeculative and recessarily tinged with uncertainty. Many as yet unforescen
forces are bound fo influence the growth of biomedical rsearch during this
20-year span. Some of these forces, like the 10651068 escalation in Vietnam,
have daprossed growth. As the outlook brightens, however, it is anticipated tliat
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
opportunities Recognizing the inevitability of peaks and valleys that will reflect
the impact of such unique and specifi~ circumstances, long-range projections
of national biomedical inanpower needs for research, teaching, and related
gservice activities provide the most. useful frame of reierence for the develop.
ment of plans for NIH training activitica.

Four different methodological :ipproaches have been utilited in developing
alternate projections of long-range biomedical rescarch manpower needa. Fire,
because of the direct connection bet ween dollar support for biomedical researci
and the utilization of scientific capability, aliernative levels nf the Nation's
investinent for biomedical research (1965-83) have been calima‘ed, in terms of —

(1) continuation—at a diminithed rate—of long-tetm secutar growth in
expenditures for biomedical reeearch, in relation to the Nation's eco-
nomic capability (GNP) and

(2) prolongation of the current (1907-69) constreirts on the nondefense
Aspects of Federal programs,

To derive the estimated manpower for research, teaching, and related setvice
activitiea, alterrative dollar levels of support for biomedical resarch have
been relsted to & projected expenditure per professional worker for each of the
b-year periods, 1065-70, 1970-75, 1975-80, and 1980-83, to derive etimated
biomedical manpoxer needs,

il



An opposite approach has been taken by projecting the probable size of
the labor foree of highly tiained manpower for research, teaching, and related
service aotivities; in effect, this approach sets upper limits upon future tan-
power requirements.

In contrast to these two macr approaches, two appraisals hava been made
of biomedical research manpower needs at the micro level. Quantitatively, we
have assessed the high priority functional staffing requirements to pinpoint
gpecific biomedical manpower needs for—

(1) Staffing medical schools and other health professional schools,

(2) providing faculty for biomedical components of graduate schools and
for advanced undergraduaie education, and

(8) staffing specialized biomedical research centers in the national intercst,
e.g., cardiovescular research and training centers, eye research in.
stitutes, population research centers, environmenta' health research
and training centers, and institutes for the study of aging.

Qualitatively, ve have taken into account critical shortage categories such
as hioengineering, behavioral sciences, environmental heaith sciences, clinical
investigation, and the neurosciences,

The “best judgment” projection of manpower needs far the futut= is based
upon continuation—at a diminished rate—of the long-tenn secular growth in
supvor for biomedical research, in relation to the growth in GNP. The ctitical
assumptions in making this projection are that:

1. Tha kuy factors influencing the growth of hiomedical research are (1)
the thrust and promise of scince, (2) human needs and expectations,
(3) population dynamics and the institutiona) 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 prujections are clear and call for action now to
assure an adequate supply of nighly trained biomedical manpower for the
futie:

1. By 1985, 150,000 professional workers will be needed for biomedicsl
research, education, and related service activitiea

2. Ph. D.’s will comprise a steadily increaging share of biumedical research
manpower, with major increments from the behavioral sciences, engi-
neeting, mathematice, and the physical sciences

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

4. Stafing new medical schools and graduate schools and facilitating the
surely needed expansion of existing indtitutions condtitutes a major fore-
seeable manpower need.



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

1. What proportion of 3N I’ should be devoted to biomedical research !

2. What measures will be inost effective in changing the M.D.-Ph, D. bio-
medical research manpower mix{

3. What is the desirable level of Federal support of graduate and medical
aducation to increase and to enrich supply during the next. two decades!

4. Can wo dopend upon the market to attract nontraditional Ph, D.’s (be-
havioral sciences, mathematics, and engineering) into biotacdical
rescarch or ghould we intervene with training programns tailored to
induce participation during the formative period of graduate study !

5. What kinds of facilities will be nceded, where, wher, and what will they
cost for:

A Teaching
b. Research

All reports in the Rescurces for Medical Research series are prepared under
the direction of . Herbert H. Rosenberg, Director, Office of Resources
Analysis, Office of the Associate Director, Program Planning and Evaluation.

/4% St s

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



TABLE OF CONTENTS

SUMMAKRY i i iiiciettecaaaeaanas
I. SECULAR TRENDS IN GROWTH OF BIOMEDICAL

Il.

11

v,

V.

RESEARCH . .o iiiiiieciiaieiiiaacenaansasnans
A. Biomedical Research—Funds and Performers, 1947-67_......
B. Relation to GNP . L L e
. Sources of Funds for Biomedical Rescarch, 1947-67..........
D. Performers of Medical Rescarch, 1047-64. . . oovonennnannn-.
E. Biomedical Research Manpower, 1954-65.. ... ... ........
THE CURRENT SITUATION . ¢ ci i iiiiiaaaaes
A. Decline in Rate of Growth of Medical Research, 1967-69.....
B. Decline in Federal Support for Graduate Education, 19€7-69. .
C. Phasing Out of Major Non-Federal Source of Support for

Graduste Students. . cooveiiiiiiiiiiineiiaeanrananan
D. Potential Impact of Military Selective Service Upon Graduate
Envollment. .o iiiei i i iaes
MANPOWER NEEDS FOR THE FUTURE. ...............
A. Uncertainty of Curcent Situation. ..o oeneiiiaiiiiiiiainans.
B. lLong-Term Prospects for Growth of Biomedical Research.. ...
C. Projections of Biomedical Research Expenditures and Mian.
POWET. o e ceeuunmcasasasennnacnnncesonannnannnanasannan
D. Anticipated Changes in Medical Education, Graduste Edura-
tion, Postdoctoral Training, and Continuing Education.....
E. High Priority Functional Requirements_..... ....coiaiiiiil
THE LONQG-RANGE OUTLOOK FOR OUTPUT OF M.D.’s

AND PH. D8 ciiiiiiiiiciiiiiiiceaineancccteannanann
A. Uncertainty of Current Situalion. ... coveeiiiiniiiniiaiias
B. The Resource Base for Future Growth, 1065-80. ... .........
C. Output of Ph. D.'s, 1061-67, and Prajectionato 1930..........
D. M.D. Output. 1956-67, and Projections to 1980.........c.ccan
E. Output of M.1\'s and Ph. D.'s, 1820-65, and Projections to

THE FLOW OF PROFESSIONAL WORKERS INTO THE
MEDICAL RESEARCHMANPOWER POOL..... ..o ool
A. Time-Lag Influencing the Flow of Doctoral-Trained Scientists
into the Biomedical Manpower Pool ..o oooiiniiiiiiisn

B. The Useof Models. . iiiiimiiiiniiaiianeacnsncncancanns
(. The Flov. of M.D.'sinto Research, 1966 L, SR feeeneanes
D. Impact Upon the Total Supplv of Physiciane te Meet the
Health Needs of the Nation..... fetsiaseiscsesiesssnse nn

E. Participation of Pu. D.'s in the Biosciences in \ledlcal and
Health-Related Research..... Ceatccaeretaesiecsencecan .e

F. The Flow of Ph. D.'s in the Basic Medical Sciences into the
Medical Research Manpower Pool, 196685, ... ... ... .....

Q. Input of Ph. D.'s in Other Science Fields inta Medical Research
Manpower Pool, 106685, .o iuiiiii ittt aneaan

H. Assestment of Less Than Doctoral Manpowar Requirements. . ..
I. The Probable Balance Between Need and Supply of Doctoral
Trained Manpower for Medical Research ... ... .. ... ...

J. Some Qualifying Obsetvations on the Estimate of M.D.'s and
Ph. D.'« Entering Biomedical Research, 1965-85....... ...

vi




TABLE OF CONTENTS—Continued

Page
VI. IMPLICATIONS FOR ACTION... ..ot 95
A, Meeting Immediate Needs. . ........coomeiioiiiiiinianan.- 85

B. Relating Menpower Needs to vhe Development of Training
PrograIns. ... eeie i aiiecciciceaaccaraacacaaeaaaa. 05
1.1 2 4 300 2 (63 O TN 07

LIST OF TEXT TABLES

TaoNe Title Page

1 Biomedical Research and Relation to Gress National Produet,
2 6

2 National Support for Blomedlcal Research, by Source of Funds,
L L o Y R 7

3 National Support for Performance of Blomedical Research, by
Performer, 1047-07. .o oo i iiiiiiimciaaaanacnaaana 9

4 Scientific and Professional Manpower FEngaged in Biomedical
Research, by Sector and Level of Training, 1054-65.. ... ..... n

6 Alternative Projections of National Expenditures for Biomedical
Reseat -h, 1970-85, Based Upon Varying Assumptions of Pro-
portion of GNP Allocated for Biomedical Research (in 1967
B D11y 1) 7R N 3

6 DBiomedical Research and Relation to Gross National PmdUcl for
Selected Years, 1047-67, and Projections to 1985 (in 1967

P LT o) P 32
7 National Expenditures for Biomedical Recearch, 1947--67, in Cur-

rent and Constant 1958 Dollars. ... .. caiiiiiiiiiiiinn a3
8 Federally Supported Biomedical Research in Relation to the

Federal Budget, 1957-687, and Projections to 1985_............ 34

9 National Support for Performance of Biomedical Research, by
Sector, 1967, and Best Judgment Projection to 1985 (in 1967
dollare) i ittt it iiiitiaiccatanenanaansasanatananan 35

10 Professional Nanpower Engaged in Biomedical Research, and
Expenditure per Worker in 1367 dollare, by Sector, 1065, and
Best Judgment Projection to 1988 .. . iii i iiiinnnanns 37

11 Total Professional Manpower for Biomedical Researcl, 1865 and
Additions to the Medical Research Professional Labur Force

Best Judgmeat Projection to 1985, ... ciiiiiiiiiiincananen 37
12 Professional Menpower for Biomedical Research, Attrition and
Additions, by Sector, 1965-85. ... ... ciiiiiiiiiiiiiiinnianns 39

13 Professione]l Manpower for Biomedical Research, Attrition and
Additions, with PFstimate! Distiibution by Degree lLevel,

106588, i iiiiiiiiiiiiiiiaiiiiiiciiadtianecccetcaactan 39
14 Alternative Projections of Biomedical Manpower Requirements,
108588 . . i iiiiiiiicciaaiccinncascancnacaaacannannnenn 41

15 Piofessional Manpower Requirements, 1965-83, Including Attrition
and Additions—Based upan Alternative Estimates of Biomedical
Research as a Proportion of GNP_....... fetitacstonacsacnan 43

vit




LIST OF TEXT TABLES—Continued

Table Title Page
16 Alternative Estimate of Biomedical Research Manpower Require-

ments, Based on Manpower Supply, 1985 __ ________ ... ... 43
17 Illustrative List of High Priority Staffing Needs for Nonproﬁt,

Sector, 1967-76_ - - o - e eees 51
18 Trends in Relationship Between Fifth Grada Pupils, 1925-59, and

First Time College Students 8 years Later, 1933-67_____._______ 63
19 Trends in Relationship Between High School Graduates and Per-

sons 17 Years of Age, 1920-67_ . _ . ..... 63
20 Opening Enrollment for Baccalaureate and Higher Degrees,

1056-66__ - e e 63
21 Bachelor's Degrees Conferred, 1959-60 to 1965-66, and Projactions,

1965-66 to 197476 - o oo 64
22 Trends in Graduate Eniollment, by Field, 1960-61 to 196566,

and Projections, 1966-67 to 1979-80__ _________.____.T._____.__ 65
23 Trends in Ph. D. Output, All Fields and Selected Sciences,

195867 . o e eeeeees 67
24 Projection of Ph. D. Output, All Fields, and Selected Sciences,

196880, - e eecmmemmeeaan 68
25 Comparison of Data on Ph. D. Qutput—Actual and Projections._ 70
26 Relationship of Ph. D. Output to Graduate Enrollment, by Field,

1961, 1965, and Projections, 1970, 1975, and 1980_.__._._____. 72
27 Output of Ph. D.s in the Biosciences, 1961-67, and Projections,

1968-80, by Field - - - - oL 72
28 Medical School Admissions and Graduates, 1955-56 through

1966-67, with Projections through 1985_____________._.______ 76

20 Total Physician Population, and Proportion of M.D.’s in Bio-
medical Research, Teaching, and Related Service Activities

1965, and Projections, 1970-85__ . . ... 80
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- _.__.______ 82
31 Ratio of Output of M.D.'s to Ph. D.’s in the Selected Sciences,

1920-67, and Projections, 1970, 1975, and 1980_ _ .. ... _..__. 82

32 Model for Illustrating Flow of M.D.’s Entering Medical Research
Manpower Pool, 1965-94, from Classes of 1960, 1965, 1970,
1975 and 1980 (Low Estimates). - - - -« - o cce oo eeeeeeeee - 86
33 Model for Illustrating Flow of M.D.’s Entering Medical Research
Manpower Pool, 1965-94, from Classes of 1860, 1965, 1970, 1975
and 1980 (High Estimates) .- - - -« oo 86
34 Model for Illustrating Flow of M.D.’s Entering Medical Research
Manpower Pool, 1965-94, from Classes of 1960, 1985, 1970, 1975,
and 1980 (Infermediate Estimates) . . - - oo 87
35 Distribution of Ph. D.’s in Biosciences, by Discipline, 1905 _____ 89
36 Model for Illustrating Flow of Ph. D.'s in the Basic Medical
Sciences Entering Medical Research Manpower Pool, 1968-89,
from Classes of 1965, 1970, 1975 and 1980. .- .. .. ... _-..___. 90

viii




LIST OF CHARTS

Chart Tstle

1

2
3

(=]

O W 0o~

11
13
14
15a

15b

17

National Expenditures and Professional Manpower for Biomedical
Research, 1947-687_ . . .. ...
Doctorate Production in U.S. Universities, 1900-687..._.._______.
Projections of National Expenditures for Biomedical Research
Compared with Actusl Experience, 1960-66, and Estimates,
1960-66, and Estimates, 1967-70__ ... ... _______.
National Expenditures and Professional Manpawer for Biomedical
Research, 1947-67, and Projections to 1985. ... ... . ___.___
Manpower for Biomedical Research with Distribution by Degree,

Peofessional Manpower for Medical and Health-Related Research,

1965-85 (Sequence of Cohort Composition) ... ._..___._.___..
Medical Schools in the United States_ .. _______ ... ._.____
Probable Maj.-- Expansions in Graduate Education, 1965-80____.
Functions of & Modern Medical Center. ... ... ... ___.___.
Percent Increases in Population Base for College and Graduate

Education. - - o oo e
Expansion of Population Base for College and Graduate School. ..
Graduate Enrollinent, 1961-65, and Projections, 1966-80________.
Ph. D. Output in the Biosciences, 1661-65, and Projections, 1966

Enrollment at Institutions of Higher Education, 1932-66, and
Projections, 1968~74. .. ... ... ...
Medical School Entering Classee, 1953-68, and Projections, 1969-

Number of Medical Students and Organized Research Expendi-
tures in U.S. Medical £chools per Full-Time Faculty Member,
1951, 1981, 19¢ and 1967 - - oo

Ratio of Output of M.D.’s to Ph. D.’s in The Selected Sciences,
192065, Projected to 1980 - _ . ...

ix

Fage
10
22
25
38
40
42
44
45
48
60
61
66
69
74
78

79

81

83




SUMMARY

The future growth of heslth research is the car-
dinal determinant of the need for trained hiomedi-
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 Sclective
Service law and regulations may depress graduate
enrolliment and subsequent Ph. D, output over the
short run. As the outlook brightens, however, it is
anticipated that the rate of advan.¢ 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 unigue and specific
circumstances, long-range projoctions of national
biomedical manpower needs for research, teaching,
and related service activities provide the most use-
ful frarne 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 functiona] stafling requirements for
the nonprofit sector, (3) probable size of the avail-
able labor foree for biomedical rescarch, and (4)
critical manpower shortage areas,

First, because of the direct connection between
dollar support for binmedical research and the
utilization of scientific capability, alternative
levels of the Nation’s investinent for biomedical
research (1965-85) have been estimated, in terms
of—

(a) continuation—at a diminished rato—of
long-term secular growth in expenditures
for biomedical research, in relstion to the
Nation’s economic capability (GNP) and

(b) prolongution of th current (1967-69) con-
straints cn 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 biomedicel 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 estiriated
biomedical manpower needs (See ch. 111, pp. 35 ff).

Second, an assessment of the high priority func-
tional stafing requirements for the nonprofit
sector, 1967-75, has been developed to pinpoint
specific bicmedical manpower needs. The estimate
yielded by this microanalytic approech compares
closely with the “best judgment” projection for the
nonprofit sector (See ch. I, pp. 50 if).

Third, the biomedical research inanpower 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. 111, pp. 43 ff}.

Fourth, unother approach, only partially sus-
ceptible to quantification, has teen the identifica-
tion of critical shortage categories. Despite the
lJack of procise estimates, this approach should
contribute to the development of N1H training
plans and programs aimed at expanding the supply
of biomedical manpower in these critical shortage
categories (See ch. I11, pp. 55 ff).

! There s no [nherent certainty about efther of these
di. »gent essamptions Secular trends can be modified by
future developments. While it seems unlikely that the cur-
rent situation «will be prolonged much longe:, this assump-
tion cannot be dismissed without appralsing its probable
impiications,




Alternative Projections

The best judgment projection of manpower
needs for the future for biomedical research, teach-
ing, and related service activities is based upon con-
tinuation—at a diminished rate—of 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
1966, to 71,000 in 1970; 100,000 in 1975 ; 130,000 in
1980; and 160,000 in 1985. The related ¢ :pendi-
tures for biomedical research (it 1967 coustant
dollars) would increase from §1.9 billion in 18585,
to 82.9 billion in 1970; $5.5 billion in 1976; ¥9.7
billion in 19805 and $15.7 billion in 1985.

In making these projections, it has been assumed
that expenditures (in 1967 constant dollars) per
professi>nal worker would continue to increase at
the rate of 6 percent a year for the Government
and nonprofit sectors and 7 percent a year in indus-
try—the 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, ind precise instru-
mentation and other costly research equipment;
(2) the operation of large-scale pupulation 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 1885 (expressed in 1967
constant dollars).

The austerity projection (alternative C) is based
upen the assumption that the current (1968-69)
stringent fiscal constraints may be prolonged in-
definitely. Using the same methodological pro-
cedure, this assumption resnlts in a cteady drop in
biomedical research manpower requirements frem
64000 in 1966; to 63400 in 1970; 66000 in 1975 ;
60,700 in 1980; and 44,000 in 1985. This would
represent a net reduction of 20,000 workers—
almost one-third below the number engaged in
biomedical research in 1985. The related expendi-
tures for biomedical ressirch (in 1867 constant
dollars) would increase from $1.9 billior. in 1965 ;
o $2.6 billion in 1970; $3.1 billion in 1976; $3.8
billion in 1980 und $4.6 billion in 1985.

In the decade from 1857 to 1967, medical
research expenditures trebled as & proportion of
GNP; the best judgment projection is based on
a trebling in tiwo 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,
1967-83.

Factors Influencing the Growth of Biomedical
Research

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

1. The Thrust und 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 (ransforming both current and
new information into diagnostic, therapeutic pre-
ventive technology, and the utilization of this
advanced technology to improve {* e delivery of
services (See ch. ITT).

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-
leins 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 iInstitu-
tional Base of Blomedical Science.—The first post-
war birth cohort (1946) will reach age 22 in 1968.
For that and subsequent ycars, 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 tirae, 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 cducational resources an
scientific capability. These dynainics represent the
third set of forces playing upon the future direc-
tions and dimensions of the national biomedical
research effort (See ch. ITI, pp. 28 fI).

4, Economic Capabliity.—Medical research ex-
penditures have trebled as a proportion of gross
national product since 1957. I'f long-termn 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 dccades
(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 1960—more than a 100-
percent increase. Between 1960 and 1965, the num-
ber increased more than 50 percent to 64,000—an
additional 22,600 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 ar> 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, accompanicd 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 he-
corm.e 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, rescarch 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
mmvestigation at the end of World War IT. With-
out this substantinl pool of talent as a base, it
would have been impossible to man the current
national medical research effort. No such pool of
underutilized talent is availabl: 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 exception—indefinite 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. Stafing the expansion v, 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 nf 25 new medical
schools and 750 new giaduate 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;?

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 Reglonel Medical Programs to the Preat:
dent and the Congress, Public Health Service, Department
of Health, Education, and Welfare, June 1067.



Outlook for the Future

In assessing the probable future magnitude of
the Nation’s biomedical research effort, these and
alternative projections have been utiltized 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, NIH 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 bst judgment projection suggests that bio-
redica, manpower requirements will reach 160,000
in 1975 and vise to 150,000 by 1985,

Meceting 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 elinical 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 NIH 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

requirements for the himnedical sciences will in-
crease to (1) permit expansion of existing medical
schools and biomedical components of graduate
schocls, (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 nceded for spe-
cifically designated critical shortage categories.

Population dynamics, mirroring the coming of
age of the post-World War IT baby boom, provide
the potential for an unprecedented enlargement in
the resource base, 1968-1980. Ixperience 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 shar) divergence between
these unparallel opportunities and the financial
capability to provide the support necessary to
maximize the output of doctoral trained mauw-
power and the quality of training. The current
situation, reflecting the growing involvement of
the United States in Vietnam, has necessitated
stringent. iiscal 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
brigot 'r today than it was 3 months ago. For fiscal
year 1968 and probably for fiscal year 1969 tliere
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. Blomedical Research—Funds and Per-
formers, 1947-67

National support for tha conduct of biomedical

- research in the two decades since the end of World

War IT has increased 23-fold, from $87 million in
1947, to a total of $2,280 inillion for 1967 (and
$2,490 million for 1968). This support has made
possible the investigations of an increasing num-
per of highly trained and dedicated scientists
using the research facilities of the Nation’s gov-
ernmenial laboratories, institutions of higher
educaticn, 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 thai underlie this
post-World War IT commitment to biomedical
rescarch—oxemplified 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 scivntific 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 quality of
human life. But this evaluation of past dollar
treads 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 rese:.rch in the
post-World War II period stemmed first, from the
realization of the potentinlities of a comprehen-
sive, systematie, and large-scale research effort to

conquer disease and disability. Secondly, aa ances
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 tl's 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 shonld not be
liampered 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? 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 nconomic
capability to support this activity.

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

3. The sectoral perforiners of biomedical
research.

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

B. Relation to GNP

Medical 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 distinetly ineasur-
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 product—the market value of all



gonds and services produced in the Nation—in-
creased 6 percent a year. Thus, biomedical research
dre'v upon the Nation’s resources in an increasing
degreo 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.~—Biomedicol Reseorch and Relation to
Gross National Product, 1947-67

(Tn current dollars}

GNP Blomedical research .
Year (billions)
Amount Percent
millions) ol GNP

| 1T & SN $231.3 $87 . 04
1948 .o ... 257. 6 124 . 05
1949 oot 256. 5 147 . 06
| ERT: 1 S 284. 8 161 . 06
1 1'%+ ) F N 328. 4 175 . 05
1952 oo 345. 5 197 . 06
1968 ccccicecaeaat 364. 6 214 . 06
1954, oo 364. 8 237 . 07
1955 e aea o 398. 0 261 .07
1956, e 419. 2 312 .07
1957 et 441.1 440 . 10
1958, - eccceeeeeea 447.3 543 .12
1959 ccceiceaaao 483.7 648 .13
1960 oo 503. 7 845 17
| 113 S 520. 1 1,045 .20
1962 . e e 560. 3 1,290 .23
1963 oo 590. 5 1,486 .25
1964, . ... ... 632. 4 1. 652 . 26
1965 .o 683. 9 1, 841 .27
1966 .. .o o..-. 743.3 2,050 . 28
1967 e e oo 785.0 2, 280 .29

Source: Gross Notional Procuet, Department ol Commerce; 1067 esti-
mate—National Institutes of Health, based on first three quarlers of 1967.
Blomedicel rescarch—Nationa? Institutes of Health.

C. Sources of Funds for Biomedical Research,
194767

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 cooperation of diverse forces—Federal, State,
and local governmnents, industry, private philan-
thropic foundations, voluntary health agencies and
individual citizens—with a single objective has
generated national support for science as an
instrument in advancing the health of the
American people.

In realization of the need for, and the capability
of advancing the Nation’s medical science and
teck10logy, all sectors of the economy steadily
increased support for medical research (table 2).

Growth in Fedarcl 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 oue-third of the total support in 1947 ($27
nillion) to almost two-thirds by 1967 ($1,458
million). Congressional support for medical and
health-related research has paced and stimulated
ihe growth of the Nation’s total capabilitics, 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
inission is the advancement of medical knowledge,
and whose pirograms are budgeted and justified on
thut 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 explorations
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-
seale 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 support—and
the evolution and growth of the grant mechanism
for providing funds for research—has made pos-
sible the fruitful participation of the knowledge
and research capability of investigators working



L

TABLE 2.—National Support for Biomedical Research, by Source of Funds, 1947-67

[Current dollars 1n millivns}
8ouroce of funds Percent of total
Year
Total Foderal Industry Al other ? Federal Induatry All other !

Tota) (1947-67) . ........... $16, 041 $9, 509 $4, 243 $2, 289 59. 3 26, 4 14 3
¢ Y 87 27 35 25 3.0 40. 2 28,7
1948 e 124 50 43 31 40. 3 347 25.0
19049 oo cireaae. 147 65 48 34 4.2 32.7 23.1
1960, oo i ceiieeiicaean 161 73 51 37 45. 3 31.7 23.0
106) e e crccenanas 175 85 52 38 48. 6 20.7 21,7
¢ 1, S 197 103 52 42 02. 3 20. 4 21.3
1983, e e 214 107 58 49 50.0 27.1 22. 9
1984 . o e 237 119 61 57 50. 2 25.7 24.1
£ 11 TP 261 139 62 60 53.3 23. 8 23.0
1960, . e 312 162 79 71 51. 9 25. 3 22. %
R L 440 229 126 85 §2.0 28 6 19. 3
1988, oo 543 279 170 94 51. 4 31.3 17. 3
1969, i et 648 351 190 107 54. 2 20,3 16. 5
1960, cccceee e ceeicceieaea 845 448 253 144 53.0 29. 9 17.0
190 . e 1,045 574 312 159 B4 30.0 15. 2
1962, . e 1, 290 782 336 172 60. 6 26.0 13.3
1903, i 1, 486 919 3756 192 61. 8 25.2 12,9
1964 . e eeeae- 1,652 1,049 400 203 63. 6 24,2 12.3
1965, e eeeeeeeas 1, 841 1,174 450 217 63. 8 24.4 1.8
19006. .. e eeeeea 2, 056 1,316 510 230 64.0 2¢. 8 11.2
1987 e 2, 280 1,458 580 242 63. 9 25, 4 10. 7

Percent increase?

1947-67 . oo eeceeeaean 17. 7 22.0 15. 1 ) 21 I RO P N
1947-52. e 17. 8 31.0 82 1009 foo e e
1952-57 e eeee 17. ¢ 17. 3 19. 4 ) F- 700 U PRSI AU PN,
1967-62. et 24.0 28.0 22.0 | 2 U SN E DI PP
1962-67. .. .. i 12.0 13. 3 11. 6 Y 7 S PO I F

1 Inclides private philanthropie foundations, voluntsry health agencles,
Btate and local governments, and contributions (rom 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”, Resources for Medical Research Report
No. 1, 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 condu:t of medical research in
the 1947-67 period, the. dollar flow increasing at
an average annual rats of 22 percent a year, from

330-549 O—69—3

1 Annua) compound rate of increase.
Bource: Natlonal Institutes 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-



E

tary contributions of the American people throngh
health organizations from the endowments of
philanthropic foundations,” and other private gifts
represent about 15 percent of the Nation's invest-
ment in medical research dorving the 1947-67
period. (Included in this total are funds made
available by State and local governments, amount-
ing to about $400 million cunmlative in the post.
war period.) The anuual support for medical
research frow: 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-
medica] research have increased cach year since
1947, but the rate of increase in recent years has
not equalled the advances of the fifties and early
sixtics.

D. Performers of Medical Reseurch, 194767

While the Federal Government has been the
single largest sonrce of funds for medical research
in the national schema of medical and health-ve.
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 research. Shoitly
after World War II, about two-fifths of all medi-
cal research was performed at nonprofit institn-

' An analysis of the impact of voluntary health ngencles
on the evolution and direction of programs In the health
scfences Ix presented fn “Voluntary Health Agency Ex-
penditures for Rescareh and Research Trainiug,” Re-
sonrces for Mcdical Rcscarch, Report No. 7, December
1965, IS Pub. No. 1417.

* A review of the role of philanthropie organizations in
medieal research and education {8 presented In “Founda.
tion Expenditures for Medfeal and Health-Related Re-
search and Edueation, 1060, Resources for Medical Re.
scarch, Report No. 2, November 1062, PHS I'ub. No. 083,
and “The Medical Research and Education Activities of
Foundations and Nonprofit Research Iustitutes,” Re-
amerces for Medical Rexearch, Report No. 13, S¢ptember
1008,

Q

RIC

Aruitoxt provided by Eic:

*

tions; by 1960 this sector acconnted for 50 percent
(table 3).

Since 1957, federally owned research facilities
have been the locus for less than one-fifth of tho
medical research performed in the United States.
Althongh Federal intramural research lias won-
tinued to increase, currently at abont 12 percent
a year, a growing proportion of Federal funds has
supported the investigations of scientists in non-
profit institntions.

Industrially owned laboratories account for 30
percent of the medical research performed—a pro-
portion of the total that has declined from the
early postwar period, although tlere has been
steady growth in funds allocated to thisactivity by
the Nation’s manufacturers of pharmaceutical
products, of instrnments for dingnosis and ther-
apy, and of new biomedical materials. The medical
research performed at industrially owned facili-
ties is financed—80 percent—by 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 throngh R&D 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 institntions (including institutions of
higher education) and the laboratories of Federal
agencies.

E. Biomedical Research Manpower, 1954-65

Between 1954, the first. yrar for which consistent
and comprehensive data are available, and 1965,
the numbers of professional investigators enyraged
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
techuiques that are available now for explorations
of nesw areas of scientific inquiry not possible here-
tofore, as well as the general increases in salary
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TABLE 3.—Natlonal Support for Performance of Blomedical Research, by Performer, 1947-67 ¢

[Current dollars {n millions)

O

Performer Percent of total
Year
Total Federal Industry Nonprofit Federal Industry Nonprofit

institutions institutions ?

Total (19047-67). ... ......... $16, 041 $2, 807 $4, 898 $8, 336 1.5 30.5 52,0

1947 o e eans 87 17 36 34 19.5 41.4 39. 1
1948 e 124 23 46 55 18. 5 37. 1 44.4
1949 . e 147 30 52 65 20. 4 35. 4 44.2
1950 . e 161 35 55 71 21.7 34.2 14. 1
1951, e e - 175 40 57 78 22.9 32.6 4, 6
1952 e 197 49 58 90 24.9 29, 4 45.7
1953« oo e eeaaa 214 51 65 08 23. 8 30. 4 45. 8
1964 .. 237 53 67 117 22.4 28. 3 49. 3
1965, ¢ e 261 64 89 128 24. 5 26. 4 49.1
1956, e 312 74 86 152 23.7 27. 6 48. 7
L 440 90 136 214 20. 5 30.9 48. 6
1958, e 543 104 187 252 19. 2 3.4 46. 4
1959, . e 648 121 209 318 18,7 32.2 49. 1
1960. . oo 845 138 280 427 16. 3 33.1 50.5
196 el 1,045 164 346 535 15. 7 331 51.2
1962 . e 1,290 215 384 691 16. 7 29. 8 53. 6
1963 . e 1, 486 250 433 803 16. 8 29.1 54.0
1964 . . eea-.. 1, 652 272 479 901 16. 5 29.0 54.6
1965, e eiaaa 1, 841 305 537 099 16. 6 29. 2 54.3
1966 - . e ieaas 2, 056 342 626 1,088 16. 5 30.0 53.1
1967 . e 2,280 370 690 1,220 16. 2 30. 3 53. 5

Percent increase?

1047-67 e e aas 17 16. 7 15.8 18.8 | e
19047-52. oo 17 23.0 10. 0 210 e
1952-57 . s 17. 4 12. 9 18. 6 | B T PR (RN PRI
1957-62. . o ecceeaaaes 24.0 19, 23.0 28.0 |t
1962-67 . - - oo e e e aeeae 12,0 11. 5 12. 4 12,0 oo e e

1 Coverage Is limited to £anduri of research and development: support of
other setivitles, such Bs researca tralning or capital outlays far research
facilities, Is not included.

1 Annual compound rate of {ncrease,

levels that have occurred over the past decade.
This increass in expenditures per professional
worker is also & phcnomenon 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-

RIC

Aruitoxt provided by Eic:

? Includes research performed at State and local government agencles,
educationsg] Institutions, and foreign performers.

Source: National In<titutes of Health.

tors engaged in bioinedical research, by level of
training, and sector of employinent (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, NIH, are
summarized in table 4.



CHART 1
National Expenditures and Professional Manpower for Biomedical Research, 1947-67

Dollars Professional
Miltions Monpower
3,000 T T 1 T 7T LA B | T T 1 T T T
1,000
500
300
200 —
Notionol Expenditures
(Left Scole )
100 - 100,000
80,000
—-237 160,000
o~
.
/'/
- ,7/" 40,000
“
— .7 Professionol Monpower 30,000
.,-’ { Right Scole )
l”
~ 120,000
|o | { d 14 1 I ! } 1 1 ! L 1 1 J |o ooo
1947 1950 1956 (960 1965 '
Source: Nationol institutes of Heolth RAB-QPP-NIH

Moy 1968

10




TABLE 4.—Scienlific and Professional Manpower Fngaged in Riomedical Rescarch, by Sector and Level of

Tralning, 1954-65
Hem 1068 1960 1958 194
BectOr LOlA). i e iiiiicciceaiataacacacearaccaanassaaannanan 64, 000 41, 700 34,600 19, 200
GOVEINIMEN, . i ceceeacannvacaananaaaaaanaancnatocaanasaaaassanan 11, 800 17, 800 6, 900 3,700
) Y DT s 2R 11, 900 ¢, 200 6, 600 3,400
Nonprofit inatitutlons. ... ... iiiiiiiiiiiiiieeiiiiiiaanaaciaaras 40, 300 24,700 21, 200 12,100
Level of Trsining:
LT R Cemaase 64, 000 41,700 34, 600 19, 200
MDD, D8, DN M iiitiiiiiaaitinacannnscasnnnnnn 17, 000 11, 600 10, 000 Y]
Ph. D [T ) R 32, 000 18, 600 14, 700 (W]
Less lhnn doctoral (M8, M.P.H, M.A BS, AB). ..ol 15, 000 11, 500 9, 900 ™
I Not avaflsble. Medical Researeh, Report No. 3, 1anuary 1968, PHS Pab. No. 1001,

Note.—The dats sources snd Matistical methodology underlying 1he
derivation of the data for 1954, 1954, and 1980, were Setalled In = Manpowes
for Medscal Resesrch, Requirements snd Resources, 1968-20," Resources for

11

Ler app. B for derivation of 1965 extimates 29 1960 revisicas.
Rource: National Institutes of Heslth,



Il. THE CURRENT SITUATION

In contrast to the secular trend which depicts
the steady growth of biomedical research over the
past two decades, in recent years, we have wit-
nessed a teveling off of the rate of growth of bio-
medical research. In addition there has been a
(1) decline in Federal support for graduate
edncation in the sciences, (2) one of the major
non-Federal sources of fellowship support for
gradiate students has been liquidated and (3) the
Military Selective Service Adt of 1967 chang-d
drastically the draft status enjoyed by graduate
students for the past 15 years,

Probably one of the major forces influencing
the allocation of limited resources between mili-
tary and domestic programs was the growing in-
volvement of the United States in Vietnam. Since
1964, the commitment of U.8. troops in Vietnam
has mounted sharply from 21,000 to more than
500,000 at the present time. A= a consequence the
share of al! Federal outlays allocated for military
purposes rose from 52 percent in 1061 to b} pereent
in fiscal year 1388, Military expenditures have
risen 27 billion, increasing from &0 Lillion in
1064 to €77 Lillien in Ascal vear 1968. (o accom-
modate this substantial increase in the Federal
budg:t, buth the President and the Congress have
endeavared to slow the growth o * wide range of
dcmestic programs The impact o1 .nese endeavors
has been felt by all Federal agencies that pro-
vide support for academic science and graduate
educstion,

A s2~ond force threatening the enrrent situstion
is the Military Selective Service Act of 1967 ! and
its implementing PPresidential regulations? It had
been anticipated that the number of graduate tu-
dents would mount steeply in academic yeurs
1968-69 and 1969-70, mirroring the post-World
War IT baby bocm of 1946 and 1947, In October
1967, however, the American Council on Educa-
tion predicted that:

'Pablie Law S04
! Excentive Opder 11300 signed June 30, Y087, Frdoral
Regietcr, July 4. 10957, 32-128, pp. R7S7-09706.

12

“It would appear that unless changes are made
by amending either the statute or the regule-
tions, civolliwent in the fivst 2 years of graduate
and professional schools next fall will be lhiited
to wonien, veterans, men physically disqualified,
and theze over the age of 25!

The evidence is now abundamly clear that
these dire consequiences have thus far faited to
materialize.

foss than a year ago it appeared not unlikely
that the four factors characterizing the current
situntion might continue unaltered for the next
5 r even possibly the next 20 yeara. Recent everts
siggest & much more hopefui vntleok. But what
if the situation, grim and bleak as it appeared a
few months ago, were to centimie unchanged
through 19801 What in nact wonld this have upon
requirements and supply of biomedical manpower
for research, service, and wvdn stionl If it is as
rumed that the “current” fiscal ysar 1968 situation
were prolonged indefinitely, we could project the
nidir of bic.nedical manposwer requirements and
supply for the period immediately ahead.

Four critical faciors vaiying markedly from
secular trends characterize the enrreat situation.

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

The Yang-term trend in the growth of the Na-
tion's investicent {or better health through re-
cearch lias been detaited in chapter 1. That
discussion emphasized the leading role of the Cun.
gi2ss and the Executive Branch in providmg the
resources to maintain and further biomedical in-
vedigations—on the broadest scientific front as
well as those targeted to support specific missions
and programs of Federal agencies It was also em-
phasized that biomedical research has continued
to attract the interest and significant contributions
of funds finm other sectors of the ecnhomy. To-

YJohn ¥. Motee, Director ' Commission on Federal
Relations of the Ametican Coundil on Fdueation, in a
Speclal Report to Member Institntlons Oct. 200 319G7.



getner, public and private support has increased
at £ annual rate of 18 percent a year, 1947-67, in
current dollass; Federnl funds alone at 22 percent
r, year.

Howevcr, this growth pattern has not hoen uni-
sorm over the last two decades. Within tse long
term pattern of growth (expressed in 1967 con-
stant dollars to eliminate the effect of general
price increases) of Federal funds of 20 percent &
year, marked fluctuations have eccurred when this
aversge tate was exceeded, as new programs
erierged, and scientific opportunities became ripe
for exploitution, followed by other periods—some
of national emergency, and others of program con-
solidation-~when tlie rate of grov:th was consider-
ably lower. Thus, the emergence of biomedical
research, immediately after the end of World War
1, a< n Jarge-scale Federal commitment, called
forth ~ 100-percent iucrease in Federal funds
between 1047 and 1949,

But the period of emergency that developed
Leginning in 1950 witl. the Korean conflict slowed
the rate of these advances; in 1953, the terminal
year of the Korean emergency, Federal support
for bioinedical research increased 3 percent over
the sums provided in 1052, As the emergency pe-
riod phased out after 1942, the rate of increase in
rescarch  pi~gram  funds was  stepped  up,
strer.gthenzd furdier in the late 1050°s by the na-
tiunal resolve to broader. the Nation's scientific
capabilities in all fields, following the Russian
sucersss with Sputnik in 1957, For Liomedical ve-
search, the annual rate of growth in Federal
funds, 1053-57, was 18 percent, and 26 percent,
1857-62. While Federal support wontinued to in-
crease each vear duting the next 5-year period.
the annual rate of growth in Federal hiomedical
research dropped to 11 percent, 1962-67—less than
one-half the rate of growth for the preceding
5-year period.

The Nation's growing involvement in Southeast
Asia spurred a period of progiam consulidation.
In the short term, the current vears, 1968 and
quite possibly 1969, «ill be matked by even more
stringent budgetary constraints, necessitated by
(1) mounting military expenditures and (2) the
need for reducing the budget deficit. The Admin-
igtration and Congress have emphasized the
urgency of deferring nondefense aspects of Fed-
eral programs! at the same time recognizing the

‘The Congress har acerpted the Admintctration’s pro-
rosal to redace obligations below the levele prevented in
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need for maintaining—to some degree—program
impetus and advauces. While all the necessary
directives have as yot not been stipulated in dollar
terms, the net result may be a Federal biomedical
researct. effort (in 1967 dollars) at a level for 1968
of about 6 percent above that of 1967; and in
terms of the 1069 budget (presented to Congress
in January 1968), a level for 1069 of about 4
percent over 1468,

The strength of the American economy is such
that following *his emergency period and our
suceessfinl resolve i Vietnam, the national will
and economic eapability for advancing the well-
being of the Mmerican people throngh progress
in hiomedical research will permit the resumption
of long-terin growth for this activity.

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

Federal support for graduate education has
Leen hard hiv as a result of drastic changes in the
political climate, stemming primarily from the
need to slow the gruwth of “rontrollable™? civil-
ian programs. Graduate school enroliments have
been increasing at the rate of about 10 percent
per year and are expected to exceed 330,000 in
1968 (although this estimate may be curtaited
sharuly as a consequence of the new Selective
Se.cice Act). The decline in Federal support
vetween fiscal year 1066 and fiscal year 1968 would
strike most severely at the number of first-year
graduate students receiving stipend support under
Federal programs.

Because of budgetary uncertainties, precise
figures on Federal cupport for gradnate education
in the year ahead are not readily avaitable. At
this stage, the best estimate ic that the propor-

Thc Budgct of the United Clater Gorernment, fiacnl Fear
ending June 30, 1968, by 1accage of 11.). Res S8R Dec.
12. 1067, In line with the Administration’s proposal mb-
mitted to Congtess on Nov. 20. 1007, as title 11 of the
proposed Tax Rurchatge and Expenditures Reduction
Act, nondefente obligatione for fiscal year 106R wil tw
held to:

(a) The anoants approprizted for fecal year 103% ot

(b) The obligatic estimates in the 106R budget, re-

duced by (1) 2 percent of the estimated amount
for petsennel compeneation and henefite, and (D)
10 percent of the edimated obligations for other
purposes

whicherer £ Iear.

'The “conirollahle” civilian programs are delineated
in the statement of Charles 1. Rchuiter, Dircctor of the
Rurean of the Fudeet, before the Hounse \Wars and Means
Committee on the President’s Fiecal Progiam, Nos, 29,

1067,
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tion of first-year graduate students receiving
Federat support. will be cut in half from 6 per-
cent to 3 percent of fuil-time graduate enroll-
ment. It has been estimated that the number of
first-year graduate students receiving Federal
fellowship or traineeship support will decline
one-third--about 15,000 from fiscal year 1066
funds dipping to approximately 10,500 from fiscai
year 1968 funds.*

The decline in Federal support coincides with
the long-predicted surge in first year graduate
enroilment, reaching a new peak, reflecting a
rimilar peak in bacealaurzates generated two dec-
ades ago by the post-World War 1T baby boom
of 1946 and 1947,

In a recent interview,! Dr. Donald F. Hornig,
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 edveation. It is clearly recognized by
everyone concerned that in an expanding tech-
nological society, and expanding sociely 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 giaduate enroll-
ment in the 1969-70 academic year.

C. Phasing Out of Mojor Non-Federo! Source
of Support for Graduate Students

On April 9, 1967, the Ford Foundation sn.
nounced that it was reducing its support of the
Woodrow Wilson National Fellowskip program.
Under this prograin, 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 30 fellowships in Canadisn

' These extimates are teported In Rcefener, Vol 158 No.

3901, Nos. & 1967, p ARY. From other sources, it i exti-
mated the namber of Arst.year gralduste studentr tup-
potted by fAiscal sear 1968 funde mas tange between 10.000
and 12.0m.

'Repotted in The Werkingfon Port, Monday, Nov. 27.
1967, ac. A 1.
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universities. /fowever, the most drastic reduction
will be the elimination of first-year graduate
fellowships, which have approximated 1000 per
year.

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

“No Federal funds were available for graduate
wor? in the humanities and the social s-iences
when the Woodrow Wilson program began;
sorme 3,000 Federal fellowships a year are now
awarded in these fields.”

Six months 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 i:1 1966
to an estimated 3,325 in 1968. New fcllowship
awards in 18668 in the huinanities, social sciences,
and education together nccounted fur about three-
fifths of the 1966 total; about 500 more than the
total new awards for fellowshivs in all ficlds
estimated for 1968.

J{ the same prenortions continue for 1968, then
awanrds in the humanities, social sciences and edu-
«ation will be reduced 50 percent below the 1066
level, to a total of about 1,500 to 2,000,

Simuitaneously with this announcement, the
ord Foundation initiated a 7-ycar experimental
program desigmed to reform doctoral education in
the social sciences and humanitiea Awamd2 were
made to 10 les ling universities which grant 30 pec-
cent of tha Ph. D.'s in these fields—Harvard, Cali-
fornia (Berkeley) Yale, Stanford, Chicago,
Cornell, Princeton, Pennsylvania, Michigan, and
Wisconsin. Funds will be used mainly for student
support—stipends, tuition, and disserfation ex.
penses. The typical pattern is expected to embrace
(1) 2 years of full-time vourse work, (2) one ycar
as & teaching assistant financed by the university,
and (3) a dissertation fellowship in the fourth
year. During the T-year period, the Ford Founda-
tion estimates that 10500 students in the social
sriences and humanities at these 10 universities will
be directly affected.

\While 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 Corgressional concern fot strengthening the
graduate education capabilities of universities not
included in this elite group. In patticular, the elim-
ination of first-year graduate fellowships will be
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felt keenly because the action coincides with a pre-
cipitous decline in Federal support for first-yest
graduatestudents.®

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 1068, Those changes
thieatened a drastic impuact on graduate echool
enrollments. The impact, which was expected to
begin in September 1968, failed to mnterialize but
may only have been postponed until early 1969,

As of December 1968, Tacts concerning reclassi-
fications, inductions, enrollments, and changes in
the composition of graduate student groups by
ileld and leve! of training were being collocted but
hid not yet become available. Also the Paris peace
negotiationg, the forthcoming inavguration of a
new President, and changes in the upper echelons
of the executive branch could lead to actions which
might ameliorate the potential impact on graduate
schools,

The present report assumes that the probable ef-
fect of the revised Selective Serviee law and regu-
lations on the long-term total outpnt of doctorates
in the biomedical and related sciences will be tran.
sitory. Inthe following paragraphs a brief account
is given of past events and future possibilities,

New Selective Service Low ond Regulations, June
1967.—On June 30, 1967 a considerably revised
Selective Service law * was enacted, accompanied
or. the same day by new Selective Service regula-
tion=.!* The major change was the elimination of
what had been virtually blanket deferment of
graduate students so long as they were engaged

* Preeldential memorandun t~ heade of depatiments and
agen:ier, subject : “Strengtbening Academic Capability for
Rcience throughont the Country™, Rept. 18, 1065, Kip® -
centh Report of the House Committee on Jovetnment Op-
erationy, "“Confiicts between the Fedetal Resarck Pro-
grams and the Natlon's Goals for Higher FXducation.™ H.
Rept. No. 1158 £0th Cong. It sesa. The committee
recommended (R 43) that:

“The syatem of awarding projects should be modified
by adopting educational critetia 20 as to diffsse awerds
to more inatilulions {n wider gpeogrephicel erces.” (itali
snpplied)

*<Mititary Selective Rervice Act of 1067~ Public law
0-40. K1 Stat, 100, approved June 50, 1067,

® Brecutite Onrder 11360 “Amending the Selective Serv-
tce Regulationy™ signed June 30, 1967, prhiished in Fed-
cral Register, vol. 82, Nou 128 Joly 4, 1967, p 9TR7-9708.

satisfactorily in full-time graduate study. Ac-
tually seven key decisions affecting graduate stu-
dents were mads, including the four listed below
plus thre more in February 1968,

1. Bachelor's degree recipients who 4s under-
graduates had been deferred in class 1I-S
could no longer be deferred in class I-S(C)
as graduate students. This removed the legal
protection against induction in the middle
of an scademic te m in graduate school,

2. Gradualu students who were enrolled for
their first year of graduate study on Octoher
1, 1967 were allowed to be deferred in class
1I-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
swoond or rubsequent year of graduate study
on October 1, 1967 could be defarred for 1
inore 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
coursv ¢f graduate study in medicine, den-
tistry, and the allied medical specialties
could be deferred in class 11-8. These were
the only graduate fields specifically men-
tioned in the new law and regulationa. Ex-
tension of coverage to additional fields still
remained a possibility through executive
action, due to a provision in the law allow-
ing coverage of “other subjects necessary to
the maintenance of tue 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, Febrvary 1968.—
Three major questions left unresolved in June 1067
were decided in February 1968—much to the dis-
may of the academic community." Two of these
decisions were recommended by the National
Security Conncil as follows:

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

A,

" One cbeerver (Tred M. Hechinger. Nese York Timea,
Feh. 1R 108%) wintle: “In the tiew of most university
spwkesmen (these actiona] sahctitated & nighimare for
mete sleepless tossing.™

" National  Recutity Council, “Memorandum of Ad-
vice Resmwecting Occupational and Graduoate School
Defermer.&™ Feb, 15 10




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.”

. The lists of essential activities and critical
occupationy were siispended as guidelines in
moking deferments, Jeaving only “escential
community need” as the eriterion, This key
term shifts the hisis of occupational defer-
ments from national guidelines to the
uniquely focal determination of each and
avery draft board.

These last two decisions were transmitted the
following day throughout the Selective Service
System. !'* Included in the same message was u
third decision that had evilently beerr made st the
White Housalevel, ' as fullowa:

1. “The sequence of selectios ‘n filling calls will
remain the saiae.” In acconlancs with this de-
terminaticn, the oldest qualificd eligibles are
to be included first, This executize decision
was not recom:nended in the National Secu-
rity Council's “Memorandum of Advice,” nor
was it specified (although “ermitted) in the
law of June 1967,

The combined offect of the first six chang's and
the continuation of the “oldest first” procedure
clearly made vulnerable virtually the entire body
of male gradnate 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 degreea.” 1+

PredicHons conterning September 1968.—In
March 1968 a survey of graduate schools was con-
ducted '* which reflected the alarm of the academie

* Telegram to all State directors from Director of Selec-
tive Service Jystem, Fed. 16 106

®In the Weskinglon Posl. Morton Mintz, Feb. 18 1068
General Hershes wae quoted at sasing this decision "waa
made from the top.”

¥ fodentific Enginecring-Technkosl  Marpower  Com-
ments, Scientific Manpower Commissicn, vol, &, speclsl b
sue, Mar 106R &

" “The Impact of the Draft on Gradiate Schools In
116869, & turver conducted 1t the fcientific Manpower
Commiscion and the Council of Graduate Schoolr of the
United Statex March 1068
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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 expeotation by field was as
follows:

Percent of Normal Claeses Arailable for 1568-69,

by Field
First year | Becond

class Fear (lass
Allmudenta i tiiinnaaas 50 77
Mecical, dental, divinfty .o ....... .. 100 1%
BiolOgY . caveseacaiaacaccannnn emaaan 54 "
Mathematice.o .o iiiaiiiiinnnn... cl 68
Chemmtry . i ciii i iciinaaas 46 (Y
Phytied ot ciaaianiinnann 36 63
ogineerng. oo iianiianianeinananas 338 72
Social scencet o ceene 67 i
Other science.o.ve.iaiecnacaninanns 54 87
Humanitha, . .. (....... teeas o . 62 85
Allother, oo tiiininenn. 50 n

‘Chis reduction was expected to occur as the re-
sult of drafting or enlistrient o! young men or
of their entering employment (teaching, defense,
industry, ete.) where occupational deferments
might be obtainad. In turn, this would produce
a considerable rise in the proportion of women
graduate students, from 28 percent in 1967-68 to
56 pervent in the 1968-69 first year class and a
lesser rise from 25 to 33 percent in the srcond year
class, all fields combined. The breakdown by field
was expected to be as follows:

Ezrpected Changes  in Percentage
Grad.:ate Students, by Field

of Women

First yeat class | Becred peat che

196068 | 19780 | 196700 | 109
Total, all fiedde. ... ....... 2% LT 23 33
Medical, dental, divinity. .. $ 5 5 5
BiologF . ociciiainnnncanns 25 47 23 3
Mathematics. ...oaiaaaan . 18 3 16 23
Chemistty . ociieennneanen 17 36 15 2
Physicd. ioiiiiiiinicnana. & 214 ? 1
Enginceting. .. ... .eoo.. 2 6 2 3
Social selences. ooiiaaaaan. 37 35 30 10
Other ecence ... oo an.. 19 36 17 25
Huomanities. .. ooooioaaaas 38 €3 39 49
Allother ... oiiiiaans 31 E R ) 37
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Incidentally, the anticipated rise in the total first
year class to a ratio of more than 50 percent wonien
would be the first such occurrence since World
War II.

Actual sitvation In the fall of 1968.—As noted
earlier, the anticipated drastic reduction in
graduate enrollments at the beginning of the
1963-69 academic year has failed to materialize.
By late September this maintenance of normal
levels hiad become apmarent to the Scientific Man-
power Commission «nd the Council of Graduate
Scheolsy 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 Le-
come available until May 1069 or later from tne
U.S. Ottice of Education.

There were many reasons for this situation.
Judging from sotne item. v ir. the list below, the
depletion uf young mer fro:n graduate schools
may have been only postponed rather than
ameliorated,

1. Low draft calli.—From June through De-
cetnber 1063 draft cail. “epe low, ranging from
20,000 to as low as 10+ 00, Tut the call for January
1069 jumped to 26,800 and the call for Februm v
is 33,500, beginning & substantial rise that tends
to occur every 18 months and could soon exceed
40,000 & month.®*

2. Deferment of induction throwgh current
term.—On October 24, 1968, General Hershey is-
sned an advisory memorandum to State Seloctive
Service ditectors saying that the induction of grad.
uate students might be postponed until the end of
the school term.!" State Director Advice No. 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.
calaureate courses, consideration should be given,
on an individual case basis, to & postponement of
induction until the end of the term (quarter, tri-
master, or semester).” #* Although this advice was

"‘ The Chronicle of Higher Edvcelion, Rept. 23, 1968,
1.
W Seienee, Not, & 1068, . 653,

® ScteatifcEngineer-Toohnical Nenponer Commonts,
December. 1968 . 26

P Ceotge C. Wilsotn {n The Weashmnglon Porl. Nov. 24,
18 p. AL

# Sciemee, Nov. & 196, p. 654,

® Scieatific- Engincering. Technical Menporwer Comments,
Nov. 1068 n. 22,
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not binding on State directors, all appeared to bo
granting such postponements; but it was not
known whether such postponements would be
granted during winter quarters or spring
semesters.?

3. “Gamdlers.”—Preliminary information
showed that about 90 percent of the men classified
as I~A enrolled in graduate school during Septem-
ber expecting to be able to complete the semester.
This was, in eflect, gambling tuition and other ex-
penses on the basis of a statement made to educa-
tors in March 1068 by General Hershey that he
would consider postponenient of inductions in in-
dividual cases “where the facts clearly demon-
strated the good faith™ of a registrant who re-
ceived Yus draft call in the middle of a semester.tt
During the early vieeks of the fall termn, however,
such graduate students were considered not to have
enrolled “in good faith” by many State directors,
iior by the National Director, if induction was or-
dered svon after the Leginning of the term.” As
already noted, postponements have been granted
in most cases since issuance of the October 24
State Director Advice.

4. High admission rutes ‘ato graduate schools—
A number of graduate school, admitted more stu-
dents than usual in September 1968, in sor.i¢ cases
to a very considerable extent, in response to the
warnings of tL.c preceding spring. This tended to
balance the schools where enrollments were below
normal.

5. Slowness of reclarsifioations, appeals, and
phyrical ezaminations,—local Boards were slow
to reclassify graduate students from their former
deferred status. The numerous appeals of those
who were reclassified further slowed the process
during the summer and fall of 1968.?" In addition,
budget cuts reduced the rate of giving physical
examinationg®

6. Federal fellowships ard trainceshipe—The
major Federal agencies which fund graduate ed-
ucation (NI1H, USOE, NSF, NASA, DOD, etc.)
reached an agreement that holders of their fellovw-

® 0p. cif.. December 196R p. 25

N fclemee, Not. & 186R, o 654,

® fdemtifcEngincering-Technical 1'anpower Com-
monle, Decemnber 106R o 26

P Thc Chronicle of Higher Edacalion. Sept. 23, 1088
r L

¥ Sciemee, Nov. & 196R . 654,

* Information from Sclentific Manpower Commission.



ships or traineeships who are draft=d 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 immirent, since otherwise the
students would have to compete again after
military service."

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

Probabilitles for the near Future.—As of mid.
December 1068, a survey of graduate science de-
partments, conducted by the Scientific Manpower
Commission and its constituent societiez,” was
nearing cumpletion. The survey showed that 37
percent of first-year and 41 percent of second-year
male science graduate students were either I-A
or I1-8. Classification in I-A meant they were
liable for draft call on “oldest first™ basig, and in
11-S meant subject to ilmmediate reclassification
into I-A, gince the 11-8 clasaitication became un-
available for graduate students except for those
enrolled on or befoi 2 October 1, 1067, and only for
one year in the aze of those who wee first-)ear
graduate students on that date. For totaled first-
year and second-year students, the data showed 38
percent in I-\ or 11-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, 10622

Information about engincering has already been
released by the Engincering Manpower Commis.
sion. “Tootal 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

® Ledence, Nov. & 1068, p 654,

® Information from tbe Rcientific Manpowet Commis-
sfon.

5 SctentificEngincering-Technical Menpoxer Comments,
Octobet 1968 p 1&; Decrmbet 195 po 21, The cleven
member ancletles tepresent astrohomy. diclogheal and ag-
Heultutal asclenceq, chemisiry, geolyy, mathemalios
physic, and peschology.

® lrsued xhile the pressnt refort wae in prese titled
“A Survey of the Draft Status of First and Second Year
Science Graduate Stodents (Fall—-1968)," peepared by the
cjentific Manpower Ohnmmission, January 1069
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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 1968 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 30 per-
cent or higher.* Some non-government manposwer
experis believe it will rise to 90 percent by Febru-
ary or March, if there are no changes in the rules.

Possibilities for amalioroting the Impact.—\Vhen
the peace talks in Paris produce & cease-fire in
Vietnam, and when this is followed by a partial
or comnplete 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 would be to
change the “oldest first” order ¢t call. This is
within the power of the President acting as Presi-
dent, as Chairman of the National Security Coun-
cil, or as Commander ir. 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 Service Act of
1067 ¥ and adoption of the so-called “Modified
Young Age System" referted to in the following
segment of a letter from Congressman I, Mendel
Rivers to Gen. Lewis B, Hershey:

“l 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 Depattment of Defense;

® Engincer, Novemnbet-Decetmber 1068, p. &

" George . WHeon §n The Werkington Post, Nov, 2,
106R p AL

* Information from the Sclentific Manjower Commlis
slon.

® Cetentific-Engincering.Foehntcel Manpower Com-
monfs, December 196R p 25,

¥ Pablfe Law 00-40, Section (6).
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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
so-called *Modified Young Age System’ which
would identify the 19-20 year age group as the
prime age grou)p for induction. The President
of the United States, on March 6, 1067, in
his Mecsage 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, a decision has appar.
ently been made by the President to either
defer action on this recommendacion or abandon
it altogether. * ® *"

The effect would be to dilute very considerably
the present exclusive impact on men approaching
age 26, who are primarily college graduates and
graduate students granted deferment through
college to the bachelor's degree, and who would
legally remain eligible for induction. This cffect
would apply acrass all fields of graduate study.

A third action, also within the fower of the
President, would be selective as to field, based on
the section of the Military Selective Service Act
of 1967 which concerns National Security Couneil
advice on

“* ¢ * the identification, selection, and defer-
ment of needed professional and scientific
personnel and those engaged in, and prepar.
ing for, critical <kills and other professional
occupations.” **

It was under this provision that the National
Recurity Council in its memorandum of February
15, 1068, referred to earlier, ruled out deferments
for gradaate study except in medicine, dentistry,
and allied niedical specialties. Under the same
provision, the new incoming NEC ceu..! broaden
deferment policy to cover other fields in the
national interest,

A fourth method which would dilute over-
emphasis on college graduates and graduate stu-
dents would le a lottery system. But this would
require legislation, and both the Seaate and House
Armed Services Conunittees are on record against
such a system,

* Letter dated Febr 20, 19X from Chairman of Honse
Committee on Arined Rervicer to Director of Selectice
Service S{yrtem.

® Public Law 00-4Q, sec. (21, italics added.

A fifth solution—elimination of the draft after
the requirements of the Vietnam war are past—
was promised in the Republican platform adopted
in Miami Beach in August of 1008

“For greater 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 dreft, thereby providing some
certainty to those liable for military service.
When military manpower needs can be appreci-
ably reduced, we will place the Selective Service
Systemn on standby and substitute a voluntary
force obtained through adequate pay and carcer
incentives.”"*

This weuld obviously require legislation. Unless
such legislation were given high priority and acted
upon alinost instantancously, it would not help the
short term situation.

There are many other possibilities. But both
the political and military situations are too un-
predictable to warrant productive speculation as
of mid:December 1968.

Some compensaling facters.—It seems reason-
able to speculate that /f no changes are made in
the Selective Service procedures now in effect, and
if concurrently the expected cxclical rise in draft
calls is prolonged—an “iffy"* situation—increased
numbers of present and potential 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 petiod, be re-
duced or virtually eliminated almost overnight by
ex. “utive or legislative action or more slowly as the
resitlt of international events,

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

The first among these factors lias already been
noted in the field of engineering (sce footnote 33).
Declining graduate enrollments due to military
servics and industrial employment have been com-
pensited by men who are nondraftable for family,
physical or other reasons an.! by foreign nationals.
\Whether or not the same pattern is occutring in
the science departments of graduate schools to the
extent to which such a trend can compensate nu-
merically for the losses is unknown. The degree of

* Congrespionel Qwarlerly, Ang. 9, 106% p. 2128



effect on the quality of graduate students is like-
wise anknown,

A second compensating factor wouid be an in-
crease in both the number and the proportion of
women earning advanced degrees, This is much
more likely to occur and be significant in fields
other than enginecring, 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 11. During
that period the number of doctorates granted to
men dropped drastically and eventually tecov-
ered, as can be seen in the following table.

Production of Doctorates During and After World War 11, Shown by Sex!

Year Al feids Bilolrgics! sciences Physical sclences

Male Female Peccent Male Female Percent Male Female Petcent

L— fesnale fernale fetnade
| 12 T 2, 824 o 13 627 86 12 789 L 6
104h............. tesasrnsnn «ab 3,101 403 11 652 04 9 0966 34 3
1 b 2, 968 418 12 653 74 10 850 38 4
1L K S 2,174 390 15 506 54 10 686 3 5
11 T O, 1,611 328 17 309 (4 19 563 29 5
111 1. U 1, 296 333 20 244 65 21 372 26 7
1946............ Gesnscarananne 1,608 380 19 248 68 22 438 45 9
| L I 2, 538 1301 14 ur 81 15 704 14 £
1048.........0e Cecesecrnnasaas 3,428 438 12 603 86 12 967 'Y 5
1050 i iiiiiiiiccenaatiees .. 4 855 541 10 £33 89 ¢ 1,468 60 4
1950, ciiiieiiiaans teasenan 5, 904 613 9 ¢08 13 10 1, 87 3

t Dortecste Production in Usled Qotey Unicersities, 100069, Natlons]l Acsdemy of Sdencen. Pub. No. 1142, 125, table 28 paget 30-33. Engloeering ts ot

joctuded Ia the Physical fclences.

It can also be seen, discouragingly, that the
number of womn who were granted doctorates
actually declined during the war, though not as
dradtically as the mote than 50 percent drop for
men. The production of neither women nor men
doctorates recovered to the 1040 level until about

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

A comparison with the decade of the 1040' is
provided by the following table which shows the
most recent decade. {Note that the first lines are
each 3-year averages.)

Production of Doctoralee, 196067

Your AR Bells Blol-gict! scenccs Physical actences
Male Femsle Percent Male Femade Percest Male Female Perreat
feroale fernale Semale
105880, ... . i & 236 1, 003 1 1,492 153 2 1,971 ¥2 4
) o3 B S 10, 204 1. 251 1 1,757 187 10 2.472 102 ]
1964-08. . cnonii i iiiiiiiiann.. 14, 368 1,798 1] 2 3% 287 1 3 2 165 3
1967.. .cocves teceacarrannncnn 17, &80 2, 415 12 2,704 412 13 3, 884 m 5

Y Drcwete Feciplests frem Usped Swzer Unireryitier, 105028 gnd Sy mwery Broor 197, Natiodsl Academy of Scimces. The sambert Fv 1748, 195183,
and 1974 8 are 3 year averapes. tecante single Fear data by set 3nd by (his sclence erogping were nek avsfiatie: the dats net kot pp. 52 and 1R Engloenring Iy

ot Incduded I 1he physieal scledees.
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It can be seen from this table that the percentage
of woinen among total doctorates during the 1960's
has remained roughly comparable to that during
the first and last parts of the 1040's. But the total
number of Ph. I.'s awarded to women in the
biological sciences has increased more than 214
times over the decade, accompanied by a steadily
rising percentage of women.

More important than past production of women
doctorates, however, is the Jarge pool of women
bacealaureates from whotn potential Ph. D. 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 Percentages of Men and Women Receiving College and Unirersity Degrees, 1966-67"

All flelds Biclogica) schences Physical pciences
Male Fems @ Percent Male Femnle Petcent Female Percept
femsle female femade
Bachelor. . .viicananninaaa. 355, 300 | 239, 862 40 | 20,942 | 8 051 28 | 15,392 | 2 402 13
Master......... teceeseeas]| 103,179 54,713 B 3 1, 282 26 | 4,859 553 10
Doctorate. ccoeinnnnnannn.. 18, 164 2, 457 12 1,914 342 16 3,300 162 1)

1 Dsta from annusl Rievey dy U.8. Office of Educstion, not yet pudlithed
1n fnsl form. } 55t prolessions] degreet mich a8 the M. D). aze included among
bachelor’s degrees, not at ihe mastar’s or doctorate kevel; such degrees are
likewise hoA nciuded amoog (he Gortorates murveyed by the National Acad-

Women received more than one-fourth of all the
bacealaureate  degrees and master's  degrees
awanded in the biological sciences. However, less
than one-half as many women with undergraduate
majors in biology proceeded to the doctorate as
did men, and only one-third as many in the physi-
cal sciences This is shown in the following table of
percentages derived from the same data,

Percentage of Male and Female Baccalaureates
Receiring Maeter's and Doctorate Degrees

A B
P fle}is "lo':t;c:l Phrvieal
Made| Ferngle | Made | Ferngle | Male| Female
Master....cunn.... 29 22 {18 16 | 82 23
Doctorate..........| & 1] 9 412 7

In the event of a dearth of men in graduste
schools, perhaps a larger number of well-qualified
women could be encoursged to pursue training
beyond the master's degree and continue to the
doctorate, Fellowships and traineeships; conpled
with postive tecruitment efforts, might increase
the number substantially.

There is one final compensating factor if total

21

emy of Rcletioet. The OfBce of Education and Nationsl Acsdemy of &clences
sutveys diffet In thele definitions of blologleal rctences and physical sciences,
and sl slightly in thelr coverage of total doctcrates,

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 § years
(1018-22), followed by a slight rise above the
trend line for 6 years (1923-28). The even sharper
8-year drop during and after World War II
{19042-49) was likewise followed by a 6-year com-
pensation period (1050-55) of small overproduc-
tion. The @.year period of “overproduction”
(1820-37) and the 11-year period of “underpro-
duction” (i956-66) scem to have been due to other
factors, e.g., the great depression and the low
birthiate 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 loss.

In summary, the decimation of graduate enroll-
ment anticipated a scant 6 months ago has not
occurred. Ths 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 chort run as deaft calls rise, it is unlikely
that a short-term perfurbation will result in di-
minithed Ph. D. output during the decades ahead.



CHART 2
Doctorate Production in U.S. Universities, 1900 to 1967
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lll. 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 naticnal biomedical
research expenditures has declined in recent yea1s;
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 1969—years
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

330-548 0—69——3

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 Blo-
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,
for the House Appropriations Committee. Since
then, the Resources Analysis Branch of the Office
of Program Planning and Evaluation, NTH, 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 programs=

It is instructive, however, to examine retre
tively the 1961 projections, comparing thei with
actual experience, notwithstanding the + rnficant
unforeseen changes that have occurred " the
period since they were prepared.

! Resources for Medical Research report No. 3, “Man-
power for Medical Research, Requirements and Re-
sources, 1085-70," January 1063, PHS Pub. No. 100;



The projections reflected explicit assnmptions
as to (1) the probable rate of growth of bioniedice!
research, (2) the probable increase in expenditure
per professional worker, (3) the probable distribu-
tion of biomedical research by sectoral per-
foriners—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 1970 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
mnore 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 projections and actual ex-
perlence.—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-
ceoded 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. A} 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
Liave been launched in the civilian sector
thereby forcing greater competition with re-
search programs, especially those funded by
the Federai Government.

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

research is derivative of & 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 1985 to 1068.

Betiween 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 Resources and Requircments
for Medical Research, 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 projection—about three times the cur-
rent effort—as a reasonable and feasible basis
for estimating research manpower needs.”

With respect to projections of manpoywer reauire-
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
probatle 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 pereon or institution mak-
ing the projection. The crucial question is:
‘What is the pro™ability that the projections
provide a sufficic.itly close forecast of the future
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ns to be useful in planning policies and develop-
irg programs ¥ ”

“While only the historian of the future can give
us 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 confirns 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 aliead argue for consideration of al-
ternative methods of approach to the projection
of biomedical research and teaching manpower
requirements which také 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-
search—a view of the economic capability for sup-
porting research—which will govern the numbers
of professional workers whose investigators can
be supported. To place these alternative projec-
tions in perspective, however, the dynarics 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 achlevements and
opporiunities.—The relation of the past trends in
biomedical research funds to econcmic 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 foree is the dynamics of
research momentum,
The progress of science in the postwar years has:

» Revolutionized the range of diagnostic, thera-
peatic, and preventive capability available for
medical and health services;

+ Eliminated a number of infectious diseases as
important causes of disability and Jeath;
greatly modified the prospects of a substantial
proportion of patients with prospective or
actual cardiovascular disense and cancer;
made available a number of therapeutic agents
which are now able to moderate & number of
other diseases which heretofore were accom-
panied by substantial disability or high
mortality rates;

* Opened penctrating 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 aveas 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 oun the many unresotved
problems,” 2

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

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

“Despite the great strides forward in recent
years, the biomedical sciences are still in a primi-
tive 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, 11438,
00th Cong., 1st sess., 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 dcscriptive and observational and
its approach to the solution of problems is still,
necessarily, empirical. The unifying and clari-
fying principles and ‘laws’ that transformed
alehiemy into chemistry and natural philosophy
into physics have yet to be uncovered in the life
sciences. A major step forward brings into view
still larger—and more forbidding—areas 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 ucute and chronic
diseases.

“For the chronic diseases with which medical
research is now primarily concerned—heart dis-
ease, cancer, an array of metabolic and neuro-
logical diseases, and congenital defects—the
valleys of ignorance are broader than the peaks
of knowledge. The exploration of the cause of
these diseases or defects—which must precede
the development of wholly effective treatment
and preventive measures—is most formidable.
In fact, nany 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, environmertal and de-
velopmental, and behavioral and sociological
factors. A total understanding of these diseases
will require research in many disciplines and
in many directions.”

The “new look” in medical research is the move
towards the intensive study of human develop-
ment—viewing man as a single complex unit and
his progression from conception to death as a bio-
logical, intellectual, and emotional continuum.
There is ample resson to believe that such an inte-
grated approach will (1) shed fresh light on the
~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, Natlonal Institutes of Health,
in Hcarings beforc Subcommittee of the Commitiece on
Appropriations, Departments of Labor, and Health, Edu-
cation, and Wceifare Appropriations for 1968, Pt. 5, 90th
Cong. 1st sess., April, 1067, pp. 4 and 0.

tion will emerge the new scientific approaches and
the intensified application of existing techniques
and knowledge for the soJution or the ever-present
and constantly changing problemns 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, cour” 1 with the need for the transformation
of Loth current and new information into diag-
nostic, therapeutic and preventive technology,
plus the need to secure the effective utilization of
thess udvances 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 ealling 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 materiale; '

o The processes of reproduction, development,
and decline;

s The interaction of chemical, physical, and
biological phenomena as the fundamental
basis of nutrition, therapeutics, toxicology,
and environmental health.

The “targeted” areas will inclnde—

¢ 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), (3) the
elimination of environmental poisons, ot
only the contaminants of water and air, but
the cumulative effects of all kinds of chemicals
and drugs, which are breathed, swallowed, or
touched;

o 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;



* 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, somme
of which are displaying new forms against
which exsting 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
interaction—physiological end psychologi-
cal—of man and all aspects of his environ-
ment.

Finally, a common feature in the current devel-
opments in medical research and one of increasing
exploitation for the futuie is the highly effective
use of the concepts, inethoc s, and instrumentalities
not traditionally associated with biology and
modicine. 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 resuits 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 populalion, 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 mcdical 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
inchs. IVand 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 gradnate and professional school enroll-
ment, the primary source for professional trained
investigators. This trend will be reflected in pres-

sure for increased graduate anc professional edu-
cational capacity, through expansion of existing
facilities and creation of new ones with attendant
faculty, resource, and support requirements. In ad-
dition to the prospect of tiis substantial expan-
sion, the Nation faces critical problems in sustain-
ing the vigor and stability of existing institutions
and substantially upgrading the quality of the
weaker #ud less capable components. At the same
time, there are urgent needs to expand resources to
meet urgent national objectives in health-related
areas as well as to bring about a more cquitable
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 & logical, systematic, and unified approach
to the following matters:

* The further advance of uncirected academic
science;

* The sound development cof 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 aetivity
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-
demio scene are the consequencs 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 NIH programs is the evo-
lution of a stable—but not static—support 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
Ynowledge, capability, and new technology emerg-
ing from research is being brought into effective
use in the clinical and health service scene has been
& matte~ of acute concern for some period of time.

The prospect of a vast improvement in the
quality of health services that can bz made gen-
erally available is derived from the demonstra.
tion of the rapid application of new knowledge,
within 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.* The inncvative 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 in order to bridge
the critical gaps in the nost. effective and mean-
ingful manne:. In a very real sense, this develop-
ment parzilels the extension service which has
servei so successfully to transforin the knowledge
and. technology generated in agricultural schools
and experiment stations into radical improve-
ments in production and distribution of agricul-
tural produets. This development is now being
adapted to improve medical care through extend-
ing the functions of academic medicine and their
relationship with coinmunity medical services
under regional medical programs.

‘Public Law £9-239, Oct. 6, 1065,

Eaca regional medical complex encompasses a
medical center having major teaching functions,
one or more specialized research centers, and an
array of eommunity facilities, These entities will
be linked by staff exchanges, integrated research
and training activities, and programs of continu-
ing education and demonstration. Such arrange-
nients 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 vemains critically linited.
Society has utilized specific knowledge at a rate
which roughly equals its production. The be-
ginmings 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 atcitudinal 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 solve
the problems of health care for the American
people. For all its great size, the capabilities
of the Federal Govermnent, even when united
with State and locsl 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. Qur recommendations reqnire
that the resources of each of thcse very power-
ful forces be applied to reshape effectively the
health care system,”®

It is these circumstances that create a continu-
Ing condition of publie 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 hnman needs and aspirations for
improved health care that expenditures and man-
power nceds for biomedical rvesearch have been
projected to 1985. Because the simplest way to
caleulate 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. 7hat discussion emphasized the im-
portance of the assumptions and relevant faetors
on 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) vpon tie 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 buased on GNP.—The projections
provide a range of levels far biomedical research
expenditures to 1985, based upon different rela-
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

Y Report of the Natlonal Adrisory Commission on Health
Mangoicer, vol. 1, November 1967, 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 1985 This assumption, tied with the
national objective of limiting unemployment to
4 percent, is based upon an analysis prepared for
the Subcommittee on Kconomic 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 resnlts of its study, the
Joint ¥conomic Committee staff indicated that:
“The U.S. economy has a potential for a rate of
economic growth of between 4 and 414 pe.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 yeavs from 1948 to 1965. This higher rate
of grovrth will not be achieved automatically,
and will require improvements and adjustments
in economie policics, both public and private, if
it is to be achieved in a manner that does not
generate undesirable inflaiionary byproducts,”

Thus, the 4 percent growth rate is the lower of
the two alternatives the Joiat Fconomic 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 Growcth to
1875: Polentials and Problems, Joint Commlittee Print,
&0th Cong., 2d Sess. Projections of future economic de-
velopments have bLeen bLrepared by other organizations,
for instance, National Planning Association, Federal
Budgel Projeetions, which also indicate that the 4 percent
growth rate is a goa) for the future. In a more recent
study, the National Planning Assoclaiion has used a 4.4
percent annual growth rate in real GNP, National Eco-
nomie Projections to 1837/718, report No. 67-N-1,

*Op. cit, p. 1.



Upon Varying Assumptions of Proportion of

TABLE 5.—Alternative Projections of Nalonal Expenditures for Biomedical Research, 1970-85, Based

GNP Allocated for Biomedical Research

{10 1967 Dollars)

Best Judgment ! Alternative A ? Alteruative B? Alternatlve C 1
Yeur billione) | Pro Pr. A P A
Cllont 4 Rlowor | GIE) | tonor | (iifons | tomer | dbhione | tomor | (hiivom
GNP GNP GNP GNP
R $110 .27 3 VLI D RS MO PR PO
1967 e 785 .29 P 2 PR I IR RPN PSP S
PROJECTIONS
1970 ¢ e 886 .33 2.9 .33 $2.9 .33 $2. 9 .29 $2. 6
) LU TP 1, 077 . 51 56 .48 5 2 . 42 45 29 31
1980, 0 oo 1, 310 .74 9.7 65 85 . 50 6. 6 29 3.8
1985, . e 1, 594 .98 15. 7 . 80 12. 7 . 60 9.5 29 46
Growth rates (annual compound rate of increase) &
1965-70. . oo L 84 |- ... 84 |........ 84 |..... ... 5 8
1970-75. - ool e 140 ... 1228 ... ... 9.4 |........ 40
1875-80. . oo e e e 120 |oceean.. 10 Y ... .. 81 ... 4.0
1980-85. . e e 100 [.ocana.. 84| ... ... 7.5 ... 4.0

1 Best judgment projection based on assumption that natlonal blomedleal
research expenditures will Increase s 8 proportion of GNP from 0.29 of 1
persent In 1967, and 0.33 of 1 percent In 1970, to 0.98 of 1 percent in 1985,

3 Alternatlve A i3 based on the acsumption that from 1970 to 1685 nationa)
blomedical resaerch expendltures will increase uniformly ss a proportion of
GNP from 0.33 of 1 percent In 970, to 0.8 of 1 percent by 1985 (approxtmately
0.03 of 1 peroent a year).

3 Alternative B is based on tha assumption that from 1970 to 1985, natlonsl

The best judgment projection of biomedical re-
search expenditures is belisved 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 th's best judgment pro-
jection is the assumption that the concerted and
intensivedrive in Southeast Asia—requiring large-
scale commitmenizc of national resources—will
come to & successful conclusion within the next
few years. The national will to improve the veell-
being of the American people will then dictate the
increasing allocation of resources for this purpose,
in line with historicn]l growth patterns. This best
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Aruitoxt provided by Eic:

blomedical research expenditures will Increase uniformly as a proportion of
GNP from 0.33 of 1 percent In 1970 to 0.60 of 1 percent In 1985 (approximately
0.018 of 1 percent B year),

! Allernative C ls based on the sssumption that nationsl blomedicst re-
search expenditures, a3 a proportion of GNP, will remalin constant, 1970-88,
at the 1967 proportion of 0,29 of 1 percent of GNP,

3 Computed from unrounded figures.

Source: Natioual Institutes of Heslth.

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 fI) 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 asa proportion
of the gross national product. They have in
the past and there is no intrinsic scientifie,
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 1975 and 36 percent. by 1985, This
assumption is based on the prospect of a
major increase in technological development,
especinlly in the emerging «rea of engineering
as applied to biology and medicine.

3. Tt is assumed that Government ontlays for
national security will decline by 1975. In a

TABLE 6.—Biomedicol Research and Relation to
the Gross National Product for Selected Years,
1947-67, ond Projections to 1985

[In 1967 dollars)

! GNP Biomedical research
Year (in dillions)
Amount Percent
(in millions) | of GNP
1947 .. $359 $135 .04
1952, e 457 261 .06
1987 e 523 522 . 10
1962 . ..... 613 1, 411 .23
1965. . e 710 1, 920 .27
1967 st oo 785 2, 280 .29
1970 . ... 886 12,870 .33
1975, et 1,077 15, 525 .51
1980 ... 1,310 19,737 .74
1985 . eeee 1, 594 115, 682 . 98
Growth rates
(annual compound rate
of increase)
I
1947-52. . ... 49 14.0 (.. __.
1952-57. e o. 2.7 149 | ...
1957-62. ... 3.2 22,0 ). ...
1962-67_ ... 5.0 100 |........
1985-70. . e 4.5 84| .......
1970-75. ... _..... 4.0 140 ......_.
1975-80. ... 4.0 1220 |....__..
1980-85. . oo 4.0 100 |..._.._.

' Best judgment projection.

Bource: Gross National Producf: Based on current dollar series for 1947-65,
Department of Commerce, and 1967 estimate, Council of Economic A dvisers;
converted to 1967 dollars by use of GNP deflator. Projections from 1970 to
1985 based on 4 percent growthrate from 1967 provided in an analysis prepared
for the Subcommittee on Economic Progress of the Joint Economiec Com-
mittee, U.S. Economic Growth to 1975: Potenticls and Problems. Biomedical
research: National Institute of Health,
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world now torn by conflict and tensions, this
assnmption is inevitably speculative, Never-
theless, only n few years back, the Adminis-
tration gave serions consideration to the
probable consequences of a reduction in na-
tional defenso 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 oceur 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 snhstantially.

The best judgment projection snggests an in-
crease in national expenditures (in 1967 constant
dollars) for biomedical research from $1.9 billion
in 1965 to $5.5 billion in 1975 and, looking toward
the more dimly perceived future, $16 billion—
ronghly 1 percent (.98) of GNP—Dby 1985. What
growth rates are implicit in these projections? Do
they appear feasible in the light of past experience
and future research opportunities? What are 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 >f the projected funds, and the
sectoral performers of medical researcht

Growth rates for best fudgment estimote.—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 summiarized 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 1987-72 period will be
heavily weighted by the fiscal restraints which
liave 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
1970-75, 1975-80, and 1980-85 have been projected
at 14 percent, 12 percent, and 10 percent
respectively.



TABLE 7.—National Expenditures for Biomedical
Rescarch, 1947-67, Curent and Constant 1958
Dollars

[M1llions]
Year Current 1958
dollars dollags 1

1947 o e e eaaaaa $87 $117
1948 e 124 156
1949 e e 147 186
D 8217 0 161 201
f LT, 175 204
1062, e aeaas 197 225
1983 o e e 214 242
1984 C e 237 265
1988, - o eee—anaa 261 287
1980, L e aeaan 312 332
1057 e e e cceemceeaceaan 440 451
1058 . o e eaeana 543 543
19589 . e eeeaaaaa 648 638
1960, - - oo 845 818
1981 . o e eccanaa 1, 045 999
1962 - - e e e e 1,29 | 1,219
1963, . o eeeenaaa 1, 486 1, 386
1964 . e eemmaaea 1,852 1, 517
1985 - e 1, 841 1, 680
1966 . - o e ceeee e 2, 056 1, 805
1967 e8t. . ccmciemm e ceeeenaa 2, 280 1,944

Growth rates

{(annual com-

pound rate of

increase)

1947-52 e 17. 8 140
1952-87 . e 17. 4 149
1058762 oo 240 22. 0
1962-67 . . oo 12.0 9 8

1 Based on gross nationsl product deflator, 1958 =100; U.8. Department of
Commerce and Jolat Economic Commlttee, U.S. Economic Growth lo 1878
Potentials and Problemas,

Bouroce: 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 vducation in the health sctences can
be provided only by institutions where the
faculty is heavily involved in research;

8. Growing partic. ration of industry, espe-ially

in  biomedical -ngineering and related
technological dev- opment;

s expansion of existing medical schools
and graduate schools, the creation of 25 new
maedical schools and 160 new graduate schools
in the 1965-75 decade, and a sharply rising
supply of doctoral-trained scientists through-
out the seventies;

. 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;

. 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.

. The intensification and expansion of research

aimed at improving the system for the de-
livery of health services. The President’s Ad-
visory Commisston 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 caie 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



o} 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 coross-section of socio-economic
groups on a conmunity or areawide basis,
and emphasize organized services for
ambwlatory patients.” 8

Sources of funds for hlomedical research (best
judgment estimale).—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 n:edical research agency,
as well as other agencies of the Federal Govern-
ment supporting medical research germane to their
agency missions—such 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 areus 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 aireraft and
missile industry, and three-fifths in the electrical
equipment and communications industries.!

* Report of the XNational Advisory Commission on
Health Manpoiwoer, Vol. 1, November 1967, pp. 74, 5.

! See the report prepiired by the Aerospace Corp. for the
Director of the National Institutes of Health, Medical En-
gineering Dcrelopment and the Role of the Federal Got-
crnnient, July 1967, and the report prepared for the U.S.
Arms Control and Disarmament Agency, evaluating the
use of Defense Systems Resources in the Civil Sector, July
1967.

* Natlonal Science Foundation, Basic Rescarch, Applicd
Rescarch, and Dceclopment in Industry, 1965, June 1967,
p. 28.

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 veasonable 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 Budgel, 1957~
67 and Frojections to 1985

Administrative Federal
budget biomedicsl
research
Year GNP =
(billions) ceant
Amount | Perceat |Amount | of ad-
(bill- [ ill- minis.
jons) GNP ons) | trative
budget
Current dollars:
1957 ... ... $441 $69 16.0| $.2 .3
1962 ... ... 560 88160 . 8 .0
1967 . ... 785 127 1 16.0 1.5 1.2
1967 dollars:
1970 ... ... 886 142 | 16. 0 2.0 1.4
1976 ... 1,077 172 1 16.0 | 4.0 2.3
1980 .. _.... 1,310 { 210|160 | 7.1 3.4
1985, oo oo.- 1,594 255 (16.0 | 11.7 46

Source: Gross National Product—Tables 1 and 8. Adminfetratire Budget—
1957-67; The Budget of the United States Oovernment, fiscal year ending
June 30, 1968, p. 460; 1970-80 based on 16 percent of ONP. Federal tlomedical
research—National Institutes of Health.

Relation of biomedical research expenditures to
total health expe: ditures.—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 expenditures.
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By 1075, total expenditures for health may exceed
$100 billion (in current dotlars) based on the esti-
mates for health services and supplies of £94 billion
(the major comporent of the total liealth bil), ex-
cluding research and construction, made by the
President’s Cominission on Health Manpower 1),
In current dollars, bionedical research expendi-
tures under the best judgment projection are esti-
mated at $6.2 billion, by 1975, or about 6 percent of
the projected heaith expenditures total. In terms
of this relationship, therefore, the projected bio-
medical rescarch expenditures also appear to be
well within the commitment for better health for
the American people.

Performers of medical research, 1970-85 (best
lvdgment estimatel.—How will the total biomedi-
cal vesearch effoit, in terms of dollar expenditures,
be reflected by the research performed by each of
the three najor sectoral performers, Government,
industry, and the nonprofit sectori

Historically, and projected for the period to
1985, the preponderance of support for medical
rescatch will be provided by the agencies of the
Federal Government. But Federal agencies will
continue to look to investigators in the nonprofit
rescatch sector and in American industry for an
increasing proportion of the biomedical research
necessary to further agency missions and objec-
tives. In 1967, about 16 percent of all biomedica)
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 1¢search leading to the devel-
opment of and application of new medical
products and processes will require a gnvater par-
ticipation by industry in the performance of
biomedical research. The proportion f bionmedical
research funds accounted for in the industrial sec-
tor is conservatively projected to increase from 30
percent in 1967 to 36 percent by 1885, reflecting not
only the increased levels of biomedical rescarch
performed in this sector, but also the higher costs
of developmental research as compared with in-
vestigations of a more fundamental nature.

By 1085, investigators in the Nation's institu-
tions of higher education, hospitals, and nonprofit
rescarch institutes will have available about the
same proportion of the Nation's investuient in
medical research as in 1067. Currently, ! i
percent of the dollar total supports these explora-
tions in the nonprofit sector, by 1085 it is projected
to 52 percent. These projections are detailed in
table 9.

Professional manpower for hlomedicol research,
profections to 1985.—Having developed projected
estimates of the level of dollar expenditures avail.
able for biomedical research in each of the major
sectoral performers, it is now possible to estimate
the numbers of professional manporwer required.
The procedure followed in projecting biomedicai
research manpower to be supported by the pro-
jected level of biomedical rescarch expenditures is
as follows:

TABLE 9.—National Support for Peformance of Biomedical Reseorch, by Sector, 1967, ond Best Judgment

Projection to 1985
{Tn 136? dolian]
Amount (billions) Percent of totsl?
Yesr X
Total Federat Indasry 'Logm Totsl Federal Industry .;‘oam
1967........ tamcaanaan £23 L 7 $1.2 100 16 30 34
1990, ccvnannnn ceananan 29 .4 .9 1.6 100 15 3 53
1905, e ceesaaa 58 .8 1.9 2.8 100 14 34 52
1990 o e eiiiiiaanan ae Q7 1.3 314 30 100 13 s 52
[ £ SO 187 1.9 56 2 100 12 348 52

t Computed on the snrounded data
St ————-

Sourdc: National Institutes of Aaalth,

" Reporl of the National Adcieory Commizsion on Health Maapmwecr, tol. 1. November 1007, p. 35,
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In 1965, there were 64,000 professional workers
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. B.)

For each of the three sectors, a professional
manpower total for 1965 was established. By relat.
ing these numbers of inanpower to the dollar totals
for each of the sectors, the expenditures per pre-
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 devota full-time to such activities. In the
nonprofit sector, the bulk of professional workers
engaged in research combine this activity with
teaching o1 service or both. The best data available
for research in academic institutions developed by
the National Science Foundation suggests that
cost per man soared roughly 10 percent per annum
between 1958 and 1964.12

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-
seatch in the nonprofit sector will continue to rise
6 peicent 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 percent per annum
increase (which includes all staff engaged in re-

Y The term “professional worker™ means M.D.'s, Ph. D.'s
and cthers with less than doctoral tratning scho funclioncd
o2 principal inccatigator end colleboretors. In general, it
does not include persons with such training who performed
a8 reseatch asistant; it also excludes technicians and
&1l other supporting personnel. It shouid be noted, how-
ever, that this definition of professional manpower in the
QGovernment and industitial sectors conld not be 2o rigor-
ously applied dechuse classification systems for Govern-
ment personnel and industriat employment practices do
fiot clearly distingoleh between these tord categorien

¥ National Refence Foundatlon, “Resources for Rclentific
Actisities at Universiti~n and Colleges, 1004." Recrtesws of
Date o8 Sclence Reroarcer, No. O, August 1068

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 Manufac-
turers Association and the National Institutes of
Health of research manpower in the pharmaceuti-
cal industry.'

Expenditures per professional worker wil} con-
tinue to rise tc 1085 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 cfficient conduct of re-
search by the principel investigator and his
collaborators.

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

The methodolcgy can be translated into a simple
formula:

Projected nationat expendl-

tures for bioned.cal re-
fearc !'__iﬂ"_"_.m., *OE)__ —=Projected number of
Projected expeuditures pe professfonal  workers

professional wotker (given

gector)

By 1970, about 71,000 professional workers will
be engaged in medical research; «he number is
projected to increase to 100,000 in 1975, to 130,000
in 1980, and 150,000 in 1085.

The methodology followed for the derivation of
professional 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 costs substantiate the
more conservalive cost estimates used in this
report.

needed (given sector)

“ National tnstitutes of Health, “Trende in R. & D. Man-
power in the Pharmace ati~al Inductey, 1050-65, and 10647
Rerourect for Mcdice! Rescerch, Repott No. & March 1998



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

[Thousands]
Frofessions] manpower Feders) Government Industsry Nonprofit

Year Total nuinber { Fipenditure Number Expenditure Number Expenditure Number Exipenditure

per worker per worker per worker per worker
1965, . ieee i ieeeiaaas 64.0 $30.0 11.8 $25.9 11.9 $46.8 40.3 $20.1
19700 ce i e iieaeaaaaa 71.0 41.0 12,6 34.7 13.2 65.5 45.3 35.0
| §: T TN 100.0 85.5 17.0 46.4 20.7 92.0 62.3 46.9
1980, ¢ o evnnccnennnaan 130.0 75.0 20. 8 62.1 26.9 129. 1 82.3 62.7
198 e 150.0 104. 5 22.5 83.1 31.0 181.1 06.5 84.0

Note.—Eipenditures pet prolessional worker computed on unrounded Eource: Nationa) Institutes of Heslth,

fgures Sor numbers of workers and blomedics] research expenditures by
sector.

TABLE 11.—Total Professional Manpower for Biomedical Research, 1965, and Additions 1o the Medical Re-
search Professional Labor Force, Best Judgment Projection to 1985

[Thousands)
Item 1 19651970 | 1970019078 | 19741989 | 198001988
a. Profcasional manpower, beginning of period................ teesacssceanaas 64.0 7.0} 100.0 130.0
b. Plus: Total additions in 5-year period for. . .. ... .. iiioiiiaiaivauann. 15.3 3’8 43.0 37.0
¢. Less: (1) Replacement of losses for the 3-year period due to deaths, retire-
ments, occupation rhifts of professional manpower (shown on linea).... 7.9 R7 1.8 16.0
d. Less: (2) Replacement of losses for the 5-yeatr period, due to deaths, occu-
pation shifts of additions to manpower (rhown onlinab)..... ceenen eee .4 1.1 1.2 1.0
e. (3) New additions to manpower. .... fess seemnnenn teessssecasscanarans 7.0 29.0 30.0 20.0
f. Equala:
Profcssional manpower at end of period (alto sum of linesa+e).c.......... 1.0 100.0 | 130.0 150.0
Net. Methodal hanges {n occopation Ph. ve boldere published in Preflet
The' :\:mtm oloﬂs h<rsl favestigalots and thelr collabeestors in btio- } ‘n’! .r:‘ ul;@:hw:nrgmmat;rg buo‘ :!odot‘: ee?h;ng
medical resecteh st t of esch brtl period were derived by relating the 1535-00. National Acsdemy of Eciencer, Fxb. IN
extimated dont tohl lur nce of mediesd tesewrch by tector— 2. Persons engaged 1n medical reseatch ot the first time after 1968 ooboti
Government, industz Hm:lnlbm—w the mhmed npendutwe 7) were estimated to be st an svetage n ¢ of ao at time olnw‘lnc in
ger peofessional “"‘83" esch of Llese petformer catepotien. fot each of the medica! researeh. Denhs fot this group were s’ somputed for esch ol
The diflerences betueea the pumbery of pmom sctasdly Nttt Syeat snd o«-u tion ¢ i!’u fot tba o wete aleo b&l
in medical tesearch st the end of the spocessive S year periods tegte: on Ihe experience re{vmed ofiles of FA, D8 {9 the Sciencery. (Of

un!rhsoﬂbn of the sctun! manpower sdditions. sine replacen ats are o tetirements for U

were estinated foe the entire

hose who have djed, who have retired, of have pives up thel: rﬁod 1.e, none of these .rouss will hate resched Lhe retirement age before

esearch work it ¢ other activity. The mmt-n required ss tepla.gments [0
Er thete mrmon'gg« were pptimated & n'n ~ 4 l l'ot each of the Mﬂ cohotts (eohm 3—entering blomedieal ¢

1. An distribation olmmg;kmu ery in medieal research st ch after 1770 st 80 average age of M mu—muﬂmuﬂelrnt .n
the end :ﬁm gdasknﬂed ) t1) wng deriwd from dats pro by lntng! age of uvl cohcet S—entaring alter 1 st an sversge age of 17),
tha Na opa! Foundation registar of acientisty, snd From tabulst the same met y wat goed 1o ste desths and oocopation shify
rpnrtdbr the Americsn Assodh Ht'lo()ledk-d lntthepw 1979 t0 1984

ot esch of the snn:«bds 1o 1988 the mumber of desths T et doe 10 8 mnmmrtmtnmntdlmfukhumym

among the eohort | workars was bated | mq e talves pubdliehed by fot the period 1963

the Nationa? Center ot HeaMh Etstistis, Retirement from teseat e "B

B1ed sl sge 65, The setimotes ot shifts #n cocepstion were based o8 U Eource: National Institutes of Health,
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TABLE 12. —Professional Manpower for Biomedical
Research, 1965, Attrition and Additions, by Sector,
Best Judgment Projection to 1985

{Thousands)

Gos- Non-

Item Totsl ero- | Indus | profit

ment ty Institu-

tions
1965¢total .. ... ......... 64.0 ] 11.8 | 1.9 | 45.3
Less: attrition. .......... 83 1.6 1.6 51
Plus: adaitions. .. ....... 153| 23 2.0 10.1
Equals 1970 total......._.. 711.0)125;13.2] 453
Less: attrition._......._.. 9.8 L7 2.0 61
Plus: additons..........| 388 32| 95! 23.1
Equals 1975 total.......... 100.0 [ 17.0 | 20.7 | 623
Less: attritton. .. ........ 130 23] 2.5 82
Plus: additions.......... 43.0} o.1f &7 282
Equals 1980 total_...._.... 130.0 1 20.8( 269 | §2.3
Less: attrition. ._........ 170 29| 3.3 10. 8
Plus: additions.......... 37.0) 4.6 7.4 25.0
Equals 1985 total. . ........ 150.0 ({225 31.0 | 068.5

Summary:

Attrition, 1965-85....... 481 B5! 94| 302
Additions, 1965-85....... 134.1 [ 10.21 285 | 86. 4

Bource: Nationsl Institutes of Health,

It is recognized that the rate of increase in ex-
penditure per professional worker is a critical
element in projecting manpower requirements, 1f
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 underesli-
mated, then the projected manpr —er requirements
are too high.

Based upon these assumptions, 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 £). 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 196585 period: 86,000 will be
net new additions to provide for expansion in line
with the projections, from 64,000 in 1865 to 150,000
by 1085,

The number required to enter medical research
by 3-year intervals, 1965-85, is indicated in table
11 whick also shows the numbers needed for re-

330340 09—

50

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

The composition of the professional work force
for medical research in terins of the entering co-
horts is shown in chart 6. Of the 64,000 in medical
research in 1965 (cohort 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 thet year. Of the 15,000 entering medical re-
search as principa} investigators after 1065
(cohort 23, 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
Retearch, 1965, Atdtion and Additions, with
£stimated Distribution by Degree Level, Best
Judgment Projection to 1985

(T hoarends]
Pn.D.| PAD Leas
ftem Total | M.D. bio- oL thsn
sciences
1965 Total......... 6t.oj17.0|21.3}10.7; 150
Less: attrition....! &3} 18| 33§ 1.7 1.8
Plus; additions....] 15. 3 4.6 &5 36 1.6
Equals 1970 total. ..} 71.0  10.8 | 23.5 | 126 | 15.1
Less: attritlon....}] 98] 226] 36| 1.8 1.8
Plue: additions....] 38 8] &5 1155 7.5 9.3
Equals 1975 total...(100.0 | 23.7 | 38.4 | 18 .| 226
Lesa: attrition....J] 130} 33 48] 28 24
Plus- additions_...| 43.0| 7.0 20.8 | 11.2 40
Equalt 1980 total...1130.0 | 27. 4 | 51.4 | 27.0 | 24.2
Losa: attrition....{ 12.0| 42| 64] 38 29
Plue: additions....1 32.0| & 4| 17.9{ 97 30
Equals 1988 total_..{150.0 | 29.6 | 62.9 { 33.2 | 24.3
Summary:
Attrition, 1965-85.| 481 [ 11.9 {181 ] 9.8 as
Additicos, 1965
8 el 1381 245507320} 17.9

Note.~ tetribation of Fh. D.°1 in researe 1 1 derived Fom
L T o oy ooy ‘The et dentivetlon of

M0y in 15 heratned to be eomparable to the age & ritation of
,"—ﬁm!' H“t!;.'m a mediral ’cboolb«d" the beealty cost mﬂ?-
AT AT g L SRR pR

I .
;‘zwx :mdd hase Jor estimating (1) ko® many )ﬂ).'ﬁ ented
(

hey remfa active in teseareh, (1) whea they shift
ot « An ;1‘ ndi@?&‘ &mm ..53
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Other alternative projections.—Before 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 1067
dollars), when coupled witl best estimates of
funds provided from non-Federal sources indicates
an increase of 6 percent over 1067 in national in-
vestment for medical research; for 1069, an in.
creaso of § percent over 1068 is projected. Since
this 4 percent increase is consonent with the 4
percent projected increase in GNP, 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-
inain as & constant proportion (.29 of 1 percent)
of GNP from 1967 through 1085. 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 GNP by 19851

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 priorily staffing requirements of
the nonprofit sector by 1975! Each of the varying
assumptions has been examined in terms of their
probable consquences for biomedical manpower
requirements for research, teaching, and related
service aclivities

In the discussion relating to the best judgment
projection, it has been assumed that national ex-
penditures for biomedical research would grow
at & considerably less rapid rate than it did during
the 20 years following World War 11, reaching 1
percent of GNP by 1883. While the 1 percent as-
sumption appears reasonable, alternative assump-
tions would result in different estimates of (1) the
1885 tevel of national expenditures for biomedical
research, and (2) manpower requirementa for bio-
medical research, teaching, and related activities,
1967-83. Consequently, the manpower implications
of each of three 1ltetnative assumptions relating

11

projections of national expenditures for bicmedi-
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 of $2.3 biltion to
$4.6 billion in 1967 constant dollars by 1085—
an increase approximately 85 percent over an 18-
year period (chart 1). However, as indicated in
table 5, the compound growth rate under this as-
sumption would drop to 4 percent—2 pereent less
than the 6 percent annual increnient in cost per
professional worker. The consequences flowing
from this assumplion are stark and clear:

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

The average annual increment (1971-85) in
national expenditures for biomedical research
from all sources—public and private—would
approximate $130 mitlion.

If it is assumed that biomedical research ex:
penditures rise to .8 of 1 percent of GNP by 1985,
a level of £0.5 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
(812.7 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.—~Alternative Projections of Biomedical
Research Manpower Requitementy, 1965-85

Assgmptions
N erpenditares be
%wmg-wmn
Biomedical resentch minfower

Feast ments Bt | aatins | aaviss | maties
T Al A R

(nnt) cent) | cent) | eent)

Manpowee (Ia thoussnds)

t. Gross additions, 1965-85.1 134 | 104 10 1?7
2. Altrition, 1965-88_ ... 48 46 43 37
3. Net additions, 1985-25_.] &6 88 21| -9
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TABLE 15.—Professional Manpower Requirements,
1965, ond Projected Attilon and Additions—
Based vpon Alternative Estimates of Biomedical
Research as a Proportion of GNP

| Thocsands]
i Bust Alter. | Altere { Alter-
tem nl::g-l mAu'u msl‘n mts.\-o
1085 totel ... .. ... .... 64.0164.0/64.0 64.0

Less: attrition. .......... 83| 83| 83 81

Plue: additions .. ........ 153153153 .5
Equals 1970 total.......... 7.0 71.0] 7.0 | 63.4

Less: attrition. .......... 9.8 87| 63 &3

Plus: additions. ......... 38813241903 .9
Equals 1975 tntal......._.. 1000 {93.7|81.0| 5.0

Less: attrition........... 1301123} 11.2 9.2

Plus: additions. . ........ 43.0)31.9 182 3.9
Fquals 1080 tota)_... ... .. 130.0 (113.3 {880 50.7

Lesa: attritlon........... 1720 | 15.7 ] 13.9 1.1

Plus: additions. ......... 3.0 2390|169 4.4
Equals 1985 tota).......... 150.C [121.6 [ 91.0) 44.0
Groes manpower additions:

1065-85. . .o ieeaannn 134.1 1103.5 | 69.7 18.7
Attrition:

1965-85. . e cieiannan 4811460427 367
Net manpower additions....} 8.0 [ 57.8 ] 27.0 {—20.0
e Bl o s s Y
cent in 1967, and .33 of 1 peroent In 170, W Mol | oent an 1985,

TAltetnstive A Is o0 the sreeumption that from 1979 to 1988 national
o e D 10 3 o/ & porarms by 1983 (Breormotesy

o ¥ mately
.00 of 1 percent & year),
t Alternstive B is bated on the sssumption that from 5970 Lo 1983, national

ch expenditures will Incresse

»
blg‘medialmur uniformiy 8 s peopotilon of
(:{'&tom}ldIwanlh!mu.wd!man!)a{m ol

(sppeorimataly

1 te .
t Alternstive C bc)na on the mm(ﬂoﬁ that national Momedical re-
seatch e;gndilm a8 & propottion of GNP, will remain tonstant, 1970-48,
st the 1987 propottion of .7¢ of ) peecent of GNP.

Lource: Natiotal Institutoe of Health.

to the earlier assumption that national expendi-
tures for biomedical research might reach 1 per-
cent of GNP by 1985,

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

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

Projecting biomedical research expenditvres as o
tunction of menpower supply.—None of these fore-
going projections takes irto account tuanpower
supply—the probable size of the doctorally trained
labor force likely to be available for biomedical

43

research, teaching, and related service activities.
If the intermediate output estimates of M.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 GNP estimate, The composition of this larger
group is shown in table 16,

Approximately 170,000 professional workers at
$104,500 cost per maan in 1985 would result in &
national expenditure for biomedical rescarch of
817.8 billion—roughly 1.1 percent of 1985 GNP.

TABLE 16.—Alternative Estimate of Biomedical Re-
search Manpower Requirements, Based on Man-
power Supply, 1985

(Thousands)
Item 1988
Total in biomedical research, 1985......1........ 170. 8
M.D.'s (including D.O, D.D.8, and

D.V.M.) in medical research, 1965.. 120 [.coena
Plus: intermediate output estimate,

1060-8Y . v oiiccacccnsecsaonnnns 130.8 foannen
Lesa: attrition (due to deatha, retite-

ments, ete) ... .iieiieieiceinann- 13.8 |......
Equats: M.D.'s in reseatch, 1985, ... J........ 340

Ph. D.)s—
Biosclences {n medicai research, 1965 .1  21.3 {......

Plus: high output 1966-85:

Baric medical sclences.........e P50,
Other blosclences, coccoevenannan L T 9 T PO
Less: attrition (due to death, retire-
menta, e0€) e iniacacananannas 1 FON B PO
Equals: Ph. D.'s in bioaciences in
research, 1985 .. . oooiiiiiaaifeeaaia 69.1
Othet fields in medical research, 1965, 10.7 [.-....
Plus: additions, 1966-85_. .. ...... 4 (...,
Less: attrition (due to deaths, re-
titementa, ¢&.) .. .. iiiaeaiaane 1.6 |......
Equals: Ph. D.’t in other fields, in
research, 1985 ... iiiaifiiiaans 43 4
Less than ductorai .+ medical research,

1085, . iieecattacnccancnanness 150 [.o.a..
Plus: additions, 1966-83. . ... ...... Y170 ...,
Less: attrition (due to deathe, retite-

menty, ede ). icciaiiacnictnnasaes R6f......
Equals: less than doctoral manpower

in tetearch, 1985, . L. . ciiiiiiiiee tecraces] M3
e

TApp. E, table §.

' posed [ beharioral aciences .2, tabk ). 14,500
Do o ] nte 1 B 100 b o BematcE Bnd iatistics
£, 1,200 kom engineering (spp. F. table 9.

Rourte: National Isstitetes of HeaRth,
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This labor force approach yields a projection—in
terms of the expendituies for biomedical re-
search—of about 15 percent gieater than that de-
rived from the 1 percent of GNP projection.

A note on inflation.—The projected estimates for
biomedieal research expenditures have been ex-
pressed in terms of 1967 dollars. However, ¢xpen-
ditures for medical research are ustally reported
and budgeted in current dollars of the year to
which they relate. The GNT real growth 1ate of 4
percent a year used in this report was coupled by
the Joint Economic Committee stafl with a pro-
jected increase of 1.5 pervent n year in prices.’® If
the increase in prices of 1.5 percent a year is pro-
jected to 1083, then the constant 1967 dollar best
judgment estimates for biomedical research can
bo converted to current dullars, In1970,5he current
dolar estimate for biomedical reseacch will ap-
proximate £3.0 billion, as compared with 22.9 bil-
lion in 1967 dollars. For 1875, the estimates are
£6.2 billion in current dollars compared with .5
billion in 1967 dollars: for 1080, $11.8 Lillion and
£0.7 billion, and for 1085, £20.5 billion and £15.7
biltion.

D. Antcipated Changes in Medical Educa-
tion, Graduate Education, Postdoctoral
Training, and Continving Education

Great changes are occurring in the Nation's
dructure for higher education. To obtain more
precise information on the nature and geographiz
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
year, progress reports thus far confirm the dimen-
sion and character of the probable expansions
likely to occur during the decade ahead.

" The Joint Beonomle Committee stafl report also pro-
Jected an annual growth rate of 4.5 percent for GNP, with
a 2 percent annual increase In prices. If this growth rate
14 achieved, then & larget GNP would provide the fwnssl.
bliity for allocatiors of fnunde for blomedical reseatch
exceeding the levele projected In the best judement
extimate.

* Coxpomanted by the OMce of Fdocation, the Nationa)
Kclence Foundation. and the Barean of Health Manpower,
DHEW,
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Expansion In numbers of institutlons.—Most 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 26 neio
medical schools will be established during the
1065-ThH decade. Seventeen of these schools (includ-
ing the California College of Medicine, converted
from tho California College of Osteopathy) have
already received their provisional acereditation
from the Association of American Medical Col-
leges; ' seren of the new schools admitted their
first clasoes between 1963 and 1067.* 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 1069, Massachusetts in 1970, and New York-
Stony Brook in 1971,

Chart 7 shows (1) the existing medical schools
as of 1960, (2) the 17 new schools provisionally
accredited since 1060, 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 appearsz likely that a
minimunm of 135 major expansious will ocenr in
gradnate education (chart &), Nearly 50 (47) of
these major expansions will be located in five
States: California (13}, Texas (9), New York (9),
Ohio (M), 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 in population: in Now York
and Ohio, they reflect implementation of State
master plans for higher education substantially
enlarging the nnmber and dispersing public insti-
tutions on & Letter geographie distribution within
these States.

Some of these expansions reflect the emeigence
of institutions now granting master's degrees or
even doctor's degrees in a few programs into full-
fledged universities: some represent the growing
tendency of large public institutions tn establich

v 2osrnel of the American Medical Aarocialion. vol. 108
Na. & Nat, 21, 194 p K51,

" Arirona. Rrown, Iiaxaii. Michigan State. New Mesion
Penn State. and Rutgers,

P Josrnel of the Americas Medical Arrocietion, vol. 202,
No. & Novr. M, 1087. p. 738



branches in major urban centers; e.g., University

‘of Tllinois at Chicago, University of Missouri st
Kansas City, University of South Klorida at
Tampa, University of Wisconsin at Milwaukee;
some represent conversions from private institu-
tions to public institulions, e.g,, Temple, Univer-
sity of Houston, State University of New York at
Buffalo; some represent rew institutions estab-
lished in accordence with State master plans for
higher education. It is encouraging to note that
many of these newer institutions are giving high
priority to the establishient of P'h. D. programs
in the health sciences and in the environmental
sciences,

Expansion of capaclty 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 plinned levels.,” * The
Commission urges that primary dependence must
bs 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-
tioa rates or ultimate cavreer 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 Coggeshsll report,”* 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 hecome a major medical
school responsibility. As medical schools have
assurned responsibility for caring for increas-
ing numbers of patients, they have developed

¥ Vol. I, November 1967, p. 19.
%irowell T. Coggeshall, M.D.,, Planning for Medioal
Progress Through Education, 1685,
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their own hospitals or established controlling
affiliations with hospitals sponsored by others;

¢ Research has growi 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 educaticnal and service capabilities. Similarly,
the separately organized health service com-
nouent of the school, considerably erlarged to meet
the mounting demands imposed by Medicare,
Medicaid, OEO Neighborhood Health Centers,
and Regional Medical Programs, directly fortifizs
the traditional service responsibilities and in-
directly but substantially buttresses the educa-
tioral and scientific research functions.

To increase the production of physicians and to
improve the quality of thei: 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 edueation 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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Prospeciive effect of anticipated currlcvivm
changes In the basic sclences.—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 ccllege level.

At the graduats leve), to a large extent, the classi-
cal scientific disciplines are teing 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
bighly sophis:icated bio-organic and biophysical
chemistry. Physinlogy is becoming rapidly ori-
ented towards systems biclogy 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 mee. these problems by
establishing new departments of genetics, bio-
physics, bicengineering, and the neurosciences.
Still others may provide broad graduote training
in departments of biology, allowing for specializa-
tion as the student’s interests and capabilities
crystallizo.

It is likely that sweeping curriculura changes
will be initiated at the college level. Secondary
schoo] 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 tho 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;

. 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.

Continving education.—Tho need for institu-
tionalizing lifetime learning through more effec-
tive continuing education programs ir the health
and scientific fields is widely acknowledged.
Within NIH, responsibility for fostering continu-
ing education isshared by Institutes which support
specialized continuing education programs, the
Burcau of Health Manpower and the National
Library of Medicine.

The National Institutes of Health together
with the newly formed Health Services and Mental
Health Administration provida Federal leadership
for continuing education in the bioinedical sciences
and the health professions. In this connection, the
creation of regional cooperative arrangements
throngh the regional medical programse may pro-
vide significant new opportunities for the develop-
ment of effective continuing educatinn 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 closs
relation of teacher and learner, (2) accessibility
of programs,and (3) epportunity to build together
links between education aud health care,

However, as the report of the National Advisory
Comn-ission 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 tho practitioner’s
specialty.”
Whether or not relicensing pracedures 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 Requirements

The aggregate approaches to projecting man-
power requirements fail to show explicitly the
relationship between (1) aggregate inanpower
needs, (2) specific manpower needs required to
staff specific activities in the national interest, and
(3) the graduate education and training prograims
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 concantrate upon a
microanalysis of the high priority stafling “\eeds of
the crucial nonprofit sector where research, teach-
ing, and service are so inextricably linked.

The use of a microanalytic approach s 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 bioraedical researck work full time in
this activity. In contrast, the preporderance 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 brcad considerations of na-
tional interest.

In his memorandum of September 13, 1965, ad-
dressed to the hcads of all Cabinet Departments
and independent agencies, the Pcesident enjoined
all mission-oriented agencies to contribute to the
strengthening of higher education and science.
As a consequence of the post-World War IT 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 nced for upgrading biomedical train-
ing capabilities in schools of lesser quality seeking

_to realize their potential, and (3) the creation of
25 xiew 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 illustrative of specific high prierity staffing
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needs which can now be anticipated; it is likely
that these requirements will ke modified both
quantitatively and qualitatively as the future un-
folds. These statfing needs are directly related to
(1) the staffing and upgrading of existing institu-
tions and the establishment of new schools snd
(2) the pursuit of national hiomedical research
objectives through a nationwide network of
specinlized research institutes.

1. Staffing of medical schools.—At the present
moment, tliere are approximately 22560 full-time
faculty members in existing medical schools plus
an additional 1,000 scattered among the 16 provi-
sionally accredited new medical schools.?? In the
past 15 years, fromn 1951 to 1966, the full-time
faculty in inedical schools increased from 4000 to
approximately /800—more 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 t¢ 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
academic 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 tools to the physician, such as the
sutomation 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 services.

Tooking ahead one can foresee stafting 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.

®RBased upon data reported by medical schools for
medical school faculty roster, 1065-68, maintained by
AAMC. The 1965-66 totals have been increased by 7 per-
cent to reflect the probable Increment in 1966-07.



TABLE 17.—llus:-ative List of High Priosity Stalfing Needs for Nonprofit Sector, 1067-175

Number of Professional manpow -
Ares of need Institutions
1967 1967- 1967 Neuded by
basa Wi base 1078
I. Mcdical Schools
A. Expansion of existing schools._ .. ... ... ...... 87 87 22, 500 26, 000
B. Upgrading of existingschools. ... .. oo e, 40 40 (6, 000)| 1 (11, 000)
C. Establishment of new schools. ... ... .. ... 16 25 1, 000 6, 000
II. Other Health Professional Schools ?
A. Expansion of existing 8cho0)s. oo - oo v oot el 75 75 2, 200 4, 000
B. Upgrading of existing schools_ .. -0 25 25 (450} (90c)
C. Establishment of new schools. ..o oo oot e 3 20 100 1, 000
II1. Blomedical Components of Graduate Schools?
A. Expansior. of existing schools. ... ... ..o e, 75 75 5, 000 & 000
B. Upgrading of existing schools. ... ... .. it ieme e 25 25 (1, 000) (2, 000)
C. Establishment of new echools. . ..o cooo e e 25 75 400 2, 000
1V, Staffing of Specialied Biomedical Research Centers
A. Cancer research centers_ ... .. o oouc e cam—ema. e 3 10 (600) (2, 000)
B. Mpyocardial infarction research units 4. .. ___ . ____. ... ____..__. 5 12 (60) (650)
C. Cardiovascular research and training centers. ... ... ... ___.__._. 1 12 {50) (1, 400)
D. Eye research Institutes. _ - . __ .. ... . ... 13 20 {150) (400)
E. Head Injury research centers. - - ..o -o- oo voe o mmec e o ienaan 4 12 (40) (180}
F. Dental research institutes % . ____ . ... .. e 0 9 0 (1, 350)
G. Pharmacology-toxicology research centers.._. .. . _._........ 3 12 (75) (500)
H. Environmental health research and training centers____.____._._.___ 3 28 (50) (400)
I. Mental retardation research centers ® . _ . e eemmmccee - 0 12 0 (900)
J. Institutes for thestudy of aging._ .. ... ... .. oo aea.. 0 4 0 (360)
K. General clinical research centers. . ..o .o ceenromcceca e iceannn 91 125 (400) (1, 000)
L. Biomedical computing centers. - .. .. .o oieoiimieeaaoae 43 60 {250) (500)
M. Biochemical, instrumentation, biological materials production, and
gcientific information centers. . ... Lo aoooea. 16 30 (200) (380}
N. Regional primate research centers. ... . .. ..o coe oo oaaos 7 10 (150) (300)
V. Research and Continuing Education Staffing of Community Hospitals in
Regional Medical Program Network___.____ .. ... ... ._.._. 0 4,000 0 16, 000
V1. Biomedical Faculty for Advanced Undergraduate Education._._..____... 0 200 0 1, 000
017 NPV FNPUUPI] R 831,200 | %64, 000

1 Numbers in parentheses () are not additive; they are already encompassed
in nt?t;on:'l estimates for blomedical research or they involve part-time faculty
participation.

1 0ther health professional schools inzjude schools of dentistry, veterinar
scleics, pharmacy and gubllc health, Data for 1967 are projected forwar
from the 1965 base, For the short-term needs of dental schools, see Max power
{%’enbmlal Research, 1063, 1919, National Instituts of Dental Research, May

¥ Blomedical ¢components include graduate programs In anatomy, blo-
chemistry, molscular blology, cell blology, genetics, harmsoolov. physiol-
ogy, pathology, bloengineering, behavioral sciences (excluding clinfcal psy-
choiogy), neurosclences, blomathematics, and environmental sclences,
Prwams planned by naw )gm!usta schools are discussed In & ?rocres! report
to N1H on the Study of the Future of Higher Educalion, 1965-1985, Acadeny for
Eductional Development, Inc., Oct, 1, 1967 {(unpubi{shed), The final report
of this study dealing with probable major expansions of gradunte and profes-
sional education, should be available early in 1969,

¢ The total of 13 myocardial infarction research units by 1975 Is expected to
be supplemented by about 50 clinjeal testing units, The total staff for both
3 of units is expected to be 650 by 1975,

The first fiv e Dental Research Institutes were funded In fiscal year 1067,

staffing not beyun.

¢ All 12 centers have been funded for construction on a 3 to 1 matching basis
by the National Institute <i Child Health and Human Development,

Q

LRIC
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T The estirnate of 6,000 full-tima equivalent professional workers for research
and continuing educstion staffing of community hosplitsls in the regional
medical program network by 1973 is believed to be conservative, It is estl-
mated that 114 to 2 full-time equivalent health and medies] professional per-
sonnel will be involved hospital. Stafl of the divisiun of regional niedical
Ptogams estimates that the number of community hospitals participating

n the RMP network may well exceed 4,000 and reach 5,000 by 1975; 1f this
estimate proves valld, an additional 2,000 full-time equlvalent professional
workers would be needed.

1 T'he prolessional manpower estimates of 64,000 by 1975 for the high priority
stalfing needs (and the related 1967 base of 31,200) cover only the designated
components of the nonprofit sector and, therefore, do not encompass total
requirements for professional research snanpower {n this sector Specifceslly
omitted from the 1967 Lotal are 1nvesuﬁat~n who are excluslvelly engaged In
blomedical research in the hospital set n?. {n undergraduste sclence depart-
ments of liberal arts colleges and universities, in nonprofit research §nctitutes,
and scientific assoclations, However, a considerable fro tion ¢ these add!-
tional requirements for 1973 are included {mplicitly in the neess of the high-
rrloflty groufa since |t may be assumed that lnveszlimm Nnduc!ln{ research
n these settings, will lnaeaslnf'.y hold stafl appointments at another com-
ponent of the nonprofit sector, {.¢. » combination of a stafl sppointment at s
medical school and participatfon fn blomedical research at 8 huspital.



Enrollnment at existing scheols could double, as a
conservative estimate, by 1976. This includes medi-
cal students, graduate stucents, and postdoctoral
fellows. If medical student enrollment nears the
high estimate, the increase in total enrollment
would approximate 125-150 percent. To acconi-
modate this doubling f enrollment, it is estimated
that 86,000 faculty m:mbers-—a 60 percent incrzase
over 1987—would le required by 1975. This as-
sumes that approximately 8,500 would be needed
by the top 37 schovls—an average of 230 per school
or 40 per year, 1967-75.

Abdout 6,000 cdditional faculty would be needed
to upgrade the Eottom 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 ininimum of 75 biomedica,
sciontists —an average of three per department—
would be nceded by each of these institutions
(75X 40=3,000). An additional 59 faculty meni-
bers per school would be needed to improve the
quality of medical education and to meet rising
servica needs.

The total of 6,000 faculty for the 25 new medical
schools assumes an average of 250 iull-time faculty
per new school by 1975. The study of six new medi-
cal schools established during the fifties suggested
s need Yor 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
stafing toward an average of 400 per school is a
slim but. ot unlikely possibility.

2. Staffing other health professional 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 schonls of osteopathy.** Last year, 79 of these
other health professional schools each had less than
& $1.5 million vesearch base (49 dental schools, 11
schools of veterinary medicine, six schools of pub-

® National Institutes of Healtk, Development of Stafing
Pctterns in Sia New Medioal Schools Estadlished 1952--
1960, November 1965,

% U.8. Department of Hcalth, Education, and Welfare,
Health Resources Statistics, 1965, PHS Pab. No. 1509.
Numnbers of schools of public healtir reported in Hearings
before Subcommitice of the Commitice on Appropriations,
Departments of Labor, axd Health, Education, and Wel-
fare Appropriations for 1968, pt. 4, 90th Cong., 1st sess.,
April 1967, p. 247.
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lic health, eight schools of pharmacy, and five
schools of osteopathy). Thesa 79 schools already
receiving General Research Support awards from
NIH (reduced to 75, assuming that four schools
reached the critical research muss of $1.5 million
this yvear) wcre taken as the base of existing insti-
tutions.

To accommodate expanding enrollment and to
strengthen tho science base in these existing
schools, it is estimated that 4,000 facu'ty will be
needed by 1978, This represenis an increment of
1,350 facalty members at the top 50 of these
schools—a 60 percent increase, averaging 27 per
sclwcl, or three to four per year,

The inciement for upgrading the bottom 25 of
these schools (weakest in bionedical esearch) rep-
resents a 160 percent increase, averaging about 18

v school—or slightly letter 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. Staffng biomedical componentr of graduate
schools.—TJt is estimated that graduate enrollment
in the biomedical sciences will double 1967-75.2*
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 1978). It is suggested that one-third of the in-
crease ba allocated to upgrading the bottom 25
graduate schools with significant programs in the
biomedical sciences.

A progress report on T'he Future of Iligher
Education, 1966-1985* 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, nbout one-half will offer Ph. . 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, hehavioral 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.

1t is assumed that the 75 new graduate schools
will offer Ph. 1). work in an average of five bio-
medical disciplines—some in two disciplines,
others in cight or more disciplines. Thus, the esti-
mate of 2,000 faculty for 75 new graduate schools
assumes an averagoe of five to six faculty per de-
partment in each of five depart nents.

1. Staffing of spccialized biomedical research
centers—Some of the specialized research centers
indicated on table 17 have been functioning for
fve years or more; others are in the initiation
phase; still others have been authorized by the
Congress and the executive branch. It should be
notedl that the staffing figures ave 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
Stroke.

B. Myocardial Infarction Research Units

Five are currently in operation; the National
Heart Tnstitute projects a total of 12 by 1975,
These research units would be supplemnented by 48-
50 clinical testing units.

C. Cardiovascular
Centers

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

Researck  and T'raining

® A National Pregream to Conquei- Heart Disease, Can-
cer, and Stroke, 1064, p. 49, .

® House of Representatives, Subcommittee of the Com-
inittee on Appropriations. Hearings on Departments of
Labor. and Health, Education and Welfare Appropriations
Jor 1868, pt. 5, H0th Cong., 1st sess., April 1967,

D. Eye Research Institutes

Thirteen eye research institutes now supported
by the National Institute of Neurological Diseases
and Blindness * are staffed by 150 professionals.
According to NINDB, the staff is expected to rise
to about 400 by 1975 when 20 of these institutes
are in full opere.tion.

E. Head Injury Research Centers

Four head injury research ccnters 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 12—possibly to 15.

F. Dental Research Institutes

Five dental rescarch institutes are to be estab-
lished tn 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. Pharmecology-Toxicolagy 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 »y 500
professionals,

H. Xnvironmental 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 1976,

J. Institutes for the Study of Aging

The National Institute of Child Health and
Human Developmen estimates that four institutes
for the study of aging will Lt in operation by 1975.

K. General Olinical Research Centers

L. Biomedical Computing Centers

" The National Institute of Neurological Diseases and
Blindness became the National Institute of Neurological
Diseases and Stroke. Publle Law 00-830, Oct. 24, 1008,
Public Law 00-489, Aug. 16, 19068, created the Natlonal
Eye Institute.




M. Blochemical, Instrumes tation, Blological
Materials Production, and Scientiflo Information
Oenters

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, ard scientific in-
formation centers, and seven regional primate
rasearch centers.

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

B. Research and continwing education staffing

“of commmunity hospitals in the regional medical
programs network.—Planning grants hava been
awarded to 53 difYerent regions for Regional Medi-
cal Programs; it is estimatad that the total num-
ber of regions may increase to 60-65 by 1975. Tue
core planning and administrative staff may ap-
proximats 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 commmunity hospitals participat-
ing in Regional Medical Programs is estimated at
1,500 for 1970, rising to 4,000 conservatively Ly
1975—possibly 5,000. This estimato assumes a Fed-
eral appropriation for this program in the neigh-
borhood of $500 million by 1975.

The Regional Medical Prcgrams will accelerate
the flow and use of new knowledge and techniques
in diagnosis and care. These programs will alsg
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 1145 to 2 full-time
equivalent health and medical professional per-
sonne! per hospital, 6,000 full-ti.ne equivalents
wonld be required for 4,000 community hospitals,
8,000 for 5,000 hospitals,

8. Biomedical faculty for advanced undergrad-

uate education.—Experience during the past 10

years has demonstirated that many of the problems
in training biomedical scientists arise from de-
fictencies in their undergraduate backgronnd—de-
ficieucies which incrcase 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 oxcitement of the effort for faculty and
students alike. Many of these deficiencies arise
from the obsolescence of college science fuculty and
curricula, from the mass approach to undergradu-
ate szience educativn in the large universities, and
from the highly discipline-oriented structure of
underg.aduste edvcation.

The liberal arts college is among the victims of
the advancing scope and technology of scientific
research, In the ahsence nf highly sophisticated
equipment and research programs, the liberal arts
college is having increasing difficulty in attracting
bright young scientists to the faculty. Despite these
limitations, liberal arts colleges retain a degreo of
student-faculty contact and a perspective that are
difficult to obtein in a large university. For this
reason they continue to attract many able students
to their campuses, some cf 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 sociil pressures, they
are also being asked to educate the average-to-poor
student. Facel with a burgeoning enrollment,
reaching 80,000-50,000 in some large universities,
the outstanding undergraduate finds himself en-
trapped in a vast machine created to process large
ntmbers of ynung people with relatively little re-
gard for quality or individual creativity. If under
this changing social environment biomedicsl 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 youny students early and of providing them
challenging and creative opportunities during the
undergraduate period. Moreover, if Liology and
medicine are to gain their share of the 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 un-lergraduates,

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-
Lilities for advanced work at the undergraduate
college leve), building upon weil-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
school—a total of 1,000 new faculty for teaching
advanced biomedical courses a* the undergraduate
college lavel by 1975. NIH experience with experi-
mentai training grants at Haverford and Provi-
dence Colleges, for example, suggests that this
estimata of five 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 quality technological schools, and
the top quality Ph, D.-producing institutions 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 nstitutions
which represent. low-risk, high-potential invest-
meits. Any action in this directior should build
npon well-tested experimental programs which,
after evaluation and modificution, could be ex-
tended to these approximately 200 undergraduate
institutions.

7. Steffing for existing research institutes and
tecching hospitals—The above listing of high-
priority staffing nceds for the nonprofit secior does
not explicitly provide for increments to profes-
sional workers now engaged in biomedical re-
search, primarily at hospitals, and research
institutes.

Baiween now and 1975 additional research man-
power requirements primarily for hospitals and
research institutes may, however, to an increasing
extent ba mct through more cxtensive 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 neads 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. Neverthaless, thess 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 “criticel shortage categories” is illustrative and
selective. It includes disciplines and medical spe-
cialties which were identified as critical shortage

330-549 O~-09—-5
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catogories with respect to the training plans of
Institutes and Divisions of NIH ; it doos not focus
upon the more general problem of the doctor
shortage and the urgent need for expanding t.he
supply of physicians to meet the health service
needs of the American people.

Bloenpineering.—This newly emerging field
fusing science end techaology brings the ap-
proaches of systems analysis to bear on the stndy
of how the various systems of the body oparate
together effectively in a coordinated manner. Bio-
engineeting encompasses (1) the use of systems
concepts in the study of human biology, and (2)
the design of systems for delivery of health care.
Althongh a flourishing start has heen made in sys-
teins analysis of the over-all integration of bio-
logical events in en understanding of buman
biolegy and how these events are altered in dis-
case, further progress is impeded by the critical
shortage of trained bioengineers. Iqually urgent
is the use of tho systems approach to develop more
efiicient and effective sysiems of health care® to
provide moro 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 wark 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 oxist-
‘ng body of knowledgoe to assist the physician in
making more accurate diagnoses.

Behavioral sciencez.- ~The domain of biomedical
rescarch hes broadened beyond the core concein
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 Repori, the National Advisory Comm!is-
sion on Health Manpower stressed that “Unless we im-
prove the mystem through which health care I8 provided,
care will continuc to become less satisfaclory, even though
there are massive increasen In cost and in numbers of
health personnel.” vol. I, p. £, November 1047,




domain of the behavioral and niedical sciences.
More effective aprlication of the behavicral sei-
ences should also contribnte to 4 better nnderstand-
ing of the social and economic heslth systems and
of the attitudes and motivations toward heslth of
society and of individuals. While the necd is great,
the scientific basis for understanding many of
these behavioral factors compares with the status
of biological knowledge in the 1930’s—developing
rapidly but still fairly primitive.

Thus, the behavioral sciences comprise a critical
shortage category for biomedical rescarch. And
the incorporation of the behavioral sciences into
the medical school curriculum and the establish-
ment of research and facnlty posts in medical
schools has been almost 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, s sponsoring a comprehensive
assessment of the present position, promise, and
future requirements of the behavioral and social
sciences in the United States.

Selected environmental health sclences.—The
complexity of the environment and the ways that
it can influence inan’s health have been greatly en-
larged as a result of popnlation growth, urbaniza-
tion, industrialization, and the multiplied use of
chemical substances. The penalties to be paid for
& 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.”? These hazards are ubiguitous and they
present relatively new types of health problems.

It is the tutal and cumulative exposurn o2 the
individual to harmful environmental agents that is
now recognized to be important, whether accumu-
lated through contact via air, water, food, skin
or through radiation. The situstion is further
comglicated by the fact that the emergence of dis-
ezse is frequently not identified clearly as a cause-
and-effect relutionship with individuel enviros-
mentsl toxicants, but may be caused by a series of
agents and frequently by different agents acting

H“America's Obanging Euvironment”, Daedalus, Fall
1967, vol. 83, No. 4, of the Proceedings of the American
Academy of Arte and Sclences,
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in concert, thua the toxic effects of certain chemii-
cals are multiplied many times by the sirnltaneous
presence of another substance---2 synergistic or
enhancing effect—even though the additional sub-
stance may not in itself be harmful.

The complexities of research in environmental
heulth ase great. Not only must the appreach of the
past be used 1n determining: (1) the hazard, (2)
the transmitting vehicle, and 73) particalar popu-
lation groups affected ; but, reduction of environ-
mental hazards demands (4) vigorous and inte-
grated study of all facets of environmental effec:s
vpon human health and productivity, and (5)
rapid progress toward providing basic information
upon which realistic control measures can be de-
vised and adjusted to continuel changes in both the
environment and the populatinn.

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
Selds of science are emerging with a profound em-
phasis upon interdisciplinary collaboration.
Among the more critical shortage cutegories are
environmental toxicology, stress physiology, and
ecology. The supply of scientists in each of these
categories must be enlarged so tkat research may
contribute to maintaining a better talance between
urbanized man and hostile environmental changes
which threaten health and the quelity of life.

Clinical Investigaters..—The supply of well quali-
fied clinical investigators has become increasingly
critical for the progress of biomedical research.
Only ahout a quarter of those entering clinical
investigative training programs do sufficiently
well to qualify as investigators, und considersbly
fewer develop into unit leaders with investigative
stature adequat2 to seck and achieve support as
head of a research and postdoctoral training activ-
ity. Conscequently, this critice! shortage eategory
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 be the limiting
factov in the establishment of new clinical research
units.

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

1. One-year yielding a “graduats” who will
function as a specialist and community

leader:
2. Two-year, whnse “graduate” may function in



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

3. The 4-year “graduate” who 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 sinall investigative unit
in & medical center, responsible for integration of
patient care, teaching, and research, both labora-
tory-based and clinical. {n aiming at the earliest
possible recognition as investigators, their other
skills may have to be neglected in the process, Con-
sequently, the emerging investigator is more likely
to be able to ustablish himself if ho 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 ubout 10 years in
rescarch training and career development posts and
(2) the rate of appearance of individuals with
these qualifications has heen close to 10 per year.
It is readily apparent that these key personne) are
emerging at tooslow a rate. Given the Jimiting fac-
tors of (1) long lead time and (2) high attrition
rate, it is imperetive that this critical shortage
category of clinical invesiigators be expanded sub-
ttantially to meet foresevable biomedical research
needs.

Clinical pharmacology In cancer research.—
Rapid progress in drug development and in clini-
cal drug evaluation programs is divectly and
causally related to alleviating the shoriage of
qualified clinical pharmacologists, particularly in
cancer researcl.. To develop better guidelines and
better predictive systems for the selection of agents
for trisls in man, information concerning an:i-
tumor drugs derived from studies of huwman phai-
macology must be correlated with pharmacady-
namic data obtained in unimale, with respect to
such factors as metabolic pathways, tosicity, enti-
tumeor effects, differences in metabolism of these
drugs between animals and man, effats of long-
term administration, and optimum methods for
adminis! ration.

Thiscritical shortaye of ciinical pharmarologists
concerned with the evaluation of “arcinegenie con-
ditions could be alleviated by strerthening and
expanding existing training programs. Thug, the
necesaary incressed output could be achieved with
only a moderate increase in the number of pac-
ticipating institutions,

u?

Clinical anestheslology and dlagnostic radilol-
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
bo needed for (1) the expansion of existing meddi-
eal schools and (2) the creation of 25 new schools
in the next decade.

Radiation therapy.—In 1960, the Natioral 1n-
stitutes of Health r :ognized the imagnitude of the
shortage of qualited radiation therapists in the
United States and concluded that training pro-
grams in that specialty were totally inadequate.
Since that time, N1H has vigorously endeavored to
enlarge the supply of rudiation therapists, To meet
this niounting need, it is estimated that the nuniber
of individuals in training must inecrease fivefold
over tho next 7 years,

Nevrological sclonces.—The neurologicai dis-
eases includo stroke, Parkinson's Disease, multiple
sclerosis, muscular dystrophy, epilepsy, cerchral
palsy, brain tumors, head injury, paraplegia, and
the many handicapping disordets of vision, speach,
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 tum, requires a substantial
enlargement in the supply of highly skilled neura-
logical scientists.

An estimated 10 percent of patients have pri-
mary or major diseases affecting the nervous &«
tem. Yet only 1 percent of wredical graduates
curreatly choose neurology as a specialty. As a re-
sult, vast numbers of patients with neurological
diseases and injuries do not receive atteation from
skilled neurologista In academic and reeearch posi-
tiona, highly trained professional gjncialits are
urgently needed in five critical shortage categoriea:
(1) clinical neurologr, {?) neurosurgery, (3)
neurosciences (nonclinical), (4} otolaryngology,
and (8) ophthalmology.

Clinicat nevrology.—If there were a 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 1,800 clinical neu-
~ologists would be engaged in teaching-research
activities,

A net increment of slightly more than 1,000 ctin.
ical neurologists per year would be necded to meet
this ratio, But the best that can be realistically
expacted will be an increment of 78 in 1968 to an
increment of 288 in 1975. This estimate assumes
(1) a gradual increase from the current 1 percent
of M.D. graduates entering 8-year training for
neurology, to 2 percent by 1975, and (2) a doubling
of M.D. graduates from about 8,000 in 1668 to
18,000 which is the high estimate for 1075, 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 estimates.

Neurosurgery.-—About 1,475 neurosurgeons are
now in clinical practice as compared with 2,650
needed to pmvide a ratio of one per 80,000 popu-
lation. This disparity is not as great as in the case
of clinfeal neurologista But the potential output
of neurosurgeons per year is proportionally more
discouraging. Even assuming 16,000 M.D. gradu-
ates per year by 1875, tha projected annual ou’ put
would rise only from 82 in 1968 to 133 in 1975.
This discouraging prognosis reflects (1) the
lengthy post-M.D. training petriod of 5 to T years,
and (2) an expectation that the proportion of
M.D. graduates choosing neurosurgery as a spe-
cialty will not rise above the current 1 percent
unless specific measures are taken to enlarge sup-
ply in thiscritical shortage category.

Neurosclences.—The nonclinical sciences di-
rectly relevant to neurology may be grouped under
the term *neurosciences.” There sre 38 different,
self-identified disciplines listed by the 750 neuro-
scienlits now in training. Among the more im-
portant are neuroanatomy, neurophysiology, and
neuropathelogy.

An adequate ratio of nonclinical neuroscientists

. would be twice the current ratio of 10 to 100 M.D.
graduates The alleviation of this critical shortage
is within reach if training programs can be geared
to (1) rising graduste enrolliment in the sciences
and (2) expansion of inditutional capabilitiea

Olokryngology.—Four percent of the young
adult population suffers from deafness or sericus
hearing disabilities, rising fo 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 peech

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 sddition, 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 specialists—a 40 per-
cent increase above the 4,300 otolaryngologists
currently practicing. And, there are only 120 full-
time teacher-resrarchers in this field, By 1675, the
Nation will need 7,000 practicing specialists and
600 full-*ime and pa .-time teacher-researchers in
otolaryngology. .

Ophthalmology.—Over 400,000 Americane are
legally blind and more than 1 inillion 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 glancoma. Further ad-
vanees, in large measure, depend upon increasing
the supply of ophthalmologists in research and
teaching. .

9. Summary—This analysis of high priority
staffing needs illustrates (1) urgent biomedical re-
search and teaching needs in the burgeoning acs-
demic community, (2) the projected manpower
needs of the specialized research activities (inci-
cated in table 17), and (3) the additional neads for
manpower for research, service, and continuing
education in an estimated 4,000 community t.0s-
pitals participating in regional medical progrums
by 1975 (in addition to core staffs required for
the administration of such programs in 50-75 1ned-
ical centers).

In summary, this alternative approach to esti-
mating biomedical manpower needs for resarch,
teaching, and retated service activities in the ron-
profit sector illustrates that approximately 64,00
professional workers may be required in the nen-
profit sector by 1875, This etimate compates
closely with the projection of 62,300 derived from
the aggregate technique of projecting biomedical
tesearch expenditures and cost per man. (Ske
table 12.) o

Thug, these estimates; coupled with the identifi-
cation of critical shortage categories, provide s
basis for aligning manpower requirements with
the future development of training programs, in-
cluding those funded primarily or exclusively
by NIH.



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

Three basic factors—long lead-time, future
needs, and a unique educational and manpower
opportunity—impel an intensive analysis of the
outlook for production of new M.D.’s and Ph. D.’s.
Such an analysis shows that action is needed now
and that it is feasible.

First, the long lead-time required for develop-
ment of qualified biomedical investigators and
faculty is shown by the fact that new M.1).s re-
quire 5 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 M.D.’s in i967 will not even begin
to enter productive research and teaching in sig-
nificant numbers until 1972, and few of those
awarded the Ph. D. in 1067 will begin to enter the
bioniedical manpower pool agindependent investi-
gators prior to 1970.

The second factor, the clearly evident fufure
nced for qualified bismedical manpower for re-
search, teaching, and related service activities has
already been discussed at length in chepter 111,
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 potential facully 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 programs in graduate scliools,
and (3; the creation of 25 new incdical schools
and 150 new graduate schools that America need.
now and probably will have by 1975, In addition,
a gignificantly 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 environ-
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mental health sciences, the neurological sciences,
and the behavioral sciences.

The unique edvcational 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. I.%, is embodied in the surge
of 22-ycar-olds (the cohorts of the post-World
War II baby boom) seeking (1) graduate educa-
tion and, subsequently, postdoctoral training, and
(2) carcers in medicine and the allied Lealth
professions.

A. Uncertainty of Current Situation

Uncertainty permeates the current national
situation which tempormrily constricts the con-
tinued expansion of biomedical research programs
to meet the health needs of the American people.
As indicated in chaj.ter 11, 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 i Federal support
for graduate education, and (3) the new Selective
Service law and regulations. While the duration
of the current si uation is unpredictable, the new
Selective Service law has introduced a major ele-
ment of uncertainty into forecasts of graduate en-
roliment and Ph. D, output.! This element 1ooms
large with respect to (1) immediacy of threat, (2)
severity of potential impact, and (3) uncertainty
asto changesin the near future. The possible effects
on graduate enroliments and hence, on ’h. D. out-
put, have been discussed in chapter 11, 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 basic medical scicivesy other bio-
medical scicnces, and the broad spectrum of dis-

'Qee artlcle by James Reston in New York Times,
Feh 11, 108



CHART 10
Percent Insreases in Population Base for College and Graduste Educaticn
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ciplines contributing to biomedica! research.
Finally, the decline in the rate of growth of bio-
medical research, if perpetuated, could deter
young scientists from seeking carcers in biomedi
cal research, teaching and related service
activities,

Contrasting sharply with theso 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 activitics.

B. The Resource Base for Future Growlh,
1965-50

The resource bagso available for the reeded ex-
pansion of biomedical rescareh manpower witl be
substantially enlarged beginning in 1968 and con.
tinuing 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 1969,
and subsoquently, in the midseventics; (2) mount-
ing college curollment; and (3) rising educational
aspirations resulting in a significant expansion of
graduate enrolh..ent in all fields.

Although there is no doubt or qualification as to
the demographic existence of this resonrce base,
there is doubt concerning availability. Although
the bachelor's degree population is sure to rise in
accordance with expectations under current draft
policieg, the graduate student population could be
reduced considerably over the short run unless (1)
the new Selective Service regulations or legislation
are chauged in the next few months, or (2) peace
negotiations with North Vietnam prove successful,
On the other haud, it is possible that a consider-
able drop in gradnate entollment beginning in the
fall of 1968 might be compensated in later years
by relum to graduate school of young men sup-
ported by veterans' training benefite,

Dhue to both the short-range and long-range un-
certainties in the situation, the following discussion
of the manpower resource base and Ph. D. output
does not specnlate 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.

The key 22-year-old grovp.-—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 M.Dsand Ph. D.’s.

Between 1950 and 1955 the number of 22-year-
olds (the low birth cohorts of the depres.ion years)
actualy declined 11 percent. Between 1955 and
1060, the number of 22-year-olds increased about
8 percent. However, the numbers in this critical
age group mounted steeply between 10867 and
1965—rising 3.3 percent. This age cohort will con-
tinue to increase substantially between 1965 and
1070, 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 Inore dramatic year-by-year details. More
precisely, the number of £2-year-olds increased
roughly 350000 betrecen 1964 and 1965, tapers off
through 1968; and then skyrockets between 1968
and 1969. adding roughly . million persons in
that 1 year (chart 11). The number dips slightly
between 1069 and 1972, then rises ste :dily from
35 million persons to 4.2 million by 1980. The
Nation iz about to reap the educational harvest of
the post-World War 11 bady boom. The popula-
tion exrplosion in the 28-year-old cohort that e
have been predicting for the past 80 years is now
sipon us, Suck an educational opportunity could
not possibly 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 schocls and graduate schoola,
For planning purposes, however, the demographic
facts of life must be coupled with evidence of
riting college enrollments and graduationg, avail-
ability for medical school entrance, and praspecls
for graduate school entrance.

Ristag coliege entollment.—Since 1935, college
enrollment has been rising steadily. This steady
increase in the face of a relatively constant popu-
lation base indicates rising aspirations and expee-
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 (37.8 percent) of the pupils who
were in the fifth grade 3 yvears ago entered college
in 1065, 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.—Trands in Relotionship Beiween Fifth
Grade Puplls, 1925-59, ond First-Time College
Students 8 Yean Later, 1933-67

11igh
SRR || A4 ey e e
§ years
Inter
Percent of
Year Number Yeoar Nu'nber ‘high school
uates

1825, .ol 31¢ 1033 112 35
1030 . ceeenanaan. 417 1638 148 3%
1035, i 439 1043 119 27
1040 i ieicaaanas £81 1948 (1) Q)
1045, c e, 524 | 1053 266 51
1050, ccceccannaan 582 1958 308 53
1T} 507 | 1959 315 63
1052, ... ... 621 1060 328 53
1053, . eiiiians 637 19061 328 51
1054 . eieaan.s 642 1992 343 63
1088, cuoeanaanas 657 1963 351 53
1056, ccccnaninan. 676 | 1u64 362 54
1957...-... P 692 | 1065 378 55
| 113 n? 1066 394 55
1050, ...t eenn 121 1967 400 55

' Rmnuon rs u not mcuuud because of the Influt of veterans {n Inttite-
tions of higher

Source: Office of anauon

Enlargement of the college enrollment base is
further indicated by the fact that three-fourths
of the 17-year-old cohort in 1966 were high school
graduates as compared with one-half in 1840, and
oue-sixth in 1920 (table 10).

In the fall of 1967, there were approximately
6.5 million students enrolled in colleges and uni-
versitiex This represents an increase of over 125
percent since 1956 or 7.5 percent a year, com.
pounded (table 20). More important, the 9.3
percent spurt between 1966 and 1067 indicates
continued rapid expansion of enrollment.

For all practical purposes, the freshman class
of 1065 sets the upper limit on those likely to enter
the medical reseazch maipower pool by 1974, Th.e
freshman class of 19653-66 will graduate in June
1969. Those who goon for graduate or professional
training will not receive Ph. D. or M.D. degrees
before June 1972 at the eatliest; many will not
complete theit doctora! studies until after 1974,
Even for those who receive doctoral degrees in
1072, postdoctorat training for ’h. 1.'s and intern.
ship and residency for M.D.'s will defer theit

entrance into the medical research manpower pool
as principal investigators until 1074—and beyond.

Rising number of bachelor's degrees conferred.—

From 1960 to 1966, the number of bachelor’s
degrees conferred i the United States increased
from 359,000 to 520,000, or 46 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 vesearch, education, and services will be
drawn.

TABLE 19.—Ttends In Relotionship Between High
School Graduates and Persons 17 Years of Age,
1920-67

Total A 8 peroent

8chool year ending (thoasands) | of persons 17

years of age
1020, e iirecceiacaaaa 3n 1.8
K 1 ee 667 20.0
1040, ...t 1,221 50. 8
1950, .. i iiaiaeen 1, 200 59.0
1058 i i iiiaaaaaas 1, 508 648
1060. . cceiicecncnnanacancannns 1,864 65.1
1962, it iieiiiciaaaaaas 1,925 69. 6
1064, . iiiiiiiiaiaaas 2, 290 76.3
1008 i iiitceiceiiacanaaann 2, 638 1.9
1068, i i iiciiricaciacnanaas 2, 644 5.0
| £44: Y P 2,650 5.3

1 Based on peeliminary dats.

Roarce: High schood uates~Ofice of Edocat A of Edvestions!
Stetistics, m" [+ 5 lmM.-ublishod dats. b, Dl ¥

TABLE 20.—Opening Enrollment For Baccalavieate
and Higher Degeees, 195666

Enrollment

Vet Total Percent

(thousands) Increase

year/yest
1986, cicnniiiicccnannnnnnnas 2,07 L.o....
1 1 S 3, 088 41
1058, fciinieiinecnniccccaccnns y 259 82
1959, . ciiiiiiieiaeanaasncanans 3 402 4. 4
1060, .. 3§ 610 61
1] D RN 3§ 891 7.8
1982, . it iicinencaneas 4, 207 81
1063, .t i iaieiiiciaaen 4, 520 7.1
1064, .. coiiiincaiacaccnanncen 4, 988 101
1088 . eiiiiciiiinaens 5 526 10. 8
1068 e2tim%te. conuirnnenannnnnn 5 047 7.6
19587 eatimate. . ... .oiiiiiaaans 6, 500 93
44-83-0Ofdce of Educstion i rs!l Ennlnmt Il

HHM tamuc» an hulMlM—ola
w1k tate: 1533-47; 1.3 petornt pet anhGm.



The numbers of bachelor’s degrees to be con-
ferrud in the next decade have been independently
projected by the Office of Education and for the
Commission on Human Resources and Advanced
Edueation; * these estimates are also presented in
table 21, Both projections begin with ¢stimates for
1065-66 thet differ from the preliminary actual
figures for that year released by the Office of Ed-
ucation subsequent to the publication of the pro-
jocted series; the OK estimate for 19u5-66 of
490,000 is lower than the preliminary actual figure
of 520,000; the Human Resources projection of
522,000 is only slightly higher.

Sinco the cohorts of persons receiving bachelors
degrees provide the pool from which gradunate en-
rollmont will be drawn, the assumptions underly-
ing the Office of Kducation, and the Folger
projections of b.chelors degrees conferred are crit-
ical for an assessment of the projection of
graduate cnrollment poovided Ly the Ofice of
Education.

The Office of Education projection of bachelor’s
degres conferred are, for the shoit-term, 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 hiolders to the population has
not fully reflected the growing aspirations ot all
sectors of the population tor higher education, and
beyond that for continved training at the graduate
Tevel. "[ by projection published by Folger, on the
other hand, sttempts to (1) accommodate the
burgeoning growth in junior colleges, and (2) to
take into account the tumultuous demand for col-
lege carcers from groups which 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 haa teen
modified by an overall percentage increase of 10
percent a year. This percentage modification is less
than the percentage difference, 1071-75, between
the Office of Education and Folger projections of
bachelor's degrees conferred.

! Projections presented by John K. Foiger, formetly the
Director of the Commission on Human Resources and Ad-
vanced Pxucation, in “The Balance Between Suppls and
Demand fot College Gradoater,” The Jowrnal of Human
Rerowreer, vol. 11, No. 2. Speing 1987, pp 143-175
patiiculariy table 1. n 140

TABLE 21.—Becchelors Degrees Conferred, 1959-60
to 1965-66, ard Projections, 1965-66 to 1974-75

{Thousands}
Projections
Year Actusl | Office Difference—

data! gl“%:nu. Folger b Folger/ O i

Number| Peroent

1950-60........oalt b ¥, 1 Y (RS FRP (R P,
1960-61.. ... ...... 365 [oooii]oicnei]eecea]annans
1961-62............ 1.y 28 RN PN SN FOUOR
19062-63.... ....... L 3 101 PO U PO PO
1063-64............ L 17 I PR VRS SRR R
1964-65...__....._. 21770 N R DR SR P
19065-66............ 520 | 490§ 522 32 65
1066-67.. ..........1...... 522 | 550 28 5.4
1967-68.................. 616 | 651 35 517
1968-69. ... ._|---... 876 713 37 5.5
1969-70.... oo ]omnee. 673 42 69 10.3
1970-70 . ]eaan-s 0686 | 753 67 9.8
1979-72. ... .. ... ... 713 1 816 103 ] 14.4
1972-73............ ceveed| 47 844 97 13.0
1073-74. .. aiia e enens 783 | 888 105 13. 4
1074-75. .. . leo..-. 818 | 927 | 109 133

1 Ofice of Education, publicaiions on Xrraed Degrerd Conferred by Innti-
md Higher Fl-n'}'kn The degree dsta publbhcd by Lhe Oﬂk:lo( Edu-
¢ In the same ntegoty bachelor's end Ara8 rdm{ lqma

the OMcedo( Educstion perks been modified by NIH to e1clude Ans

ession,
w ﬂmuon Projections of Educationsl S unu te 1978-14, 1068,
hble l7 p. 27 Projections of Hachelor’s and finst sl degrees hl"!
gclc or«'!; ﬁ‘b, ; )l ;*mn\ Lo txclude frst-professional dqms (Eee footnot

0 ablel

? Projections presenied by John K. Folger, lormerly the Dicector of Com-
miseion on lfuman Resources and A vm«d Edoauorh‘ *The Eals;ce
Betwren Supply and Tremand for ge Oradusles”, Journal of Hu-
mlu Resowrcts, vol. 11, No. 2, spﬁnc 1987, pp. 163-178 parikculariy tadle 1,
| J

Graduale entoliment—past lrends.—If total col-
lege enrollment and the numbers receiving bach-
elor's degrees have been rising, what hes been
happening to total graduate enrollment for ad-
vanced degrees, and more specifically, to graduate
enrollment in the science fields of greatest
relevance for medical research!

Total graduate enrollment for advanced degrees
in institutions of higher education increased from
314,000 for the academic year 1960-61, to 535,000,
1065-66, about 70 percent for the b-year period, or
at the rate of 11.3 percent a year (table 22).

In the same period, enrollment for advanced de-
grees in science fields relevant to medical research,
education, and service increased from 103,000 to
163,000, about 9.8 percent a \mr For the bioxi-
ences only, the numbers increased! from 15,000 to
27,000, or 12.9 percent a year.



Graduale enrollment—future trends.—A projec-
tion to 1975 of total graduate enroliment 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 projiilions of bachelor's degrees con-
ferred, which will affect the nambers enrolled for
graduate study, have fallen short of the actual ex-
perience. Futhermore, past trends in graduate en-
rollment will be further affected Ly the mounting
interest of recent college graduates in pursuing
graduate education. These trends are iNuininated
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 elass, with followup inquiries each
year through 1965, Based upon the results of this
national study, one-third of the 1961 college sen-

TABLE 28.—Trends in Groduate Entoliment, by Field,
1060-61 to 1965-66, and Projections, 1966~67 to
1079-80

7 hourands]
Year Total all felds Selected AI.,' hee
Tolal | Blosclencs

1060-61.... . 4. 4 102. 8 14.8 211.8
1961-62........ 350. 0 1089 16. 2 230. 1
1062-63........ 3713. 9 119. 4 17. 8 254. 4
1063-64........ 413.4 133.7 20.6 279.7
1064-65........ 4.5 14 ¢ 23. 7 PN )
1065-66........ 535.3 163} 27.2 3122
1066-67........ M2.0| 2162 383 495. 8
1967-68........ 780. 0 2387 390.8 $44.3
1068-69........ K38 0 2521 42.7 853, 9
1069-70. ....... R66.0 ; 250.3 44.2 608. 7
1970-11........ 909. 0 2108 46. 4 639 2
9N-12........ 950. 0 2848 40.0 8755
1972-73........ 1,021.0 30).2 2.1 710.8
1073-%4........ 1,081.0 1 3t ¢ 881 7636
10704-75........ 1.142 0 aMm? 32 80R 3
1975-76........ 1,100.C ARk7 61.1 850. 3
1006-70. ... ),260. 0 384 ¢ L3 893 4
1977-78........ 1,320, 0 s 2 7.3 930, 8
1078-79. ... 1.388. 0 307.2 07 988 8
1979-80........ 1,452 0 4185 744 1,0425

: Ddll’l:dlml o 190508 —Ofhce fm?r;nm nmlmg‘
Poid tysimie gl o LigX il . to LY,

Imo!unb L

iurs were in graduate sclicol in 1964—3 years
later? This proportion, while high, understates
graduale study for those whose carcer field was the
biosciences where 56 poreent of the 1981 college
seniors of buth sexes and two-thirds of the men
twere in graduate school in 1940

A more recent nationwide survey of the June
1064 cenior 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 ¥ell of 1004, Roughly 60 per-
cent of the bioseience majors and 70 percent of the
ten ¢n this fleld 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, 1966-67 to 1975, a percentagy
incrense somewliat lower than the difference be-
tween the Office of Kducation and Folger projec-
tions of bachelor's degrees conferred, 1071-75.

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

Future graduale enroliment by Reld.—-The Office
of Education projection of graduate enrollinent
provides no breakdown by field. Within the frame-
work of the projection of total graduate enroll-
ment, however, an illustrative projection, by ee-
lected science fields hias been prepared by NIH.
This breakdown is also sumarized in table 22. The
1065-66 actual distribution provides the basis for
this illustrative projection, taking into account,
howover, a judgmental assessment of a slight de-
cline in the proportion of the selected sciences
entollment to the total—from 30.5 percent in
1065-66 to 28.56 percent by 1980. Within the se-
lected science fields, the 1066 pattern is expected
to continue for all except engineering and the
physical sciences; for each of thess two fields, the
distribution by 1980 is projected o decline by 1
percent from the 1966 level of 10.7 percent for en-
gincering and by 1 percent from 6.8 percent in 19068
for the physical sciences.

1 fpeclal tabulation prepared for the National Instifutes
of Health by the National Opinion Research Oenter based
upon 1081 Cotlege Senlot Survey.

' Berger. Alan 8. Longitedinel Studics on the Clase of
1981; Ihe Greduate Science Sindents, Natlooal Opinlon
Rescatch Center, University of Chlcago; January 1087,
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The graduate enrollment projections are graphi-
cally illustrated in chart 12. In the biosciences,
graduate :nrollment is projected to increase from
44,000 in 1970 to more than 74,000 by 1080, an
increase of €8 percent over the decade.

A notv on quality.—1Vhat about the quality of
the 1004 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-tentus of the
top group and 88 percent of che above average
group augurs well for the quality of the future
supply of I’h. 1).’8 € years hence,

Summary.—In short, considerable enlargement
of the population base, a marked expansion in
college and graduate cmollment, and increased

$ Special tabulation prepared for the National Institutes
of Health by the Natlonal Opinion Rescerch Center based
upon 1964 College Benior Burvey.

educational and research opportunities for tal.
entzd youth —-will substantially brouden the base
fron which the Nation's future supply of
M.D.s and Ph. D.'s will be drawn. T'aking these
and other relevant factors into account, what isthe
outlook for output of M.1.’s and Ph. D.’s during
this decade?

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

The number of newly trained Ph, D.s awarded
increased from less than 9,000 n year i1 1958, to
more than 20,000 by 1967, or about 10 percent a
year for the decade. In the more yecent period—
1062-67, the annual rafe of growth has been 12
percent a year,

For science fields of direct re'evance to medical
research and education, comparable growth rates
have been experienced for both the 1058-A7 period,
and the more recent one of 1962-67, with Ph. D.’s
in the selected sciences increasing from 4,700 in
1958 to 11,100 in 1967 (table 23).

TABLE 23.—Tiends 1n Ph, D. Output, All Fields ond Selected Sciences, 1958-67

Totd Blosclences Mathemet
: —_— | Behaviorsl | Engineer-
Yo TR | Metenent Bate | Other | srinis | setaee |t | 4ne "
j Total inedical | bloaclences
clences
15213 . TN R 770 | 4,743 1, 267 084 583 241 1,650 956 329
100, i iiiiiiiiiiiiciiiacnaaas 0,212 | 6020 1,212 636 576 2027 1,801 1 1,025 600
1060, . cciiieinieinacecnnnnenes 09,1734 | 8,266 1, 307 687 620 M 1, 88, 1, 004 m
L] P A 10, 411 5,622 1, 208 723 585 339 1,993 1,042 940
1062, .. ciiiiiiiiiiciiiainanes 11,807 | 6,302 1,470 821 649 308 1 2,000 1,123 1,218
1063, . i iiiiiiieienncennnns veeo| 12,720 7,050 | 1,882 860 ”m 498§ 2,428 0 1,185 1,352
122 N 14, 324 7,852 1, 754 1,012 742 612 2, 527 1, 207 1,662
11 TN 16,302 | & 941 2,030 ¢ 1,184 846 7081 2,859 1,276 2,068
1008, . .. i iiiiitnitctaaenaaas 17,885 9,715 2,189 1,270 U1k 6| 3028 1,489 2,283
1087, .. e siressccenes 20,295 {1,127 2, 398 1,473 U2 913! 3478 1, 757 2,581
Petcent incroase?

1058-62........ tesecene censens .0 7.3 38 417 217 134 &Ql 41 1n.e
1062-68. . . .ceiiiiieiiiiinenns 11. 6 11,6 10. 5 1.8 at 183 (N .3 17.0
1058-87......... ceeerrensnonen 0.8 0.9 7.3 R0 a2 159 8 7.0 17.0
1962-87. .. ciiiiiiiiicnnnnnne. 12.0 1220 10. 3 124 7.3 181 166 a4l 8.3
— 1 Intlodes pe. 7, fociology, and snthnpology. reportad In the NA £ matdematics estegory. Mot Mometrie and bicetstatics
? Andrasl rhte of Iporewea. 12 in tbe Biolagical Actences I the NAS g“?ﬁdm
Note—The duts o0 Fb. D Q de dleted kcivgers Dpeaents 8 and R ar r reporied W ?ﬁ%‘m Snoey Uh the NAS

m’%%ﬂ the NAS mmma&m Fablication. w. I\ ]
e g cat ‘-’ ‘w o e L et T TATHa i wtromomy, chem b
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The most comprehensive an: up-to-date data on
the recipients of the Ph. . degree are derived
from the annual updating of the doctorate records
file maintained since 1020 by the Office of Scien-
tific Personnel of the National Research Council—
National Academy of Sciences. These recor.ds pro-
vide more detailed and more current data than the
statistics published by the Oftice of Education.

Projections of the likely availability of Ph. D.
degree holders te meet the Nation's needs for
principal rescarch investigators in the biomedical
sciences (sco ch. 111) have been developed by the
National Institutes of Health, based upon extrap-
olations of recent trends of ’h. D.’s awarded, as
shown by the National Academy of Sciences data.

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

Positing a continuation into the seventia: and
mideighties 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 between 1968 and 1989, and
subscquently in the miaseventies;

» Mounting college enrollment;

¢ Rising educationnl uspirations, resuiting in a

significant expansion of graduate enrollment

in all fields.

TABLE %4.—Projection of Ph. D. Output, All Fields, and Selectad Sciences, 1968-80

{Thousands|
Total Total Blosclences Mathemal
: J < ’ jeal | Denavioral] B .
Yo poiss | heoca oate | omer | sivonde | TIie | Seheart'] B
Total fenl blo-
sciences | dciences
1007 actual. Lo e 20 3 1.1 2.4 | ) 09 09 as 1.8 2.6
1008, oo eeerinniiciannoaaanan 227 125 26 1.7 1.0 1.1 48 1.9 30
1969, o e iieiiieecnnnnann 258 14.2 29 .9 1.1 i.3 4.3 2.1 36
| § T | N 285 1.0 32 2.1 1.1 .S 4.7 2.3 4.2
£+ T 3 I 3.9 180 36 s 4 1.2 1.8 52 25 4.9
1 1 & S 358 20 5 4.0 2.6 1.3 2.2 &R 28 87
|1 T TP 401 2.9 4.4 30 1.4 2.6 84 3.0 66
 § 1 44.9 25 8 4.9 3 1.5 30 7.0 s 7.6
L 7 2 F 50. 3 29.1 54 38 1.6 35 7.8 36 88
LT (S 56. 3 329 60 42 1.7 4.1 86 3¢ 10.2
1972 i iriicacaaaenaann 630 ari 66 4.7 1.9 4.8 9.5 4.3 11. 8
| 57 £ P 70. 6 4.8 7.3 53 20 L 1.5 4.7 135
|1 ) £ U, 0.1 4.1 |1 40 22 66 1.7 52 15. 6
19080, i iniiiiiniciiciacnacneans §8. 8 331 90 a7 23 .27 129 5.7 17 8
Growth rate ?
57 03 -4 F 129 12 8 10.7 12. 4 .3 17.8 10.6 L 4 16 0
Percen'age distribution
L, 100. 0 5.8 1.8 .3 4.6 4.8 171 7 1.7
1970, i iiiiiiiiiiccncaccnnnns 1000 0 580 11.3 7.3 40 LW ) 145 &1 1.7
| 1071 TP 10Q 0 R0 107 .5 32 7.0 183 2 17. 6
1980, . ciiiiii iaatccanaaan 100. 0 6 0 10. 2 .6 2.6| R7 146 &4 2002
“in o L I—National Academy of Eclenves. Frojections—Nstional
T T ot wine. ISR AR o e
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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 entolled
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 414 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
sctences, 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, D. degrees earned in
these two fields are projected to increase seven
times, frem 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 NTH 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 processin 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 the Commission on
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TABLE 25.—Compatrlson of Data on Ph. D. Output—
Acival and Projections

[TLousands]
Actual data Ph. D, Projections of Ph, D. output
output t
Vear

Natlonal | Office of Office of |Commlissfon

cademy | Education | NIH? Fduce- |on Human

of Belences ‘tion? Resources ¢

1958....... 8.8 98¢ B Y S
1959 ... 9.2 L AE T SR I A,
1960.. .. .. 9.7 98 [
1961.._.... 10. 4 ) L0 T N TR S
1962..._... 1.5 1L6 | eeee e
1963....... 12,7 128 | e caaa
1964, .. .. 14.3 145 oo e
1965.. ... 16, 3 166 |oc oo eeeeaas
1966....... ) ¢ B (R 17.5 18.2
1967....... 20,3 foooaa ... 18. 8 20.2
1968 . ..l ...l ...... 22,7 2.0 22. 4
1969 oo 25. 5 23.6 24.7
1970, o e iee]ceiaeaa 28.5 24. 8 27.0
D 7 b U [ [ 31.9 24.9 20.3
1972 e feaaa 35. 8 26. 8 32.3
1078 e e 40. 1 32.0 35. 8
1974 | 44.9 35. 5 39.6
1976, e e a 50.3 35. 8 43. 6
L7 4 FORP, S R, 56. 3 3%.9 |ocneao--

Percent increase ®

1958-65._ __ 9.2 9.2 ... S B
1958-67._._ 13- 2 SN IRV SIPIN B
1062-65.... 12.3 12.4 ||t
1962-67__.._ ) b2 1 IR FP RO I
196676 . |- cccecnc]oeeanan. 12,1 1.7 oeeeeeat
1966-75._. . oo feaaaan 12.2 8.3 10. 2
1966-70. .| e 12.3 9.1 10. 3
1970-76. . .\ e c|eeeman 12.0 8.8 |eeean
1970-75. . _ ). o e |eeeaaaas 12.0 7.6 10.0

1 Actual data on Ph, D, output—minor differences {n the total number of
Ph. D. degrees awarded are shown fn the series published by the Ofce of
Education, in Profections of Educailonal Stalistics, Lo 1975-76, p. 27, and the
National Academy of Sclences, fn Doctorale Recipients from Uniled States
Univerallies 1968-1966, and unpublished data, 1967. Data provided by the
Natlonal Academy of Scfences, however, are more current and provids 8
more detailed and exact breakdown of the flelds in which the Ph, D degres
is earned. The Office of Educ.tion actua] data were alsy used by the Com-
mission on Human Resources {n developing thelr projection.

* National Institutes of Health, projection b:
tional Academy of Bclences dats, see table 24,

1 Ofice of Education, Profections of Educational Statistics Lo 1975-76, p. 27,

¢ Commission on Human Resources and Advalnced Education, presented
by John K. Folger, ““The Balance Between Suplp y and Demand for College
Oraduates’’, Journal of Human Rezources, vol. 11, No, 2, spring 1367, p. 150,

3 Annual compound rate of increase,

on extrapolation of Na-

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
underlving the Office of Education and the Com-
mission on Human Resources projections are
different, both result in levels of Ph. I\ output
which reflect rates of growth substantially lower
thun 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 1958-85 period, the Office of Education pro-
jection growth rate (1966-76) falls below, while
the rate (1866-75) for the Conunission 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 p1)jections were developed prior to the
availabilif ; 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 atl Ph.
D.’sawarded in 1967, to 60 percent by 1980% Stated
differently, what would be the effect of holding
this proportion constant at 54.8 percent to 1980?

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
Academny 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) resnlis in a rising proportion of selected
sciences as & group to total Ph. D.’s. Some corrob-
oration of this trend is obtained from the Office
of Education projection which does provide a
hreakdown by field. (In contrast, the Commission
on Human Resources projection provides no field
distribution.) This Office of Education break-
down shows the I’h. 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, docs
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! -1 selected sciences from 12.8 percent, 1967
to 1980 asswming 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— Allernative Assumption

[Thousands]
Total Blosclences Mathe- Behay-
Year Total seloctod matles Physlcal loral Engl-
Ph.D.’s sclences 8N sclences sclences neering
Total Baslo Other statistics
mealcal
1967 e oo oot 20, 3 1.1 2.4 1.5 0.9 09 3.5 1.8 2.6
1070, ¢ oo 28 6 15.6 3.2 2.1 1.1 1.5 47 2.3 3.9
) L 5C. 3 27. 5 5.4 3.8 1.6 3.1 7.8 3.6 7.7
1080 . .o oo ccaiaceeee 88. 6 48. 5 9.0 6.7 2.3 6.3 12.9 517 14.6
Growth rate: 1967-80........... 12.0 12.0 10. 7 12. 4 7.3 16.0 10. 6 0.4 14. 4
|

* Office of Educatton, Projections of Educational Statis-
tics to 1975-16, p. 29.

330-5490 0—89——8
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TABLE 26.—-Relationship of Ph.

D. Output 10 Graduate Enroliment, by Fleld, 1961, 1965, and Projections,

1970, 1975, and 1980

Percent of graduste enroliment
Year Biosclences
Total Ph, D. | Tots] salacted Mathemstics Physleal Behavioral
output sclences and statistics sclences sclences Engineering
Basio medical | Other blo-
sclences sclences

Actual:

1961 oot 3 6 12 7 3 8 8 3

1965 < oo 3 (i} 13 6 4 8 7 4
Projection:

19700 . ..__ 3 6 12 6 b 8 7 [}

1975 .. 4 9 15 5 8 11 8 8

1980, oo (] 13 20 6 14 15 10 13

Nota,.—Based on graduate enrollment data presented in table 22 and Ph.D. cutput shown In tables 23 and 24,

Relationship of Ph. D. output to gradvate 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 enrollmer.t 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 100 graduate students in all fields
and about 13 out of 100 students enrolled in
the selected sciences will earn the doctorat. degree.

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

In addition to developing these y:ar-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 1068-80, as compared with the actual ex-

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

Average annual
Output | Profections | numerical output
Field cumulative |cumulative
196167 | 1968-80
1961-67 | 1968-80
Total, biosciences...... 12,727 | 68,100 (1,818 | 5,200
Basic medical

sclences, total_____ 7,343 | 47,700 |1,049 | 3,700
Anatomy_........._ 744 | 5,900 | 106 500
Biochemistry_.......| 2,561 | 15,100 | 366 | 1,200
Biophysica...._.___. 361 | 4,800 652 400
Microbiology.....-...| 1,668 | 9,300 | 238 700
Pathology.------__. 216 | 1,800 31 100
Pharmacology....-.. 595 | 2,700 85 200
Physiology.... ... .- 1,188 | 8,100 | 171 600
Other biosciences_..__. 5,384 | 20,400 | 769 | 1,600
Botany__..cecmaa-_. 890 | 2,400 | 127 200

Riology, general...__ 64 500 9| O®
Entomology. . ...... 793 | 2,900 | 113 200
Genetic8.covoeooo .- 706 | 4,100 101 300
Phytopathology..... 586 | 1,100 84 100
Plant physiology.- .- 375 | 2,900 54 200
Zoology . - cecnco. 1,469 | 3,700 | 210 300
Biology, other....__. 501 | 2,700 72 200

1 Less than 80,

Bource: Actual dats—National Academy of Sclences, Doctorate Reciplends
rom United Stales Unioersities, 1958-1968, and unpublished dats for 1967.
rojections—National Institutes of Health.
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For the basic 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 i3 realized.

In this connection, it should be noted that Ph. D.
output in the hasic medical sciences increased 12
percent betweon 1962 and 1967. This is more than
double the 4.7 rate of increase between 1958 and
1962 (table 23). T'he sharply rising growth rate
follows, with the anticipated &-year lag, behind
the major expansion in NIH training programs
beginning in 1957.

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
scionce and engineering education, particularly at
th. 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 und facility
outlays, ete., 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 reflents a
decline in Federal support for graduate education Is
viewed ag a perturbation of the long-term trend, 1950-65,
of steadily rising Federal support.

' National Science Foundation, Sofence and Engincering
Staff tn Untversitics und Colleges, May 1967, 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 Projections to
1980

Historically, two diametrically opposite consid-
erations have governed the output of M.D.’s and
Ph. Ds. In large measure, M.D. ontput 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 prohable 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. population—this results in a low
estimate.

Secondly, an alternative that reflects the post-
World War IT population dynamics and conse-



CHART 14

Enrollment at Institutions of Higlier Education, 1932-66, and Projections, 1968-74
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quent increase in baccalaureates by suggesting
that a relatively fixed proportion of graduating
barcalaureates shonld enter medical school, and
that public and private policy decisions could
bring this ratio to 25 medical school students per
1,000 bacealaureates, a ratio approaching that of
the early 1960’s, but somewhat higher than recent
experience. Thic results in a high estimata. 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 {s 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 medjcal schools will 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 Commission on Health Manpower, Vol, 1, Novem-
ber 1967, p. 17.

*With reference to total needs for M.D.'s the Report
of the National Advisory Commission on Health Man-
power, vol. 1, November 1067, 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 inadcquate 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 of physicians should be fincreased beyond
presently planned levels by a substantial expansion In
the capacity of existing medical schools, and by continued
development of new schools.” (p. 19).

Q

RIC

Aruitoxt provided by Eic:

)

(]

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. Cuc-
rently about 12 percent of medical students fail
to graduate. The low projecticn assumes that this
will continue through the graduating claws 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 a‘triticn rates reflect
the rising level of quality of first-year entrants
made possible by the rapid enlargement in the
pool of well-qualified applicants.*

Contrasling  projections.—DBased upon past
trends, U.S. medical schools can be expected to
award a minimum of about 110,002 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. 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 zmple-
ment a national policy goal of admitting 26 new
students per 1000 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 190000 between 1968 and
1980—an increment of more than 80,000 physi-
cians above the low estimote, 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 mo major change in national policy but
takes account of the planned expansion of existing

1 Johnson, Davis G, and Hutching, Edwin B., “Doctors or
Dropouts,” Journal of Amecrican Medical Education, vol.
41, December 1966.

B The policy goal is consistent with the goul suggested
a decade ago by the report of the Surgeon General's Con-
sultant Group on Medlcal Education.
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TABLE 28. Medical School Admissions and Graduates, 1955-56 Through 1966-67, With Projections Through

1985
Year ‘ Entering °séhi‘ool{s's' medical I Grbdunt:hlgéi. medicat M.D.’s !ronlln ;tl;]rlgad (forelgn | Total M.‘lgél‘érlgﬁl;)ed States
{Thousands]
Actual
1955-56. ... ..... 7.7 6.8 1.0 7.8
1956-57. .. ._... 8.0 6.8 1.2 8.0
1957-58 ... .__.. 8.0 6.9 1.3 8.2
1958-59. .. ..... 8.1 6.9 1.8 8.6
1959-60. .- .... 8.2 7.1 1.6 8.7
1960-61__ .. ____. 83 7.0 1.8 87
1961-62. .. .- .... 85 7.2 1.5 8.7
1962-63. .- ... 8.6 7.3 1.6 8.9
1063-64._ ... ___. 8.8 7.3 1.5 8.8
1964-65. . ..... 8.9 7.4 1.6 9.0
1965-66. ... .... 8.8 7.6 1.7 9.2
1966-67. .. ...... 9.0 7.7 1.7 9.4
1067-068. .. .... R T NP DI SO
Total..._.. 110. 3 85. 9 18.2 104. 1
Projected
Low Inter- High Low Inter. High Low Inter- Iligh Low Inter High
medlate medlate mediate mediate
1967-08_ i) 7.8 8.0 8.0 1.7 1.7 1.7 9.5 9.7 9.7
1968-69. ... ..... 9.2 10.1| 158 7.7 7.9 7.9 1.7 1.7 1.7 0.4 9.6 9.6
1969-70. ... .... 9.3 10.8 | 18.1 7.9 8.1 8.1 1.7 1.7 1.7 9.6 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. ... ... 9.6 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 | 167 2.1 2.0 33| 10.5| 11.9 20.0
1973-74_ ... 9.8| 143 | 19.2 85| 10.5| 16,7 2.1 2.1 33| 10.6 | 12.6 20.1
1974-75. oo ... 9.91 1541 201 8.6 1.3} 16.8 2.1 2.3 3.41 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
1976-77. . . .._. 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 e 8.9 142 | 18¢& 2.2 2.8 37| 11.1 17.0 22.2
1978-79 . e 9.0| 152 19.5 2.3 3.0 39| 1.3] 18.2 23. 4
1979-80_ . |, 9.21 161 204 2.3 3.2 41| 11.5] 19.3 24.5
Total...... 8.1 1207 [171.7 [ 110.1 | 144.4 | 100.4 | 26.4| 29.2 | 38 136.51 173.6 | 228.8
1977-78 ... 10. 3 185 229 |. oo e e e
1978-79 ... 10. 5 105 | 28,7 |- e e e e e e e e
1979-89. ... .... 10,6 | 20.5 ) 24.4 || oo e e L
1980~81. oo ... 10.8 | 21.5| 248 9.3| 17.0| 21.1 2.3 3.4 42| 11.6| 20.4 25.3
1981-82. . __.... 1.0 | 225 254 9.4| 17.9| 21.8 2.4 3.6 44| 11.8] 2L5 26. 2
1982-83 . el 9.6 18.9| 224 2 4 3.8 45| 1220 22.6 26 9
1983-84 . - o | iee e 9.7] 19.8] 22.8 2.4 40 46| 1222 | 23.7 27. 4
1984-85_ . oo 9.9 | 20,7 | 234 2.5 4.1 47| 123 24.8 28.0
Total._.... 53.21102.5 | 121.2| 479 943 | 1115} 1220 18.9 | 223 ] 59.9|113.2| 133.8

Note.—Actual data lW7—Enterlns class and number of M,D.'s: **Med-
jcal Education In the United States, 1966-62," Jourral of the American Medical

Ausociation, vol. 202, No. 8, Nov. 20, 1967, p. 756. Entering
Prellminarfxesumnte of sctual dats, Assoclation of American M

eges, Fore
on Medical Education

Graduates of Forelgn Med

class
ed

1967-68,
ical Col-
n input; 1956-66, Medical Licensure Statistics Serles by Council
“Additlons to Medical Profession Representing
ical Faculties,” in Journal of the Amerfcan Medical

Asioclation, vol. 200, No. 12, June 19, 1967, p. 1072, supplemented by passing
candidates from approved schools In Canada, table &, p. 1058, and comparable

tables In preceding issues.

Projectlons—Nat{onal institutes of Health. Entering class; Low

tion based upon ratlo of 4.6 medical school admissions per 1
Intermediate projection based u
accredited, two to five additiona
Ing classes In existing schools required b

Frew schonl

rojec-

00,000 popu?at on.

of schools alre:

¥ provisionally

by 1973, and expansion of enter-
(1) basle improvement grants, and

(2) construction of teaching facllitfes under the llealth Professions Assistance
ees with the figure cited

Act; the estirate for 1975-76, 16,500
by the Natlonal Advlisory C

the Commission, vol. 1,

ratio of 25 admissions per

Q
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admissions uﬁr

ommission on Health Manpower, see re
November 1967, . 17. High projection b
1,000 bachelor’s degrees.

rt of
upon

Number of M.D."’s: Low projection for 1967-68 and 1969-70 based on 83 &er-
cent completion rate of the actual entering classes 3 years earlier; for 1070-71

based on

on 90

88 percenit completion rats of the prellminary estimate of entering
class, 1967-68; for 1971 -72 to 1984-85, based

rcent completion rate of the
low projection of rutering classes 1968-69, to 1

1-82, Intermediate projection

for 196768 and 196970 based on 90 percent complet lon rate of the sctual enter-
ing 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 recnt completion rate of the intermed!ate projection of entering classes
196869 to 1681-82, High projection for 1067-68 and }
completion rate of the actual entering classes 3 years eariler; for 1970-71 based
on 90 percent completion rate of the prellminary estimate of entering class

1967-68; for 1971-72 10 1084-85 based

profection of entering classes 1968-69 to

orelgn input: Low projection based o
M.D, output; intermediate projection

Wb

asad on 90 percent

on 92 %mnt completion rate of the high
1981-82

oF

rcent of the low profection of
on 20 percent of the inter-

mediate profection of M. D, output; high projsction based on 20 percent of the

high profection of M.N\. cutput.
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schools, and the creation of new or additional
medical education facilities will provide for an
output of M.D.s totaling 145000 for the 1968
to 1980 period, or roughly midway between the
low and high estimates. Graduates from medical
schools would dowble from 8000 in 196768 to
16,000 by 1980.

When compared with the intermediate projec-
tion, it is apparent that the high projection would
yield more than 22,000 additional M.D.’s—roughly
a 30 percent increase—between 1976 and 1980.

The wide disparity between the different sets
of assnmptions and the consequences for entering
classes and for M.D. output are graphically il-
lustrated in charts 15A and 15B.

Feasibility of projections.—The possibility of the
sulstantial 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 fron: 2.8 million to 3.8 million
in 1 year. This rise is reflected in baccalaureste
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 inedical studeuts in the fall of 1973 as
commpared with an entering class of 14,000 as-
snmed by the intermediate projection. Taking the
NTH 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 Cominission on
Human 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 profection 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
projectfon Is presented In app. F, table 10. This table also
presents projections of the Office of Education, and the
Coumission on Human Resources and Advanced
Education.

" Astin, Alexander W., ¢t al, National Norms for En-
tering College Freshman, Fall 1968, American Councll on
Educatlion, vol. 2, 1067,

Q
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about 8 percent of the men—primarily in private
and public universities and 4-year colleges—ex-
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 indicated
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 Amnerican Medi-
cal Association and the Association of American
Medical Colleges suggest that these organizations
now supnort the acceptance of all well qualified
applicants. :

Between 1951 and 1967 the ratio of medica
students per full-time faculty memnber has
dropped sharply from 6.7 to 1.7 (chart 16). This
expansion of full-time faculty in relation to the
nuinber of medical students provides a measure
of elasticity for accommodating substantially
larger numbers of inedical students,*® The impli-
cations are also clear with respect to the more
eflective 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 meens 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 Collcyc Facully Mem-
bers, 1903, National Opinion Research Center, Report No.
100, October 19668, This analysis based upon a national
sample of teaching faculty in all flelds, {ndicated that
nearly 90 (88) percent of teaching faculty in the basic
medical sclences (the preclinteal disciplines) were also
cngaged in federally sponsored research.

* Forelgn input Includes three groups: (1) U.S, citizens
who recelve their medical cducation abroad, (2) MD.'s
who are not U.S, citizens at the time they receive thelr
medical education in a foreign country but subsequently
take up residence in the United States and (3) foreign
citizens trpired as M.D.’s outside the United States who
engaged in research abroad supported by either public
or private funds Included in the Natlon'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.'7 _

If the 1956-67 trend continues, it scems probable
that the proportion of newly licensed, foreign-
trained physicians may continue to approximate
20 to 25 percent of the anmual supply of new
M.D.s trained in the U.S.** The use of this
assumption suggests that the total addition to the
U.S. supply of M.D.s, 1968-80, from both
domestic and foreign soarces, might range from
136,000, using the low estimate based upon an
inflexibly fixed ratio of 4.6 entering medical stu-
dents per 100,620 pe; ulation, to nearly 230,000
assuming that ti:e 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.

1 Journal of the Amerioan Medioal Association, 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 shculd 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 nuwnber
of years.” The report notes, however, that this phasing
out of forelgn medical graduates would necessitate an
eventual expansion of 20 percent above present (and
projected) enrollment in U.8. 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 5.8 percent of the total in
1985 for the high projection; the intermediate
projection would show a modest increase in this
ratio to 6.3 pereent (see table 29).

Additional sources of medical professionals are
the Doctors of Osteopathy, Doctors of Dental Sur-
gery, and Doctors of Veterinary 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 1965, 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,

¥ Relfable estimates on current research participation
of podiatrists, chiropodists, optometrists, and pharma-
cists are also not avaliable, Consequently, the research
mmanpower projections do not Include these health
professions.

TABLE 929.—Total Physician Population and Proportion of M.D.'s in Biomedical Research, Teacl,'..q, and
Related Service Activities 1965, and Projections, 1970-1985

[Thousands]
Total number of physiclans M.D.'s In blomedical research, teaching, and related
servics activitles
Year
Percent of tolel physiclans
Low Intermediate High Numbert

Low Intermediate High

1865 actual.. . .o ... 305 305 305 17.0 5 6 5.6 56
Projected:

1070 e eeeeeee 321 322 322 19. 8 6.2 6.1 6.1
) L S 340 348 375 23,7 7.0 6.8 6.3
1080, i ceceaas 361 396 447 27. 4 7.6 6.9 6.1
1085, e eiaeeaas 384 467 533 29.6 7.7 6.3 5.6

1 From table 13. It should be noted that these cumbers [oclude D.0.'s,
D.D.8."s, and D.V.M.'s as well 8s M.D.'s. However, because the former
oup campri<es only a miniscule proportion of M D.'s engaged In research,
t §s unlikely that their Inclusfon alters the ratio by as much as }o of 1%.

80

Note.~Number of physiclans—1965actual: Ruhe, C. I, Willlam, " Present
Projections of Phg clan Production,” Journal of the American AMedical
Aussoclation, vol, 188, No. 10, Dee. 8, 1966, p. 1100. Projections—Nstional
Inst(tutes of Hesalth, derived by adding to tha 1965 base (305,000 Phislcla.ns)
the low, Intermediate, and high projections of M.D.’s entering the ‘gnyﬂdm

1 frora tahle 28; then subtracting 2 percent per annuum for attzition due to
eath snd retirement.



CHART 16

Number of Medical Students and Organized Rescarch Expenditures in U.S. Medical Schools Per
Full-Time Faculty Member: 1951, 1061, 1066, and 1967
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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, 194665, and
Projections to 1980

Year Group Tots D.0. D.DS8. | DV.M,
Output 1946-65...| 77,204 | 7,602 | 57,378 | 12, 224
1946-50.. .... 11,893 | 1,108 | 10,785 N.A.
1954-55. ... 21,133 | 2,224 | 14,915 3 994
1956-60. . ... 21,953 | 2,291 | 15, 654 4,108
1091-65. . ... 22,225 1,976 { 16,124 4, 122
Projections 1966
L., N 109, 600 | 10,800 | 76,600 | 22, 500
1966-70. ... 24,700 | 2,600 | 17,700 4, 400
1971-75.. ... 27,200} 2,700 } 18§00 5, 600
1976-80...... 28,300} 2,700 19,500 6, 100
1081-85...... 29,700 | 2,800 | 20, 500 6, 400

1M8-65—D.0.'s, D.D.8.°s, Public Health Bervice, Hum Mn
wer &tm Bool and Heelth Rerourées vumm. 1968, D.V.M."s—
“eterinar Asocistbon and 2eadIh Resources Statistics uss l‘ro)e@
ony 1984 )-—\hl!onll Institates of 1lealth.

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 1820
down to 0.8 to 1in 1963, It is likely that this long-
term trend will continue through the cightics not-
withstanding the probable increases in the size of
medical school entering classes after 1069, 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 schaols and the
expansion of existing institutions,

TABLE 31.—Ratlo of Output of M.D.'s 1o Ph. D."s in
the Selected Sciences, 1920-67, and Projections,
1970, 1975, and 1980

Yearof d : Output of IPhntBu"?’ )?f)“'o
ear of Gegres BT o sected oY
sclences
) £ 22 1 P 3, 047 333 9.15
1030, oo i eeaaaaa 4,665 1,119 4. 08
1040, oo al... 5,097 ) 1,804 2.83
1950, ceeeeiieeeieaaenan 6,653 | 3,682 1.51
1960. ... ... L ial..... 7, 081 5, 266 1. 34
1965, ccee e aaeaa 7, 409 8, 041 .83
1966, . . oo aaoo. 7,574 | 9,775 17
) L 1 . 7,743 | 11,127 .70
PROJECTED .
1970:
) 07 7,900 .49
Intermediate............ 8,100 | 16, 000 .51
BUBh e o eeeeaan 8, 100 .51
1975:
| 7 P 8, 600 . 30
Intermediate. ... ....... 11, 300 | 29,100 . 39
) H{T 1 VO 16, 800 .58
1950:
) I 9, 200 .17
Intermediate. . ... ..., 16,100 | 53,100 .30
Highie i e aeeea e 20, 400 . 38

Soum Actusl data—output of M.1V.'5: 1920 and lm.luudolllul
ieon Medical 2”«&:»1 vol. 105, No. ®, A to IN?.
J.mA \ol. 202, No. 8, Nov, ao.:m. m D !nl

#2010 1950, National A sade muamumv m
e Dotuuu rel] uau

wu. I010- 1951, 1963, pp. |&u 1968, mﬁ
United Stalcep vmnb 4-1968, 1967, NAS unpudlished
Projections—M i The Do fional 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 ig, assuming a continuation of gradually in-
creasing output of M.D.'s to about 9,200 in 1080
(thelow projerﬁons) and the estimated Ph. D. 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 & major policy de-
cision that the number of M.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
20400 Ly 1080 (the high estimate) lifting te
ratiolo 0.38.
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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 fin~cial support for medical research
generates a demand for more trained researchers,
which requires not only additional M.D.'s and
Ph. D.'s but alsv postdoctoral research training
for those who have already achieved the doctor-
ate. Thus, the education and devclopment of large
numbers of well-qualified investigators «ill be the
primary strategic factor influencing the growth
of medical rescarch

This factor is more critical for research than
for other functions becauso:

1. The manpower pool is restricted to a highly
specialized group.

2. Creative taleit is scarce and only a pottion
of those adequately trained vill be motivated
toward research.

3. The possibility of improving utilization
through job dilution or substitution of lesser
skille islimited.

4. Extensive prepatation 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 manpowes pool as an
independent researcher.

This last consideration is crucial in examining
the flow of well-qualified investigators into the
medicai research manpower pool because (1) doc-
toral-{rained maapower {(M.D. or Ph. D.) now
comprises 77 percent of those actively engaged in

medical research, and (2) it is estimated that this
proportion may approach 85 percent by 1985, tak-
ing into account the growing involvement of
Ph. D.'s and M.D.’s in medical rescarch.?

A. Time-lag influencing the Flow of Doctoral-
Tralned Sclentists Into the Blomedical
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 carcer ladder. Their numbers in turn
are replenished by younger postdoctoral fellows
stepping into responsil+ research assistant slota.
Conscquently, 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 1}..s seems unduly long, it must
bo recognized that the normal post-M.D. prepara-
tion involves & minimal period of 4 years, 1 year
of internship and 3 ycars of residency training.
Military service may add several additional years.
Postdoctoral research teaining, while it further
defers entrance into the research manpower pool
as a fully.qualified independent investigator, pro-
vides the research experience and training requi-
site for more productive inquiry. Thug, the M.D.
desiring to do medical research is likely to eiter

18¢ce ch. I, chatt §.

' This propottion may be influenced by tecentls ens . ted
amendmenls to the Selective Service At which would hate
the Immoediate Impact of sharply curtailing male graduate

enroltrreut in 1068 and 1969 and possibly subsequent yeare



the menpower pool, with the capability of carry-
irg 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)
soeking 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-
1082 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
account the total number available; (2) estimate
the proportion that will engage in medical re-
search; (3) phase the entrance into the research
manpower pool of each cohort or class over a 3-15
year period after receipt of the M.D. or I'h. D.
degree; and (4) make assumptions about the
additional number of scientists trained abroad
and conducting medical recearch either in the
United States or with U.8. 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 activities
between now and 1985; (2) there will be a sus-
tained expansion of rescarch training opportuni-
ties both at predoctoral and postdoctoral levels;
and (3) a continued enlargement of support will

be available for research and for the construction
of research and related facilities.

To illustrate the flow into the medical research
manpuwer pool, models based on these assump-
tions have been prepared. These models simulate
the year-by-year flow and set forth sources and
assumpticns in detail for two groups—M.D.’s and
Ph. D.’s in the basic medica] sciences—that 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 any ona year are
drawn from Ph. D.’s and M.D.’s who have been
trained £rom 3 to 15 years before (3-10 years for
Ph. D.s and 5-15 years for M.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 emphasized that these models are
artificial constructs and thot the numbers in the
year-by-year flow of new enfrants into medical
research depend heavily upon the validity of the
assumplions used. In the present case, it {8 appar-
ent that the assumptions with respect to Ph, D.
output are not consonant with the realities of the
current situation. But, as indicated in chapter 11,
the sharp contrast beticcen assumptions and grim
reality has blurred considerably as the outlook for
peace in Vietnam has brightened. Cloisequently,
the assumptions wwhich apply to a long-term assess-
ment based on two decades of experience rather
than the current situation of wunpredictadle
duration, have not been altered.

C. The Flow of M.D.'s Into Research, 196685

Table 82 traces the flow of M.D.’s from five
classes (1960, 1965, 1970, 1975, and 1980) into the
medical research manpower pool, 1065-04, using
the low estimate of M.D. output; table 33 traces
the flow, drawing upon the Aigh estimate of M.D.
output, and table 34 illustrates the flow under the
intermediate projection. In illustrating the flow
of these five classes, it hae 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 M.D.'s enteting research
will remain constant at approximately 15
percent from each class, 1060 through 1980.

3. Input into medical research of foreign-
trained M.D.'s will continue at approximately
20 percent of the total number of U.S.



truined M.D.'s entering research, reflecting 5. All those entering into research will do so

the continued need of those trained abroad Letween the 6th and 15th year following

to mecet U.S. requirements for research, graduation,

teaching, and service, The class of 1065 entered medical school as
4. There is & minimum 5-year lag after gradu-  freshmen in September 1061 and were awarded

ation (for internship, residency. military  their M.D. degrees in 1065; they spent 1968 in
service, and postdoctoral research training  internship; and mest of those who ultimately
and experience) before entering into inde- might enter medical research will spend a
pendent research. minimum of 2 years, more likely 84 years, in

TABLE 32.—Model for lllustrating Flow of M.D.'s Entering Medical Research Manpower Pool, 1965-94, From
Classes of 1960, 1965, 1970, 1975, and 1980 (Low Estimates)

umbe ."?‘:1‘ of Me'?lé':l Years
Year of graduation %«“s'?.n.' Tesearc 'nnm—w
awiided l%nl%s. 1’970. 196064 | 196800 | 1970-74 | 2078790 | 108084 | 1988 and
1975 8nd 1980 after
Classof 1060, ... coceniaiiiannna.. 7, 081 1,062 f. .. ... 797 p i1 20 PR A FUR
Class ol 19065 .. ... .oooiiiiinan.. 7,409 LAWY . 833 P1£: 8 PO PO
Classof 1070 ... ooeneiiiiiaaaann, 7, 888 1,183 Joveeneiomaeaa oo, $85 298 1. .....
Classof 1075, .. .o iiiiiiaannan 8§ 595 ) 1.3+ I PO I R 967 322
Classof 1980, ... ..o iiiiaaannnn. 9,171 1,376 | e e e 1,379
Total entering research from
above Selasses. ... ...l el 6,021 |........ 797 | 1,008 1,163 | 1,285 1, 698
Plus forefgn input. .. .o oo iiii]oaaa.., 1,204 |........ 159 220 233 253 340
Qrand total. ... . .ol lleilaiil. 7225 {........ 956 | 1,318 1,396 ] 1,518 2,038

8ource: M.D. gradustes of classes dloeolndlmlrom .Ionnlo the Am, 1I enfecing medical research deve b& ihe Retonrces Analysis Branch,
can Medical Arocistion, vol. 202, No. 8, Nov. 20,1 r ojecti =y OPPE, NIH. Sce app. E, tabin 14, which gives year-by.year d{nﬂ
for classes of 1970, 1978, and 1996, foreign input, and estimales of numbers

TABLE 33.—Model for lllustrating Flow of M.D.'s Entering Medical Research Manpower Pool, 196594, From
Classes of 1960, 1965, 1970, 1975, and 1980 (High Estimotes)

N ‘Tohl o‘g«ll)le':l Years
Yeae of gradustion VSR N rg?! S Toes-a4 —_—
m Clastes -
swarded mo‘gdoei\”lo’m 106064 | 126569 | novott | 1eism | rmom "ﬂ\:gm
Classof 1960... ... ...ccueeiian.... 7, 081 1,062 |........ 797 4.5 2 T I PSP
Clase of 1965, ... c..oiiienrcnnncnnn 7,400 | 10 1 0 T PO SN 833 2718 |........
Class of 1070 ..o oeiniiinaaannn. R 068 LA s 007 303 |........
Classof 1075, . ..o 16, 836 2, 525 1, 893 632
Class of 1880. ... . ... ..cooieinnn.. 20,424 3068 ... oo e 3,064
Tolal enteting research from
above 5 classen_ .. ... PR 072 1........ 97 1, 098 1, 185 2,106 3, 696
Plus foreign input..... Ceesannn PR F 1,700 ... ... 159 220 237 439 739
Grandtotad.. ..o e 10,766 J...... .. 956 1,318 1,422 | 2,634 4,435

Source: M.D, nulntesolclxmollmmdl 968 troem Journal of (he Amer. medica' research de elo{rd \v; Remms Ansd Beanch. OFPE, NIH.
fean MMAnm vol. 20 &, Nov. 2, 1967, p. 738. Frefections for See spp. E, table 28, which
clasmes ol 1979, Iy ,amlmmmmm. eRUmA ey of DLTNDHS rorering b el




TABLE 34.—Mods! for lilustzating Flow of M.D.'s Entering Medical Research Manpower Pool, 1965-94, From
Classes of 1960, 1965, 1970, 1975, and 1980 (Intermediate Estimates)

Tolal of M.D.'s
Number |en m
Year of gradus'ion of M.D. | research 1965-04

deneu from classes of
swarded | 1900, m%m.
sod 1

Years

190-1964 | 1965-1969 | 1970-1074 | 1975-1079 | 1980-1984 lmnd

Classof 1960 .. ... ... cc.... 7,081 1,062 [........ 797 ;1 3 PO PPN I,

Classof 3965. . ... o oo ooieo.... 7,409 LI, 833 Y £ 3N FORU

Classof 1970 .. oo ooo_.... 8, 068 1,210 oo aa 007 303 |ooenaen

Class of 1975. - oo e i1, 316 ) PR30 1 P N PPN FPn 1,276 422

Classof 1980, ... .. coooiemmioaaaann 16, 100 24815 | 2,415
Total entering research from

ebove bclamses ... .. ... ... ... 7,495 Joeenno.. 797 ] 1,008] 1,185 1,578 2, 837

Plus forelgn dnput. ... . ... ...t 1,499 (........ 159 220 237 316 567

Grand total. . ... .o il leeeal... 8004 |........ 956 1,318 1,422 1, 804 3,404

8ouarce: M.D. gradustes of ¢lasses of 1960 and 1968 from Jnrnd e
Amrku MNedicol Avsoe tion, vol.m.No.l.No 20 1987, p. 154. Projections
oe classes of 1979, 1931, nd’ 1980, Lmates of 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
1070 at the earliest. Similarly, the class of 1066
whichi spent this year in internship and is now
entering residency training will not conduct
rosearch as independent investigators before 1971
8% the earliest. By 1980, however, it is possible
that all of those from 1965 or prior classes will
hatve entered the pool,- some will continue in this
activity for the major portion of their carcers;
others will conduct research for a shorter period
and then concentrate inctcad on medical care,
administration, and other non-rescarch activities.
Thug, the number from any given class making
A career of research, either full-time or combined
with teaching and mlated service activities, will
be considerably below the 15-percent level which
represents those who engage in research activities
for some period of time within 15 years 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 related
service activitiex Their career aspirations and
research interests are bound to be influenced by
(*) the opporlunities for research experience,
(2) the nature of their medical education, and
(3) the character of their postdoctoral teaining
and experience,
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Tables 32, 33, and 34 illustrate:

1. The long lag between attainment of the M.D.
degree and entrance into research.

2. The effect of the projected increase in the
number of new M.D.'s on the number enter-
ing research, beginning with roughly 1,100
for 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
throngh 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
M.D.'s in medical research, 1066-85 (app. E,
tables 1\, 2\, and 3A). This projection, when
cumulated, indicates that the total increment of
M.D.'s (indluding 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 projecticn) and
36,000 (high projection). On an annual basig
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
1R, 2B, and 31).

As Jescribed 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 ¢!
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 1966-85 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 graduatirg
classes 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, 1066-85.

D. ImpactUpon the Total Supply of Physiclans
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-
jections are realized. The intermediate projection
indicates a flow of 30,000 M.D.s into medics!
research, What impact is this likely to have upon
the proportiov. of M.D.’s in research to the total
supply of physicians?

Over the long run it 18 evident that the Nation
must expand the supply of physicians and other
health personnel to meet the Nation's total health
needs for medical care, teaching, and researchd
The following observations, however, are pertinent
to a serious consideration of ehotrt run implications.

1. In 1905, nearly four-fifths of the M.D.'s in
research were located in universities and
research institutes. Virtuzlly 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 & percent were employed in
Fedel:al aid State hospitals and health
agencies.

'The Natlonal Adsisory Commistion on Health Man-
powet in colume 1 of its repott of November 1867 recom.
mende strongis that “The production of physicians should
be incteated bevond presently planned levels by a tub-
stantial expansion in the capacity of existing medical
schonls, aAnd by continued development of hew achools”
(. 19).
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2. Most of the M.D.’s engaged in research in
medical schools and in non-Govermmnent and
Government hospilals also teach medical
students, instruct interns, and supervise the
training of residentsand postdoctoral fellows.

3. Most of these M.D.'s also render a wide
range of 1'aalth 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 oiganization of health
services, it is expected that increasing num-
bers of these 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 1085 has been pro-
jected nnder three alternatives. The low projection
indicates a 25-percent increase in the Nation's
phyeicians from 305,000 in 1065 to 384,000 in 1085
the intermediate assumption projects a 50-percent
increase to 467,000; the high projection results
in a 75-percent 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 1965 to almost
30,000 in 1085, Thus, by 1985, the proportion
of M.D.'s in these activities in relation to the
total supply of physicians for the high pro-
jection would remain at the 1966 level of &8
pereent; for the intermediate projection this
ratio would increase to 6.3 percent; and would
increase more substantially to 7.7 percent under
the low projection,

Participation in dbiomedical rezcarch, therefore,
will not materially diminish the supply of phy-
sicians available for service, providing that the
substantial projected enlargement of total oulput
of X.D.'r, 1970-85 occurs, To realize this atsump-
tion, prompt measurcs must be teken now fo ex-
pand the tize of cntering classce, taking full
advantage of the unprecedented numbers of well-
qualificd baceelaurcates secking carcers in medi-
cine, and thereby cnlarging the supply of
phyticians to meet the many pressine health need*
noiwn 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 group—anatomy, bio-
chemistry, biophysics, microbiology, pathology,
pharmacology, and physiology—comprise one-
half of these bioscience Ph. I.'s.

What are the critical chiaracteristics 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 rescarch orientation—Nearly 00 (89)
percent of the basic medical scientiste are en-

TABLE 35.—Distribution of Ph. D.'s in Biosciences,

by Discipline, 1965
Field aad discipline Numbet 1 | Percent

Blosclences. cvciiiancinnaneannnns 33, 501 100.0

Basic medical sciences.. ... ..., 16,462 49.1

Anatomy. ... i 1, 659 50

Biochemiatey..... ... ..., 4,722 141

Biophysles....ooi it 602 1.8

Microbiology...cacuue .anat. 4,322 12.9

Pathology...... ... ..... 367 1

Pharmacology..cocaeeaan... 1,737 52

Physiology...ccoaaauaao. .. 3,023 2.0

Other blosciences. oo oanna.s 17.039 50.9

Botany..... heesancaceanans 3,177 9.5

Ecology........ tensmesaaan 598 1.8

Entomology.......c........ 2,163 85

Qenetica........... hekessas 1,873 56

Hydrobiology.............. 1245 .1

Nuintion.......... . .ll... 2,1¢7 6.5

Plant pathology............ 1,639 4.9

b ) N 3 496 1. 4

Biology, sil othet........... 1,671 50

1 From the Nstlonal mrmanm Nationsl Repister Q’k\hﬂnl

Techikcol

fony, et 4 D et ST ARRLY

Edgeation throueh 1968

tAge, education, and employment data based upon the
National Science Youndation Netionel Regittcr 0of Scien-
tific and Tcchmical Perromnel, supplemented to provide
complete coverage of P'h. D. output through 19635,

gaged in research either as a primary or a
secondary activity. The other bioscientists
have almost 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 togetlier, these three factors—youth, high
research orientetion, and high concentration in
colleges and universities—characterize the current
supply of Ph. D.’s in the biosciences.

This newly trained group has many productive
vears ahead ; roughly haif 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
rescarcli as a part-time activity provides a highly
clastic element in the manpower supply picturet
This element of elasticity is crucial because a slight
increase in the proportion of faculty tine devoted
to research can substantially enlarge the effective
medical research manpower pool.*

Between 16 and 1067, nearly 210,000 Ph. D.
degrees were nawarded in all fielde.! In the early
y2ars 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 b5 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*

' Bascd upon a patjonal sample survey, four-ffths of
university teacting faculty in the basic medical scivnces
reported that they were aleo engaged in sponsored te-
search. Spacth. Joe 1., Amcrican College Facully Mcm:
bere, 1963, p. 45, National Opinlon Research Center,
October 1000

* A recent study thows that university administrators
anticipate such an increase in the proportion of facultly
time devoled to rescarch at new and developing Institu-
tions, Prcliminery Report on Expenrion of Gradvatc and
Profcszional Fdxcalicn, Academy for Edovcational De-
velopmient, Inc., December 1067,

TNational Academy of Sciences, Doclorale Production
in Unitcd Stater Unircreitics, 1920-1962, and Docloretc
Reciptente from United Slater Unircraitice, 1258-1968;
1067 data unpudliched.

* The basic medical sclerices are the cotnnonent of total
bosciences which includes «natomy, histology, hacteriol:
ogy, virology. mycology. parasitology, microblology, bo-
chemistry, blophssics, cytrjogy, embeyology. pathologr.

. pharmacologry. And phrsiology.




represent the largest and most eritical group of the
Ph. D. scientists in medical research,

In the past, the great men in the basic medical
sciences—Galen, Harvey, Bernard, Virchow,
Koch, Ehrlich—were trained as physicians; they
received extensive training in the natural sciences;
they combined rescarch with teaching and with
service; they held university or independent in-
stitute faculty appointments; they were highly
productive as researchers in their early years;
they exercised a great influence upon their students
throughout their lives.

These characteristics nre almost equally descrip-
tive of today’s basie medical scientists—with the
significant exception, occasioned by the growth of
knowledge, the modern scientists nre increasingly
specialized. Todn\ the preponderance of basic
medical scientists ave Ph. D. trained; with a
steadily decreasing proportion first sceking a medi-
cal education, the classical pattern that governed
the output of basic medical scientists in the United
States through the t'wenties.

F. Tive Flow of Ph. D.'s in the Basic Mcdical
Sciences Into the Medical Research Man-
power Pool, 1966-85
By applying the concept of the flow model ns

was done for M.D.'s we can estimate the probable
number of Ph. D.'s who will enter the medical re-

trates the flow of four cohorts (those receiving
Ph. D.’s in the dasie medical sciences in 1985, 1970,
1975, and 1980) into medical research, 1968-89. In
developing this model, it hias been assumed that:

1. The numbers of Ph. D.’s graduating cach year
are 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 curreat participation.

3. Foreign input equals 20 percent of the total
U.S.-trained Ph. D.’s entering medical re-
search, 1065-75, this proportion will decline
to 10 percent of the U.S. Ph. D. output,
1076-85.

4. There is & minimum 3-year lag for postdoc-
toral training and research experience be-
tween receipt of the I’h. I). 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 Institules of MHealth First'Time Grantee
Studies.

search manpower pool, 1965-85. Table 36 illus-

TABLE 36.—Model for lllustrating Flow of Ph. D.'s in the Bosic Medicol Sciences Entering Medical Research
Manpowet P-:0l, 1968-89, From Classes of 19465, 1970, 1975, and 1980

- Tetalol Fb. D' Years
Number of | enteri medlus .
Yese of gradusths. Fh. D. | res 196889
degrees | from tlxses of , lﬁmd
awarded | 19681990, 1058, | 1os00 19304 195879 | 1084 Vet
and 1980
Classof 1085 ........ Cieecasacamacctanans 1,184 1, 068 426 640 | ooiiilieaaiaa e .
Classol 1970, . .......... b titaniaicannnann 2,092 1,883 |....... . 734 1129 e e
Class of 1978, ... . iiaiiiiiicaiiannannns 3 753 3378 |..... RO PO 1,352 2,028 |........
Class of 1980, .. ... .. iiiiiiiaiiiiinaaas 6 733 6060 | .. il 2424 3,636
Tota) enteting research from above four
3 P L SOOI MO 12, 387 426 | 1,304 ] 2,481 | 4,4% 3,636
Plus foteigh input ... cvcinnen ctbetatacanns ctadanan 1,421 &5 279 248 445 364
Grand tolal. L. i e caaee 13 808 511 ] 1,673 ] 2,720 | 4,895 4,000
Eource: Ph. D, prada of
pi: P Rin demdine Ay S0 T L BT AR o o1

for 1he classes of 1778, 1978, and 1363 1ateign Ingwt, and estimstes ot mmt-m




It is likely that 1,800 Ph. T3.’s in the basic medi-
cal sciences will enter medical research by 1975
from the two cohorts of 1965 and 1870 (426 plus
640 plus 754-1,820) (see table 36).

Because Ph. D. ontput triples over a decade
(2,092 in 1970 to 6,733 in 1980) enlarging the
base correspondingly, the two later cohorts of
1076 and 1980 will add three times as many
Ph. D.’s (56,800) in the bhasic medical sciences to
the supply of medical researchers letwcen 1978
and 1985,

Taking these fonr cohorts as illusirative, the
total inpnt including foreign trained Ph. D.’s into
biomedical research 1968-80 will approximate
13,800. Morcover, Ph, D.s entering medical re-
search 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 coliort.

This abbreviated analysis of four cohorts has
been used to (1) illustrate the time lag between
reccipt of Ph. D). degree and entrance into the
medical research manposwer pool; (2) emphasize
that the number of Ph. I)'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 probally enter the sup-
ply of well-qualified independent investigators
during each §-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 E, table 4A. Drawing upon the data
presented in this table and the matching cumu-
lative table (app. E, table 4B), approximtely
55,000 Ph. D.'s in the basic medical sciences may
participate in the Nation's medical research effort,
1965-85.

G. Input of Ph. D.'s in Other Scivnce Flelds

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 sviences may
enter medical research, 1066-83. Comparable
models have also been prepared ' of the flow of

¥ R¢e app. E, lables 5,6, 7, & and 8,

230-349 069 ——0

Ph. D.s trained in the other selected sciences of
relevance for medical research. In total about
59,000 Ph. D.’s trained in fietds other than the
basic medical sciences may also enter the medical
research marnposwer 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 miodel for basic medical sciences, and
the assumptions outlined above as to participation
rates and foreign input, the {ollowing table sum-
marizes by field, the likely flow of Ph. D.’s into
medical research 1966-85:

Ph. D. input into medical rescarch based on
flow models—

1360-48

Fleld: {thone-ads)
Tolal, selected sciences. (.. ..iiiiianns 118.8
BIoSClenCeSs .. cocicanacaanancncansncncnannna 689
Basic medical scfences. o o iiiiiiiaans 54.5
Other dloaclenct. ninaiiinia i iiiaiaaecnna 14.4
All other tielde. oo iiiiiaiaiiicaaaccacaas £4.4
Bebavioral flelde. .o i iiiiiiiaaa 121
Physdcal aolentes oo icieiiiiiiiertannnnnn 14.2
Mathematics and statletber L iaiaiiid 8 )
EnglneetIng cocacccaarannacacononna ceeanea R2

That medical research investigations will to &
significant degree cal! upon thase 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 I1I, pages 26fT. Each year, on the average, a
total of about 1,300 Ph. D.-trained scientists in
these fields will becoine available for medical re-
search. The preponderance, however, of new en-
trants into medical research will continue to b-
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 Doctorel Man-
power Requirements

The preceding analysis hes concentrated upon
doctoral-trained manpower. However, the supply
of professional workers engaged in medical re-
search is by no means limited to doctoral-trained
manposwer, In 1065, 15,000 profussional workers
in medical rescarch—23 percent of the total—hed
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.
cludes scientists in a number of fields such as pub-
lic health, social work, and nursing where the mas-
ter's degree is generally recognized as terminal
preparation. While it is assuined 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 (chert 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 year—a 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-
search training will be hizh enough to ensure their
competence to function as independent rescarchers.

l. The Probable Balance Between Need and
Supply of Doctora Trained Manpower for
Medical Research

The foregoing analyses of M.D. and Ph. D. sup-
ply flows, suggest that the aggregate potential
supply of M.D.'s and Ph. D.'s for medical research

for tha 20-year period, 1966-85, will bo sufficient
to mect the manpower requirements delineated by
the bLest judgment projection, and presented in
table 13. In summary, about 116,200 doctoral
trained professional investigators will be needed
between 1066 and 1985, to (1) weplace those lost
because of death, retirement, and shifts to other
occupations (11,000 M.D.’s, and 27,600 Ph. D.'s},
and (2) expand the numbers of workers to bring
the labor force to a total of 29,600 M.D.'s and
96,100 Ph. D.s by 1085 (76,700 additional bio-
inedical scientists i.e., 12,600 M.D.'s and 64,100
Ph. D.%s). This adds to a tota} of 24,600 additional
M.D.'s;and 91,700 Ph. D.’s,

We have scen from the discussion of the projec-
tions of M.D.'s that the intermediate estimate
would provide a flow of 30,800 M.D.’s into medical
research (or 6,300 more than required) and the
Ph. D. projection may provids a total of 113,300
Ph. D.'s (or 1,600 inore than required) 1966-85.
While it appears that the aggregate input into
medical research of doctoral trained investigators
might excced the aggregate requirements for the
two decades, the inputs for successive &-yea= pe-
riods during these decades woilly however, not meet
the requircments for Ph. D.'s during the seventics,
bué will excced the needs for the 1980-85 quinquen-
niwm. The shortfall of Ph. D.’s in the 1070'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 shortfall of Ph. D. trained investigators
could be met by more M.I).'s in research than the
best judgnent projection suggesta. Additionaliy,
the talents of some 2,000 Ph. D.’s may provide a
source of manpower for the 1970 decade from
those Ph. 1.'s who are estimated to have 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
PL. D. investigators, for whom fiscal resources are
available could be overcome through:

1. Higher participation rates, especially of
Ph. D.’s trained in the behavioral, physical,
mathematical, and engineering sciences.

2. Reduction of the time-lag between begin-
ning of Ph. D. training and entrance into the
biomedical research labor forve.



3. Decrease in the attrition rate, especially for
those moving into nonresearch activities.
Continued utilization of investigators with
less than doctoral training although admit-
tedly this may place strains upon the scien-
tific capability and professionalism required.
- More extensive use of specialized and costly
equipment, thereby increasing the cost per
man and reducing the total number of

Ph. D. investigators needed.

4.

(An alternative projection which is based on
the employment in medical research, by 1985, of
the total numbers of doctorally trained manpower
that may become available for medical research
by 1985 has been presented in chapter I1II. 7%hds
full utilization of the labor force would call for
« total of 170000 in medical vesearch by 1985,
20000 more than the 150000 best judgment
projection.)

The flow models relating to doctoral trained-
m:npower and tlie 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 wrgent need for a substantial
and continuing cxpansion of (1) NII training
activities, (2) institutional devclopment programs,
(3) construction of teacking, research, and related
facilities in order to make possible the availability
of 150,000 active vesearch professionals by 1985,
and (4) programs which cncourage 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, from scientists who receive their
M.D. or Pli. D. degrees after 1966:

For M.D.s, more than 70 percent o} 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 destoral
degree, 1960 or later.

2. New entrants flowing into the research man-
power pool in any one year are drawn from
those wlho 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 tomot -
row’s researcliers.

Unfortunately, these models inay also convey
o 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-
sunptions and their influence upon the analysis of
the flow of manpower into medical research.

1. It has beer 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 activittes ex-
ceeds the estimate, the additional number re-
quired by 1985 would increase correspond-
ingly; and vice versa.

. In estimating the input of doctoral-trained
scientists into medical research, as shown i
the flow models, it has been assumed that :

a. Research combined with teaching aud/m
service will continue to be an attractive
and productive career pattern for M.1).%s,
The wnstated premises implicit in tiis
assumption are that (1) opportuni- .«
for such careers will continue to exp:nd
through increased support for rescarch



and for research training essential to
encourage and develop scientific capa-
bilities of M.D.’s who scek 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.
. 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.

¢. Research and research training oppor-

tunities will expand to attract larger
numbers of scientists from the fields of
the social and behavioral scieaces and
from the physical sciences, snathematics,
ar.d engineering. Whether this assump-
tion holds true will depend largely upon
(1) the exciting guality of opportunities
available in medical research as com-
pared with all other types of endeavor
open to these Ph. D.’s from the be-
Lavioral sciences, the physical sciences,
mathematics, and engineering; and (2)
the character of NIH training activities
deliberately designed to encourage par-

ticipation 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 ave 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 wssumptions 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 due 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
bost judgment projection of nggregate biomedical
manpower needs, 1965-85, (2) the assessment of
high priority staffing requirements in t\1e nonprofit
sector, 1967-75, and (3) the identification of criti-
cal shortage categories (see ch. IIT).

The National Institutes of Health serves as the
primary instrument of the Federal Government
for meeting national biomedical inanpower 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 o: 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. Mecting 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
isessentialto:

1. Enlarge the supply of qualified biomedical

research manpower in an increasingly diverse
array of scientific disciplines.
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. Develop the faculty in the health sciences re-
;uired to permit the predictable expansion of
existing medical schools, other health profes-
sional schools, and graduate schools and the
creation of 25 new medieal schools and 760
new graduate schoolsin the 1965-75 decade.

3. Provide the scientific staff vequired 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 institutez,
mental retardation research centers, cancer
research institutes, pharmacology-toxicology
research centers, and eye research centers.

. Ensure the availability of research-trained
personnel for stafing 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-
Inted service nctivities, 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 (8) 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
voles which national programs should play in
meeting these biomedical manpower requirements
for the future.



Becauss of the very long lead time between (1)
the initiation of training activities, (2) the output
of well-qualified bioinedical 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-
ticipatior: 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.

Stabilize support for the basic medlcal sci-
ences, where NIH is the preponderant source
of support for training, at a relatively con-
stant proportion of graduate enrollment in
these disciplines,

. Expand support for fields becoming increas-

ingly important for the progress of bio-
medical research. Illustrative of such fields
are (1) Lehiavioral sciznces; (2) bioengineer-
ing; (3) genetics, ecology, and cell biology;
and (4) the mathematical and physical
sciences.

. 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 sziences.

. 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 NIH
support for training,

. Develop criteria and programs for the stra-

tegic phasingz of institutional development
with formal support for training activities.
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 science—life, physical,
engineering, psychological, and social—and 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, clinieal 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-
vention of, and rehabilitation relating to, the
physical and mental diseases and other kill-
ing and crippling impairments of mankind;

2. The origin, nature, and solution of health
problems noi identifiable in terms of disease
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entities, such as—resear-h in problems of
mental health and human development;
aleoholism ; drug addiction; sexual deviancy;
accident prevention; air and water pollution.

. Broad fields of science where the research is

undertaken to obtain an understanding

. of processes affecting disease and human

well-being ;

. Research in nutritional and population prob-

lems impairing, contributing to, or otherwise
affecting optimum health;

. Development of improved methods, tech-

niques, and equipment for research, dingno-
sis, therapy, rehabilitation, the delivery of
health services, and the promotion of public
Lealth;

. 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”
updated to 1965 for the purposes of this Report,
using the methodology outlined below.

The 1960 estimate.—-The estimates of profes-
sicnial 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, NTH, and related surveys. The sources
and methodology underlying thesa 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: Thousande
Government __ . e 7.8
Industry oo 7.2
Nonprofit institutions. . e 24.7

Total oo e cmcc e 39.7

Level of training: Thousands
M D e e 11. 4
Ph. Do e 18.0
Less than doctoral . . L. .. 10.3

Total e 89.7

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 Rescarch, Report No. 3, PHS
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.
2. 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
researclh (in 1967 dollars), as follows:

Blomedical research, 1964
Sector Expend!- | Profession- | Expendi-
tures (mil- | alman- | tures per
ons) 1967 po'ser profes-
dollars ((thousands)| slonal
Government.._.c.-__...... $151 | 7,800 | $19, 400
Industry._ e e .. 312 9,200 | 33,900
Nonprofit institutions___.___ 483 | 24,700 19, 600
Total ... .._.... 046 | 41,700 | 22,700




3. The expenditures per professional worker,
by sector, were increased at the rate of G 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
wero related to the dollar totals (in 1967 dollars)
for biomedical research, to derive estimates of the
nunbers of professional workers in 1965 by sector,
as follows:

Blomedical research, 1965
Sector Expendl: | Profession- | Expendl.
lurcs) ({ngé'l7 al ’{r:%r: lurrc;)sk[;fr
“%nala's (lhgﬁsnnds) ‘;tonal

Government..._ ... .. _.... $307 | 11,800 | $25, 900
Industry. ..o 557 | 11,900 46, 800
Nonprofit institutions..._... 1,056 | 40,300 [ 26, 100
Total..coeee e 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
rescarch in both Federal and State and local gov-
ermnent 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 NTH intramural
research dollar total was equal to 80 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 pharnaceutical industry. A survey, con-
duvected by the Pharmaceutical Manufacturers As-
sociation, indicated that member firms of that
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Association employed 0,000 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-
trinlly performed hiomedical research was applied
to the 9,000 figure, yielding 12,000—corroborat-
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-
cluding those affiliated with iedical schools},
research institutes, and other nonprofit research
organizations. The arrangements under which
research is conducted at these institutions are com-
plex; i.e., faculty members of educatioral 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 sur-
veys of the mannower in R, & D., by the National
Science Foundation focus upon the total R. & D.
activity of the organization, and not snecifically
uvon the medical and health-related portion.
Where, however, all the R. & D. activity of the
organization is biomedical, indteations 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 schools—where all the re-
search is medicai and health-releted. The defini-
tions and guidelines established for the NSF
survey requested that professional personnel be
rzported 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 inanpower derived
for the nonprofit sector.




E

Medical schools are the single-largest performer
of biomedical rvesearch. 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 soctor.

The NSF study shows a total of 14,5002 full-
and part-time scientists engaged in R. & D, in
medical schools, with vesearch as their primary
function. On the assumption that since medteal
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 schoels. 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 medieal
schools who reported teaching as their primary
activity arealsoengaged (asa 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-

! Unpublshed detail provided to the National Institutes
of Health Ly the Natlonal Science Foundation. The NSKF
preliminary report has been released as “Resources for
Scientific Activities at Universities and Colleges, 1064";
Rcvicies of Data on Scicnce Resources, No, 9, August 1966,
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portion had less than doctoral training; within the
doctoral group, persons with the I’h. I, or Se, D.
degree increased as a proportion of the total; the
proportion for those with M.ID. or related degrees
remained unchanged.

The bench-mark estimates are as follows:

Manpower in biomedical rescarch
1960 | 1958
Number Number

i(lhousands) Percent (thousands)| Yercent

Mbo ... 11. 4 29 10.0 29
Ph. Do .. 18. 0 45 14.7 42
Less than doctoral. .. - . 10. 3 20 9.9 29
Total..___._.._ 30.7 100 34.6 100

Studies of the level of training of the scientific
stafl in R, & D. at pharmaceutical companics, indi-
cate that in the 5 years since 1960, thers hias been a
decline in the proportion of research workers with
less than doctoral training; the group with Ph. D.
or Sec. 1. 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:

1065
Number Percent
(thousands)
MDD e 17. 0 27
Ph. Do 32. 0 50
Less than doctoral.. ... ... __..... 15.0 23
Total . o o .. 64. 0 100
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APPENDIX C

MEDICAL SCHOOLS IN DEVELOPMENT*

E’xpocted Yesr first First year enrollment

Sehool (location) satig | claa it | Planned | actusiiocs
Brown University Program in Mecdical Seienec (Providenee)eeoeoeo oo .. 11963 11969 50 13
University of New Mexico School of Medicine (Albuquerque) f. ... . __ 1964 1968 48 26
Rutgers Medical School (New Brunswiek) . . _ o oo, 1966 1970 64 16
Michigan State University College of Human Meadicine (East Lansing)....| ¥ 1966 1970 64 27
University of Arizona Co'lege of Medicine (Tueson). .. . oo oooeminaoaaan 1967 1971 64 32
University of Fawaii Schoul of Medicine (Honolulu) . __ ... ____._ 1967 1971 50 28
Pennsylvania State University—M.S. Hershey Medical Center (Hershey) .. 1967 1971 04 40
University of California School of Medicine (Davis)-. ... ..o _....._ 1968 1972 128 48
University of California School of Medicine (San Diego) . - oo oo oo .__. 1068 1972 06 47
University of Connceticut School of Medicine (Hartford) . - oo ... _____ 1, 1972 64 31
Mount Sinai School of Medicire (New York) ®_ ... 16 '8 71970 100, 736
University of Texas—South Texas Medical School (San Antonio)_._.._.__ 81968 $1970 100 56
Louisiana State University School of Medicine (Shreveport)._ ... ___.._._ 1941 1973 100). .. ._._
University of Massachusetts School of Medicine (Woreester) o o oo ooooeoo oo 1970 1974 112 ... .
Medical College of Ohio at Toledo. . . o e e 1969 1974 100[.___ ...
State University of New York School of Medieine (Stony Brook)___._.._.. 1971 1975 150 ...
University of South Florida College of Medicine (Tampa)_ . .. ... ..__. 1971 1975 110 ___.__.

V Journal of the American Medical Aasociation, vol. 206, No. 9, Nov, 25, 1968, ' The Mount Sinat School of Medicine Is affiliated with the City University
pp. 1094, 1003, 1398-2006. of New York.

1 The Brown Unlversity prﬁram is a 6-year program that begins in the ¥ First class at Mount Sinal conslsts of 36 firsi-year students and 23 third.
freshmen class in the undergraduate school. Hence, the starting date shown year students; consequently, the first class (thud-year students admitled in
is that for first-year undergraduates, 1968) will graduate in 1970.

3 This date is for the completion of the Brown program, but graduates will VEnrollment actually began [n Septemter 1966 (15 students) and 1.,
have to continue elsewhere for clinical training or for Ph. D. training in the {seven students), but these students were assigted to University of Texas
sclences, medical schools at Dallas and Qalveston: :n 1968, the first year of operations

4 Originally 8 2-year school but never operated a8 such; now a 4-year school. at San Antonlo. these second+ and third year students (and other transfers)

$ Mic| ;5“ State has 9 8-year program which begins with the fourth year of cont/nued thelr studies et San Antonie, which will, therefore, graduate [ts

undergraduate training. Thus, fall 1966 Is the time at which the first under- first class in 1970,
graduales in the program began thelr senlor year.

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 years; and (3) other possibilities where it is not feasible to

assess th. time factor.

It is difficult to make a precise assessment of which of the other new medical schools will emerga
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 New 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 nuthorized 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 Sonth Bend area for a medical school as
a branch of Indiana University, possibly located on the Notre Dame campus, The IToward Iughes
offer to the Universily of Nevada has triggered a new medical school in that State; the feasibility
study has already been completed by AMA-AAMC, There are pressures for a new medical school on
the main camprs of the University of Tennessee at Knoxville, although no action has yet been taken
by the legislature or by the nniversity.

There is a reasonable possibility that an additional eight to 12 new medical schools will be estab-
lished by 1977: SUNY at Westchester or at Binghamton, the University of South Alabama, Mobile,
the University of Texas at Houston; the University of Illinois, Chicago, either doubling class size or
establishing a new school; the University of Missouri at Kansas City, and two new State medicai
schools in the Nation's most populons State—California—in the two majcr metropolitan areas, Los
Angeles and San Franeisco.

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 plons have blown hot and then cold for the Boise Medical Fonndation, the Norfolk area
and the St. Paul area, there is a reasonable possibility that new medieal schools may be established in
one or mora 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 Milwaukes is just beginning to build
its graduate programs; however, there is a reasonable possibility that the State 1nay establish a second
medical school in Milwaukee rather than doubling class size at Madison.

By 1972 (6}
SUNY (Nassau)
Universityy of South Florida
(Tampa)
Ball State University (Muncie)

or Indiana University (South

Bend)
University of Nevada (Reno
or Las Vegas)

" University of Tennessee
(Knoxville)

*More likel

By 1977 (8-12)

SUNY (Westchester or
Binghamton)*

University of South Alabama
(Mobile)*

University of Texas (Houston)*

Boise Medical Foundation (Boise)

University of Virginia (Norfolk)

University of Minnesota or
Northern Asscciation of Medical
Education (St. Paul or Duluth)

University of Illinois (Chicago)*
New Jersey (Trenton)*

University of Wisconsin
Milwaukee)*

University of Missouri (Kansas
City)*

University of California (new
schools in Los Angeles and San
Francisco areas)*

Source: 1. g‘i!cs of Resources Analysis Branch, OPPE, NIH.

Indefinite (7)
University of Delaware
(Wilmington)
East Carolina College
(Greenville)
University of Maine (2-year
school in Portland)
University of South Carolina
(Columbia)
M.I.T. (Cambridge)
Brandeis (Waltham)
Southern Illinois University
(Carbondale)

2. Progress report on Future of Higher Education, 1965-1985 prepared for the National Institutes of Health
by the Academy for Educational Devcloi)menn Inc., March 1967 (unpublished).

3. Discussions with C. H. William Ruhe, M.D., Assoclate Seeretary, 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
New England

Middle Atlantic

State
Maine

New Hampshire
Vermont

Massachusetts

Rhode Island

Connecticut

New York

New Jersey

Pennsylvania

104

Institution
University of Maine

University of New Hampshire

Boston University

Brandeis University

Northeastern University

University of Massachusetts—Amherst
University of Massachusetts—Boston

Brown University
University of Rhode Island

University of Connecticut—Hartford
University of Connecticut—Storrs

City University of New York
New York University
SUMY—Albany
SUNY—Binghamton

SUN Y—Buffalo
SUNY-—Nassau
SUNY—Stony Brook
SUNWY—Westchester
University of Rochester

Rutgers—Newark
Rutgers—New Brunswick

Carnegie University

Lehigh University

Pennsylvania State University—Hershey
Pennsylvania State University—University Park
Temple University

University of Pittsburgh



Region

East North Central

West North Central

South Atlantic

State
Ohio

Michigan

Indiana

Ilinois

Wisconsin

Minnesota
Towa

Missouri

Notth Dakota
South Dakota
Nebraska

Kansas

Delaware

Maryland

105

Institution
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

Eastern Michigan University
Michigan State University
University of Michigan
Wayne State University
Western Michigan University

Indiana University—Bloomington
Indiana University—Indianapolis
Purdue University

Northern Illinois University
Northwestern University

Southern Illinois University—Carbondale
Southern Ilinois University—Edwardsville

University of Illinois— Urbana
University of Illinois—Chicago

University of Wisconsin—Madison
University of Wisconsin—Milwaukee

University of Minnesota—Minneapolis

University of Missouri—Kansas City
University of Missouri—St. Louis
Washington University

Kansas State University
University of Kansas
Wichita State University

University of Delaware

Jchns Hopkins University
University of Maryland —Catonsville
University of Margland—(C'ollege Park



South Atlantic—Continued

Region

East South Central

West South Central

State
West Virginia

District of Columbia

Virginia

North Carolina

South Carolina

QGeorgia

Florida

Alabama

Mississippi

Tennessee

Kentucky

Louisiana

Arkansas

Oklahoma

106

Institution
West Virginia University

0ld Dominion Cellege

University of Virginia—Charlottesville
University of Virginia—Fairfax
Virginia Polytechnic Institute

Duke University

East Carolina Collzge

University of Novtih Carolina-—Chape] Hill
University of North Cerolina—Charlotte
University of North Caro..aa—Greensboro
University of North Carolina—Raleigh

Atlanta University

Emory University

Georgia Institute of Technology
University of Georgin

Florida Atlantic University
Florida State University

Florida Techinological University
University of Florida

University of Miami

University of South Florida
University of West Florida

University of Alabama-~Birmingham
University of Alabama—Huntsville
University of South Alabania

Memphis State University
University of Tennessee—Oak Ridge
University of Tennessee—Knoxville
Vanderbilt University

University of Kentucky

Louisiana St. University—Baton Rouge
Louisiana St. University—New Orleans
Tulane University

University of Arkansas

Oklahoma State University
University of Oklahoma



West South Central—Continued

Region

Mountain

Pacific

State

Texas

New Mexico
Arizona

Nt vada
Uteh

Colorado
Wyoming
Montana
Jdaho
Alaska
Hawaii

Washington

Oregon

California

107

Inatitulion
Arlington State Col,
North Texas State University
Rice University
Texas A&M University
Texas Technological College
University of Houston
University of Texas—Dallas
University of Texes—El Paso
University of Texas—San Antonio

University of New Mexico

Arizona Stete University
University of Arizona

Brigham Young University
University of Utah

University of Colorado
University of Denver

University of Alaska
University of Hawaii

University of Washington
Washington State University

Oregon State University
University of Oregon

California State College—lLong Beach
¥resno State College

Sacramento State College

San Francisco State College

San Jose State College

University of California—Berkeley
University of California—Davis
University of California—Irvine
University of California—Los Angeles
University of California—Riverside
University of California—San Diego
University of California—Santa Barbara
University of California—Santa Cruz
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APPENDIX E

TABLE 5.—Summary of lllustrative Annval Flow Model of Ph. D.'s in the Other Biosciences® Into the Medical
Research Manpower Supply, 1966-85, From Those Awarded Ph. D. Degrees, 1957--82

Ph. D. Degrees swarded Entering medics] research

Yesr ! NuTber Total 1966-85 1%4-50 1971-78 197680 | 198783
1057-60. . ... .. ......-. R 2, 286 202 292 f e, eeeaan
1961-65. . ... . 3, 544 1, 590 1,207 k1% B I AP,
1966-T0. . o iccccicmciccaaaas 5, 045 2, 525 2717 1,713 535 J........ PR
107175 ... cemaan ceeaaaa 7, 091 3,647 |ocacenaan.. . 378 2,411 758
1976-80. . . oiieeaaas P 10, 099 3,008 |.o...e....-l. Ceeeeaiaan 535 X 433
1981, 3082 ... _..... feeemaaan 5, 141 762 \...... S I P S . 162
U.E. total....__ PO tementennreccananan . 12, 654 1,776 2,474 3, 48¢ 4,953
Foreign fnput. .o ... .oa... Cemaiacannenan 1,693 355 495 348 495

Total, new entrants into medicsl research
manpower supply.. ... ... ... e 14, 327 2,131 2, 969 3,829 5, 448
|

1 N " \ 3 , . . S ., tote ’, *, ice, 3
S A Sl e ot v S e
Source: Ph. D. oatgut 1957, 0 Mce of Education; 1958-67, National Acsdemy N e T Reonrees Analysly Drareh !

NOTES ON METHOD

1. Fifty peecent of the Ph. D.'s In ILe othet Ybioackences will enter into
medical rcsearey 88 independent Investigalors st some time daring thelr

careet.

2. There s a mintmal 3-7ear Jag between teceipt of the Ph. D, subdeqoent
postdoctorni tralning. sod enteance Into Independent research.

3. In developing 1his me Yel, it has been sssumed that 60 rer«m of the
Ph. D).’s1n these fields entering medical research asindependent investigators
will o0 20 In the § years !olloﬂnL’pwdoc(om training (20 pereent pet an-
num); the othet 43 percent will enler between the ith and 10th year wing
award of the Fa. D. Segree (10 peroent per anram). It ts Inrther ascumed that
# rubstantlal proporiion will have had experience a8 resenrch assistants snd
research ated ;iot 10 entering the Sndependent Investigator pool. 11 1
also that some enter the pool for the first titne 20-25-30 Fears after

neelgl the Pb. D, .
4. Forelgn Input (Ph. D's tralned In fotelgn universities) . \uals appeot-

nited

O
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imately 20 percent (1966-35), and 10 percent ((9:6-83) of the total number of
U.&, tr Ph.D s entering the medical rete; “th manpower pool esch yesr
in thess fedda. Forelgn Input consists ¢f the following components:
a. U8 titizens who went abroad (9 comr dete their science tralning for
the Fh. D, £e. D, o¢ equivalent .
b. Fh. 1.'s who teceived their degree abtoad who may ot may not be
U citit *nt and are now engaged Inresearch In the United S'ates.
¢. Fh. D.'s i.ined abroad who are aeling refearch, whote fesearch
erpenditares are included in the tols! nationa! expenditures ot medical
research eithet (n the povernment of in the indusiry component.

5. The model begins with 8 cumuistive tota) of Ph. D" awarded, 1957-60.
Some of these Ph. D.s will enter n-2dical redesrch In 1966 and later Frars.
Frum 1964 on, totals are compiete etcept fot those PH.D.’s Irom classes priot
L0 1957 who entet research fubsequent 10 19 years after 2arning the FPh. D.

.
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APPENDIX E

TABLE 6.—Summary of llustrative Annval Flow Model of Ph. D.'s in the Behavioral Sciences * Into the Medical
Resecich Manpower Supply, 1966-85, Fiom Those Awarded Ph. D. Degrees, 1957-892

Ph. D. degrees awarded Enterlng inedlcal research
Yeor | Number Total 1966-85 1966-70 1271-78 1974-80 1981-35
1987-60. . 3,718 292 202 [
1961056 __ . .... 5, 923 1, 585 1,212 Y 4 2 PR P
1966--70_ . ... ... 9, 572 2, 872 263 1,055 634 ... ...
197075 e eeeeaeeae e 15, 186 4,550 (oo 467 3,097 902
1076-80. . e ..- 23, 801 5,585 | 733 4, 852
1081, 1982 e, 12,950 L 148 | e e el 1, 148
US. total. e e 16, 038 1, 787 2,795 4,464 G, 992
Foreign dnput. oo oo e aaa . 2, 061 357 559 446 699
Total, new entrants into medical rescarch
manpower sUPPly .- o oo oL 18, 099 2,144 3,554 4,910 7,691

" tIncludes an.hropolog

soclolegy, and psyehology. Ic is expected,

however, that the scopo of the behavioral sciences will, in the future, als In-

cludo medleal economics.

Source: Seo table §, app. k.

NOTES ON METHOD

1. 20 Percent of the Ph, D.'s in the behavioral sclences will enter into
medleal research asindependent Investigatorsat sometime during their career,

2-5. S¢a table 5, epp. E.

TABLE 7.—Summary of lllustative 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 Tolal 1766-85 ! 1066-70 197173 1976-80 1981-85
1957-00_ . . .. 6, 886 104 194 | e e e et
10681-65. ... ... ... - 11, 903 1,175 831 284 | e eeooao
1966~70. . . e 19, 314 2,125 211 1, 447 467 | oo
197175 e . 32, 14¢ 3,537 |acme . 357 2,402 778
1976-80. . oo ... 53, 221 4,560 | |- 590 3,879
1081, 1982 . .. _.___ . ... ____. 30, 021 Q75 |- e |emcee e e e el 975
U.S. total e 12, 575 1,298 2, 088 3, 459 5,732
Foreign input. o .. .. 1, 596 259 418 346 573
Total, new entrants into medieal rescarch
1NANPOWET ZUPPLY. - o o ooeo .. J 14, 171 1, 555 2, 506 3, 805 6, 305

! Includes physical sclences general, astronomy, chemistry, metaliurgy,
meteorology, pharmaceutical chemistry, physics, end earth sciences,

NOTES ON METHOD

1. Eisven percent of the Ph. D.’s in the

O
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Source: See table 5, opp. E.

career,
2-5. Sce table 5, app. E,
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TABLE 8.-~Summary of lilustrative Annual Flow Model of Ph. D.'s in Mathematics and Statistics Into the
Medical Reseazch Manpower Supply, 1966- 35, From Those Awarded Ph. D. Degrees, 1957-82

Fh, D. degrees awarded Enteting medical researc’s
Year Number rotal 1060-85 19%66-70 1971-75 1657680 1981-85
195760 0o aaaae 1,084 20 20 |
1081-85. oo e e 2, 555 164 124 40 loc o]
1966-70 e b, 639 304 35 269 90 |,
101-76 ol e 13,101 122 i N O 82 622 213
1976-80 oo a o 28, 963 1,062 oo eeeeec | ea et 184 1,378
1981, 1982 _ ... 19, 436 B398 [ e e eee 398
VS total o e eeaaaaaaa 3, 455 179 391 898 1, 989
Forefgninput_ __ i e--- 403 36 78 90 199
Total, new entrants into medical research
manpower supply. ... .o ... 3, 858 215 469 986 2,188

Source: Feo table 5, app. E.

1. Beven

ercent of the Ph, D 's In mathematics and statistics will

NOTES ON METHOD

“ter

into medical research a3 independent Investigators at Some time during ¢ elr

career,
2-5. See table 5, app. E.

TABLE 9.—Summary of lllustrative Annual Flow Model of Ph. D.'s in Engineering lnto the Medical Research

Manpower Supply, 1966-85, From Those Awarded Ph. D. Desrees, 1957-82

Ph. D. degrecs awarded Enterlng medical research
Year Number Total 1966-85 1968-70 1971-75 1976-80 1951-85
1957-60. - o e i at 2,716 42 42 | i eemmameenae|ac e
1961-65. . .--. 7, 242 397 205 102 | e
1966-70 e ool 15, 649 939 85 039 b b T D
1971-78 e e e eeeeaaa 33, 645 2,020 (... __.. 186 1,371 463
1976-80_ o oo e eemmeeet 68, 901 3194 | el 385 2, 809
1081, 1982, .. 43,984 i S N [N AN 774
US, total. oo creeeeaa 7,366 422 927 1,971 4, 046
Foreign Input___ .. ... 871 84 185 197 405
Total, new entrants into iaedical re-
search manpower supply. . .......... 8, 237 506 1,112 2,168 4, 451

Bource: Bee table §, app. E.

NOTES ON METHOD

1. Rixpercent ofthe Ph, D.’s In engineering will enter §n‘o medical rescarch

as Independent Investigators st sometime during their career.

O
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2-5. Bee table 5, app. E.




APPENDIX E

TABLE 10.—Projections of Bachelor's Degrees Conferred, 1968 75

{Thousands)
Yebr Office of Edu- NIH? Folger
cation !
186768 . - e e tecdeeaccececacmcaane- 616 631 1651 1(635)
106800, e i cceeereaeaas 676 726 713 (695)
1968070 - o e e eiiicciiiieica 673 730 742 (723)
197078 oo meeeeeecaacaaas fmecmenaaecnaceceaacmaa 686 732 753 (134)
107172 e e 713 745 816 (796)
1972-78 . o e eere et —————— 147 769 844 (823)
1073-74 . e amna e caeemmeea—- 783 805 888 (866)
1074-75 oo ie e e cermacmmmemeeaeaas 818 850 0927 (904}

10Mice of Education, Projections of Educational Statistice to 1976-76, 1960, Ii)eommm and Advanced Education, By 1678, Folger's projection overall {s

Projections shown on table 17, v. 27, of bachelor's snd first-professional about 6 percent above the NI pm}(ectlon.

degrees have been reduced by 8.5 percent to exclude first-professional degrees. 1 Projectiens pre{mred by John K. Folier. Iormer}! the Director of the
'Prolectlonsé)re ared by Resources Analysis Branch, Office of Program Commlissjon on Huinan Resources and Advanced Education. See, “The

Planning and Evaluation, National Institutes of Health. Based upon long- Balance Between Supply and Demand for College Graduates,” The Journal

term trends and experlence, representsa com ite of 21-, 22-, and 23-year-olds of Human Resources, vol. 11, No. 2, Spring 1967, pp. 143-175, particularly

recelving bachelor's degree. The NI prolections are approximately 2.6 table 1, p. 146,

fercent above thoss prepared by thu Office of Educatlon; for all years, except 1 Og. cit Figures {n parentheses { ) reflect reduction of projections shown
099, 1970 and 1971, They are appreciably lower than the projections prepared on table 7, p. 148 (Folger) by 2.5 percent to exclude first-professional degrees,

by Dr, John X. Folger, formerly the Director of the Commission on Homan
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RESOURCES FOR MEDICAL RESEARCH

Publteations avaitable from Superintendent of Documents, U.S. Govermment
Printing Oilice, Washington, D.C. 20102, at the prices indicated.

Report Noo - Angast 1962--Federal Fxpenditures for Medieal and Tealth-
Related Researen, 196063, PHNS Publication No, 960 —Price 20 cents,

Beport No, 2 - Novemher 1962--Foundation Fxpenrditures for Medieal and
Health Related Researeh and Education, 1960, PIIS Publication No. 983~
Price 20 cents.

Report Noo 3--January 1963 Manpowei for Medical Researeh, Requirements
and Tiesonrees, 196570 (X Reprint of Part 1V of Hearings on the Depart-
nicnts of Labor, and Health, Edueation, and Weltare Appropriations for
1963, House Conmmittee on Appropriations, 87th Congress, 2d Session).
PHS Pablication No, 1001-=Price 55 conts,

Report Now 4-—August 1963 Federal Support for Medical and Health-Related
Researeh, BHT- 68 PHS Pablication No, 1068 -Price 0 cents.

Report No. 2—October 1961 —Federal Support for Medical and Health-Related
Rescarehy, 1962-6h, PTIS Publication No. 1261--Price 25 conts,

Report: No. 6—-June 1965--Special Report. on Five-Year Trend in Graduate
Enrollment and Ph. D, Output in Seientific Fields at 100 Leading Institu-
tions, 1959-60 to 1963-6t. Price $1.00.

Report. No, T-—December 1865 —Voluntary Health Ageney Expenditures for
Research and Research Training, PHS Publication No. 1417—Drice 20
cents,

Report No. 8—March 1966-—Trend- in Research and Developiment Manpower
in the Pharmaceutical Industrr, 1959-65 and 1968, PILS Publication No.
1443—Price 25 cents.

Report No. 9—May 1966--"T'rends in Graduate Envollent and Ph. D. Output
in Scicntifie I'ields at 100 Leading Institutions, 1963-81 to 1964-65. PSS
Publication No. 1476—Drice 50 cents.

Report No. 10—January 1967—Dollars for Medical Research, Sources and
Perforniers, 1947~66. P’TIS Publication No, 1612—DPrico $1.25.

Report No. 12—June 19653-—Dollars for Medical Research, 1965-67—Price $1.25.

Report No. 13--June 1968—Special Report on Women and Graduate Study—
Price 75 cents.

Report No, tH--Septetuber 1965—Trends in Graduate Enrollment and Ph. D,
Qutput in Scientitic Fields 1960-61 Through 1965-66—Price $1.50.

Report No. 1i—Septenher 1968—The Medical Research and Fducation Activ-
ities of Foundations and Nonprotit Research Institutes—Price 40 cents.
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