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1967 APPROZRIATIONS (INCLUDING ENVIRONMENTAL, EXCLUDING MENTAL)

g;g - (millions)

Total NIH : $1,112
Grants , .
Resecarch Grants* ’ : o 598
Regional Medical Programs . 43
Research Fellowsaips#* , : o 51
Training Grants® TSR ' 134 "
Direct Operaticus 229
Direct Research® o : 79

Collaborative Studies , ‘ . 110
Biologics Standzrds, Professional and Technical .
Assistance, Training, Computer Research and

Technology 13
Review and Approval, Program Direction* : 28

Construction Grants T e , .A' 56

Total with * = $946 million

s Research :
@W\ Grants and Fellowships Direct Review and Approval,
. _Construction and Training Research Program Direction
_Growth High 10 4 8 9.8
Rate Low 8 3 6 7.8
. % of Total . : - .
"jwith?#'* - 61.9 - 19.8 8.3. . .3.0 R
High‘growth réﬁe of programs with * = 8,65%" C
" Low growth rate of programs with * . 6.85%
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Disclaiies
At the outset, we best mention the limitations of fhis report.

‘Data in the medical research area is difficult to find and hard to em-
ploy. Throughout this report, we use sémple or represeﬁtat&vé data.
We often find ourselves in a position from which we must extrapolate
from limited, at best suggestive, information. For example, there is
no unambiguous measﬁre_of quality for medical researchers. To handle
"this topic, we had to turn to.surrogate indicators. One such indicator
was rates of "approval for scientific mérit" of projects submitted to
NIH,

.No one would claim that the results we present should be regarded
unquestionably. No doubt, some are misleading, and others may be com-
"pletely wrong. However, we should state tﬂat we entered this study
without prejudice and presented as best we could our honest appraisal
of NIH and its programs. We believe that the pfimafy thrust of the in-
ferences derived from this study would not differ greatly from that de-

rived from a much more comprehensive investigation of the biomedical

research area.

'
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Oricntaticn
1n his August 1966 speech at the National Institutes of Kualth,

Secretary Gardner identified critical issues relating to Federal sup-

port for biomedical sciencerl/

First, has there been a major change in the basis and "na-
ture of the federal relationship to fundamental research,
graduate training, and expansion of the academic and scien-
tific resources of this country? Has there been a major
policy decision to shift resources from the support of the
individual scientists on a long~term basis to directed,
short—-term, research programs aimed at specific targets and
to application?

The second critical issue that must be dealt with is comn-
siderably more difficult. What are the essential conditions
for maintaining, and the rate of growth needed to maintain,
a healthy fundamental science component in the fields re-
lated to health and medicine? What rate of increase in
" funding can the scientific community expect? What constitutes
. stable support?

The third critical issue is: How should one view the allo-
cation of resourceg among (i) basic research, (ii) applied
research, and (iii) application of knowledge in a health
services setting?

This report is directed to these issues.

1/An address given in Bethesda, Maryland, 23 August 1960, to.the gon-

~ sultants of the National Institutes of Health. Reprinted in Science,
Volume 153, Number 3744, 30 September 1966, pp. 1601—3: .

2/In his address, Secretary Gardner identified a fourth issue which

we consider only in passing.

- The final issue to be deait with is this: How will the
scientific and university community be affected by the
groving government interest in.delivery of. health services?2/

1]
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Cost/Bencfit Analysis

The national expenditure for medical research in 1967 will be ap-

proximately $2.275 billion. This is about $11.50 for every man, woman,

and child in the United States. The per capita figure seems almost in-
‘ such

significant if we thlnk of the benefits derlved froqgmudhrecene medical

innovations as polio vaccines, birth control pills, and tranquilizers.
Only a few signifieant medicai discoveries per decade would seem to "
Justify our current level of expenditure. This does not mean, however,
- that the dollars we spend on medical research are well spent.
For example, with e change in emphasis or direction in our medical
. research prggrams we might be able to garner much more medically useful
knowledge 6%&?{2 our currentilevel of expendiﬁure. Or, ié may be the
case that a small fraction of our current expenditure produces the
. great gulk of useful informeeion, and the productiﬁity of what economists *
@%ﬁ would refer to as marginal expenditure may be minimal.
We also should point out that a straight dollar measure of inputs
’
to the biomedical area will not give a true indication of the cost to : “

Usociety; There are presently nearly 70,000 profe551onal workers engaged

in b10med1ca1 research, many- of them talented and highly tralned scien-

7f:- tists; The pool of capable scientists in this'coun;ry is a vital national

resource. We will‘argue below that the salaries of these individuals

rr——

. . T T —
P are not a true representation of th&\\PporLunlty cost) of employing them .
S ,_M’

i in a specified field.

The biomedical research arca is also distinguished by the fact that

‘ L nearly two-thirds of its total support comes from the Federal Govern-

that .
ment. It is an unfortunate fact, but true,hthe Government cannot support




'  must‘do double and triple duty.l/ In judging the appropriate lévcl‘qf- '

expenditure for biomedical research we must look not only to the returns

. task. We do not consider for example such questions as how much money

every project whose dollar return is positive. Government dollars

to be derived from our efforts, but also the returns from rival projects
. ¢ . .

1]

which compete for funds with biomedical research. F
" In this report, we make a continual effort to employ the alterna- ' :.

tives foregone, opp01tunity cost approach to allocation problems. In
N—

many ways this apparently complex treatment actually simplfies our

we as a Nation should spend on biomedical.research, or for that,méttér
on scientific-research in general. Rather, we look at the questlon,
how can we tell whether biomedicinie is receiving sufficient support
within "a particular program for suﬁport of the saiences.

It is not solely the intellectual appeal and validity of the oppor-
tunity cost approach which dictate its use. We were also in a position
in which we could not find suitable measures which would enable us to

develop a simple benefit/cost analysis (see Appendix B).

There are sectors within the NIH program which are not too poorly j
adapted to cost/benefit analysis. Given a large margin of error,. the

costs and payoffs of developmental programs and those aimed at the de-

livery of health services can be estimated. The payoffs are of three
varieties: (1) dollars saved in treatment, (2) decreased morbidity,
(3) decreased mortality. It is difficult to give dollar values to the

last .two payoffs; however, DHEW has made past effoxts in this dlrectlon.,

) : e /L:/ -"/» .r': préa s
: I R 2
1/¥or example, the Disease Control Memorandum prepared by this office =
dated November 15, 1966, lists 14 programs ranging from motorcycle
" helmets to tuberculosis with bemefit/cost ratios of 4.4 and higher.

It scoms 11kely that somc of theog proarams wi]l not be undcxcaken.
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Q~—-éost/bencfit calculations would be a useful tool in comparing these
projects against each other. There is little evidence of past com-

parisons, particularly between the developmental and delivery areas.
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faapower as a Resource Coastraint—--An Egonomist's Argument

Many analysts assert that brains, and not money, are the scafce
Tesource whic; nust be allocated to national research efforts. The
assumption inherent in this argument is that a scientist's income does
not adequately reflect his marginal productivity to socfety. This as-
sumption might be justified on either of two groﬁndso (1) Scientific
knowledge}is a public good and aé.such is not tgtally appropriable by
its producer. Therefore, the market demand price for scientists will
- not reflect their total valpe to'society. This justification would
_not be relevant if Governmént support created an optimal level of de-
mand for scientistssllﬁast (2)'Ehe"market'for'scientisfs’is imperfect
“in that ‘salary differentials do mot adequaﬁél&f:eflégé'differghcesfin
scientific capability. |

e T '
-If marginal scigntistskare just paid their marginal value, then

society is reaping a substantial surplus from its most.capable scien-

tists. There are, no doubt, some scientists. whose value to soc1ety may
well be in excess of a million dollars-a year, whO'recelve -as income

‘only a small fractior of that amount. 'If we lure them into a new field

, . ' salaries '
with a sala:y'lncrease, the cost is not the neﬁ&sﬁﬁasy but“rather the

opportunity cost resulfing from taking them from old fields.
At the present time, we do not pretend to have the knowledge which

would enable us to carry out an analysis comparing the productivity of

o

scientists in different fields. If scientific research were supported

1/In determlning the.optimal level of demand for scientists, the Govern-
ment should ‘account the Q_punlanxﬁglseconomleg it receives as it ex-
pands' the field. That is, the Government should comsider only the
salaries it must pay to attract additional people to the scientific
field. It should not consider the inflation of the salaries of indi-
- viduals already resident in the field. This inflation is merely a -
"transfer of wealth, and is not of relevance to:efficiency considera-
tions., (Cost/benef;t ana]yses often mishandle thc concept of pecun-

** igry diseconomies. ) T
’ ¢

~
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by the market mechanism, we could let the market carry out the alloca-'

tion. For reasons outlined above, the market cannot handle the.task. =
However, we might expect that a rudimentary form might be helpful. For
example, we might agree that all scientists of a given level of capabil-

ity should be supported by the Government. .We could thea leave it up

te

to the scientists themselves to choose their field of endeavor. If

there were

:new fields (oceanography is a recent example) which had not

. received sufficient emphasis in the past, it would be reasonable for L e
\|" N . s .. - .
the Government to glve :%f?ﬂditional support in~the hope that it would
{
in a short perlod of time be able to generate a self-sustalnlng intel-

| .
lectual: atmosphere which could attract talented scientists in the .

future., However, the basic Government position would be one_ in which

A "the scientists would be free to choose their own'fields. The basis of

this procedure of course is that scientlsts can choose ‘profitable
-fields ‘well and that SC1ent1flc profltability to some extent goes hand

in hand‘w1th desxrablllty to soc1ety. o o ' oL

eee . . . .o . -
. .

The pest 20 years has witnessed a most remarkable growth in the

T biomedital profession as the statistics presented in this report show.

' Biomedical science is a thriving area at present, and in that the words .

_of‘thet oftécited phrase,‘itihas reached its maturity. We wouldfexpect“
; therefore that Government support for blomedlcal sc1ence should put it
on roughly competlng grounds with other flelds of sc1ent1f1c endeavor.‘

In the. next section, we present some hlstorlcal and current data relat—

ing to support for b10ned1c1ne and other SClentlflc fields.
‘ .
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Rescarch: Applied/Basic and Other Distinctions

I; recent years, the distinction between applied and basic rescarch
has reccived a great deal of atteation, and has.resglted in no small
amount of confusion. It is debatable whether such classifications mean
very much in the biomedical sciences. A1§in Weinberg, a scientist and

administrator, has written:
LI}

The dogma of protein synthesis--DNA, messenger RNA, transfer
RNA, protein--seems to be valid in almost every life form.
The same 20-odd amino acids build proteins in bacteria, in
mice, and in men. This unity suggests that most of what we
learn about biological mechanisms in almost any animal is
likely to have ultimate medical applications, whereas the
same degree of relevance to application cannot be claimed
for large parts of modern physics, or astronomy, or mathe-
matics. In the biomedical sciences the distinction between
pure and applied is rather irrelevant.

'Operationally; applied research is often defined in terms of the
objectives of the person performing it. But this éngénderS*some ambi-
guity,;for a scientist may be working on a project which he regards as
bésic-#i.e., done only to satisfy scientific curiosity--while the ad-
ministﬁator, in the cbntext of the total research effort, sees it as
missiog—oriehted. In such a case, we can talk about mission-oriented
basic research and avoid confusion.

We have developed ‘a concept of research which attempts to avoid
" the ambiguity of the applied/basic distinction; Possibly, it will pqsgv
new problems of its own; The economic approach is to look at fhe type

~ distribution ~quantity ) e
‘and _time vt ;, as_well as the,dUaldwx of payoffs from a research

v

project. One project, for example, might look at the structure and

properéies of cellular proteins.- Such a study, if successful, would
}

add toiour knowledge and understanding of the life process—-perhaps in
a very:fundamental way. Such research is termed "additive" because its
primary value>is that it will add to basic scientific knowledge and
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provide a basis for future research. A typical "non-additive" research
project would be an investigation into the best surgicai treatment of
breast cancer. Research of this variety may save many lives, but it
is not likely to add much to our understanding of scientific questions.

In general, we would expect the payoffs from non-addifive research

- to beconcentrated in the mear future. In contrast, a practical payoff

from additive research may not be visible for many years or even decades.

There are exceptions of course. Additive research may turn out to be of

‘immense short run practical significance, as in the case -of the research

on nuclear fiééion in 1938.

There is a difference between non-additive and focused research.
Research is focused to the extent that it looks at a‘particulai prob-
lem whigh is also an institutional. goal.A While non-additive :L_é gener-
ally more focused than additi§e research,;some additive research is
highly focused on fundamenta} problems, the solutions of which are im-
portant goals.

Our analysis suggests that comparisons between different additive
fesearch projects can be made primarily on the bésisrofigcientific
mexit. Their pqugp}ewggnefitsrlie in'gontrib;tioﬁs torscientific

knowledge, the material benefits of which are difficult to estimate and

— e T N ——

will hopefully continue for mapy years in the~fuﬁuré.S(@gn—additive re~

e ——

search can be evaluated in terms of potential practical-benefits. Any

coméarison between additive and non-additive research, however, will be
difficult or imﬁossible to make because the nature of their benefits
differ greatly. Such a comparisonvwouldvinvolve estimating the bene-

fits from a certain domain of scientific knowledge,.the cbntribu;ion

",
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of a given piece of research to that knowledge and an appropriate rate

. of discount. It is hard to see how the requisite estimates could be

. " made in a meaningful way. Our major conclusion,; reached also by * ‘

Weinberg for applied and basic research as defined by him, is that ad-
ditive and non-additive research should not compete for ‘funds; theftare

simply not comparable under ordinary circumstanqes.lj

L]

1/In time of war, it may seem obvious that the welfare of future gencr-
ations depends upon current welfare--that is, military victory. This
sense of national urgency results in a high discount rate, and every-
one does applied research. ’




s

The biomedical research establishment has grown from a $45 million DR S

(R

~ Current Characteristics

level in 1940 to $2.275 billioﬁ in '1967. This tremendous rate of

e

"growth reflects, to a considerable extent, the increasing Federal

 involvement in the field. Federal support, of negligible importance to the _.

field in 194Q’is the main force in the biomedical area today, .eclipsing

_industry, State and local government, and the private foundations. NIH

(excluding mental health) provides 55% of Federal funds for biomedical
research. Appendix A gives detailed basic data leNIH and on biomedical

research. o ) R - L

Scale 6fAResearch

Although the biomedical area has entered the period of big funds,

it has remained in the province of "little science.' - Most research™

..is dqheﬂby individuaisvor,smalliteams, For fiscal year 1965 the

median size of a research grant w.etsi"'oril_y>$20',328,~ ané'only 5.2% df their

- grants. were over $100,000 (although they made up about'qne thirdqquthe

dollars avarded) Since 1955;‘;ﬁe-siié'qf.én‘éyéfage NIH'grant'hés risen
steeply from $11,000 to over $40’000*i but the 'scale of research projects

remains small in comparison.to.premier "big science" fields.like astronomy and

" experimental physics. Current thinking about the problems "and pbéential ‘

of "big science” in biomedicine is summarized in The Advancement of

*In part this reflects a trend. toward the practice of combining two
or more research efforts into single research proposals.
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Knowledze for the Nation's Health,

) . y ;“-
It is generally agreed that many areas of medical science, given

sufficient manpower, facilities, and operating funds, are amenable

to such an approach. For example, bioeng;ncering, tapping the bast
potential of industry, could be applied much more extensively in the
development of artificial ofgans, diagnostic inétruments, and

patient monitoring systems Such research is highly expensive and

makes use of wholly newlskills. ‘Consequently, it is not a substitute =
for the present mix of fundamental and applied research which characterizes

- ;
the present scene.,

The best approximations of."gig science" now being performed in the
biomediqél area are'the NIH coll#borative programs., Cancer chemotherapy,
the oldest and best known of these programs, currently expends $30
million a year to screen thousands of chemical compounds for effective
activity against cancer. 'The related Etiology collaborative program
spends a like amount investigating the causes and preveatiom of cancer.
The relatively more moldest Arificial Teart-Nyocardial Tanfarcition project
spends roughly one quarter.the totalhof the two major cancer programs.

It is somewhat misleading to label these efforts big science. They are

centrally administered, but conducted on a decentralized basis under

numerous small individual contracts.

%% A Report to the President on the Rescarch Programs of the National
Institutes of Health, p. 292, November 1966.

be
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The Federal Role

The governmuent necds .to support additive research because scientific
knowledge is a public good. The market system will not produce a

nearly sufficient amount?//However, the close relationship with the

e

production of goods, together with patent protection make non-additive,

developmental efforts considerably less public in nature. This would scem
‘to offer the argument that the government, in contrast to industry, should
concentrate on building a base of scientific knowledge and do relatively little’

in an applied or developmental way. Past government support in the.bioquicalh‘

:sciences has been primarily for additive research - TS

' Unforh;hately, the present structure of the biomedical research field

is not well-suited to commercial developmental efforts e discuss . this

further in our section on Collaborative Research.).% -The result is that

as a Nation we have made insufficient efforts in the past to bring medical
, Federal
knowledge to the developmental stage. This area must now be given/support.

¥he drug industry is an outstanding exception. The following quotes
are from the highly s?mpathetic report of the American Medical Association
Commission on Research.

"Most of the research conducted by drug .companies is
applied research although increasingly drug companies

" "have had to expand into areas of fundamental research.
The commitment of drug-companies to medical research has '
been increasing annually, :

"From 1959 to 1965, the research and development staffs

of drug companies were increased from 11,400 to 16,400,
a rise of approximately 50%. An additional increase of

: 2,500 was projected for the end of 1968. . ."

gﬂh "Mbst of the specific medical advances of recent years have
: - been 45 {he chemotherapeutic area. These have come in the
main from the drug industry. Although acadenic convributions
have had their place in this 1nnovaulonal process, the
diimate development of drugs and the bringing of them to the
public depended largely upon the exercise of industrial

———m .8 _ 0 bhiur e YTasmvr. Yaatr
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Study Secctions

The study section systeﬁ has functioned effectivély in thg R?st because ‘,{ .
rescarch funds have been liberally available. It now seems evident :
that this bountiful situation may not be maintained. Indeed, the last o
few years have secn a slowing in the growth of funds, and a reduction:in,’

" thgpercentage of approved projects which are funded.

NIH RESEARCH GRANT AWARDS AND NATIONAL ADVISORY

) : Ratio of Institute
Council Year Council Approvals Institute Awarded Awarded to Council

S X Approved¥

. _ Number  Dollars Number  Dollars  Number Dollars

07 6,396 172,608,334 5,959 157,733,532 97.4  95.6

6,279 163,251,461 5,882 150,437,541 97.4 93.9

be _ , , 6,444 180,171,207 5,536 155,620,800 90.4  90.1
Z|J&J}ﬁ;w/ 1966 6,544 200,287,778 :4,881 153,576,562 84.2 85..9

i;y*ezydf 1967 6,431 224,674,428 4,560 149,137,238 93.3 94.3 .
g : .

LT R Rt R TR P R s S RE R 2 e @ e dme s nteait b amemm ot

‘ Withdrawn After
Council Approvals

*Awards ac a percent ol
council approvals less
approvals on withdrawn

‘Pending Institute Acticy

Dollars Approved Dollaré'Apprbve

Number by Council »quber by Council applications and ap?lications
- e _ for which finel action has

1963, ° 278 7,572,288 ' o , o : Aggztz52£2een taken by the
1964 135 2,982,508 ' ’ .

' : : , NOTE: The ratio Tiguresfor
1965 302 6,134,984 - 15 1,254,604 1967 may be misleading in

,' o : .. .*hat ‘there is a large quantity

1956 575 12,849,615 175 8,663,837 _ofpending proposals. -

4¢3 454 10,501,512 1,088 55,997,357

i
'
i
]
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In a period when the overwhelming majority of approved projects are

funded, the primary function of the study section is to approve and
4 .

%
']

disapprove projects. :With the exception of marginal cases, the

scores of approved projects are of no relevance.'.However, during a
period of tight funding,, the scores play a significant role. As in
most distributions, the scores are denses;.around the median numbers.
Thus, for eiample, if approximétely.one-half of the approved projects
were funded we would exbect to find the maximum number of projecfs.with
scores within a few points of the cutoff. Such a situation would be

likely to lead to unhealthy competition between study. sectionms,

-~

~each attempting to improve its share of funded projects by giving bet;er ,

and better priority scores to its approved projects.

The table below gives some hint that the competition we fear may
be developing.
TABLE

Mean Study Section Priority Scores
(A Lower number means higher priority)

Aug-Oct Dec '64-Feb. Aug.-Nov. Nov.-Feb. Mar.-June Aug.-Nov.
'64 '65 '65 '66 '66 166

258 , 255 251 243 ~ 961 239

First two numbers for PHS. From August 1965 on for NIH only. Difference
between averages is always very small. ‘

A
'{.\74' 5t ‘{'-.3 0“.‘{) “\113-;

We should note that these priority scores were improving during a period

.in vhich approval rates were falling. Thus, the argument that projects

‘were on the whole improving scems doubtful, & -

v

se .

/
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" The study scction system faces another danger during a period of

tight funding. Some worthwhile research areas may not bé.ipvestigdted. ;o
This will be particularly true if different study sections grade at
L1 )

different levels of difficulty. The correlation between NIH study secction

scores for August-October 1965 and. August-October 1966 was .79. For

‘November 1955-February 1966 and March-June 1966, the correlation was .68.

The sample of study section means shown in the table below shows the

consistency of high or low scoring which we mention.
.

SAMPLE NIH STUDY SECTION PRIORITY SCORES *

Nov.'65-Feb.66  Mar.-June '66  Aug.-Oct.'66

Study Section Score Dev. Score Dev. Score Dev.
Overall Mean¥* 243 - 0 241 0 239 0
5. BBCB 235 -8 233 -8 227  -12
10. CBYA - 237 -6 226 -17 - 246 +7
15. CVB 295 +52 . 276 435 .. 278  +39
20. EPB 249, +6 268 427 251 +12
25. HEM 267 424 . 255  +l4 265  +6
30. MNHA 269 426 273 432 266 +25
35. NIN 244 CH 252 +11 263 +4
40. PMY 260 426 260 +19 252 413 ¢
45. SGYB. 276 433 300 +59 276 435,
s v 232 -1l ms 225 -l

% The average score for a project approved by a study section dqrint;‘buh

the time period; obtained by weighting the average study section priority
scores. ' ' B A to - - " .

*ﬁ Data from Research Grant Applications Revicwed by PHS_ Study Sections and
" Committecs, prepared by DATA PROCESSING SECTION, NIIl, Bethesda, Maryland.

v e e
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Even if all sections graded with equal difficulty, or if study section

scores were normalized there will be the danger that minor fluctuations

. LI
in cut-off points can significantly alter the balance of research

programs within an institute:* Similarly, the Council may find it -
difficult in the short period it has for review and allocation to
identify those projects which will complement or compete with each Ve

‘ other. Funding difficulties may be further aggravated because Councils
‘X(’L’;’\J canfunds from future years. This means that fluctuatioms in
Ao
current funds create much more significant percentage flucuations in

the funds available for-new projects.

-

NIH haé been rather successful in its funding efforts over past years.

Now that its program is larg;r, and resource constraints on the Federal
budget more severe, funding shortages are moré?ikely. We think that

it may become necessary, and.certainly will be desirable for the institutes

to identify priority areas through their Advisory Councils. y///

v ' Fortunately, NIH has already had some experience with this approach.
A few years back, the Allergy and Infectious Diseases Institute was' forced
" ito function on a very limited budget. Prior commitments put them'in'a = ..

. position where they could fund but few new project;. Straightforward =

-

*Advisory Councils are empowered- to take program balance into cousideration
to decide the priority order for funding. In actual practice the Councils
follow the study sections priority ratlngs in all.but a few cascs. Similarly,
the Conncils can allow for easy and hard study sections. Past scorlng averages.
and like data are-available ‘at Council meetings. However, it is much simpler

. mot to attempt to correct for this facor, and we fear the COUHCllS usually
‘follow the easy way. : L
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allocations on a priority score basis would have awarded many grants
in the easily graded tropical diseases area., To deal with this situation,

4

NIAID developed their Special Emphasis Research Programs. %hey have

described their programs as follows: : : e
' .
LIn previous years the structures of limited research grant funds encouraged

e ?

this Institute to deQelop, with the help of Eouncil, the concept of "areas
of high program relevance." This concept permitted the intrinsic scientifié
merit to be supplemented by a fiscal priority of payment when the grant
application was judged to have high program felevance. The experience gained
in developing program priorities and the current estimate regafdiﬁg TY 68
funding now‘substantially 1gssens the impoftance of fiscal-priority and
stimulates the Institgte to take an even more active programming position

in certain areas.’. | “

Under the Special Emphasis Research Programs, the NIAID Council was .
empowered to swing two deciles in its funding of projects. We think the

NIAID approach is a most promising ome. We include an appendix on its

procedures and programs.

In our section on projected future growth rates for extramural programs,
. [ .

" we discuss an elaboration of their scheme.



Collaborative Programs

Probably the most significant recent development in the biomedical
M

research field is the turn toward large scale developmental ‘efforts.

Most of this work is carried out in the collaborative programs on a ",

contractual basis. NIH has administrative responsibility for these

efforts which are directed toward specific goals.

Well known NIH collaborative projects include the caacer chemotherapy
program, the development of the artificial kidney and the artificial

heart,and the rubella vaccine development prdjectl
. . .

This portion of the NIH budget has grown rapidly in recent years.
It has moved from a $35.9 million level in 1962 to $91.5 million

in 1966 and $109.7 in 1967 (the latter figure excludes mental health)

Three fundamental questions should be ‘asked about the collaborative

program: .

1. Is the program well conceived?
2. Can NIH administer it successfully?
3. Are there organizations or institutions which have the capability

to carry out the. research?

-«

f. NIH has summarized the prerequisites for a targeted research
program: .

", . . a clear demonstration that a solution for

the problem is attainable (e.g., a vaccine can ouly.
be said to be attainable if it is known that the
discase is caused by an infectious agent); '

", . . a reasonable assurance that both the thecoretical
method and the physical means for working out the
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solution are available;

". . . a rational set of procedures--or a pathway-- . "
to the solution of the problem is discernible.:

NIH has not been bold in discussing the possibilities for this

I ey

form of research.

.

“},Theséibbnditions can be met in a number of physical science problems s

that have a sound ‘and fairly comprehensive theoretical base. Thé§“

",usually cannot be met in the majority of biological problems where this -

most essential of all conditions for large-scale targeted research is
. ' )
missing.

*w

@;& i1 general, targeted research in the life sciences must be undertaken \//////
cautiously. It must proceed with the realization that the approach
is substantially unproved and that caution is called for. If ‘experience

shows that toq much‘caution has beén exercised, or that success is fairly
well predictable, an accelerated effort will be justified; Too ambitious
a beginning of too ready an abandonment of the ﬁethods b& which success
has been achieved would be foolhardy. The result might well be the
expenditure of valﬁable resources andscarce talen ‘on an ill-founded
presumption of success.‘g

However, we 'should mention that administrators of collaborative

programs at NIH have been much more optimistic in their predictions.
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One of the disadvantages of much targeted research is that it

tends to be of a non-additive nature,.

..

o

Cancer Chemotherapy as an Example

LI

| / . .
NIH has commented on the cancer chemotherapy program:l These consideratiomns,

in view of the state of biomedical knowledge today, are major constraints om

Y

the eager development of targeted programs, most of which, for some time to
come, are likely to remain a gamble with not very favofable odds. Indeed,
.the cancer chemotherapy program is such a gamble. Over the past decade,

it has paid off with many useful drugs and much knowledge about drug
action, ,but has not yielded, and may never'yield, any basic insight |

into the nature of cancer leadlng to cancer control. Dr. Howard Hiatt

'?UJ "’01 ,»
haé’ the scientific basis which underlies this proLect.

", . . Indeed, what remains to be answered about all

the agents presently is use is not why they do not

cure, or why their therapeutic usefulness is not

broader but, rather, why these drugs work at all, 3
for, as I feel impelled to emphasize the quest for. .. :
metabolic pathways ‘peculiar to the cancer cell has L
been unsuccessful ®" . :

In the absence of fundamental knowledge,Ithe'chemotherapy project;

seems to be a shot ‘in the ‘dark--albeit a well-intentioned one. .
P oV

Similarly, should we ever be so fortunate to be able .to prevent
lor cure heart discase or kldney fallure we Wlll rcnder obsolete

‘ Lhe art1f1c1a1 orgau programs 1n those areas. Mbst of the dollar

b

”l % New England Journal of Medicine, pp. 157-166, January 19,'1967
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and cffort that went into those programs will have been was2d in the
research sense in that they will not be a base on which future

rescarch will build. ‘ Y

The additivi:y or non-additivity of a research program'is not a v/’//;.“
_basis on wvhich it should be approved or yejected; it is merely a
factor which influences its effectiveness. Not unrelated to the
additivity concept is that of spinoffs® Qui.e often a developmental
résearch effort will yield information on'tecﬂniques which may be

- applicable in other areas with different end goals. Thus, for exéﬁple,
knowiedge we gain about the introduction of one artificial organ will

assuredly have many uses when we athempt to develop another, Similarly,

it is clear that there are striking similarities .in the techniques used
to develop vaccines. }Infopmaeionzgaingg&gﬁglgzprodug;nguonernd@h:;we1&

be-wvalwablewhemrwe.attenpt=toproduce-anetjier:

We would expect in general that the directed nature Qf collaborative
progfams woﬁld.tend to minimize che,poLantial'for Spindffs.* However,
this factor must be‘takén into consideratioa in ﬁny cost/beﬁefit
analysis of these p:ograms They are difficult to quanLlfy, and are
usually oﬁitted. . ' o

VQJTI The Woolridge and Ruine reports were pessimistic about the,abflitj

1 : ¥
. of NIH to-administer its -large collaborative programs. The National

/% It would seem for example that the cancer chemothcrapy program would
offer vcry little 1n the way of splnoffs.

.o : B o . ' K. .'\‘.
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Institutes of Health has becn exremely fortunate in obtaining and developing
a fcw outstanding program managers. However, the supply of experienced,
competent program managers in NIH, and generally in the biomedical com-

munity, is scanty relative to the foresceable needs, and steps should
——

e >
quickly be taken to makgﬂ§ggh,gccupat&ons—moae.attxéggiygmﬁs to pay,

challenge and respomsibility, career opportunities, and professional
Ly, care S, 4and prolessi
status. A pattern of incentives of this type may activate suitable

talents and interests now latent within the community.lt We have made

no attempt to update.the findingé of these reports (the.Ruina reéort is
daﬁed.March 29,.1966). However, interviews ﬁith some of the individuals'
conccrngd with their preparatibn inQicated that they were not familiar
with any developments which led them to believe that NIH now has the

then lacking managerial abilify. We have some indication that all parties
at NIH are not fully behind some of the,collabora;ive efforts. This
factor, combined with the salary limitations of the government pay scale
make it all the more difficult to secure competent prggraﬁ managers

for the collaborative efforts. |

. v
A principle finding of the Ruina Report was that: TIf NIH is to be
responsible for program of directed research or development, a strong

management structure, distinct from the intramural research activity

and from the mechanism for administering grants, should be established.”

. The currént NIH collaborative programs are handled scparately by the

institutes. However, there does not exist any NlH-wide organizationm

W
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for dealing with collaborative programs. If, as has been cmphasizeﬂ

in the past, NIH's primary difficulty in the extramural area is
administration and planning, it would seem valuable to hévé%éﬁétralized "3
co-ordinating agency which could give advice and guidance developed from
the experience of all collaborative effoits. For example, there are'
many problems peculiar to government industry felations which all
collaborative programs are likely to encounter.- How helpful it might

be if there were an organization which cduld pool knowledge of past

treatment of such problems.

Furthérmore, we would suspect that in some cases there are scientific

questi&ns which interest two ormore collaborative programs; that there
éﬁ% is a potential for spinoffs bétween collaborative programs. An example

might relate to the development of power sources for-artificial organs.

! The existence of such possibilities gives further reason for the

————.

—

development of a collaborative agency.

N

Yoo

Finaliy, it is'apparent thatzéollaborative progfams have been-férced

to become involved with institute politics.. Some programs have done

quite well by themselves. Buﬁ on the whole, whatever the results we
would consider this an unfortunate situation. A centralized collaborative
organization might be able to reduce the sensitivity of collaborative

efforts to political consideratioms.

We should cmphasi;e and state explicitly that we do not believe that

@MW collaborative: programs should be removed from the institutes. We are



merely stating that it might be beneficial to develop an NIH agency which

could bring together all NIH collaborative experience. ‘o

L2 )

3 LIET At present, few.industfial firms (excluding drug companies)'have the
capability to carry on high level medical R and D. 1In part this is agréflectién,
of lack of past demand. In part, a reflection of the fact that the industrial
environment is not one talented medical éesearchers find particularly congenial. .

Further, there is the fact that non-industrial research has been Qell-supported.A

It is difficult to predict future trends .in this area, Some people with
whom we spoke have warned that large scale collaborative efforts could

swallow up the resource talent currently dealing with less directed research

efforts. Others have despaired of the possibility of devel opmental efforts

~

attracting the talen which they will require.

At this point we might'contrast the experience of biqmedicine and chemistry.
Outside of the drug.field; there is little opportunit& for the commexcial
exploitation.of developmenpal research in the biomedical area. Thus, there
is little incentivq'fofvindustry to bring biomedical knowledge to the
devclopmentai stage. In cheﬁistry, by contrast, thgre are industrial

firﬁs which regularly and profitably.turn new knowledge into new .
products, Part of the success of the chemical industry may be explained

by the si?c of its corporate units. They are sufficiently large to

make it feasibie and profitable for individual companies te carry on their

ik‘oén'niande projects.

TR
-y P
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DeSpiﬁe ;he lure of higher salaries, many, if not most of our most

talented and original chemists stay within the acadeﬁic compunity .

Their more workmanlike brethren, on ;he other hand, can take industrial

positions in which they can bring new knowledge to the point of applicatiaai

At present biomedicine lacks tﬁis incentive structure and corporation
‘.organization. The unfortunate result may well be that unoriginal, but

capable researchers are attempting to generate new knowledge when'they .

could more profitably be employed carrying on developmental efforts.




Effectivenzss of NIH Training Programs
A systematic evaluation of the effectivness of NIH training programs
4 -
has never been done. Good-statistics on the number of people supported

on these programs are not available before 1963. . A report entitled

The Development of NIH Training Programs to Meet National Needs for

Research and Teachlng in the Biomedical Scxences is now undergOLng

final réview at NIH and. should be available shortly.

The National Institute of General Medical Sciences is the primary
soorce of NIH support for training programs. Their experience has "
been summarized in an NIH report:

To obtain this output of PH.D's it is necessary . K
" to provide support for approximately six times as

many students as will receive the degree in any

given year. Again, the data are relatively consistent
over the short span in which information is available. . .
It should be pointed out that this ratio of one Ph.D

to six graduate students is considerably better than the
national average in the biosciences which is one to ten;
thus, the non-NIGMS ratio is 1 in 15. Thus, it appears
that NIGMS support is twice as effective as other pro-
grams. ’

There are of course many.factoxrs whlch 1nf1uence any effectiveness

~J
measure. For example, if many graduate students are not Ph.D candidates
any Ph.D. support program (80% of NIGMS trainees are seeking Pi.D ) will

look quite attractive on a Ph.D. per graduate student basis,

The chartfbelow shows the relative performance of NIH supported

graduate students as a function of the level of NIH support in the
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. 7
field.
FIELD PH.D.'S TO NIH-  NIH Pi,D.'S AS % % OF TOTAL IN (3)/(4)
TRAINEES 1964-5 OF TOTAL 1965 FIELD SUPPORTED
A _BY NIH 1953 !
(1) (2) (3) (4) (5)

' s Anatomy 34 40.0 29 1.38 v/-
Biochemistry 80 27.6 36, .. .77
Biophysics 25 64 75" 85 v/

s Microbiology 91 40.4 31 1.30
- “, Pathology 1y 42.4 12 3.53
/ Pharmacology 47 59.5 55 1.09 v/
- Physiology 64 50.0 40 1.20
; Biology 9 5.0 3 1.67
' Genetics 28 32.6 35 .90
///,Nutrition 10 47.6 28 1.70
Colunn (5) gives some sort of effectivness measure for. NIH programs. The

chart indicates that NIH programs are most effective in those areas in which
it supports the smallest percentage. of the field.

of the economist,
_ 'support in a field.
{;.centagc of total support had an average offectiveness rating of 1.92.
“ ' five fields which NIH supported the most heavily had an average. ratlng of
In all cases a small percentage support field had a higher effectxve-

.96

ness rating than a large percentage support field.
Underlined fields are those in which NIH supported the greates» percentage

of thg field.,

e (W"’

(Ly
(w“f‘

Put in the jargom
there appear to be diminishing returns to increasing
The five fields to which NIH gave the smallest per-

The |

L
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INDIRECT TRAINEES WHO RECEIVED FINANCIAL SUPPORT
FROM NIH TRAINING GRANTS .
FY 1961 - 1965

.
'

Fiscal fTotal Predoctoral 1/ 'Postdoctofai 2/
Year " Number _ Number - Number
1961 T 12,473 7,528 | ' 4,945
1962 : 14,417 . 8,988 5,429
1963 3/ 18,902 12,847 6,055
1964 _3_./‘ 22,216 15,531 . 6,685
1965 3/ 23'33% Movail. Sevatl.

1/ Includes trainees at prebaccalaureate level.
2/ Includes trainees holding a doctoral degree and seecking
another degree.

3/ Includes trainees supported under NIMH Undergraduate
Training Grants. (NCI and NHI undergraduate training
grants do not support trainees.) Data for prev1ous
years not available.

NOTE: This material was received by DHEW Aﬁgust 31, 1967. We daid

not have an opportunity to 1nclude the figures in our analysis.
PP v S§/SAB/D Y

Report # 68-17
August.. 25, 1967
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Quality of Personncl in.the Biomedical Field

We were not able to make a direct evaluation of the qﬁaiit& of
peoplé in the biomedical reseérch field, This section discusses those
indirect measures which we codid find.

From 1954 to 1967, the pool of professional mappowe% in biomedical
research expanded from under 20,000~to approximately»65,000 individuals. -
. Inevitably, the quality of sucﬁ}a flood of  people moving into the bio-
.medical area has been questioned. ‘Such a question cannot, of course,.

‘be answered without a detailed investigatién. All we can look for are-
.indicationé one way or another; in which spirit, the following infor-
mation may be of interest. Of 1964 college seniors majoring in biology,
93 percent of the top fifth of the class was going on to graduate school.
This is not very surprising, whét is striking is that more than 84 per-

g cent of the students in the next three decades were going on for grad-

uate study, most of them under Government-sponsored programs.l/ The

S e ————————
- 1/We might note i
= C a statistic which ite? -
with other Fi " " Ve citel in our sectio 4
55 percent felds. For "those whose carcer field n, Co@Parlson
ent of 1961 college seniors of both was the biosciences,

men were in graduate school in 1964." SeXes and two-thirds of the




figures suggest two hypotheses:

1. Little of the NIH.éupporc to institutions of higher learning
>trick1cs dovm to expand'the biosciences on the undergraduate level.
Indeed, many observers have made statements ég support of this
hypothesis. e B

2, It is extremely easy to go on for graduate study in the biosciences. .

Another interesting statistic is the approval rate for research

. proposals revicwed by NIH. An approved project is simply one which

has been judged to be of some scientific merit; if -funds are available,

can . .
it widt be supported’™ Since standards of scientific competence have

probably changed little during;the period of NIH's existence, it is /}'f / “ﬁ
.- ...---w-——'-'—""’“‘ ) . .- ' . It ;
possible to regard the approval rate as an indication of the quality 'g\.>L

- . ‘t\}

of researchers, in a given year. As Table 6 illustrates,'the approval

rates for new NIH applications dropped sharply in the years 1957-65, /[ / Y
N e
(VIR ({}

from 73.7 percent to 51.5 percent. o : J/“"“ /;-/“W/_

' U s \ .
* Table 6 /V,c/L-{ .ufﬁ“’ ,
APPROVAL RATES FOR NEW NIH APPLICATIONS g

1957 1958 1959 1960 1961 1962 1963 1964 1965

NUMBERS  73.7 67.0 63.7 58:4 56.1 52.0 53,6, 51.2 51.5%
AMOUNTS  68.0 53.3 52.1 48.7 44.8 48.0 447 42,7 43.7%...

This trend suggests that ‘the overall quality of biomedical researchers

" declined with the major influx of newly trained manpower in the late:

- fifties and early sixties. However, such a conclusion would require

a knowledge of how new researchers compared with older ones, with respect

. to apprbval rates, both now and in years past. Such information is not

at present available,'but could presumably be ‘obtained by NIH from their

‘data on applicants. and project evaluations.

.;,*NIH‘t?ZEitionhlly refuses to fund approved projects with priority scores
*+""'yhich place them in the lowest decile of approved. projects.
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Age Distribution of Manpower

Most psychologists and scientists agree that creative scientific

) rescarch is the domain of the young." The Special Subcommittec on In--

wreia g

vestigation of DHEY heard testimony to this effect:

Dr. Kenneth Endicott, Director, National Cancer Institute,
informed the subcommittee that in his opinion-research was
a young man's game. He stated that often a good invesfiga-

tor will commcnce to "run down" in his forties and become o

. unproductive in his fifties. He further stated that this
. 'was one.of the reasons vhy lifetime awards under the Research o
Career Program were considered not desirable and were terminated.,

\

——

PR SN
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. Given such conclusions, the rescarch career awards warrant some

D

invcstigation. The value of such awards has been questioncd by the
Woolridge Committee, and subsequcntly by the Rogcrs QuhCOﬁm1Lccu.

The subcowmittee made a check of carcer awards under ths
program and noted.that 23 of 24 recipients were over 40
years of age at the time they received the ahqld-—3 of these
avardees were over 50 years of age and 1 awvardee was over 60
years of age. A check of career dcveloPment awards under
this program also was ‘made, and it #zs noted that 32 of 47
recipients will be over 40 ycars of age at the completion

of their first 5-year award. Moreovegr, as there are mo age
restrictions for grantees, it must be assumed that the age
factor will not preclude the granting of follow-on awards
for an additional 5 years to most, if not all, of these

sane grantees. Therefore, it appears these scientists were
given awards to develop them into proficient researchers: .
at a time of life when it is be}lieved that their age is a
deterrent to such proficiency. '

"Of the institutes reporting in 1960, only Mental Health hdd a mean
~age of gfantees below. 40 (sce table II). The median ages were somcwhat‘
lqwgr; but~gvén if one restricts his attention to initi#lbgrantccsjstﬁc‘
lowest median age is'36.: Thié figure appears to be a little higﬁ'in‘
- view of the'accepted notions about ;ﬁe connection between reééarch préL
ductivity and age. We hasten to remark, however, that it is cerfainiy
not a cause for alarm, and hay represent the best compromise available
in the context of existing manpower in the biomedical'SCiences. zMore
ought to be known, however, about NIH.fugding of investigators in vari-
ous age groups, on which there is little or no data at this time."' Are
young investigators at a disadvantage in thé compgtition'for funds, per-
hapsibecaﬁse of 5 lack of cxpericnce in the art of grantsmanship,”or
perhaps bcchusq.it is difficult for study secticns to have confidence
2 . S ) '
in thcir throvc& capabilitiesf

The dlerlbul:on of NIH supporL to faculty members of the mod:cal
'schoola, on thc other hand bL0m9 to favor the )oun"ox pLoplc. able ”F

St

ahows that whllc only 14,4 pcrcan of nll plofcusozs hav; more than
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~ Teble - L
. ‘ Meen end Median Ages and Age Range , , )
7. . " of Principal Investigators, by Institute . " : -
/ ' (iv Years) ) ’ T
7 TS pia ' Institute 4 _ LA
Jtew - Instltutes A Bl c|] D} | 6 HI| %
Initial -and Rﬁp_»:a: Grantees o T s " e
Mean age 40 40 |40 |42 | B3 |42 | 41 | 41| .
Median age 39 38 | 37 | 39 | 40 | 39 | .38 | 39| 37 ‘
v+ Range . e A S ' .
Youngest 25 | 26 | 28 |27 | 27 | 25 | 26 | 25 | 26 "
Oldest 81 o 81 68 70 66 80 13 67 69
. '.'t‘-.'
_Initial Grantees s
Mean age 39 | 36 [ 39: )40 | a2 [41"] 39 | 40 | 38
Medien age 37 - 36 36 38 39 | 36 37 | 38 36
i.» Youngest . 25 . 26 .| 28 28 | .27 | 25 | 26 25 26 BEERRE
~. " Oldest. 77 170 [ es |70 | s v |er | TL | 69 s
.y L — . : :
‘ ! e . . Repeat Grantecs . o '
“ 77 MNean age 43 - 43 ] 41 44 45 44 44 42 42 00
Median age 41 41 | 39 [ 41 | 43 | 42 | 42 | 40| 41 %
o Youngest 27 - 27 |. 29 27 33 28 28 31 30 :
- Oldest ) 81 ] 81 62 67 66 80 73 67 63 :
Tablo . Ee
: . % of salery pai¢ by fedoval funds
Position 200, . 50-99; =485 0f
. Profussor 8olh 63 25,65 625 )
Associato Profe )B.75 15,55 . 22.8% . 463
. N ' " . 2 it
LAssistant Frofe 195 1435 227 . £5;3
Instruoctor 250 . 9.7 2,55 7 883
.* . . .o '.
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half their salary paid by Federal funds, 34.7.percent of the instructors
. r ’ .

Gﬁ:\ - receive such support. And although fewer instructors are funded than
associate and assistant'préfesgors, a higher percentage of instructors

" (25 percent) receive their total salary from Federal funds than any of

the other three groups. . . " ' | Y

- Our primary conclusion is. that ‘more should be known about the ef- .
. - . : o "r'l/
fectiveness of and current funding levels for different age groups in.
the research sector. At present, there is little concrete data. 'In

the absence of contrary evideuce we can only surmise that NIH may not

&J; have obtained an ideal distributlon of support betwveen 1nvest1gators at

g T T I P
¢

x¢°?kx6‘ different levels of age and experience. It has sometimes been suggested "quo
Y / ey NSy Y Tutens
L.)g’jylf;p that.all fir st tlme applicants who have completed training in an approved!
e \///

v:r’ program shpuld be funded, , ‘
‘{r ST s h . - i ama --a',!;r‘

.ﬂq“ v’rk/‘y\’ Distribution of Research

d" ‘X

In our sections on intramural and collaborative research we dis-

e
i&(w" . ;
cuss trends in those areas. The location of extramural grant research

6'5\0

\y)‘  has changed but’ little over.the past dozen yearo.
“U PERCENT OF NIH RESEARCH GRANTS BY GRANTEE INSTIIUTIOV R //((“
/
1954 1960 - 1964 1966
" . Colleges and Universities - 78 - 72% 72 73
Schools of Medicine : 53 . " 48 49 - 49
Other Health Prof. Schools 4 5 4 4
Univ. (Exd. Health Prof.) 16. - 19 20 21
Hospitals +16- 15 . 17 14
Private Non-Profit Olg. 4 : 70 6 10
Foriegn : 1 .3 2 « 2
All Other . o 2 . 3 3 ¢ 2
Total Dollars (Millions) - $28.9 $198.8 $462.9 $556.2

The only trénd worthy of mention is the increase in thc'perccntagc
ﬁ@h ' going to thc non-heu]th pxofesﬂioual part of UhlVOlSlthb.. Thls no doubt

xcflects Lhc increasing re]iaucc o[ mcd1ca1 rcseatch on the sc1cncco. Wc '

gee no reason why this trend should ‘be reversed.
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Comnariscen with Other Fields

There is no theoretical base which would allow us to establish the
appropriate fraction of total national research and development expen-—
: ;‘. ditures which should go to biomedicine. Roughly 7 percent'of our GNP

.: goes to health and medical care. The medical share of R &D expendi~ |

( v

" tures is 16 percent, althoughlit'ﬁakes uQ,;nly 9 percent df‘Fedefaliy- i:“"
supported R & D. There is no reason to assume that fractions of GNP
~ and fractions of R°'& D should correspond. Defense expenditures'are; o
quife naturally, heavily oriénted to R & D. However, -even some of the
outstanding growth areas in our economy such as the getvices sector
engage in very little research and development. A priort it is not,
possible to state a desirable relationship between the percentages
bcited‘;bove.
‘ @MM It may be relevant to compare R & D support between related fields,
or among related situations. If the current 10 pércent figure is appro-
. expenditu{e, it might seem unl%ke%y that Yhe appropriate figure
priate for the medical share of the Nation's R & D¥for 1975 wogld be
5 percent or 20 pegcentf However, changes within a field (or less
likely within a great many other fields) might well alter the appro-
priate figures. The mosf likely significant cﬁange in the biomedical
fiel& in the near future is movement into large scale developmeng ex—
" penditures. At thié time, it is difficuit to prgdict the size or the
time pattern of this movement. "
In addition to prédiction difficultges, éime extrapolations guffer
Gecaqse there uéually is no assurance thaﬁ present expendituré patterns

"are optimal., In fact, it may not be easy to decide what the character-

€@N istics of the optimal pattern would be. The non-functioning of the
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market ‘mechanism prevents consumer preferences from determining allo-
cations. ﬁowever, there is the possibility of allowing producer prefer-
ences to help guide expenditures. fo some extent, the motivation of
scientists is.to develop new information thch society will value highly.
.
In theory, we might agree to support all scientists of a ce;téin level of
capability, allowing them to choose their own fields of research, relyiné“
on their scientific motivation to correspond fphghly to consumer prefer-
ences. | o | _ -
There are, of course, many difficulties associated with any schemel
of this sort. The. value of the output is not the only factor which de-
termines the attractiveness of é research field. -Scientists follow

fads.. A research area may be attractive because good scientists are

working in it, or because it preseﬁts intellectually stimulating

problems.

It‘would be'unwise to follow any laissez-faire scheme tq.the ex- ’?V}féluuf
treme. Some fields wil; be pnder-investigated‘(the best example is ﬁ;i§f§2::‘
‘oceanography which recently has been the beneficiary of large scale 'Jf'iljﬁ ¢

N
-

Federal encourqgement),‘as was biomedical research before the advent of
NIH. .Howevef,'among,mature research areas there should be some element
of parity among the financial inducements’ they offer to enter the field..

Support of Graduate Study

e

Biomedicine as a whole is the most heavily supported major area

6£ science on the graduate level, The table below gives some relevant

.figures:
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Table %,1% Stipend Income for Graduate:Students, By Field cf?Studj/!7%:L

oy ® : (l)
i'ield - Percent
‘Receiving

Physical Sciences

05

Astronony
Chemistry 8l:
Physics 76
Geology & Geography 72
Cceanography , 87
fietecorology ‘. - 81
. Yathenmatics - X 67 -
" Agriculture 80!
. )
Engineering .'
I
Civil -: . Engincering 66.
Hetallurgy 61
Chemical Engincering 7L
Electrical Lngincering 567
Mechanical Enginecering 60
+ ALl other 71
Biological Sciencas |
¢ \
Anatomy . 8h,
Biological Science, Cod
' gensral 71
" Biochenistry . C 92
Botary - 87:
. Biophysics 91
Genetics, i 91.
Hicrobiology 87
Pathology 75
Physiolog: 86
Zoology 8h
All other 84
Psychology 64 -
Anthropolopy 66,
Eecounomics . .. 9
Socialony 62
English e
distory . .. "6
| Geogmaphy | . v Il

(3)

Expected. '
© - Value

2300
2000
2100

" 1700

2600
2000

. 1500
2200

1.700

1700

11900

. 1100
1100
1800

: 2700

2100

2600
2200

. 3100

2700
2100

. 3100

2600

. . 2000

2100

1500

-1700

1600

1500,

900
800

°1300

~~

-

- s g

L1 ]
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It is instructive to compare the material shown in the graph be-

low .'fmd the table which precedes it:

& . Percent of tolul .
asraduate students : . ) . L .
* in the field . '

..

80 {
. . | © Biophysics - c : 1 .["' :

o’

p e Am——

© Pharmacology : . .

S e ey e e

"0 : 1200 300 400 500 600 700 .800 - 900 . 1000

. NIH Predoctoral fellows and trainees, 1963 - ‘
Ca © Basic medical sciences ‘ B '
O Other biosciences

LR R ——

\

-' , The seven fields most heavily supported by NIH in terms of num-

bers of students are also the seven for which they support the greatest

percentage of total graduate student enrollment. These areas fared

@ very well in their degree of .suppor.t on the graduate levei, as the fol-

lowing table shows:



GRADUATE FIELDS WHICH LEAD IN SUPPORT BY NIH, 1963

' % of Students Percent Expect Value

Field # of Students in Field on Stipend of Stipend
Biochemistry '880 (1) : 367 (4) - 927% (1) $2600 (5-7)
Microbiology 770 (2) . 31% (6) 87% (4-6) . $2100 (12-14)
Physiology ° 500 (3) 40% (3)  86% (7) ' $2600 (5-7) }
Pharmacology 370 (4) 557 (2) n.a. n.a.

Biophysics 420 (5) 757 (1) 91% (2-3) $3100 (2) .
Anatomy 250 (6) 29% (7) °  -84% (9-11) $2700 (3-4) e
Genetics . 240 (7) 35% (6) 91% (2-3) $2700 (3-4)

Numbers in parentheses are ranks out of the 32 fields represented in’
Table 4.1.

The average expected stipend fer ; field listee in Table 4.1 is
. 81970, for the sciences it is . $2260 . The average for the fields
. which receive the greatest NIH support is $2630. Perhaps more imporeant
than the expected yalue of suppo?t.is the percentage receiving support.
Here again, NIH's majo; fields did very nell. In comparison to the 32
field everage of /.2 % and the science average of iﬂgfk, the NIH fields
" average was 88, 54.1/ - |
We unfortnnaeely do not have the comparative stipend and percentage
_ support figures for years later.than 1963. However, it ie impo:tant

- to point out that graduate study in the blosciences contlnued to in-

crease rapidly due, in part, to generous NIH encouragement.

1/The NIN major fields are importamnt in gettlng overall averages. Given
the mathematical properties of averaging, the disparities are reduced
_because the NIH fields were included in the overall averages.
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Percentage Increasc in

! *
./ éield . _Graduate Enrollment f-
! Average Annual -1964-65:
-Increase, 1960~ . to
' 61 to 1965-66 - 1965-66
' Total, Selected Scji
> Fields..vu,v,ee,,sore s | RN T
. . v. O'tt‘.o' .. . . ; 9.5

" Biosciences....... . T R N B
serrreeenanial. L 1400 ¢ ] 14.8

o . Basic Medical .Scije R R . " e
o Other Biosciences.???f::..... 2 - 1L ' |
A Mathematics and Statistics."' vesse 15.0 } . 17.0 o
.~ Physical Sciences................. | © 112 o 10.8

* . Selected Social'Sciences...:.....: ' 7.0 - 7.2 -
;Engincering..a.;............:..... ) o 16.6
J' .‘ AR | 9.5 . .. 5.9 [\

In a field which is expanding rapidly in response to support om
the graduate level, we would expect that'large percentages of under-
graduates in allied fields would be going .on to graduate study. ‘This -

is, in fact, the case in the biosciences..

One~third of 1961 college seniors were in graduate school three
years later in 1964. - For thosé whose career field was the biosciences,
55 percent of 1961 goilege seniors of both sexes and two-thirds of.the
men were in graduate scﬁool in 1964. We discuss the implications of
this situation of exceptionally wide-spread suﬁport in our section on
the quality of pergonnel iﬁ the biomedicai research fiel&;

E Comparison in Approval and Funding Rates

. It is also instructive to compare the support given.to different

fiqids of science. In the tables below we compare NSF and NIH

! experiences
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6_ i "EXPERIFNCE OF NSF AND NIH SPONSORED RESEARCH PROJECTS -

Proposals : Awards RxkwxRate

NSF 1966

NIH Related Sciences 1761 for - 907 for 519 v
including Cell Biology,Molecular $154.Umillion $33.1million 229 ‘
Biology, Physiological Processes, '

and Psychobiology : . ‘ : T
OtPer Sciences 5015 for 2740 for 55%.
including Environmental and $357.1million $1274 million 35% -

Systematic Biology, Biological

Oceanography, Astronomy,

Chemistry, Mathematical Sciences, - ' . ‘
Physics, Atmospheric 8xmk Sciences, . : o
Earth Sciences, Physicil Sciences -

NIH 1965 ’ : ' - " Approval Rate 51.5%
| : . $Awards Rate 43.7%

-
b+

Wiffﬁ T_This table indicates that on the whole, NIH related sciences didf:f  ff'AL

3

not fare nearly so well as other sciences in the competition,fofﬂNSF

funds. To the extent that the NSF standards~é¥§¥g¥§xgif§;tific quality - ¥

e

across fields, it would appear that the scientists in NIH related fields
are of generally lower quality. There are, 9§ course, other factors
which might help explain these figures. o '~¥*g§§_\;‘

| No definite conclusions can be dtawn‘comparing’ﬁhe statistics for‘“ |
‘ NSF and NIH. The NSF system does not have the two step, award then fund,
procedure. Thus; it is impossible to state whether a greater or lesser
per;entage oé projects of scientific merit gét funded at NSF. «

If i? instructive to note that the amounts‘percéntage as a fractiom
’ 4

. of awards percentage (approval percentage for NIH) is much lower at NSF

than it is at NIH. 1If anything, the fact that some NIH'approved pro-

Jects 50' unfunded would have led us to expect the opposite situation.

'? ~ Possible explanations'includezlf
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.2. In comparison to NSF, NIH appr

1. .NSF cuts its approved applications more than NIl.

oves and funds more projects at the.,

.larger end of its spectrum.

(approbéd projects funded/appfoved projects) is

"3,. NIH funding rates, . ' ' Lo -H’

gufficiently high not to affect its amounts percentagg/awards per

LI

‘¢entage significantly. .

NIH funding information for 1966 is shown below:

1 1966 rescarch grant applications, apbroved, Jinanced, and unfinanced P

"I . . ~ [Amounts in thousands] B . . ‘
5 . : -
. : Approved . Finoneed Unfinaneed, -
Appropriation h A
Number | Amount :\’umhcr Amount | Number | Amount
Cancer. I e | s0,705 ]  Las3| sseom | ass| ss.su
. 2,107 8.’,351 2,171 81,710 26 641
425 13,428 330 11,263 §6 2,163
Arthritls and mol'\bolic diseases. 3,087 §2.504 2,796 5, 204 201 T 00
Neurolugien discases and Llindn 1,574 9,710 1,676 54,495 L 198 ) 5, 215
lerp\ andd Infections discases... . 1,620 45.318 1,348 38,271 278 7,007
oral edical SCIeRCOR e ..nnennenenee 2,14 67, 613 1,684 53,612 450 14,031
.~ Chilpl ltealth and human development. .. 1,065 | 34,136 1,065 | 34,139 |cmeaceni]iciennnann .
International researclh. o eeeecencoececannns 12 334 129 - IR P .(l:...
Entironmiental Realth S6ien008eeceecacaeecfuercensacc)iccancaciaficeoncacactinnes R
[
' d Total. e 14,145 | 445,549 [ 12,060 | 403,303 1,454 (5;.246
. |

The overall funding rates are 89.5 percent by number and -90.5% by

amount. Funding figures for past years are in Appendix __. Pub=dll

—pezcﬁn@u&ubvénﬁﬁnndﬁdi

Income Comparisons

Income comparisons betw

een fields may.easily'Bé misleading. The' ~

following table shows estimated lifépime.earnings for different scien-

tific areas. . K R

AR
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ﬁg;\. . ESTIMATED LIFETIME INCOME BY FIELD OF PH.D. SPECIALTY l960l/
. ‘ 4-Year
Income - Stipendgj .. Stipend as %
Field . (000's) . (000's) .of Income

"Physics '$168.1 $ 9.7 1. 5.44 ,
Chemistry T 158.9 94 ' 5.60 ;
Pharmacology . 154.8 . 12.9 7.68
Geology : . 144.5 8.2 . 5.35 .
Psychology 140.4 . T 6.7 4,52 ‘
Biochemistry . 132.9, . 12.6,; 8.65 '
Agriculture 132.1 ©10.6 7.40
Microbiology " 131.6 9.9 6.96
Physiology 126.2 12.2 8.83
Genetics : 123.1 12,9 10.21
Botany . 118.5 10.3 7.99

;-Underlined fields are those of major NIH support. Biophysics and ana-. .
:_tomy notavallable.‘ , oo

Lot
S

. .1/Sstipend and income flgures’dlscounted at 6 percent, § are 1957 9 dollars.
2/Stipends are for 1963.

ey &?jf{ SOURCE: Dissertation in progress by Richard Freeman of Yale Unive%sity‘
e on scientific manpower. Note stipend numbers are somewhat
greater than those shown elsewhere in this report.

in biomedically-related fields. This is accounted for in'large part -,
by the fact that they are better supported onlghe‘graduate level.(///‘
The biomedicgl fields do not do well with resﬁeét-to estimatedv

‘lifetime incdme. Out of 11 fields they rank third, sixth, eighph,
ninth, and tenth. On a non-weighted basis, their estimated income is
-7 percent lower than. the other scientiéic fields.h Richard E}eeman,

. who;e dissertation is the source of this daté‘suggests that the rela-
tively 10w income expectation might well reflect the.fact that the bio-
medical reséarch field ié over- populated at present. Further invésti#

‘. gation would be required before we could accepﬁ this rather sweeping’

' ‘conclusion.

Do
[N
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Patterns of Support in Other Nations ,
- A comparison of U. S. experience with that of other Nations may be

-instructive. The table below compares Federal R & D allocations among

four countries.

SUPPORT OF VARIOUS GOVERNMENTS FOR HEALTH AND MEDICAi R&D
‘

.
’

% Total % of

) Gov't Total
* Funds -+ Excl.
Country Category . .Expenditure R &D Defense
- Canada . Health and " 4.3 million 2.0 2.9
: Welfare 195960 Canadian $
France . Health 1961 13 million .5 ‘ 1.1
‘ francs :
United Kingdom Health and 6.3 million 1.6 4.4
Medical pounds - - :
 United-States  Health and  $451 million . 4.8Y  16.7
: ) Welfare 1961~62 ' s
United States Medical and $1475 billion . '.8.9 . 15.9

Health Related
Research 1967
1/Education and NSF not ‘included.

Source of original figures: Basic Research .and National Goals. National
Academy of Sciences, March 1965. 1967 figure from NIH Basic Data.

The data suggest that the United States grants a relatlvely larger
portion of its R & D expendltures to- biomedic1ne than do other

'countries”3/

2/The United States does finance some research in other countries,-
but the amounts are not so signiflcant as to alter any 1mp11cat10ns :

drawn from this data.. T e
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e

"denied. Without a demonstrafion that biomedicine is an inherently more

A}

In concluding'this'séctions.we note thai by all measures wéycduid”l'

~ discover, biomedical research in this country is as well or better sup-

ported as other areas of science. To the extent that it; is better sup-
ported, individuals in the biomedical area can receive financial en-

L1 2

couragement that more capable people working in other areas would be

[

' important area than other areas of science as a whole, we must regard

this as an inefficient and inequitable situation.
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. 1 ./"\
Medical Schools , o

é&;? ' In the flve-year period from 1960-61 to 1965 -66, the full-time

faculties of the Natlon s medical schools increased 54 percent, from Q’w)j’/))lﬂ

.
/

11,1;1 to 17,149, During the same period, the number of medical stu- /;E/L
dents increased only 8 percent, from 30,288_to’32,825. The net result NG

was a decline in the student to faculty ratlo of 30 percent, from 2.7

o .
t:riﬂz. Eiji“ 9L4£¢) ?fZLQ4A>éL<%z aleo ~ﬂn44%:7 «{f% //LtAr———:2j=

This dramatic increase in faculty clearly reflects the large
.amounts of money which havo been poured into the medical schools. The
percentage of full-time'faculty receiving all or part of their salary
© . from the Federal Governoent has'increased from 27 to 49, in the same
period. In the period from 1958-59 to 1964-65, medical school expen-
ditures increased from $319 million to $779 million, an increase of
144 per;ent. The pétcentage.of total medical sohooi ekpenditures paid .
-é;; by Federal funds increased from 30 to 54. Federal funds to medical
‘ schools moltipliod nearly four and one half times in this five-year
;fl -+ period, |
L The most rapid growth withln the medlcal schools came in the BRI
T-sponsored programs‘(218 percg&t) “The regular operating programo 1n;‘ iri?f“
f;ufcreaoed only 83 percent over this period. And-these»figures do not..

re ,) .. ,‘}'
even prescht the true extent of the disparate growth rates. Nearly

$50 million in overhead on contracts and grants, $44.7 million Federal,
was Budgeted for ‘regular operating programs in 1964-65. Na such .

_funds were available in 1958-59,
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oo Table ;
MEDICAL SCHOOL EXPENDITURES (IN MILLIONS)

Sponsored‘Programs. 1958~9 1964-5  Change
l. Federal contracté and grants for :
teaching and training $ 20.8 § 95.8 +361%
2. Total contracts and grants for o
teaching and training ' . $ 25.4 $104.0 +309%
3. TFederal contracts and grants for , : .
) research $ 74.1 $280.6 - +278%
4. Total expenditures for sponsored '
rescarch . $113.8 $342.9 +202%
5. Total expenditures for sponsored :
programs (2 + 4 + misc.) $144.2 $459.0 +2187%
Regular Operating Programs |
‘1. Overhead on Federal COntracts‘and
grants L 0 $ 44.7 +
2, Total expenditures for regular :
operating programs ' $178.8 $319.7 + 83%
- .' .}iEDICAL SCHOOL FINANCIAI DATA
~1958-9 1963-4 . . __1964-<

10, Feicentage of tola) medical sehool exponditures

:gg:::g'hels.lgr;t:tl;.g:g;)opemllng programs (excluding 55% % .- v
l_l‘;'ﬁv;;g:‘;gfe%! ;?;él;ﬁ:;lical school expenditurcs for 5% 59% : -

. 1’{;‘:;&;:5:53:; :::z'l':vi:.dfcat school expenditurcs for s6% 5% ) v a5l
13. ::'::‘r'\‘l:‘:ﬁe":a :':lal medical school expenctitures pald .'30% ) - s4es 549,
i'a?‘mg:‘mge “of'sponsored rescarch pald 1rom' fedoral o5 81% R _ © pan
e e e o .
16" :’:vdcf:clg ,::32733;1}?{{:93’:“"" pald him state e . 4% . | - | 43%~ .
Tﬁ'ﬁrﬁﬁﬁgfﬂ;@thedlul school expendilures poid % ™ S . i T s
- l

e

",


http:feller.ti
http:l37'�Pcrccnlar.ci

;Tpis data provides obvious justification for the frequently-voiced

conclusion that the Federal Government has become the primary source of
. X :

support for the Nation's medical schools. It is significant, however,

that only a limited portion of this support goes'directly'into regular
operatlng programs. M I/l)g_,’ (a)-('/ai / el 7 <
T ./;»&/LN-—C) > ié_,,d,{ focle

"New Medical Schools pAhea " o ’ .

7 ' : oo

The Nation is now confronted with a significant shortage of phy--

sicians., In partial response.to this need, a number of new medical
.schools are in the planning and developing stage.
16 new schools had recelved provisional accreditation from the Associa-
tion of American Medical Colleges (see Table J ). These schools are .

all scheduled to open their doors by 1971, It is reasonable to hope

for an additienal ten schools 'by_ 1975, ,

e r s e e——

\ Table 1.—Medical Schools in Development 1965-1966

. 5 ' Tenta. Maxh
st LY tive  mury
R . I . Chicef Starle Enrol-
e L T Administrative - ing' ment
School® Officer Date Piannid

University of Arizona® Merlin K. DuVal, Jr. . Fall,

School of Medicine Dean 1967 64
Brown University®°t M. V. Edds, Jr. Fall,

As of November 1966, . 1

Program in Medical Science

Director of Medicine 1963 50

University of California® C. J. Tupper Fall,
School of Mcdicine (Davis) - Ocan 1968 128
University of California® Joseph Stokes, 11~ Fall,
School of Mcdicine (San Dicgo) Dean 1968 96
University of Connecticut® Joseph W, Patterson  Fall,
School of Mcedicine Dean 1968 64
University of Hawalit Windsor C. Cutting Fall,
School of Biomedical Scucnces Dcan . 1967 50
Louisiana State Universily® Edgar Hull Fall,
* Medical Collcge (Shreveport) Interim Dcan 1969 100
University of Massachuscits® Lamar Souuer Fall,
School of Medicine Dean 1970 112
Michigan State University” Andrew D, Hunt, Jr. , Fall,
. College of Human Medicine Deon 966 50
Mount Sinai® George James . Fall,
. * School of Medicinc Dean 1970 100
4 University of Mew Mexico™$ Reginald H. Fitz .* -, Fall.
School of Medicine Dcan 1964 48
* Stale University of New York®  Edmwund D, Pelicgrine  Fall,
School of Mcdicine (Stony Brook) Director of dMedical 1971 150
. Center
' Pennsylvania State University® George 1. Harrell Fall,
; Milton S, Harshey Dean . 1967 64
Mcducal School - A
Rulrms—Thc State University” ocwm Stetten, Jr. | Foll,
l Rutgers Medical School Decan 1966 64
- 7 University of Texas” F. C. Pannill . Fall, '
Soulh Texas Medlcnl Schoot Dean . : 1967 100
{San Antonio) : S ) .
* Yoledo Stata® CGlidden L Brooks  Fall, )
W et College of Mudicing 1970_ 100

"gdccnl curriculum,

- SV “Planning complele curriculum lor MO degrce.
hrlanmn" programs o meet requirements for the l-vsl two years

T

*sSix-year combined premedical-medical progrom, .

tﬂrst chss carolicd September 1964,
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(.\ It is important that the personnel exist to staff these new
. @“;“‘ schools competéntly, meanvhile allowing for the expansion of those now
in existence. The problem does not seem to be critical, however, at

this time. For this, as Dean Thomas Turner points out,.ye must thank -

4 - ) g-'.

NIH:

.. In another context, the large NIH program of research sup- TS
s port has had a most important but perhaps largely unantici- ‘
: pated result. For almost solely as a result of this program,
during the past fifteen years it has been possible to bring -
about a substantial increase in the yearly number of medical - .
~ graduates in the United States (from 6,135 in 1951 to 7,677 - . -
.in 1966, a 25 per cent increase); and further increments :
are projected. We now have the medical and scientific man-
‘power to staff the enlarged medical schools and the new
 .schools the nation needs so badly. Had this program not
been operative, significant expansion of educational facili- |
- ties could have been accomplished only at the risk of a de-
cline in the quality of medical education. As it is, since
enough teachers are available, only money and facilities
- are required rapidly to increase productivity in terms of
trained health manpower. The figures speak for themselves.
- It is estimated that in 1951 full-time faculty positions
in 79 medical schools numbered about 3,575. Today, these.
positions number in the order of 17,000 in 88 medical ’
schools, a pool quite adequate to furnish the cadres for
new and enlarged schools. Moreover, in most medical schools
preclinical departments have been' transformed in their peda-
gogical effectiveness as well as in their research potential,
and much the same can be said of clinical departments.

Even if we should be fortunate enough to.faise medical school en-
rollment to 50,000 students by 1975, our 1967 faculty would be large
enough if we returned to the 1959-60 chdent/faculty ratio (2.9). This
is not, of course, a very likely eventﬁality. It seems highly im-
probable that student/faculty ratios will return 10 that level ig such
a short period of time. However, all évidepce seems to point to the
fact that contiﬂqed increases in the research drientation of medical

schools will not be feasible if we expect,dramétic increases in our

f;pquu;wqf';réinedfphysicians, N




Training More Physicians

Such an increase in the output of physicians would unquestionably
require some Government financing. Much discussion has arisen about p
.?ederal loan programs and possible grant programs for medical students.

. LIRS
However, the bottleneck does not seem to lie in the supply of potential

medicél students., ’ ,
Number of Students Applying . Number Accepted'
1959-60 : - 14,952 - 8,512

11965-66 18,703 9,012

The ratio of.applicants to places has gone up in the last six '
years, and there remains a large pool of students who are denied en-
trance because of a lack of space. With the expected increases in
the number of bachelor degrees oveflthé next decade, we should not ex-
pect any deficiency of people desiring a medical education (see Chart“2).
Between 1967 and 1975, it is estimated that the number of 22-year olds
in our population will increase from 2.8 to 3.8 million, and that col-
legé graduates will increase at least prpporpionately. In addition,
we expect increasing incomes to combine with better loan and scholar-
ship programs, making medical education a possibilitj for a larger
number of college graduates. We don't meaﬁ to minimize the importance
of improved Federal assistance to medical students. There are iﬁpor—
tant arguments for sﬁch aid on both equity and efﬁicigncy grounds. We
meréiy wish to point out that it does not seém that a iack of qualified

applicants will be the restraining force in expanding medical education.

te ,
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What will be needed, then, is increasing Federal assistance to

L}

medical schools for regular operating programs, for teaching rather

than research. Neither incrcased research support by itself, nor sig-
nificant assistancg to medical students will be adequate. Our reasons
for this conclusion seem cleéi. ﬁooking back at Qh#rt‘f, we observe e
that expenditures for fegular operating programs increased 83 percent '
, "
’bver the five-year period from 1959-60 to 1964-65. Excluding overhead

on Federal contracts, the increase is only ‘55 percent. Tuition income

‘_keptﬁpacg with this lower rate of increase, but endowment income and

Sy

' gifts lagged far behind. The §ig source of increased support fof‘;egﬁ

"  ular operating programs were ?tate expenditures for defrayel of medipalff,
college expenditures, whichbne;rly doubled, so that they now‘account:' |
-for 30 percent of the total spént on regular operating programs. The

83 percent increase came during a period when medical étudent'enroll-

. ment incrcased only minimally. Any dramatic increase in enrollment

)

will have to be accompanied by a dramatic increase in regular operating ‘
expenditures. It is not within the scope of this paper to assess the
Federal Government's role in supporting this increase. We merely wish

N ! . .
to point out that increasing research contracts will not be the ]

solution. -

NIH Practice of Separating Considerations of Distribution_and Scientific
Merit

Much of the concern about distribution centers--around the question
of support for small medical schools and those in the development'stage.
. The General Research Support Grants Program disperses funds on a formula

basis whiﬁh favors the smaller schools.lj The following data taken from

1/Each schéol is eligible for $25,000 automatically. Above that, each '

. school is eligible for 5 percent of the first $1 million -of Federal re-~ /¥
search money expended by the school in the prior fiscal year; 3 percent
of the second $1 million of Federal research funds; 10 percent of the

(continucd)




a receqt Budget Bureau study shows the breakdown in support given to
quar;ilcs of medical schools ranked on size, budget, and géneral

excellence,’’

- : ;($ in u11110ns)
* 'NIH-NIMH General Research- ‘Other Agency 2
Research S _Support: 7 Research '
1st Quartile $139.4 (51) 8.1 (37)” 34.4 (51)
2nd Quartile 66.1 (24) 5.7 (26) . o 16.2 (24)
3rd Quartile 42.2 (16) 4,8 (22) 9.2 (14)
4th Quartile 23.5 (9) 3.2 (l?) - 8.1 (12)
. TOTAL $271.2 21.8 . | - 67.9

Figures in parentheses are percentages

However, as the table indicates, these grants are of relatively
minor {mpqrﬁance accounting for'leés than 15 percent of the,suppoft'for*
4th quartile schools., We embh;size this program because we think it B
shows that NIH has drawp an important distinction. Programs dééigued
to ensure‘the survival of underfinanced or new:institutions, or to im-
prove the geographical distribution of funds should be separated from
those whose aim is~to support the.most'talented'scieﬁtifically. The

advantage of such separation should become increasingly clear as the

projected new medical® schools come into being.
The Woolridge Report was in general enthusiastic about General

Research Support Grants. The following quote is from their Administra- -

tion Panel Report.

‘ —'I‘he 'm‘a\.\. ua :beloa f r“éim' 1'Y"3.96~a- R craliotd .,.m-....‘xhea‘ wing s;slmx:.-:;the_'

~financ;nl Aistoly' nderescnt:?ﬁxpctulg\bfgthiSVprog.am

_/(cont1nued) first $1 million of private funds and 6 percent of the"
second $1 million of private funds. These funds can be used at the
:‘disecretion of ‘the institution to open.new fields, adjust to flucLua— .
tions in research support and prov1de services., = o



e
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J
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”Cenera% Research Support Grants: The Panel was especially intercsted

in learning how institutions have been using the funds allocated to somc

of them, in the past few years, under the program of general research
C grants. We found a diéersity of approaches. -In-each case;\i method
}_ - seemed to us to be appropriate to-the immediate, local satuatioﬁ; and N
we believe these fuﬁds are genefally beiné applied .prudently and wisely.,
. , ‘e
We see much merit in the suggestion, made in several of the iﬁstituti@ns ’
5 we visited, that gengral reéearch suppgrt fundé be.inéteased by a fac- .
tor of two or three and that some more latitude be allowed in tﬁeir use.
- The Panel wonders whether GRSG support might not well be offered also
. 'ﬂ>;;  to appropriate_divisions or departments of institutions. other than medi-
;L;caiféhd dental schools. Incentives of thos sort might help’gxpgéitg,igj,;,

" the cutreh%iNiH'bampaign.tbf}ringiinstitu;ions generallyﬂintoitﬁéir

-

; a;proper role, as the Panel sees it, in the total administration of the .

1\
grant program, : S s

The materials'bélow.from FY 1968 appropriations hearings show the
financial history and present structure ofthis program.

v

i

"
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2. Funds ; k
‘ N
fo?."l:epg:::g::?‘t"mmlnblc for distribution to this prografn constitutes “such uni-
age, not to exceed 15 per centum, as the Quw.ou Generai may de-

terwmine, of the awounts provided £
| or grants for research projec g ¥
year tbrough the appropriatious for the ;\'monal In«ntutés f)st t‘l’{c:l'l‘}\ fie ml

(I'ublic L'm' §G-79S).

1962 ehligatious z A . "
1963 cbligations ) o 520' P ted
1954 obligations - 3 D o
1965 obligations gty O s
1965 obligations I 1 200 000
1967 eslituntes ";'-"g:l"ggg' %g

——— , 100, (1

196S cstlmates Y61, 700, 000
——— ]

1 An amount for NIME :
us o ameun obllgutt.(lltlluigu‘glflgdtd here (1067—-50,.3] 000 1065—34,067 000) lm\smuch o
\

3. Prexent stuge of devclopment e e e e T .
8]

In 1967 general rescarch su
. ¢ pport grants will provide =un nwt for 296 1
?::ﬂf‘;‘:;fﬁ‘h:ff{ﬂ?fﬁi lllgsxc);t.\ll research institutes, laboratox‘xic;, ‘mntcx::):nlem::xt:txll
search organizations heavily engaged in health relate
;ﬁ?ﬁ:ﬁ:mﬂ'{ 1;(1;:2;?11 ‘x:xl)ll{u;,\imately t10&]) aﬁadcmnc instntuuons other than ;cl:(}xl‘fﬁ 4
& e supported. Approximately eight institutional ad
vancement awards will also be made. These award ncourage
the recipient institutions to enter' the he ¢ carch fis mtcnuea et timo or
r alth research field for the fi
to exnaml and fmprove their present biomedical research activities, st time or

e F AR S
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The Distribution of Support“for Medical Scﬁools

Figures for percentage distribution of total funds are often not

too informative.- No one would expect that a school with a faculty of

. 50 should receive the same total funds as one whose five times that o

o M

The chart below gives what we belleve to be a more relevant}x“'

:3 figure.

[N
"

comparison.

MEDICAL SCHOOL SUPPORT RANKED BY SIZE OF FEDERAL CONTRACTS -
AND GRANTS.FOR RESEARCH - '

.

DR : o ' Research Per

fFéderai % of

Faculty Member

: - Research-$ Total Faculty $2203. Thiusand
E First 22 Schools $154.5 m. 55 - 6,579 $22.8 thousand
i ~ (per school) 7.0 m. |
: Second 22 Schools- 66.9 m. 24 4,389 15.2

(pex school) -3.0.m, .

Third 21 schools . . 38.5 14 3,013 12.8

. (per school) 1.8 . ' :
Fourth 22 schools 20.5 m. 7 2,035 10.1

(per school) *




>

Gy’

.Oyr figures were Qerivéa from data submitted by the Associaﬁion of
American Medical Colleges for medical schools.

The distribution of fﬁnds shown in the table above is significantly
more skew than that of Table + However, the more relevant figure,'
research dollar per chulty member shows that the smallér §chools are
not neglected. Only two schools in 8% riceive less than $5,000 per
faculty member in Federal research funds, two more receive less than -
$7,000,

It woul& not be reasonable to expect that achools of varying qual-
ity ﬁould receive equivalent levels of research support. Th; figures
cited above indicate that the fpnds are spread fairly well, certainly
much more than most people believe.

Training funds on the whole are much more evenly spread than re-
searcﬂ funds. The 15 lérgest medical schools (in terms of faculty)
receive roughly 10 percent more Federal training éollars.per faculty
member than do the 15 smallest. If.anything, it would appear that these
funds are not sdfficiently concentrated. First rate training is best
accomplished in an atmLSphere of first rate research. |

-We are concerned w1th the distribution of funds at medical schools

JVf because we wish to ensure the quality of medical education, and promote

”’;:/gz , the dissemination of medical knowledge. A further consideration is the

.distribution of physiciané.- The larger, better medlcal schools are on

'// / the whole located in those States which have higher overall levels of
medical excellence and service. It is not the purpose of this .report
to stuﬂy those faétors which inflﬁencé the geographical.distribution

of physicians., However, we miéht mention that Federal funding has not

led to a situation in which the great majority of medical students are



the fewest students per.capita to medical school.

drawn from a very few States. The Nation-wide average is 4.2 entering
medipal students per 100,000 population. Alabama, Aléska,'California, .
Maine, Nevada, New Hampshire, New Mexico, North Caroiina, Rhode Island,

and Texas were 20 pefcent or more below this average. Only Alaska,AMaine

and Nevada had 2.§ or fewer. It is encouraging to note ‘that five of the

lé'ﬁew_medical schools are to be located in the ten States which'sendnff:‘»;

r B : 0"4,.4
FI P

~ Competition between Biomedical Research and the Production of Physicians

People concerned with the inadequate supply of physicians iﬁ the -
Nation, often cite the outsténding growth of the biomedical research
profession as a contributing fagtor. The foliowing ﬁuotes are repré;
sentative: |

And indced, I believe there is evidence of competition be-
tween the demands of medical practice and the demands of
medical research. I refer to the frequently quoted statis-
tics showing that the relative number of A students in first-
year medical school in the United States fell from 40 per cent
to 13.4 per cent, during the period from 1950 to 1960. Al-
though it is hard to document, I have always believed that

at least part of this loss in quality was a consequence of

the favoured position of the graduate student in biomedical
research as compared with his counterpart in medicine. The
United States Government has made fellowships available for the
research student but, with few exceptions, not for the medical:
student. ) .

Alvin Weinberg

After absorption of the post-World War II backlog of medical
school applicants, a progressive decline set in which reached
a low of 14,381 applicants in 1961-1962. Thereafter, there
was an encouraging, although moderate, upturn in applicants.
The National Science Foundation study brought out figures ‘
showing a gradual bleeding away of student interests from med-
icine as a field of research and practice into biological
_sciences, conventional fields have lost ground to biochemistry,
biophysics, genetics, and microbiology, generally regarded as
the glamour fields. :

:,.;;The AMA, Report on Research
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There is muchvcontrary data and evidence. NIH proponents claim
‘that high level research and first quality teaching go hand in hand.
Moreover, they assert that without the increasingly soﬁhisticated science

4 o

’

orientation of medicine, numbers and the quality of medical students ',;

| e
might have fallen considerably over past”dozen years. "
.rv The tables below>indicate that any claims of falling quality over
the past 14 years will not be easy to.Vaiidate. Although the percentage
 of A students has fallen, the percentage‘of‘c students has fallen as well.
, X .
(There is, of course, no way to know that college grading'standards , {
o have not changed over this periodf) : : D fgﬁfﬁf
: (Average Year) =" ' A Students . B Students - C. Students :
i 1953-1957 . . 17.5. S 689 13,60
1958~1961 - 1402 . 70.3 15.5
1962-1963 e 1204 73,5 ’ © 14,1
1964-1965 o133 76.2 . 10.5
A better comparisan of quality would seem to be scores on the med- )

. - ]
ical school admissions test: ) '

-




Table 15.—Mean Medical Colicge AUMISHILvG 1esL dvvies
“of Accepted Applicants During the Past 14 Years

Tolal

.

FARA
) A\;\CC;\ll_cd « [P
i ' ' - General -~ Taking poli- ‘
' C . Verbal Gative Infor MCAT,  cants,
' ‘ ) ' Yr. Ability  Ability mation® Science  No. '77
{ . 1952.1953 522 526 519 525 7.34C ~7.752 L '
1953-1954 519 525 524 530 7.426 - 7'878 e , ‘
19541955 517 521 530 - 533 7527 - 7.8 R
1955-1956 524 528 527 522 - 7.683 , 7.9:33
1956-1957 ! 525 525 s26. s19 8012 | a.g;z
1957-1958 | 525 517° 527 516 8,223 | 8.366
. 1958-1959 | 527 532 520 523 8301 1 s.512
1959-1960 .y 529 527 527 527 8,449 &sco
1960-1961 527 533 527 - 533 8,500 Ia’es~ , '
1961-1962 533 538 522 537 8,033 18,682 .
1962-1963 544 537 541 545 8,920 8313 N
1963.1964 , 637 ' 551 549 545 . 9,021 9,08
1964.1965 540 538 561 556 9,015 9%;;
. 1965-1966 541 583 565 549 8,983 9. "
. - In our sections devoted to manpower we cite statistics which indi- ,
- cate : : s .
that the supply.of medical school applicants and medical school j’
" - faculty have b - ' of .
N Yy have been and should continue to be adequate. Lo

JBiomedical Research as a Drain on Physician Manpowe
o =

Biomedical research also conflicts with the delivery of medical

‘services bacause {t engages licensed physicians., Good data are not

available in this field. We have seen estimates ranging from 3 percent ' '

St

: to'10'ﬁerqéntAforfthé'perqéng‘of.the total physician populatioﬂ!éngdgéﬂﬁ»'ﬁff

N

- in medical research. (This variation might be explained because differ- .

ent measures give different results; e.g., full-time, full-time éqﬁiva-

)

lent, part-time). In a forthcoming report, NIH has made projections on

the assumption that, "The proportion of-M.D.'s entering research will

+  remain constant at approximately 15 percent from each class." This

v

| figure seems high, and in isolation, somewhat misleading. Most' re-

e searéhers have clinical and/or teaching responsibilities. Further,. en-

tefing statistics give high projections if, as we suspect, individuals
devote less of their time to fesearch as.they grow older.
Dr. Turner, President of the American Association of Medical Col-

@R\ ~ leges, does not belie§e the igsearch drain on physician ﬁanpower is

significant:


http:Most:'.re
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CRITICISMS
It is desirable at this point to deal with the commonly
heard criticism that the large federal medical rescarch
program has diverted medical schools from:their main mis-
sion of developing practicing phy51c1ans. I know of no data
to support this contention. :

_For example,:Sanazaro (3) in a recent paper gives data on
career choices of medical graduates in the United States.

0f 5,218 interns in 1964-65, only 2.7 per cent indicated
research or teaching, or both, without clinical-care Zespon-
sibilities as their career choice. In a study of Johns
Hopkins medical graduates for the years 1948 to 1962 in-
clusive, Thomas found that only 3.9 percent were engaged

in activities which did not involve patient care; and, of
these, fewer than half were exclusively engaged in research.*
Significant, too, was the fact that no trend toward solely
research careers was noted over the period which spans the
years of greatest build-up of the NIH research support pro-
gram. Indeed, one may question whether full-time research
is attracting an adequate proportion of American medical
-graduates. Fortunately, the federal. research support has
led to a great increase in the number of Ph.D. graduates
who make full-time careers of health-related research.

-

*Personal communication from Caroline B. Thomas, 1966,

With no ioncrete evidence to~thé,contrary, we tend to hold the

same viewpoint as Turner.

L1

= T——ta O :

Tezimainy




‘Future Prospects

Alvin Weinberg states, in his article "Scientific Choice’ and
Biomedical Science," that "We are, or ought to be, entering an
LT 2%

age of biomedical science and biomedical technology that could rival

in magnitude and richness the present ége of physical science and

physical technology." His optimism stems in part from observations

.on the changing nature of biomedical research. In the past, "bio-

medical research avoided expensive experiments even if expensive experi-
ments were required to obtain reliable statistics." Thistradition is

already under attack, however, and it appears that an important part

. of future science will belong to "big biology." A major part.of this = = .
¢ wpig ééienge" will reflect the development of powerful and expensive;*i‘ {Q

néw instruments and technology for biomedical research. Instruments

which may be developed in the near future include an electron micro- -

[N

scope with one angstrom resolution (powerfdl enough to "

see"
individual atoms), biggef and better-adapted uitracentrifuges, and
automaeed laboratories for chemi;al anaiysis. The use of computer
technology will probably accelerate aé biomedical researchers become

more knowledgeable and sophisticatéd about the possibilities for

exploitation..

- Another trend, which corresponds well with the increasing use of

_iﬁstruments formerly used only by physical scientists, is the increasingly




interdisciplinary nature of the biosciences. This may require

new methods of reaearch organization. The best teséarchAteamsu

may need to have men trained in sever_al different fields._;Indegdl | )f
Wéinbe;g feels that the interdisciplinary research institute is |

+

superior to the unversities for the kind of mission-oriented research
: ‘ & -

it will take to solve the tougher'problems.* John Platt suggests

that there ought to be institutional arrangements which would enéourage, s v

or at least not discourage, scientists who wished to change fields ¥¥ CV:

He believes that such changes of atmosphere are usually beneficial. - - c/;;;}vf:)

The future will probably see increasing numbers of outside ‘scientists

and engineers moving into the bidmedical sector. ’ Ggiyﬂ}(;(gﬁ

) : wooc
@;; A major factor ip a future "biomedical age," however, will be results ;Z;ﬁf; L‘
. e l’\

. . y . . . . e 27, .
which are revolutionary, not merely in a scientific sense, but also .f;v‘bfge
o
y . R . . . s - o
. in a human and institutional sense. Such science fiction themes as 7Y

’ rejuvenation, artificial organs, and genetic engineering could become

realities in the next few decades. Curing cancer would probably not
our
alter the structure of/society, but many conceivable discoveries in the

~ biomedical area could be&rofoundly influential, altering the very
. & '
. fabric of our lives, A'sma11~sca§2’cﬁrrent example is the psychedelic

craze, triggered by the synthesis and release of LSD. Biomedical

research will continue to grow because people have begun to realize

its impoftance. Indeed, its potentialities seem so great that considerable

¢+ . wisdom and foresight will be required to deal with the'discoveries it may

‘give. to an unwitting public.

. *This is current practice in France énd-England; o | IR ‘
3mg,**§2§gggg._December,e,A1966, pp. 1132-9. S R o

e
- .



'é Attracting Manpower in New Fields
é 1f as most analysts believe, we-are entering an.era.ofvfppgﬁ progress Cy
"in application’of medical knowledge, we a?e also entering a peripd

in which medical research will -be forced to draw upon people in arcas "

of expertise out of the biosciences. Most significantly, we expect

that a great number of engineets will bé:engaged in work related.to
. the development of mgdical:techniques. To a lesser extent, sc;entists-éuch.as
~chemists, phyéicisﬁs and systems énalysts.will'also be'reéuired qu"

r

this work.

It is beyond the scope of this paper to give more than brief commgﬁt.

~

of the implications of this problem.

1. We have had much success in the past building up internally consistent

fields such as biochemistry. It is by no means clear that we can repeat
- s
v

this success in bioengineering. The human body is not an engineering I
| - - ' , b
structure. The field of bioengineering appears to be more a bit of 5 q j;»

a

6 / . .'/:T‘ § /.',_';

. . l R ,.-ll,v:"c
between the two. vl 9*/

A7

- | A
engineering and a bit of biology than a coherent field which lies CE”

’

as
2. The people currently engaged in bioengineering(best we can determine,
‘are distinghished in neither engineering nor in their understanding

of biological methods. There is a difficult problem involﬁing incentives

and professional orientation which will hinder efforts to attract people to this



http:sc~entists�such.as
http:related.to

bastardized field.

3. The problems with which these scientists will be concerned are
4 .

sufficiently complex; difficult, and important as to réquire thg top
minds in the reSpéctive fields. Fortunately, aspects of the problem
.lyiﬁg outside a specific field can be éxplginéd‘toAtﬁiented experts

without an interdisciplinary background: Collaboration between biomedical

specialists and scientists in other fields is a promising possibility.

Theifdllowing quote from the Program Development Plan August 1967 for
the artificial heart relates to this problem:

, It was therefore evident that if a truly
s . satisfactory device or group of devices
. ‘to aid circulation in the body were to be
o developed it would be necessary to involve
"~ the best biochemists, general physiologists,
cardiovascular physiologists, polymerchemists,
physicists, physicists and engineers that
could be found. It was also evident that
scientists of this caliber had the intelli-
gence and usually the interest to learn the
vocabulary and problems of other disciplines
involved, and after an initial educational
period could contribute a great deal to the
‘overall program. (p.. 9) - '

f4. Probably the most significant broblem'relating to bringing people

not trained in the biomedical sciences into the biomedical research

'area involves the organization of research. At present, centers yith

éhe appropriate interdisciplinary expertise do not exist.’ .

'
'

L]



(e)

_required,

(b)

-(a) It scems uﬂlikely that current levels of collaborative

programs are sufficient to emcourage industry to make

the -investments necessary to develop the capabilities
Funding interdisciplinary training programs does not secem
to be a promising avenue of approach.

Allowing the medical profession to call on outside talent

where needed is an expedient measure. However, it relinquishes

the initiative to physicians.. Innovations will be made where

conventional techniques in other fields can be applied to

medicine, It is also important that the leading innovators in

other fields be given the incentive to look at the medical

field to see where their new ideas can be put to work.

Alvin Weinberg recently commented on those areas within biomedical
research in which the feasibility of direct application has been
~ established.

Lee —#In this group he said he would place the application

¢——— of engineering science to the development of the
{———artificial kidney.!'To be sure, the artificial kidney

is a cumbersome and awkward thing; yet artificial kidneys
do work. We have passed the feasibility stage and what
seems to be indicated is massive development . . . to
reduce the technique to widespread.practice.' Other e
examples, Weinberg continued, would be further develop-
ment of medical scintillemetry, automation of clinical
chemistry, and development of zonal contrifuge and the

- l-angstrom microscope." Science,.November 4, 1966,

p. 619-20.

LI




The developments which Weinberg discusses require topflight talent
in fields outside of biomedicine who have some acquaintapce with

. . 4 .
specific problems in the biomedical field. A thorough knowledge of

biomedicine would not .be required, . U3

Weinberg charactérized thése problems aéj"Prospects-for Big Biology"'and
afgued that national laboratories'(sucﬂ as Oak Ridge, his institution)
were idea’institutibns for updertaiingvhugé costiy_programs that fequire
multidisciplinary coordination. We are under the impression that some
individuals involved with the collaborative programs at NiH could endorse
. this approach. EREXZELKeorkXXyKEEUX KX ELVAXAUXNERX KU PR KX KX PRIGERLKEX
The followg2§‘8§g§es ?go?ran NIH’reg?rt in prdgress repfesent a;point'Qf

, View somew eren om our ow
It is estimated that a minimum of 2,000 bioengineers will be needed

'by 1975. With adequate support for training of this new breed of

~ scientist, it is our conviction that this objectiVe can be met.

.- "his area is of such critical importance that bioengineering training -

- should be divided into two separate areas: The first dealing with

the use of sysfems concepts in the étudy of human.biology, the second
dealing with appropriate segments of the scientific and medical
complex in the'qésign of sységms for &eliveryiof health care. It is
6ur feeling that, because of the divergent needs Af these two areas,

separate programs of training may be needed althpugh conceptually there

will Be:a good deal of overlap between them. Of particular ‘importance




in the second Eategory, i.e., the development of systems of health
" care, is the need to train not just bioengineers but a significant
'fraction of academic physicians in the respective discipiines who can
. use this knowlédge in their day-fo;day activitie§. Thus, it is not

sufficient to have simply a bioengineer on the scene to set up a new

systems approach method.

", . . Although the bioengineers will teach the teacher, we cannot

wait for a long succession of events for the transfer of this knowledge '

to the effective delivery of health care; therefore, we need to find

mechanisms which will rapidly cut through the usual sequences of events.

We ecannot afford to wailt te train the bleengineer pet se to train the
teachers. Instead, we must find some way of utilizing people from
industry and from other areas who can communicate this information to

physicians who will be doing research on these techniques."

[N

‘e




Projected Future Growth Rates

. Much recent discussion has revolved around the question of how fast

the NIH budget should grow in future years. Taken in isolation, there

b

is no satisfactory answer to this question.

1. If, as we exbect, there will be sigdificant alterations in the
conduct of biomedical research in the near future; we should expect
equally significant alterations in the'allocation of the NIH budget
Some areas»of support wiil no doubt grow at extréordinary rates, while
others will undefgo a relative and perhaés absolute contfactioﬁ; It
seems reasonable and desirablé'to project individual growth ratésqur :
different portions of the NIH program. .

2. Throughout this document we have emphasized that the most profitable
approaches to the problem of allocating funds to research involves the
concept of opportunity costs., We therefore would argue against any

attempt to determine rates of growth in support for biomedical

research without considering at the same time the levels of support

for other sciences, programs to improve the delive;y of medical services,

plans for feeding‘Federalfunds to the_nation% medical schools, etc.

We have not had the opportunity to examine prospects for these programs.
However, we do beliévé that we have at 1ea$t hinsed how knowledge of these

7

programs might be related to allocation considerations in biomedical rescarch.

In considering future growth rates we would break NIH operations into

parts --

- Intramural Research

w Extramural Research -~ . e

o Deove O AR eS N PRI

‘ rMer:pdtvea-Di velopm arit Prgzmame. c:'f W km;"" ""”
Sthers %hg opment rograms
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NI Approach

. Before we turn to our analysis of specific areas, we prescnt a
section which attempts to replicates ome NIH approach tp.future needs
. . : [} .

’

projections.

- LT

Estimates of future requirements can be made. in either dollar or
manpowver magnitude, A projected inf;gtion rate in cost per worker
is, of course, the link that would be required‘ﬁo make these estimates
consistent. Unfortunately, it is difficult to extrapoiape past inflation
figures into the future. Changes in the nature of scientific research work or
in its location can radically alter expected rates of inflation. Recent
experience has shown that costs per professional research worker have been
incréasing 6% per-annhm in government and 7% per annum in industry, where
@ﬁ% the preponderance of those engaged in biomedical research devote full
time to such activitigs.. Estimaﬁeé developed by the National Science
‘Foundation indicate that costs per researchervin.acédemic institutions
increased roughly 107% per annum betweénv1958-1964.
It is n§t improbable that the next decade will see m;re radical changes
in the method of c&nduct ofﬁbioﬁedical}resegtch than has the last. As
we have mentioned above, biomedical sciehce is now acknowledged to have

' moved into a state of maturity. In the coming years we will be. devoting

‘a greater percentage of our research effort to developing the ability’ to

apply much of the new knowlédge which has been generated over the'paSE

two decades. It would surely be folly to curtail.governmental prograws
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which support investigations into basic biomedical problems. However, V///

it appears unlikeiy that basic research will grow as rapidly as applied

and developmental research. Because of the nature of such efforts, (},
~ ' ’ . 1 rw/
. Lot . (] }, Q2 (
and the probable introduction of "Big Science' into the biomedical T £
oo | ~— . . /‘..1, I'l’-j.

area, costs might rise much more rapidly than expected in the next few

years.

If we do decide to engage in more research of a big scientific nature, the

biomedical fields willlyéed CO_dréw on increasing numbers of individuals

from disciplines outside the biosciences, As NIH has put it

. . . the new approaches to prevention, diagnosis

- and therapy will include sophisticated disciplines
and agents, from molecular gemetics to virus vaccines.
Such operations will draw heavily upon emerging
disciplines of a complex character, including biomathematics,
bioengineering, computer science, physical chemistry, and
molecular biology. ’

That is, we should expect more physicists, chemists, engineers, computer

scientists and technicians to become. involved in biomedicine.

\

;This trend will bé even more significant if, gs-spmefﬁeople have

predicted, industrial firms become seriously interested in biomedical
projects.

The possibility of significant change in the conduct of biomedical research
has two'implicationsfso far as the cost link between expenditqres on

biqmediéél‘tesearchAénagthe'need for biomedical researchers:
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%ﬁ‘ " l.. If we extrapolate from past trends, we could significantly under-

estimate the expected cost increase per research worker in the field.

o A
2. We could overestlmate the number of people who u zd to be trained

in the biomedica} sciences to conduct a given dollar volume of researchy,
(p.-297; The Advancemeet of Kﬁowledée for the Nation's Héalth.) . o |
Table I shows alternate poséibilities for biomedical manpower in‘1975 ‘
and 1985, given different assumptions about the percentage of GNP devoted o
to biomedical research and the shares of the goeernment,.non-orofit, and industry
.:sectors of research The costs per workerbhave beeo extrapolated on

, 0

" the basis of a 6% per year rise for the government and non-proflt sectors ;'ff.f

"and a 7% per year rise in industry. The GNP estimates are based on a

éag‘"g" deflated rate of growth of 4%.

It is evident that different.assumptions give significantly different -
numbers with respect to the number of professional researchers who will
“be working in 1975Aaud 1985.; At the present proportionate level of
expenditures, biomedical research recetving‘;29% of'the,GNP, only 55,000
workers neced be in the field in 1975, a Qecrease'from'current levels.,
With an increase in biomedicine's share to_.502.of GNP,.oor estimate
gives a possible 96 000 researchers. -In 1985 our high estimate

(Biomed = 01 GNP) is 152,000 workers whlle the low flgure witP

blomedicxne not 1ncreasxng zts share, zs -a mere. 42 000.

)




.Even lf e could pfedlct the desired number of researchers in }f*i ¥
»years to come with responablé accuracy, the 1mp11cat10ns for

NIH training needs would not be clear. It would be necessary td'?.
estimate the number oflindividuals beinéftrained in fields not normally "
supported by NIH training who would subsequently migrate iﬁto the
biomedical area.* and, of'course,‘oné“ﬁust be able to estimate the.

level of support which would induce the propermnumbér of individuals to

be trained in the biomedical sciences.

Biomedical Manpower in- 1965

Federal : -Industry . - Non-Proii Total
Cost Per Worker $25,900 $46,800° - $26,100
Number of Workers 11,800 - - - 11,900 - 40,300 64,000

*We realize, of course, that NIl may wish to support training in ficlds
not currently being supported in order to get, let us say, engincers
interested.in the biomedical field., However, we would still expect

" there to be some migration from these fields into biomedicine. It is

" difficult to see how thepattern of mlgxatlon could run to the detriment -
of biomedzcine.




P _ .
Estimates for 1975
- GNP =$1,070 @illioﬁs | - . ; ;
. " ‘Federal - Industry  Non-Profit Insﬁ;itutions .:l‘ptal
" Dollar Cost Per Viorker ~ $46,k00 <' $92,000 | $46,900 '
Percentege share (1) ~ 14, 34% - 52% , .ioq%
Percentage share (2) 1Y . Lo% Lo a 100%

Biomedical = ,0029 GNP =$3,103

1

];Iol.‘ Workers-.,; share (1) : - 9,k00 11,600 34,800 . 55,800
" Yo, Workers, share (2) .47,hQ9 g 13,600. - ’.3é,800“ N "iifﬁ- f".v53;85§“~
_ @ Biomedical = ,0038 GNP = $4,066 millions
.‘ No. Workers, share (1) . : 512,360.. 15,200 45,600 ) 73,100
No. Workers, share (2) - - | 9,700 . 17,800 k2,900 Zd,hQO
| v . |
Biomedicel = ;0050 GNP =$5,035 millions
’ No. Wbrkeré, share (10" _'56,200 19,900 159,900 - 96,000

No. Workers, share:-(2) - 12,700 - - .23,400 .. 56,400 92,500
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| Estimates for 1985

. GNP = $1,5684 pillions

iﬂ'i';;_Federai:';‘j51ndus?ry:?3;moq-Profit Institgﬁiqnéfji?oig;;

o semo00, . .

s
o

. Doller Cost Per Worker  $83,100. - $181,000 =

v?i?iPercentage‘share:(l) . 129, 36%. .
:’_f : Percentege share (2) - 9% . | I-A
Biomedical = .0029 GNP =§l, 594 millions
. No. Workers, shaze (1) 6,600 9,100
. No. Workers, share (2) 5,000 10,600

7

Biomedical = .0050 GNP = $7,920 millions

@QZb. Workers, share (1) - 11,400 ' 15,600

No. Workers, share (2) 8,600 . 18,200

Biomedical = .0075 GNP = $11,853 millions

- No. Workers, share (1) . 17,000 23,500

‘No. Workers, share (2) 12,900 - 27,300

Biomedical = ,0100 GNP = $15,840 millions -

'No. Workers, share (1) . . 22,700 31,300

'15‘@@Nb;AWbrkefs;jshare‘(2)gjf‘~ 17,200 ‘ 36,500 -

|
LR ¥

'
. Lo -
X ~ N . . . . . . - . ‘ .
. . . . ceg e e e ey e T :
L. . . - L e Tt

LI
.

. 28,500

26,800

49,000
46,100

" 73,500
69,100

- 100%

Ll 200

k2,400

76,000

72,900

114,000

109,300

152,000

- 145,900

T S

\
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Intramural Research
% The share of intramural research in the NIH budget has declined

steadily over the years:

Table
(Total in Millions)

.
“ . '

1955 1957 1960 1962 1964 1 1966 _ 1967*

Total NIH , 81.3 213.0 430.0 771.6 974.5 1059 1413 K

Direct Research . 0229 341 T49.9 697 -71.1 827 90.5
DR/NIH - 284 16% 129 o % 8% . 6% T

*Including mental health, excluding enVironmental health

If the present structure of NIH intramural research is maintained/

we would expect to see its share of the total NIH budget continue to

.‘diminish as new programs gain significance. An unofficial NIH progec-'i :,f'*'

‘ “5tion quantifies this expected trend; the over-all Federal share of
f@fi';;?fﬁvmoney for the performance df‘biomedical research is expected to decline.
_; ‘Eﬁé . from 16 percent to-14 percent by 1975. |

o ’UNOFFICIAL PROJECiION.FOR EXPENDITURES ON BIOMED RESE%RCH

Percent of Total

. Non-Profit

Year ~ Total Federal - Industry " Institutioms
1967 100 ’ 16 -30 . 54
1970 100 15 30 ' 55
- 1975 100 . 14 34. 52
1980 - . 100 13 - 35 52
1985 * 100 C 12 . 3§ - 52

The table below gives annual rates of growth-for. the three sectors--

Federal, non—profit,-énd industry--given differing rates of growtpﬁ for

Y 1

1/In another section of this report we mention the possibility that NIH
may find it desirable to carry on applied research efforts on an intra-
mural basis. :

: . o ) S v
: \ sk B ' S e . : . . . . O v
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the whole biomedical.research industry. It is assumed that the pro-

v

jected 1975 distribution is in fact achieved.

Whole Industry Rate 5.0% 8.0% 15.0%
Federal Rate 3.2% 6.17% 12.97%
Non-Profit Rate 5.0% 8.0% 15.0%
Industry Rate 6.7% 9.8% ; 16.9%

We do not, however, mean to minimize the importance of the intra- v
mural program; it has received high praise from most observers. ‘The
relative decrease in its importance refiects the success of the NIH

_ extramural experience, rather than any intramural shortcomings. And
*l}b:i‘} ! .
¥eL, partially because of the extramural program, the future of NIH
intramural research is not assured.

‘One difficulty we foresee for the intramural program is that of

maintaining the outstanding level of scientific competence of its in-

vestigators. From its early days, NIH has been "able to attract top-

flight scientists to its fine laboratories. The resulting high con-
centration of talented manpower itself became a magnet for scientific
, : .

talent.l/ The development of other biomedical research centers has

‘;somewhat diminished the relative advantage of the NIH intramural pro-

gram. ' This relative decline has been further accentuated because many
- of these other centers are now able to offer positions which concen-

trate heavily, if not exclusively, on research'(see medical school
section)."

In this context, the erosion of NIH's competitive salary position is
frequently cited as a source of danget.} The chart below give§ some sug-

gestive statistics.

- 1/Many senior yIHdlnvestlgators will be coming up for 20-year retlremenL
%@h in the next 8i%‘§yé&ats. We are informed that, given current practices, --
’ it will be most difficult for NIH to keep these individuals. If these
acientists do leave, the intramural program will surely suffer.

., .
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v COMPOUND RATE OF INCREASE PER YEAR IN SALARIEé A

Total Incr.

Period Qver Per.
NIH Direct Operations 5.6% ' 1956-66 : 13 %
Harvard Medical School i iy
Full Time Teachers :
Full Professors 2.3 1956~-66 . 25.
‘Associate Professors 3.4 40.5 be
Assistant Professors 4.4 53.5
Associate 3.4 40.5
Instructor, 2.6 . 31
Ph.D.'s -All 4.9 1957-76 Not Comparable--..
Biology 6.1
Chemistry , 4.3 - :
Biology & Pharmacology o 1957-65 - Not Comparable
Starting Ph.D. 5.2
Experienced Ph.D. 5.0

We don't believe thatrthese figures are conclusive‘in any way.;/

However, they may indicate that the relative salaries of researchers
‘ to NIH's detriment

probably have not changed too drasticallf%&ver this period.  Many

analysts believe that the overall attractiveness of the research

environment is more important to research scientists than is the salarv

incentive. It is in thir area that .the relative NIH position has .

—-\\__-—-——_‘—-—-_-__ .
deteriorated, though NIH is still the acknowledged leader in many areas

L em——— .

of research.
1;\-”‘ o —-—-—-————-“"‘.——-—-

" The past dozen years have witness an enormous increase in our
national capability for biomedical research. Where NIH was once pre-

dominant, there are now many well-equipped laboratories, staffed with

*

1/Good figures are not available for the extramural grants program. In.

a memo from Dr. Shannon to Dr. Philip Lee 'dated April 5, 1967, it was
estimated that costs per employee and/or investigator in the grants
program would approach 10Z per year (versus 7.4%Z and 6.2% for the
intramural program). . Unfortunately, it is not possible to deduce
salary figures, or % changes in salary, from this number. The con~
tribution of other costs, % of time spent on NIH grants, and the
academic rank distribution of grantees is mnot known. :




talented researchers; and often, both laboratory and researcher are
supported by funds from the NIH extramural program.

Yet, even today, the NIH intramural program occupies a position

-of special importance; the NIH Report to the President illustrates
CE . 4 .

.
’

this p01nt.

The senior 1ntramura1 staff is keenly responsive to Insti-
tute concerns over problem areas in its entire research program.
Consequently, the intramural program serves in some measure to
fill gaps in the extramural program. The intramural staff, for
example, is conducting studies of bacterial species--a field
in which interest has declined--because this work throws signi-
ficant light on the mechanisms by which bacteria become capable

~f reeisting antibiotics. The NIH intramural program has also
played an important role in advancing the study of infectious
viral agents that produce uniformly fatal disease and have
incubation periods measured in years. This work requires large
"and expensive animal facilities, whlch few research organiza-
tions have available.

I; other sections of this rop;rt, we have frequently suggestéd
that biomedical research wiii involve a pértnership with new fields--'
physics, chemistry,.engineeringééif the promisc of the futu;e'is to
fulfilled. The NIH intramural program must respond to this challenge
if itiis to retain.its current important position iﬁ the biomedical

research community.

) Extramural Research

Our analysis above seems to indicate that the extramural program
~of NIH may have expanded so rapidly tﬂat the overi}l quality of the
. people in the fieid may have-declined. Two major questions‘ariSéjin
~ connection with future funding of e#tramurél'researchaf‘C23 How;f;ét"'*
should we expand the numbers of people in the fleld?
- To be consigtent with our phllosophv we would have to say that

the answer to fhis fimwt question must depend i turr upon the amount



http:promise.of
http:suggest.ed

i
h
i
|
i
|
;
i

v

N

of éhpbort given to other scientific fields, and the ability of bio-
medical science once put on a competitive basis to attract talentéd
scientists. If, as we héve indicated, biomedical research .is soméwhat
overstocked at present, its relative share of the scientific 1abdr,x
market may decline somewhat iﬁ the short run. ‘

This trend will be somewhat reinforced if we exeiude from pres-
ent.consideration (wé deal with them in our collaborative section)
the increasing number of individuals, primarily in the industrial
sector, who will be carrying out research on a contract basis.

NIH's extramural program has been reﬁarkably succeésful. It is
likely to go down in the histéry of science ééispectacular example of
the ability of a.govéfnmem: i:o secure on a continuing basis adviece
on sciéntific alloéations fromla lgrger percentage of the moét tai-
ented scientists in an area;t However, as the President, the Secretary
of Health, Education, aﬁd Welfare and a host of analysts have empha-
sized the primary reseafch program of NIH has come of age. The

individual grant program has formed the core of past NIH research

efforts. It is both natural and desirable that it receive diminished
— . - \
emphasis as NIH moves dnto new challenges.
To a significant extent we are urging that the judgment on the

appropriate portion of our scientific talent that goes to biomedicine

be left to the decisions of the scientific community. There is little

T

~ doubt -‘that if future years witness a continued rapid growth of in:ereséf"

Voo

in biomédiéél reseafcﬁ,~Congtess'will respond by supplying the'hﬁpro-

-priate funds.- However, we suspect that fhg growth rate of this field .-

‘.
L)

) W}
D

LT
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| this they are glven equal treatment W

\ .
will be greatly d;m‘n1shed once it is put on a competitive basis with

other sciences.
2. - What percentage of the people in the field should be supported,
and to what level? .

, ) . ] .
This question gets us into all the intricacies of marginal evalua-

. tions. 1t is frequently said that in many scientific fields 90 percent '

of the good work is done by 10 percent of the people. The more abstruse
and difficult the field, the more skew'this’distribution. In the cited
example, the productivity per person of the most talented tenth is 81
times that of the rezaining 90 ﬁereent.' If one looks at only. the
weakest decile the number would no doubt 5eﬁin the hundreds.

"Unfortunately, there is no easy way to measure the output of dif-

- ferent’ members of the biomedical research field.l/ We have asked some

-people involved in the area, and they indicate that the 90/10 illustra-

tion would not exaggerate the evidence with respect to. the more basic

work in biomedicine.

However, the amazing fact is that the last, the most marginally ’
funded researcher, receives nearly the same degree of support as. does

the individual whose project receives the highest priority of all pro-'

,_jects'coﬁsidered by the Council.' Both projects are checked to'see if

: there is” any area in which the request should be trimmed, but. beyondx*j'g ”.'”

1/NIH, unfortunately; could not supply us with any studies relating,

let us say, the success of prOJects with strong and weak priority
scores.
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VISORY COU\CILS

“(u" u.‘ e

of .»;(w;m
Allergy Arthritis Cauncer . Child Health - Dental! adca
) . i
1962 96.2 89.4 85.2 82.4- 87.5 3
1965 88.1 88.7 80.1 _ 85.3 \
_General Med. Sciences Heart " Neurological E
1962 : 87.8 - 91.6 . 94,7 o
1965 85.0 : 86.8 :

We believe that this is an unfortunate practice.
cils could make an effort to‘distribute some of their extramural funds
on a restricted basis. Thus, fof example, rthey might distribute the
first 80 percent of their funds to the most.attractive projects foll;w-
ing éuzze-n

t procedures, The remaining 20 pemenci of the funds could be

allocated to the next 30-35 péréent'of the projects (assuming that that

many had been approved), thé'projects in general receiving no more than

two-thirds of their requested amounts, These reductions coulﬂ be made

in two ways:

Perhaps the Coun-

1.

2.

" the second procedure.

.Reducing the scope of the projects.

Reducing the period for which they are funded.

Quite 1ike1y,'the>Councils woild usually wish to conce trate on

This would, of course, have the benefiéial ef-

fect of increasing institute flexibility in future years, but would

not be so helpful in cutting current obligations.

After '"reduced

axunwn

grants" have run their shortened period, perhaps three year ‘mZuiiiza,

they could be resubmitted for further consideration following current

procedure for renewals.

This would mean further increasing the burden

on the overworked“study sections and requiring further paper work from
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. grantees. ' However, we believe that these marginal grantees would likely

“

benefit from the incentive of a second review and possible advice from

the granting authorities. ' / 15
) to : R V2,

The converse philosophy, the one now current is supported that our & /ﬁég

' A AL

most talented scientists should be most heavily aupporteé.ﬂ'This discrim- /donig
p— ‘

ination may well become a necessity with the increasing presence of Big .
: (L]

Biology and the accoqpanying sky—rocketiné césts for the lateét equip~
ment required for its conduct.

We have a further suggestion relating,to future funéing of extra-
mural research. In our discussion of study sections we hinted at the
desirability of an allocation system which would single out certain re-

;' search areas as carrying high program relevance. These would be pro-

mising, underworked ar“eas in wﬁich the advisory councils would want to

encourage greater research efforts. This could be carried out through

f?a fofméi'bonus point system, o L ' o : C e

Projects'inAhigh prioriﬁy&areas would have poinés'subtracted from

““5ftheirjstudy section priority scores to put them in a better competitivg'
szv‘ ‘posiéion. Such a sfétem might have the further benefit of directing'
our less talented'gcientists into high payqff‘;reas, while alldwing

’ the most capable individuals to work‘where they.wished.

One possible schema would establish the following guidelines:
1.. Allocate 50 percent of funds without attentiom to priority areas.

2., Allocate the next 30 percent of funds,lalloting bonus points to

priority areas.

3. Allocate the remaining 20 percent of funds to 30-35 percent of the

projects (bonus points counting).




The development of such a schema of this nature would mesh very
nicely with the development of a program budgetiﬁg systea. - The under-
lying philosophies for the two are very similar.

Development of Manpower

In our section devoted to this topic, we point out ‘that NIH has !
been extremely successful in its efforts to develop biozedical manpower.
. LT N
Unfortunately, the history of NIH experience in this. area has not re-

ceived the type of systematic analysis that would seem justified and

could serve as a guide for future allocations. At present, the bio-

medical research area is better supported than any other major area of

"7 graduate study. ngn levels of support are nmecessary to brlng people

I‘into a developing area. However, we would expect that an 1ntellectua11y
i v:stimulatlng area should be able to, attract an appropriate share of

" the graduate student market if it supported its students on a competl-

tive basis.

Projections of graduate science enrollment over the next decade are

" quite rosy, it is expected to double from its 1965-66 total of 163,000.

It seems unlikely that medical student enrollment will increase this
quickly. However;.it seems not too optimistie.to hope that by 1975,
m.d. production will be 40-50 percent higher than it is today. We
should expect the research interests.of medical students to continue
to.increase during this period.- Further, increased-programs pf sup-
port for medical students may alloy’m.d. programs to'compete for

science-oriented'studehts for whom-medical school is presently

prohibitive.
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. NIH, working in a tight budget, restricted its manpower training
requests for fiscal 1968.1/ This looks like a wise and cautious move.

We would urge continued restraint in this area until the basic medical

——

and bioscience areas are put back on a competitive basis with other

ST

fields, We would also suggest that inte~the=training careful study
QE————— . .

.- should accompany any decisions to move into the massive training of = .

y N

.‘bioengineefs. o z;)' ‘ ol P
Developmental Programs ) ‘
It is mmmx quite difficult to make future projections about the o e

“ grawth'_oij NIH developmental efforts. We consider this question in wny
- a separate Memorandum on the Future Growth of NIH, August 31, 1967.

We did not devote attention to other parts of the NIH program.
The principal components of the"other"section are construction,
- review and appromal and program direction, and the Regional Medical
Programs. We would expect.all of these except for the last mentioned
to grow at about the same rate as the sumn of intramural and extramural. \/

In #&x examining prospects for -future growth of NIH, we beliéve ‘that
~ the Regional.Medical Programs should be considered as a separate entity. ?
Q.

“

‘IfThere was no increase in the number of fellowships and a decrease in
training -grants. ’ -










difficult to categorize by disease area, much less by disease.

-

a multi-level program budget might be a successful tool with which to

classify research funds.

could be programmed at different levels.

The chart below shows-how different projects

- Facet

Disease Category Disease
Major Disease Category I
Project 1
Project 2
Project 3
Project &
Disease A
Project 5 Project 5
Project 6 Project 6
] Facet 1
Project 7 Project 7 Project 7
Project 8 Project 8 _ Project 8
. Facet 2
Project 9 Project 9 . Project 9
Project 10 Project 10 Project 10
Disease B . ‘
Project 11 Project 11
Project -12 Project 12
Project 13 Project 13

Major Disease Category II

Underlining shows primary category for allocation

We think

In the chart shown, Projects 1, 2, 3, and 4 are of such general

orientation that they must be programmed at the major disease cateogry

level.. Projects*7, 8, 9, and 10 are sufficiently focused so that they

can be prégrammed at the facet level.

Our prograg'levels Major Dis-

ease Category, Disease, and Facet are illustrative and not suggestive.
. N L ]

The point of our example is that like allocations (e.g., research'grants)

different sectoys*oflthe budget.

mlght profitably be programmed aL dlfferent levels: of aggregatlon.' In-'
' deed, we see no reason why the aggregation levels could not vary thhln

It would be most helpful 1f each of

¢y

e




- the institutes within NIH prepared a report which would suggest the

.

apppopriate divisions within its own sector. A coordinating PPB group .

"::could then develop these intq‘an NIH program budget.
The multi-level approacﬁ;is one way of.ge;tingrat a two-dimensional
program budget. It would make it possible to summarize éata by funds |
Aalld&ated to different aggregation levels. In the cited exampie, tﬁis
'might give us an indication of the extent to which tﬁe research program
is focused. |
In our section devoted to distinctions between different forms of
research, we emphasized the difficulties in distinguishing betwqen ap-
plied and basic research in the biomedical area. For ﬁany.purposes, we
believe that those who wish to draw this distinction are really inter-
ested to diseover the extent to which research is feeused, Allowing
NIH to program its research.gt different levels of aggregation would
give us an indication of the extent of focus without involving them in
the process of drawing difficul£, perhaps impossiblé, distinctiéns.
This would also get us away from the applied basic terminology which
now alas has becomeﬁloaded with unintended connotations.
| There are other areés withih’the NIH proéfam which suggest a two-
dimensional or pefhéps even multi-~dimensional approagh. Secondary
questions of allocation, such as the divi;ion between labératory and
clinical, 6r among medical scﬂool, ﬁniversity, or;hospital, may be
handied via this technique. .
It is difficult to adapt biomedical research to a program buéget.
- Surely we'shopld be willing to alter some.current techniques af program

budgeting to adapt the technique to.the special needs of this.area.




. search program they’might'well be incorporated into a common pfogram

L

c

7
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Elsevhere (see séction on study sections) we discuss the problem ”(///

~of focusing research. Crudely stated, our conclusion is that freedom

from focus should be a prﬁvilege for our most capabie scientists. The

development of a program budget which distinguished between more and

.

. L} .
less focused research, would seem to be of great assistance in this

process.

The intramural and extramural programs of NIH are directed towards

a common purpose. It would seem most réasonable that they should share
a common program budget. Actually, the extramural po:tion might be
somewhat more difficult to budget, sincé NIH has less control over the
orientation of its projects and less day to day review of their proC-
gress. However, for these very reasoms, it is probably more important
to impose a program budget on the extramural reéearﬁh funds.

Collaborative Research

Before we have much practical éxperience, it is difficult to say
how collaborative programs can best be budgeted. If the collaborative

effort is‘sméll, and shares objectives‘with,otherﬂportions of the re-

N

.-budget. Even a large coliaborative program which interacts with other
institute projgcts in many areas migh; well be programmed with:oﬁﬁer
research. However, we see no reason why a relatively self—cont;ined
project such as the artificial heart program need be incorporated into

a program area with non-collaborative research efforts. It may be ‘the

.’ i case that some non-contractual research will be being conducted in.a , i =

primariiy collaborative field;5 In such a-case, we believe that this

‘research could be progfammed in the ‘primarily collaboxative budgeﬁiﬂg S

arca.







"

" variety ought to be programmed. Some support programs might best be
handled as separate entities; others might more reasonably be included
within non-support program areas.

We conclude that program budgeting might well prové.useful in al-
locating funds to biomedical résearch. There can be no doubt that re-
, ' "
sea;ch is not an ideal area for program budgeting. But, it is so un-
ideal for any non-analytic approach that program budgeting is‘worth'a

try. Needless to say, much work and thought will need go into the de-

velopment of a successful program budgeting format.




i' Sugseested Future Studies

1. .In the additive research field, a study might well be made which
looks at the productivity of researchers of varying levels of abil-
ity, working on problems of different levels of applicability and
importance. . Quite specifically, we might wish to see whether our ’
current research funds allocation system is optimal’. =

2. A thorough investigation of the dynamics of manpower development
programs in the biomedical field should be undertaken. A cost/
benefit analysis of different’ training procedures might be illum-
inating. This study might also look at NIH experience with 1nves-

. tigators at dlfferent stages in their careers.

‘“'.3.'f A cost/benefit ana1y31s of the major collaborative programs-at VIH fza.f
: should be undertaken. These should be compared with each other and
- with programs for the delivery of health services.

.- A detailed investigation should be made of the p0551b111t1es for - Sl

i developmental research, with particular attention to bloenglneerlng. AN

" .Topicé to be covered should include manpower availability, indust- .
".rial capability, and’ the need for Government support.

~

,',"b\;;"s.gf;A‘separate, but related study ‘should look into Federal mechanisms -
@ﬁaf'“ ‘. for supporting developmental efforts. Quite particularly, it
\ ' . would be of interest to examine: : '

~a. The potential for a non-profit research organization (d 1a ,)(
RAND) or a Government operated laboratory for biomedical -

development.
b. The de51rab111ty of establishing a centrallzed collaborative

\
: agency at NIH. : /f/
6. An effort should be made to develop a program bﬁdgecing system for V////

NIH. This system need not employ individual diseases as the unit
of allocation.

7. A brief ‘effort on the relationship between Government programs and
medical schools might clarify the needs of new schools and settle
much of the uninformed controversy that goes on in this area.
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NATIONAL EXPENDITURES FOR
MEDOICAL AND HEALTH-RELATED RESEARCH
1967
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Teble IV.)., Estimated Hconorde Costs of Cardiovascular Discases and

-

Cancer, by type of cost, 1962, ir millions of dollars,

o tCardiovasculay Cancar
Typs of Cost Totel tAmownt 5 of  Amount 5 of
- ; ! iTotald, “Potal
| :
Tota) $43 035. 9[¢3 567, L 74,0 311, ?lSEJ 20‘0 o
| |
Direct Costs . ol 39, 2 2072, z 7all 12075 28.9
. I i e,
Pers. Serv, & Supply 3,500.L. 2,579, 7I/ | 920.7! 26.3
Hospital Cars 1,900.8: 1,23:.8 65.0 . 666.0!;35.0
Marsing Eomas Core T322.9 299.5 92, 9' - 2310 7.2
Phys'cthn's Services 873.9 701,480, 3. A72.4: 19.7
Drugs 30.1| © 279.4190.1%  30.8! 9.9
Fursing Services 92,7 Eli3i 69,0 ; ‘ 28, LI 30.6
Nonpersonal Sarvices 819.3 L92,5.60,1 i 326-8g 39.9
N .
Resea..rCh 2““'95 11700:11‘799. 1?7 5 )2:]
Training 37.1 19,87 53.k | 17.3 1 6.6
Othex Haalth Scrv1cos 73.3 | 3 b 16,9 38, 9 53.1.
Constiruction ' 275.4 190,0 69.0 85.4  31.0
"Net Cost of Inswrance -189.0 131, 3I€9 5 i 57, ?‘ 30.5
Indirect Costs $38,766:2 ¢ 28,795:2 .7.9'.93. . 919720 : 25.7
. N |
" Kortality o 34,7818 25,824,673 ;. 8,956.8 | 25,8
A ‘ P o
1962 1,705.8 | 1,286,8 75,k . 19,1 1 2b.6
Provious years 33,075.5 | 24,537.8 74,2 i 8,537,7 :25.8
Horbidity 3,984,6 | 2,970.7 74,61 1,002 i25.5
Institubionalized 507.9 455,9 89 & , 51.9 110.2
Non-jinstitutionalized 3,076,9 | 2 514.6(/2 3 ; 962,3 : 27 7

& Established losses in 1962 from deaths in previouS'years based on

.;>75urv;va1 prob.bllltles resultmnv Irom elzmﬂnetﬂn* cardiovascular d¢sc=uo

il nd c«ncer a<suaLnr the death hnd dlSdOWlva rates for cach chuoc v*r
. HCTO whllc tha rates for all othur causes rematwed unchaﬁfca.
” §ourcv: The Présideﬁt's'Commission on NHear

A P~t10n11 Uro~“*ﬂ to Conounr "oavt Dwse

| Ment Prlntin“ Ofl;co, uashln"ton, D C., reb. 1963, p. a5 Tablc 5.

t Diseass, Cander; and Strbke?’”
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Teble V-2, Prosent Value [ 1/(2+1)" J of Medical Ressarch Vhen

Costs from Cardiovascular Diseases and Cancor arce Eliminated in

(t=1, 5, 20..,50). Total Valus of These Diseases 3n

Year t = $9,200 ¥i1lion.

Interest Rate. - Sy

Year‘Xt' 1% .25 3% | L3 58 .. %o 85 -
t= - Présent value in nﬁ]lions o?’.‘.dollar,s: |
1 79108 9016 .8921'« 8332  87L0 | 848 8556
s &m0 8x2 7912 7028 776 G900. 6256
10 8372 75hk €808 6532 S6l2 5152 h232
| 15' - . 7922 ' 6808 E 5888' 5152 L6 3864 ‘291,'4
20 ©ogshh 616+ -5060  L232 . W96 2852 1932
25 776 5612 WA6 3496 2760 2116 1380
30 6808 5060 3772 2852 2116 1584 920
35 6532 LGOO 3312 230 1656 1196 6k
Lo 616 L1ho 5852' .1932 1288 - 920 460
45 5888 377.2' .2392 . 156k 1012 G . 276

s0 . 5612° 3ho4k 2116 1288 828  L6O 284 -

‘.



Thi; procedure ié'pot intellectually consistent. e allocaﬁe

resources to medicai research and application not to expand{our '
total GNP, but rather because we like good health and zﬁéﬁ&ak of days.
Assume for purposes of argument that healﬁh was of concern oniy so "
far as it related tolweaith and was in no'way a consumption good itself.
Our interest then should only be in per éapita inéome. When an

individual dies, society gains to the extent that he does.not use

up resources in the future, Averting the death of an individual is only
worthwhile to the extent to which he contributes more than he takes

away. We see no reason, in generay, to éssume that this will be the

case. If we eliminate mortality gains and iosées from consideration,

the outcome of thebanalysis changes radically. 1In the example cited

above, net economic costs are reduced from $43.1 to $8.3 (mbrbidity

" costs are still relevant--assuming the morbid continue to use non-

medical resources at ‘the average rate),

Expenditures justified in the example would have to be reduced by
80% to be justified on this corrected basis. On most reasonable assumptions,

this program cannot be justified on.purely economic grounds.

However, as we mentioned above, the primary gain is the increased
health of the nation. We live in a wealthy, developed nation,; and we
can afford to treat health as a consumption good.. The value of eliminating

heart disease, cancer, or any other illness is the amount that individuals

in our nation would be willing to pay. One would expect that most individuals

" would pay.more than their individual expected loss to eliminate a particular

A3




illness.* This would mean that the numbers given in moftality costs '
~above would be 2n underestimate of the persomal values for.eliminating . .

o the ‘disease’, ' s ] i . s . ‘ -

We might mention two related errors frequently made by cost/benefig
analyses in this area. |

1. Analysts are sometimes presented with complete~pr§grams for

analysié. If program A has a higher benefié/cost ratio; than B, it-should.
be undertaken before B, but it is possible that a mixture of A and B is better
than A alone. At the.optimum, marginal not average benefit/cost ratios are

equaliéed.

2. It is not ‘unusual to seetfigures relating § of research expenditure
on different diseases to their incidence. These comparisons are
meaningless. There is no reason to expect that the figures shoqld be
even roughly proporhional. If all research dollars yeré equallyvlikely
to cure a.disease, we should spend all our funds on the disease with

the greatest incidence. In the jargon of economics, we should allocate |

ueour funds so that the

& o 2 -
{chreased pFobab111ty of cure s}~x (incidence of discase)
from a marginal dollar on research N

is equalized for all diseases.

*Here we mean total loss, mot income per year. Ifcan individual
If an individual earning $5,000 per year has a %04 chance each
year of contracting a fatal disease, we are p031§1ng he would be
willing to pay $1,000 per year to ward off.the disease. Clearly,
this prevention progran reduces his yearly income. :




Appendix C

NIAID SPECIAL EMPHASIS RESEARCH PROGRAMS

June 5, 1967

In previous years the strictures of limited research grant furids encouraged
this Institute to develop, with the help of Council, the concept of '"areas

of high program relevance.'" This concept permitted the intrinsic scientific
merit to be supplemented by a fiscal priority of payment when the grant ap- "
plication was judged to have high program relevance. The experience gained:
in developing program priorities and the current estimate regarding FY 68
fundlng now substantially lessens the importance of fiscal priority and stlm-
“ulates’the Institute to.take an even more active programming position in

‘f'certaln areas,

" Active programming requires a considerable commitment of staff time and it is

probable that only the major research problem areas can be so treated. It is
planned therefore to focus special attention only upon certain of the former:
“areas of high program relevance. These will be called "Special Emphasis
Reséarch Programs" and they are listed below, In the text which follows is a
brief expository paragraph that attempts to indicate the major problems in

] xeach program together with specific problems that stand in the way of develop-
Fmept of instruments of control .

'.(.

Drug Resistance and Microbial Diseases

Streptococcal Infections and Sequelac

Congenital Defects Caused by Microbial Agents
Antiviral Substances

Chronic and Degenerative Diseases of Mlcroblal Origin
Infectious Hepatitis

Emphysema and Chronic Lung Disease

Transplantation Immunology

Clinical Allergy and Immunology

Malaria

- Some of these program areas have already been the subject of expert committee

discussion and analysis (Chronic and Degenerative Diseases, Emphysema,
Transplantation Immunology); a follow-up committee meeting is scheduled for
emphysema; and a first meeting of a committee on drug resistance (with
specific attention to gram negative organisms) is being planned.

o
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What follows is another description of the same program. Iv iSé%an
Advancement of ¥nowledge for the Nation's Health. :

.
»

35zeciaiiﬁmphasi§ Research Programs

.

There are eight special-emphasis resea¥ch programs that the Insti-
tute and its advisors have selected for increased attention from the
rultitude of possible research projects in the Institute's total mission.
A number of interlocking considerations enter into this selection. 7The
arca should be of current acute public health importance and one in which.

‘recent scientific developments indicate the possibility of rapld progress
(e.g., chemotherapy of leprosy) or where a significant disease problem
- s being overlooked (e.g., emphysema) or is not attracting 'sufficient
talent because &ssential techniques are lacking (e.g., hepatltls) or
-because professional rewards are apt to be lacking (e g., chronic and
. degenerative discases of microbial origin). The Institute also stxives
- to be alert to developments (e.g., tubercle bacillus cell-wall vaccine) .

| . which promise improved public health but which if left unattended, like

the discovery of penicillin, mlght remain for many years unehp101ted
for public benefit.

The goals of these programs are general: to focus the attention of
scientists on specific areas; to encourage and support resecarch by ’
grants and by intramural projects; and to assist in the exchange of
information so that specific deficiencies will be highlighted and oppor-
tunities for research recognized. Each program is under the continuing
surveillance of at least one professional staff member, and each receives
periodic general attention from advisory groups, particularly the
Institute's National Advxsoxy Council. Any of these programs could be
expected to become a mationally organized research program when the
general scientific base is adequate to permit the formulation of specific
goals, to have developed essentlal technlques and: to delineate develop-
mental pathways. A . .

oe




APPENDIX -

Project Hindsight and Biomedical Science

Project ﬁindsight»is a.DOD sponsored study of "recent‘science and 2
technology whichlhas‘been.htilized by the Depaftment of Defense in

) . . e,
weapon systems." The method used in Hindsight involves using teams
of scientists and engineers to examine recent weapon systems. They
try to identify "each contribution from recent science and techno}ogy
-‘which, in their judgment, is clearly important either to increased
system performance or to reduced cost, compared to a predecessor system .
when .such can Qe identified."2 .Once such!a scientific "event' has been -
- identified, someone on the team investigates to discover "che:pringipal
contributors, the organiiatigns;with which they were working at';he time

Wen the work was done, the date when the feasibility or practicability of

the idea was f1rst demonstrated the nature of the work (science or technology),
-3

theobjective of the work, the approximate cost, the funding sources, etc."

Hindsigh; found that 96% of the eevents examined we:e'funded, directly

or indirectly, by DOD. It also found that 95% of all events were_motiva#ed
by an "understood" DOD need. Hindsight therefore concluded that undirected
research since 1945 (as far back as the study went)hhas made relatively
litt}e contribution to .defense needs. This conqlusion, however, stimulated
considerable criticism and pfotegt from scientists who felt that basic

research was under attack.

A hard look at Prqject Hindsight produced-a number of significant

criticisms, It was:arguedAthaE basic science may, and often does, contribute




to the "events" observed by Hindsight; but since Hindsight doesn't look

that deeply, the contribution is missed. In fact, it would be very

difficult to evaluate such subtle contributions; nevertheless, it can

- [

be convincingly argued that without the contributions of ‘basic science,
many of the events observed would not have taken place, or would have 0"“.

been delayed.

Another argument is founded on the premise that. the best training for
scientists, pure or applied, is basic research. Man& of the inﬁestigatofs
who contributed to events studied by Hind-sight received their training

in basic reseafch, and without basic écience, especially in the universities,
there would be no applied scientists. Another aspect of this argumént‘ig'
the value of cross-fertilizasion between basic and.applied science;,whichl

keeps both areas vigorous.

Project Hindsight does not deny the validity of such criticism--~indeed,

it impliéitly accepts. the value of basis research, without attempting to
masure it. ' Hindsight has‘limited objectives: First, "to identify

and firmly establish management faétors fortasearch.ané~technoiogy_. o "

and second, "to measure the overall increase in cost-effectiveness in

the current generation of weapon systems. . . " In these terms,

-Hindsight isian'excellent piece of research. And it is not unnatural to

ask whether we can apply the type of analysis used in Project Hindsight to

the biomédical area.
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A biomedical Project Hindsight might look at any of a number of questions.
It might parallel the DOD study by looking at improvements in health

care, tracing the research and development events which contributed to

¢ H

the improvement. This kind of a study might give NIH enough information
to make some kind of a cost-benefit comparison between various kinds of ,

‘research, at least as far as health-delivery objectives are concerned.

. On the other hand, such a study would probably be fraught with difficulty,- =
One problem would be determining whether particular research was
directed or undirecfed,°applied or basic. It would also be difficult,
perhaps very difficult, to pin down "events" in'the DOD meaning of the
word.., A project as ambitious and expensive as Hindsight is probably

hot desirable for NIH. However, some effort of this sort--perhaps a small

pilot project--might well be valuable. NIH has not, to our knowledge,

: ;. carried out any substantial or formal investigation of the profitability
of different areas of research, A small-scale study which would help
NIH manage and alldéa;e its. research funds would seem to be woith the

‘money.

"We would be hesitanl to predict the outcome of such a study. The

following comments from an analysis of Project Hindsight may be of

interest. .,

-

An extremely informal survey among doctors suggests that a medical llindsight,
. conducted by NIH or HEW, might yield results similar to those of Hindsight

on the applied-nonapplied question. More lives would be saved or

. lengthened by applied research (e.g.,_drug-evaluatioﬁ)‘thau by monapplied

work (e.g., research on the genetic ‘code), though some doctors were mot



