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SUUjl::Cf : Future Growth of ~IH ., ·. 
We.> do not heli~·,re th.::.t there now exists , or that t here ever "'ill .:!:·:­
ist, a fori li ula \·:hich will set: optimal g rowth rate for a :;cient:aic 
area. However, we d~ believe it is both possible and reasonable ta 
compare d i.ffcrcnt ·scientific areas to see whether one is _Iela tivelv 
over- s u r>por t ed . It ~-·as in this spir it that we COi1ducted our investiga ­
t ion . \·.'c beli eve ti"1at bio<?:edical research should g row in a competj tive 
manner with other ·areas of science ; 

Studying this field for a summer gives one some feel for the area . Our '( 
proj ections arc in the natur e of educated , but intuitive g uesses. i/· · 

~ ...; ,,.
{'-'' '"" r.• ~; /,

1Y/·v 
.E>:trru.1u:ci 1 : As best we can dctcnnine , the extramural program has grown 

Jtf/J 111 ,,., too r c:qudly in the. pc.st. A growth ra.te of eigh !; to ten_ percent in the 
• · ~ · j near fut u re wou l d seem adequate . - c; ,,v vv--f.c~/ .,,,tee. -/ ."'"· =;c· x- ..r 
~""· . ' ' . \;\ 
,J ~'-.r In trwnurcil : Nost incications ar e that intramur al research will grow 

,I_,. 

.; (/ ~ somewhat slowe r than t h e extramural program. To kee:p it s relative pc.c ~ 

>\}/" at a n op t imum , it should grow a t a six t o eight percent rate. 

( 
~lan_p_2~·1cr Dcvtl_C2pmei~_: NIH train ing and fellowship expenditur e s seem to 
be some~·.'hat high at t:he pre:s~n t time. We see no rl:!ason why they s hould 
grow any f a st er that~ the current inflation rate per mau produced, no 
mo r e than four perc:en t per annum . ""7"7tc...:._ -•..•· ./ .r. ·- · ... ·:· _,__, .- · ' < · - ~·: ..- ,. ( / I 

{ 
~~ (,. ... .) \. t ....~ '-'- - 'W\____ . l(

1 
_ c. ~ o ..fr ___,_c_. ··- ·- .. ~.., Yr/.... - ~// /P, ~ /\· / .r.,.T/ :J 

Collaborativ~: The collaborative programs present a more difficult 
proble1~1 fer project i on. These programs can eas i l y be held down in i 

iperiods of tight funds, hut can profitably expand when resources arc 
plcnt:iful. At prc~a~:1t, we suspect there may be some serious r.1isallo­
cat ion s \d.t h in this urea . However , we wou ld not wish to make any spe­ . I I 
cif i c r.:!commendations withou ~ some cost/benefit analysis of curren~ I 

I 

collahoraLive eff~rts. As the payoffs from these ? rojeccs arc rela ­
tivel y concrete, we would think t hat an informed Congress could ~o a 
good joh in set t ing their appropriations . We emphasize once again our 
be lief tl1at developmental efforts should not compete for . funds wi t h / 

7 protiran1$ to promotP. C?.:ld:i t iv0 resea rch. ( 

I • 
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r 	 Co:1~~1c tio~ : Over : .-, c J.ocg-run we would expect cons truction : o ~row 
a t a pp ?:" c•x iinatC!J.y th.:: sa.-nc rr.te as t he c;.;tramural sector . \~c d i d 01ot 
exa~iine con~:tru~ t : ioi1 gran ts on an interim basis . 

\ 
Revic~w vnd ;~_;_)_2IOV<il ~1'.d Program Directl.o n : This area s hould likely 
grow as the su!~. of i:-.tramural and extramural research; 

E~eional_l!_~dic2.l__Pr0:;- :- ams : We did not examine the Re8ional }!eciicc~l 
Prog·r<i:ns. Their" g rc·,: th shou

0

ld be treated independently o f the growth 
of the res t of NIH . ~owcver , it may be tiseful to compa re them on a 

,, . 

cost/benefit basis \·:i ch. some NIH spons ored <leve.lopmenta l efforts. 

Ad additional ~ord a~oul the NIH approac~ to the g r owth question might 
be in order . ~IH ma :erials usually att ~1pt to present growth as the 
residual after the re~ova l of any inflationary factors. There are two 
misleading aspects to this approach. (1) They are usually referri ng 
to inflation in costs pe r in.vestigator. Part of this so- called i nfla­
tion reflects changes in t he conduct of the science (e . g ., better in- ? 
struction)., and hopefully increased produ r. · · (2) We usually tnTI'1K >, 

- tha t as . the per unit cost of an item increases, we will purchase less 
units. NIH likes V8~tical demand cur ves. 
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1967 APPRO?RIATIO~;s (INCLUDING ENVIR0~~1ENTAL' EXCLUDING rn;:~TAL) 
· (millions) 

Total NIH $1, 112 

Grants 
Research Grants* 598.# 

Regional }i~dical Programs 43 
Research Fellows~ips* 51 ,.Training Grants* 134 " ·, 

Direct Opc~ations 229 
Direct Research)':_ 79 
Collaborative Studies . 110 
Bi.ologics Standards, Professional and. Technical 

Assistance, Training, Computer Research and 
Technology · 13 
Review and Approval,. Program Direction* 28 

Construction Grants 56 

Total with * = $946 million 

Research 
Grants and Fellowships Direct Review and Approval, 

Construction and Training Research Progr~~ Direction 

: • .. 

Growth 
Rate 

High 
Low 

% of: .'l'otal 
.·with."*. 

10 
8 

61.9' 

4 
3 

19.8 

High growth rate of programs with * 
Low growth rate of programs with * 

8 
6 

8.3. 

8.65%" 
6.85% 

9·. 8 
7.8 

3.0 
~ . 

'• 

• 



I. 

II 

"III. 

IV 

V. 

VI. 

VII. 

NIH PROJECT 

TABLE OF CONTENTS 

·; 

Disclaimer 

,Orientation 	 .. : 
Principal Findings 

Techniques of Analysis 

A. Cost/Benefit Analysis 
R. Manpower as a Resource Cons traint--An Economist's Argum~n·t 
c. Research: Applieq/Basic and Other Distinc.tions 

Current Characteristics 

A. Scale of Research 
B. The Feder~l Role 

.. C. Stµdy Sections 
D. Collaborative_ Programs 
E. Effectiveness· of NIH Training Programs 
F. Quality of Personnel in the Biomedical Field· 
G. Age Distribution of Researchers 

H.. ·. Distribution of Research 


Comparisons wi~h Other Fields 

A. Support of Graduate Study 
B. Compairson in Approval and Funding Rates 
C. Income Comparisons 
D. Patterns of Suport in Other Nations 

Medical Schools -l.11 
A. New Medical Schools 
B. Training More Physi~ians 
c. 	 NIH Practice of Separating Considc~ations of 


Distribution and Scientific Merit.­ . '"···' D. The Distribution of Support for Medical Schools -------··.J~ 
E. 	 Competitio11 between Biomedical Research and the 


Production of Physicians 

F. Biomedical Research as a Drain onPhysician Manpower 

... ..···'· . ~ .. .:· ".:'· .... . · 
~~.·~~ ....._, .. 

.· 



VIII. The Future 
.., 

A. Future Prospects ---------:..------:!::> ;·· d~' · 
B. Attracting Manpower in New Fields o~.I 

, ., ~ 

IX. Projected Future Growth Rates 

A. NIII Approach ....­
B. Intramural Research 
c. Extramural Research -:-----1 l 
D. Development of Manpower 
E. Developmental ~rograms 


..~,. Other 


X. Techniques for Decision Making 

A. Criteria for Decision IB. PossibUities for Program Budgeting I 
1. Research I 
2. Collaborative Research .1 
3. Development of Manpower Resources 
4. Other Programs I 

I 
I 

XI. Suggested Future Studies 
I 
I 

Appendices I 
I 

..... 
I 


•i•• 

• 

.. 

. . .. 



Di scl::d:~.i::i· 

At the outset, we best mention the limitations of this r~port. 

Data in the medical research area is difficult to find and hard to cm-

ploy. Throughout. this report, we use s.ample or represe~ta~ive 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 measure.bf quality for medical researchers. To handle 


·this topic, we had to turn to surrogate indicators. One such indicator 


was rates of "approval for scientific merit" o~ projects submitted to 

NIH • 

. No one would claim that the results ~e present should be regarded 

unqu~st!onably. No doubt, some ar~ misleading, and others may be com­

pletely wrong. However,· we should state that we entered this study 

without prejudice and presented as best· we could our honest appraisal 
I 

of NIH and its programs. We believe that the primary thrust of the in­

ferences derived from this study would ?ot differ greatly from that de­

rived from a much more.comprehensive investigation o~ the biomedical 

research area. 
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In his August 1966 speech at the National Institutes of E~~lth, 

Secretary Gardner identified critical i°ssues relating to Federal sup­

port for biomedical science.1/ . 
First, has there been a major change in the basis a'nd ···na­
ture of tne 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 con­
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? 

Th'e third cri ti.cal issue is: How should one view the allo­
cation of resource$ among (i) basic research, (ii) applied 
research, and (ii~ application of knowledge in a health 
services setting? 

..··.-.. ":' .. -..:.~.;...-;.:.·.. -· - ... 
This report is directed to these issues. 

l/An address given in Bethesda, Maryland, 23 August 1966, to the Con­
- sultants of the National Institutes of Health. Reprinted in Science, 

Volume 153 Number 3744, 30 September 1966, PP• 1601-3. 
1:fIn his· adcl~ess, Se_cretary Gardner :i.dentified a fourth issue which 

we consider only in passing. 

The final issue to be dealt with is this·: How will the 
I' scientific and university community be affected by the 
•'' . growing government i11terest in~d~~~very of. health services?2:/~·~ 

., .... : ·: .. ~· . . .·..:.".' '~.·.:··:···,,·~ ·".; ..:~~ .. ··.·..\:;~·~~::.-<·:·.:: ·: '.·:/<.:·:.":: .:·. . . 
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Cost/B~ncfit Analysis 

~\r .... The national exp•:mditure for medical research in 1967 will be ap­

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

and child in the United States. The per capita figur·e seems almost in­
such 

signifi.cant if we think, of the benefits derived fromlGZ::iW:: recent tncdical . 
.• 
: 

innovations as polio vaccines,.birth control pills, and tranquilizers. ., ' 
Only a few significant medical discoveries per decade would saem to 

justify our current level of expcnditur.e. This does not mean, howe~er, 

. that the dollars we spend on medical research are well spent. 

For example, with a change in emphas~s or direction ~n our medical 

research programs we might be able to garner much more medically useful 
'( 
' ...-----., . 

~nowledge ~-le our current level of ~penditure. Or, it may be the 

case that a small fraction of our current expenditure produces the 

great bulk of useful information, and the productivity of what economists • 

would refer to as marginal expenditure may be minimal. 

We also should point out that a straight dollar measure of inputs, v 
to the biomedic~l area will not give a true indication of the cost to 

··:,society. There are. presently nearly 70,000 professi~nal workers engaged 
'•,···: 

in biomedical research, many::·of them talented and highly trained 'scien­
·:, 

tists. The pool of capable scientists in this· coun_try is a vital national 
• 1 ~ 

resource. We will argue below that the salaries· of these i"ndividuals 

are not a true representation of thG;~~~~~ of employing them? 

in a specified field. 
• 

The biomedical research area is also distinguished by the fact that 

nearly two-thirds of its total support comes from the Federal Govern­
l that . 

I 

\ 

ment. It is an unfortunate fact, but true, the Government cannot su1port

" 
. .·'-· 

'·'I~::·.· 
I•..•..,•. :· .:,. ·, , .. ·.··.•·,' .\}' ~F:·.. i· ;. ~;/: ,::/:-:/,\~!{:;. :>~;:.;; ::,~jqr:t};•·Vi·;-:D<: ··: ·:~ <..
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every project whose dollar return is positive. Government dollars 

. must do double and triple duty •.!/ In judging the appropriate level of... 
• : .~ ','!I ·.', : ' 

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

to be derived from our efforts, but also the returns fr(rfll rival projects. 
I• I 

' whic.h compete for funds wi. th biomedical research. 

·In this report, we make a continual e~fort to employ the alterna­ '-, Ir : . 

tives foregone, opportunity cost approach to allocation problems·~. In .I 
many ways this apparently complex treatment actually simp~ifies our ·I 

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

we as a Nation should spend ~n biomedical research, or for that.matter 


on scientific ·research in general. Rather, we look at the question; 
 :" !.~.
' ,# •• ~-

how can we tell whether biomedicine is receiving sufficient support 

within~ particular p~ogram for support of the sciences. 

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). 
> 

I \ 

There are sectors within the NIH program which are not too poorly 1 

adapted to. cost/benefit analysis. Given a large margin of error,. the 

costs and payoffs of de'\Jelopmental progriams and those aimed at the de­

livery of health services can be estimated •. The payoffs are of three 

~arieties: (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 efforts in this direction./ 
_,t/t ~ ;'/.'C--.-1-_-~.,; • ,_r·, ~ I ~~JI 

l/Yor example, the D:i.sease Control MemoranQun1 prepared by this offfce 
dated November 15, 1966, li(;ts 14 programs ranging from motorcycle 

· ·helmets to tuberculosis with benefit/cost ratios of 4.4 and higher. 
~· : It seems likely thnt s.0111e of t;hese. p~~gr.am~ ·.will not_ b~ und.crtaken. 

- • ' •: • :. • • I• • • :· • .'• • • .•, :: • ::-~~~: •··~ ·~:. : ..•... : • • : : ~ • / •• , ;__ ."• • :• ·:. •" • •: • "1. .. • • o 

..,f ,. ' .• ._i. • • • :·..: ••• s··. " ....... . 
. 1'.· 
• • ; ~ I ,. '. - .. 
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<.- Cpst/bencfit calculations would be a useful tool in comparing these 

projects ag<dnst each other. There is little evidence of past ·Com.:.. 

pariso~s, particularly between the developmental and delivery areas • 

.., . 

., ~ 
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Ma:lpo~.:c:- c::is " ?.;;source Cons traint--An E~onohlist 's Argur.1~nt 

!fony annl::s ts assert that brains, and not money, are the scarce 

resource which ~ust 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 socrety. This as­

stunption might be justified on either of two groundso (1) £cientific 

knowledge is a public good and as.such is not t?tally appro~riable by 

its producer. Therefore, the ~arket demand price for scientists will 

not reflect their ~otal value to society. This justification would 

not be relev.ant.if Government support created an optimal level of de­

mand for scientists•.!/AlllllS (2) the ·market ·for· scientis~s· is imperfect 

·in that ·salary differentials do not adequatel)' reflect ·differences "in 

scientific .capability. 

just paid their marginal value, then 

ro 

.. ., 

~. 

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

tists. There arc, no doubt, some .scientists. whose va.lue to society may 

well be in excess of a million dollars ·a y~ar, who·:receive ·as income 

. only· _a small fracti.on of that amount.· .If we lure them into a. new field 
·salaries 

with a salary· increase, the cost -is not the new;\c-t.:1.;--.z,.7 but·· rather the 

opportunity cost resulting from taking them from old fields. 

At the·present time, we do not·pretend to have the knowle4ge which 

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

sCientists in different fields. If scientific research were supported
.a 

l/In detennining the .. optimal levei of. demand for scientists, the Govern..! 
- ment shoulc}~·acdoul:1t ·t'he ~cuniary~iseconomieSJ it receives as it ex­

pands· the field. That is, the Government should consider only the 
salar~es it must.pay to attract additional people to the scientific 
field. It should not consider the.inflation of the·salaries of indi­

. viduals already res~dent in the field. This inflation is _merely a · 
·transfer of wealth, and is not of relevance· to·. efficiency considera­
tions. (Cost/benefit. analy.ses: .of°te11 "~ui.shandl.~. th~. concept of p~cun-

. ' inry diseconomies.) · · · · " · ·. :... ·... ;. \. ·~.. · · · · · · · ·.. ... · · 
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by .the' m<lrkct tH~chanism, we could let the market carry out the alloca-· · 

tion. For reasons outlined above, the market cannot handle .the·. task.· .. · · 
... 

However, we.might ex?ect that a rudimentary form might be helpful. For 

example;,. we might agree that all scientists of a given l;evel of capabil ­. 
/ 

I 

ity shoµld be supported by the Goverrunent. .We could then leave ~t up 

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

: ~ . 

there were~·new fields (oceanography is a recent example) which had not 


receive~ sufficie~t. emphasis in the past, it would be reasonable for ... 

: I• -:r:~·"~ •.the Government to giv~ f{-:aa~itional support in the hope that it would 

ii • 

in a short period of time be able to generate a self-sustaining intel­
i 

lectual atmosphere which c9uld attract talented scientists i11 the . 

future.!· However, the basic Government position would be one in which 
.. : 

·the scientists would be free to choose their own.fields. The .basis of 
I 

this prbcedura of course is-~hat scientis~s c~ti choose ·prdfitable 
! - • • . 

·fields ·well and that scientific profitabili~y· ·to· some extent ~oes hand 

in hand!with. desirability to.society • 

... 
Th~ past 20 years has witnessed a most remarkable growth.in the 

I 
I 

biornedi·b~l profession as. the.. sta~is~ics presented i~ this report show. 

·; Bi,o~.e~.ifal science is a thriving area at !'resent, and. in ~hc:t thri Wor\IS,' 
. . ~ . .. ·, ~... '. .\'' ,: . ·.' 

of ·that ·oft~cited phrase,. it\\has r.eached ~ts maturity.. We woul~:"'.exp.ect · 

•. j . .. . 

therefore that Government support for biomedical science should put it 
. I . •. 

I •i· 
on roug~1ly competing grounds with other fi~lds o~· ·scientific endeavor. 

In the next section, we present some historical·and current data relat~ 

ing to luppOrt for biomedicine and other .scientific fields. 
I 

i 

I, 

. .. 
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Research: A~plied/Basic and Other Distinctions 

In recent years, the distinction between applied and basic research 

has rec~ived a great deal of att.ention, and has .resulted in no small 

amount of confusion. It is debatable whether such classifi.cations mean 

very much in the biomedical sciences. Alvin Weinbe~g, a! s~ientist and 

admini~trator, has written: 

1'lle dogma of protein synthesis--DNA, messenger Ri~A, transfer 
RNA, protein--seems to be valid in almost every life form. 
The same 20-odd ~lino 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 of ten defined in terms of the 

obj ect"ives of the person performing it. But this engenders some ambi­

~ guity, for a s~ientist may be working on a project which he regards as 

basic-Ji •.e. , done only to satisfy. scientific curiosity--while the ad­

ministiator, in :the context of the total research effort,. sees it as 

mission-oriented. In such a. case, we can talk about mission-oriented 

basic research and avoid· confusion. 

We have developed ·a cpncept of resear~h which attempts to avoid 

the ambiguity of the applied/~asic distinction. Possibly, it·will p~s~ 

new problems of its own. The economic approach is to look at the type 
distribution · quantity .... --·----.-­

·and tinie>tl:t~~as~_w..el~as .tb~Aq~.00.{a.~ of payoffs from a research 
~-: ·-·• ..--.--~--~---- ' •---- ............. ~j•rA<,. - ,. ·.-.~-~ ..... ~-~~-~- - • .._ .-'"'<-~ ,••~=-.:..-~.,I.·- ' - • 


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

properties of cellular proteins.· Such a study, if successful, would 
:' 

add to lour knowledge and understanding·of the life process--perhaps in 
I 

a very fundamental way. Suc1_1 resear.ch is termed "additive" because its 

primary value is that it ~ill add yo, basic s.cient~~ic knowle~ge and 

. ~ 
.· 

\ 

" 

., ') 
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provid.e a basis for future research. A typical ''non-additive" research 

project would be an investigation into the best surgical 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-additive research 

·to be· concentrated in the near future. tn cont~ast, a practical payoff 
Ir I 

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 fission in 1938. 

There is a difference between non-additive and focused research. 

Rese~rch is focused to the extent that it looks at a· particular prob­

len1 whi...eh is also an institutional.goal. While non-add~tive ~s gener­

ally more focused than addi~ive research,. some additive research is 

highly focused on fundamental problems, the solutions of which are im­

portant goals. 

Our analysis suggests that comparison~ between different additive 

research projects can be made primarily on the bas~s of scientific 

merit. Their probable__~enefits ~ie in· contributions to scientific 

knowledge, the material benefits of whic~~are ~!~~!cult to estimate and 

will hopefully continue for mapy years in the futu~~~:]0n-additive re­

search can be· evaluated in terms of p_o~~~p.r.ac:ti.Ga-1-be.ne.f.il_s. Any 

comparison between additiv·e and non-additive research, however, w}.11 be 

difficult or impossible to make because the nature.of their benefits 

differ greatly. Such a comparison would involve estimating the bene­

fits from a certain domain of scientific knowledge, the contribution 

.• 
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of a given piece of research to that knowledge and arr appropriate rate 

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

· made in a meaningful way. Our major conclus.ion; reached also by·: 

Weinberg for applied and basic research as defined by him,'is that ad­

ditive and noq-additive research should not compete .for ~unds; they· are 

simply not comparable under ordinary circumstances •..!/ 

·.. 

• 

Jjin time of war, .it may seem obvious ·that the welfare of future gener­
ations depends upon current welfare--that is, military victory. This 
sense of nationC\l urgency results in a high discount rate, and every­
one does appli~d research. 

......:.: :·.~· .... . .: : :: :.... 
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Current Chnracteristics I 
·:-.:· ,. . I 

The ~iomedical research establishment has grown from a $45 'million f 

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

~ 

,, ') I 
·growth reflects, to a considerable extent, the increasing Federal I 
involvement in the field •. Federal support; of. negligibl~ importance to the .. .. 
field in 1940 is the main force in the b_iomedical ..area today., . eclipsing

1 

industry, State and local governmen.t', and. the pr.ivate foundations. NIH 

(excluding mental health) provides 55% of Federal funds ·for biomedical 

research. Appendix A gives: detailed basic data on NIH and O? .~.i_omedical.. 

researclt. 

Scale of Research I 
l 

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

it has remained i~ the provi1'.1ce of "little science."· · Most ·research~~ 
I• ( 'L 

·.·':· i.. is do.ne·. by indiv~dua'ls or small'. teams. For fi~cal year · 1965 the. ·.· ,· 

·" ·-./~:·;. ~ .· .·:. :~'... . ! I 

I 

median size of a'."resea'rch 'grant was·.. ~rily $20~328~ a~d only 5.2% of their 
' . . ; ~ .. ': . l ' 
.;·•;' grants were over $100,00? (a~though they made up about one third·:of ·the ·I 

I
dolla:rs a'1arded) Since 1955 ~ . the size of an ayerage NIH grant ~as r_isen 

steeply from $11, 000 to ove.r $40, OOO-lc; bu_t. the ·sea~~- of research projects 

remai.ns small i~ comparison. to .prcmi.er "big science'~ fields. like astronomy and 

c 

experimental physics. Current thinking about the probl~rns ··and ifotential 

of "big science" in biomedicine is summar.ized in The Advancement of 

.. 
*In part this reflects a trend. toward the practice of combining·two 

or more research efforts into single.rese~rch .proposals . 
.. . '. ..... ·: ·~ ... ~, ...:,'<.:;:/:,::':.:: :....:_::.. ;,:;·~·.:-::.'.\_"·: .~·.' ..:;:;_ .. " , .. 
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Knowledge for t.:he Nation's Health . ..;:-1: 

I.11
It is generally a'greed that many areas of medical science, given 

sufficient manpower, f~cilities, and operating funds, are amenable ., ·. 
I 
I 
Ito such an approach. For example, bioengineering, tapping the bast 

potential of industry, co~ld be applied much more extensively in the 
I 

development of artificial organs, diagnostic instruments, and I 
i 
Ipatient monitoring systems Such research is highly expensive and i 
I 

makes use of wholly new skills. ·consequently, ·it is not a substitute I 
I 
Ifor the present mix of fundamental and applied research which characterizes l 
I 
II/the present scene. 

The best approximations of ."big science" now being performed in the I 
biomedi~al area are the NIH collaborative programs. Cancer chemotherapy,. 

f
the oldest and best known of these programs, currently expends $30 

Imillion a year to screen thousands of chemical compounds for effective 	 i 
: 

activity against cancer. ·The related Etiology collaborative program 


spends a like amount investigating the causes' and prevention of cancer. 


spends roughly one quarter the total of the two major cancer· progrants. 

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

centrally administered, but conducted on a decentralized basis under 

numerous small individual contracts. 

** A Report to the President on the Research Programs of the· National 
Institutes of: Health, p. 292, November 1966 • 

... ....... ·.... · ·.· 

.. 
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The Federal Rol~ 

1.'he government ne·cds .to support. additive research because scientific 
./

knowledge is a public good. The market system will not pro..duce a 
' 

nearly sufficient amount! However, the close relationship. with the 

production of goods, together. with patent protectio~ m~ke non-additive, 

developmental efforts considerably less .. public in nature. This would seem 
..... 

to offer the argument that the government, in contrast to industry, should 

concentrate on building ~ base of scientific knowledge and do relatively' little· 

-·· ,in an applied or developmental way. Past government support in the. biomedical 
... 

·::·.i-. : sciences ha.s. been primarily for additive research 

.. 
Unforblnately, the present structure of the biomedical research field ,. 

···rr- .. is n~t well-suited to conunercial 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 
Federa1 · /. 

knowle~ge to the de~elopmental stage. l'his area must now be given/support. V 

~rhe drug industry is an outstandi~g exception~ · The following quotes 

arc from the ~ighly s/mpatheti~ 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 co11Ullitment of dr.ug.. companies t.o 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 ai>proximatcly 50%. An additional increase of 
2,500 was projected for the end of 1968.•. " 
"Most of the specific medical adva11ccs .of recent years have 
been in ·t;he chcmothera:peutic. area. These have come in J~he 
main f'i·om tht.: fu·ug industry~ JU.though a.c~d-emic con·t.ribu'l;ions 
have had ·their l'lace in this innovational process, the 
tilbimate developme11t of :arugs and. the bringing of" thera. to the 
public depended largely upon the exercise of industrial 
----~.t...!--..!.t..... --..=! ,,..... .........P~1..."rt.P. II ' . 
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Study Sections 	 t 

I 
The study section system has functioned effectively in the past because 

.,>. I 
research funds have been liberally available. It now seems evident ., ., 
that this bountiful. situation may not be maintained. 	 Indeed, the last 

I
few years have seen a slowing ·in the growth of funds, and a reduction in. 

.... i 
. . ·. · thqpercentage of approved projects which ~re funded. ... 

Il([H RESEARCH GRANT AWARDS .ATul) NATIONAL ADVISORY 
I 

COUNqIL APPROVllliSt 1963-1967 · Funding. Ratios I 
IRatio of Institute t 

Council Year Council Approvals Institute Awarded Awarded to Council t 
Approved* I

Dollars Number Dollar~· Number Dollars ·J.... 
-..,.,L-.--- .. . ...... . . 	 I 

6,396 172,6~8,334 5,959 157,733.532 ·97.4 95.6 I 
l 
I ~~· :::: . 6,279 16~,251,461 5,882 150 ,437 ,51+1 97.4 93.9 

t;~'<.f~;. 1965 . 180,171,207 5,536 155,620,800 90.4 90.l 
I. 

~ ~-.J~ 1966 6,544 200,287,778 4,881 153,576;562 84.2 85.• 9 i 
c 

;-,:... .x~-::rf'. 
tJV ~\T .,J . 1967: 6,431' 224,674,428 4,560 149' 137 ,28_8 93.3 94.3 

\:, 	 · 1 
•••• v.• '"Ir"'•·~··•··. .. " .., .•.., ' ....... ~-...........,.,.,•....,.~.~................- .. •• ...... ""'.- , 1 •• 


Withdrawn After 	 ·X-.Awards as a percent oi'·Pending Institute A~ti~~Council Approvals 	 council approvals less I 
approvals on withdrawn I 

Number Dollars Approved N b Dollars Approve. . um er 	 applications and aDplicationsby Counci1 . · bl Council for which f'ina.l ac.d;ion ho.s I 
·~..not yet been taken by the t 

7 ,572 a288 	 lInstitute. I 
0 I 

I·1964 135 
NOT'S:The ratio fieuresfor i 

1965 302 .6 ,134, 984 15 1,254,604 1967 may be misleac1:i.ng in ! 
.that there is a large quantity: 

19~ ·575 ·12,849,615 175 8,663,837 .ofpending proposals. f 

. \ . 

.: ... 
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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 f.' ... 
:disapprove projects. With the exception of margi~al·cases, the 

., : 
I

scores of approved projects are of no relevance .. Howev~r, during a I
period of tight funding,. the scores play .a significant role. As in 

most distributions, the scores are denses~ around the median numbers. ... 


Thus, for example, if approximately one-half of the approved projects 


were funded we.would expect to find the maximum number of projects with 


scores within a· few points of the cutoff. Such a situation would be 


likely to lead to u~healthy competition between study. sections, 


eacb attempting to· improve its· share of funded projects by giving better . 


and.better priority scores to its appro':1ed 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 '65 166 1 66 !66 

258 255 251 243 ... 241 239 

First two numbers for PHS. From August 1965 on for NIH only. Differe11ce•between averages, is always very small. i 
- •I ~.~ (.' J1 ~ 1 J.!·

·f (,I' ,., I ·~ Q•··"'' ·~·' f I 
We should note that these priority scores were improving during a period j 

I
.in which ~pproval rates were ·falling. Thus, the argument that projects I 

I 

.·.· .•' ..:. 

•' 
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. . 

.. 	 . ,.. ·!\j. . ' . ~. ·. 

'; I •' 	 I '' =..: ~ ~ ••' ... : ... ~· .' ·.:.~ ~\. 

· The study sec tion system faces 
'.• 

another danger during a pcrio<l of 

tight funding. Some worthwhile research areas may not be ·ipvestig~ted.. · 

This will be.?4rticularly tru: if different study sections grade. at 
,, ' 

different levels of diff.iculty~ The correlation between NIH study section 


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

.... 

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

~e 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 -6 224 -17· 246 +7 

15. CVB 295 +52 276 +35 278 +39 

20. EPB 249 +6 268 +27 :251 +12 

25. HEM . 267 +24 255 +14 2.45 +6 

30. MNHA 269 +26. 273 	 264 +25 

35. NTN 244 +l 252 +11 243 +4 I' 
40. PMl 269 +26 260 +19 252 +13 	 I 

45. SGYB.'. .+33 300 +59 274 +35 l 
-11 245 +4 225 -14.so·. vR I 

\'
~'t The average score for a project app1~oved by a study section CJ~rint. ..· .. . i· 

the time peri.od; . obta~nt~d by. weighting .the av~rnge study secti'on priority 

sc01:es. 
 I 

'1..-lt 	 Data .from ·Research Grant Applicat:i.ons Revi.cw_~.£L..hY. PHS Srudy ~ec.t.iru.1Ju1.Jld. 
Committees, prepared by DATA PROCESSING SECTION, NIH, Bethesda, Maryland . 

.· 	 I 
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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 
'. ... .t 

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

programs within an institute:* Similarly, the Counci~ 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 
I I 

other. Funding difficulties may be further aggravated because Councils 

~an8funds frOm future ·years. This means that fluctuations in 

current funds create much more significant percentage flucuations in 

the funds available for·new projects. 

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

Now that its program is larger, and resource constraints on the Federal 

budget more severe, funding shortages are more\ikely. We think that 

it may become ·necessary, and certainly will be desirable for the it1stitutes · 

to id~ntify priority areas through their Advisory Councils. 

,. 
! 

Fortuna~ely, NIH has already had some experience with this approach. 

:·. • -(.·;.A few years ~ack, the Allergy. and Infectious ~iseases Institute was· fo.rc?d ' .. , . 
1 

.· ·::·~~: : to functio:n·.on _a: very limited·~ budge.t. Prior commitments put the;rr· in· a· ·, ·. \'. 

~..,-:·. position where they could funci" but few new projects. Straightforward 

. :·!.-. ... 
•••• \1 

·:: *Advisory Councils are empowered· to take program balance into consiclera.tion 
to decide the priority order ·for funding. In actual practice the Councils · 
follow '.the study sections. priority ratings in al'i but a few cases.~· Similarly, 
the Co111.1c ils ~an· allow for easy and hard study sect ions. Past. scoring averages. 
and like data ar.e· avaqable ·at Council meetings. However,. it iS. ".~uch ·si.mplct , 
not· to attempt to correct for this facor, and we fear the· Counc'ils. i1sua.lly 
follow the easy way. · · . . · "· · ' 

·. 
._ ·..... ..;: ..:·...... . 
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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, 

' NIAID developed their Special Emphasis Research Programs. They have 

described their programs as follows: ., i 

l!In previous years the structures of limited research grant funds encouraged 

"' 	 1'this Institute to develop, with the help of Council, the concept of "areas 

of high program relevance." Thi~ concept permitted.the intrinsic scientific 

merit to be supplemented by a fiscal priority of payment when the grant 

application was judged to have high progr~m relevance. The experience gained 

in developing program priorities and the current estimate regarding FY 68 
~ . 	 . 

r'· 	 funding now sub~tantially lessens the importance of fiscal priority and 

stim\ilatcs the Institute ~o take an.even more active programming· position· ,, 
in certain areas. 

Under the SRecial E~phasis Research Programs, the NIAID Council.was . 

empowered to swing two deciles in its funding of .projects. We think the 

NIAID ~pproach is a most promising one. We include an appendix on its 

procedures and programs. 

In our section on projected future growth· rates· fo,; ex·tramural programs, 

·we discuss an elaboration of their scheme. 
• 

... .. ·.-.: . _; .....· .···; 
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Probably the most significant recent development 'in the biomedical° 

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

Most of thi.s work is carried out in 'the collaborative programs on a 

contractual basis. NIH has administrativ~ responsibility for these 

efforts which are directed toward specific goals. 

Well known NIH collaborative projects include the cancer chemotherapy 

program, the development of .the artificial kidney and the artificial 

heart,, and the rubella vaccine development project~ 

This por~ion of the NIH budget has grown rapidly in recent years .. 

1r' 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? 

I• 
i. NIH has summarized the prerequisites for a .targeted research ~ 

I 
program: ; 

1. 

'' ••• a clear demonstration thae a solution for Ithe problem is attainable (e.g., a vaccine can only. 
be said to be attainable if it is· known that the 
disease .is cause~ by an infectious agent); 

•. 
~·. • • a reasonable assurance that both ·c11c· theoretical 
method and the physical means for working out the 

I 



-. \t..-t_.) 
:\ . . 

·~··. 

solution are available; 

". • . a rational set of procedures--or a pat.hway-­
to the solution of the problem is disccrnib l'c. :; 

NIH has not been bold in discussing the pos.aibilities for this 
., ) 

form of research. 

'. ;/J . .•. . . • . ' ' . 
j: .. . These. conditions can be met in a number of physical. science problcm_s . 

~· ,.\· . . t. 

that have a :sound :and fairly ·~.~mprehensive theoretical base. They 

.. usually cannot be met in the majority of bio.logical problems where this.·· 
- ... 

most· essential of all conditions for large-sc·a1e targeted research is 

. . ,,
tn:LSSl.ng . 

.r 11In 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 too ~uch caution has bee~ exercised, or that success is fairly 
. 

well predictable, an accelerated effort will be justified. Too ambitious 

a beginning or too r.eady an abandomnent of the methods by which success 

has been achieved would J:>e foolhardy. The result might well be the 

expenditure of valuable resources andscarce talen ·on an ill-founded 
;.d 

presumption of success. ··.. 

However, we ·should mention that administrators of collaborative 

programs at NIH have been much more optimistic in their p~edictions. 

',. 

... ··.-·:··. 
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One of the disndva~tagcs of much targeted research is ·that it ·I 
tends to be of a non-additive.nature •. I. 

: ·. 

I! 

Cancer Chemotherapy as an Example 
., ;; 

IIINIH has co11unented on ~he cancer chemotherapy program: These considerations, 

in view of the state of biomedical knowfedge today,_ arc major constraints on 
.. ' 

the eager development of. targeted programs, most of which, for some time to 

come, are likely to remain a gamble with not very favorable odds. Indeed, 

the cancer chemotherapy program is such a gamble. Over the past decade, r 

I 
it has paid off with many useful drugs and much knowledge about drug 

action, .bu~ has not yielded, ~nd may never yield, a~y Qasic insight 

into the nature of cancer le~ding to cancer control.11 Dr. Howard Hiatt . , " . 
~1JF•-i-fe,,~ !·' , 

ha~· the scientific basis which underlies this protect:
I. ~ 

"· •• Indeed, what remains to be answered about all 

I 
I 
f 
f 

l 
I 

the agents presently is use is not why they do not 
; 

cure, or why their therapeutic usefulness is not 
broader put, rather, why these drugs work at all,. 

f~r, as I feel impe,lled to emi)hasize the~ quest for. ...
'·''· . ' .. \' · 1
metabolic pathways\ 'peculiar to the cancer cell has 
been unsuccessfuf. ~" 

' •. In the absence of fundamental knowledge, the· chemotherapy project, I 
i 

seems to be a shot ·in the· dark':"-albeit a well-intentioned one. -~·..;. I 
I 

Similarly, should we ever be so fortunate to be able .to prevent 

•or Ctire_.,heart disease or kidney failure, we will render obsolete 
. ,'\ • ' '. ~' . i ~' ·• 

I ,I Ito,' 

t~e artificial o.rgau programs ·:in those· areas.. .Most of the dollat'.s:.,_ · 
~·)-~, ' . 

·;·.·' ·,. .... ' 

·. ·~ 
' 

* New. England Journal of Medicine, pp. 157-166., J'anuary 19, 1967 

.• 

.· 
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I and effort that went into thos~ programs will have been w~~<l in the 

research sense i,rt that they will not be a base. on which future 

research.will build. ; 

The additivi :y or uon.-aclditivity of a r·escarch pi~ogr.am .is not a ~tr; 

basis on which it should be approved or rejected; it is merely a 

factor which influences its effectiveness. Not unrelated to the 

additivity concept is that of spinoffs '?' Qui. ;e oft.an a developmental 

research effort will yield information on techniques which may be 

_applicable· in other areas with different end· goals. Thus, for example, 

knowledge we gain about the introduction of one artificial o~gan will 
.. 

assuredly have many uses when ·we attempt to develop another. Simi.larly, 

.~. 	 it is clenr that· there are si:riking sin1ilarities .in the technique,s used 

to .deve1op vaccines • -Inf'o:r.:.ma.£-:i:on .:.gain.!:~1::-Yhii,.e::=p.rod~~ng-onc:.:Jl\l..gb.t-weH. 

We would expect in general that the directed nature of collaborativt? 

progra~s would tend to minimize the. P'Jt•=:ntial for spinoffs. -,'( However, 

this factor must be.taken into consideration in any cost/benefit 

analysis of these p·t ograni.~ . Ihey are difficult to quantify, tmd ar.c 

usually omitted. 

0 

The Woolridge and Ruine reports ·were pessimi.stic about the ab~lity 
J!• 

of NIH to· administer its ·large collaborative programs. The National 

.--~. * It: would seem for example that the cancer chemotherapy progrnm would 
offer very little in the way of .spinoffs.~ 

. ' { 
. ·l 

I ! 
·'I 

I 

... 

·l 
I 

! 
I 

. \ .. 	 f 

·· .. I 
.· I 

l 
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Institutes of Health has been exremcly fortunate in obtaining and dcvelopi;ng 

a fc.w outstanding program managers. However, tha supply of experienced, 

competent prog1:am managers in NIH, and generally in the oion:cdical com­

munity, is scanty relative to the foreseeable needs, and steps should 
., i -· 

quickly be taken to make S~.flL_oc.cupa.t.i..oas-mo.t"e at·tractive as to pay, 
- -~~ -·------- . ---·------------­

challenge and responsibility, career opportunities, and professional
-------·-·-··---·--·- --------·-·· - ·­

....
·status. A pattern of incentives of this type may activate suitable...---- . 

talents and inte.rests now latent within the community .ll We have made 

no attempt to update the findings of these reports (the Ruina report is 

dated. z.'Jarch 29, 1966). However, interviews with some of the individuals 

concorncd with th~ir preparation indicated that they were not familiar. . 
with any developme11ts which led them to believe that NIH now has the

(i': 
then lacking managerial ability. We have some indication that all parties 

at NIH are not fully behind some of the. collaborative efforts. This 

factor, combined with the salary limitations of the ~overnment pay scale 

make it all the more difficult to secure competent program managers 

for the collaborative efforts. 

&'I 
A principle finding of the Ruina Report was that: If NIH is to be 

responsible for program of directed research or development, a strong 
N 

management structure, distinct from the intramural research activity. . . 
and from the mechanism for administering grants, should be established::~· 

.The current NIU collaborative programs are handled ~cp~rately by the 

institutes. However, there does not exist any Nlli-wide organization 

~ 
\ 

......•• .: .. 
-.... , ..- : .. ...:.· .•, ­·. 

\ 
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~···· 

: ,. . 

for dealing with collaborative programs. If, as has been cmph~sized 

in the past, Nillis primary difficulty in the extramural area is 
. ¢ .. 

administration and planning, it would seem valuable to have·~cil.ctralized . } 

co-ordinating agency which could give advice and guidance developed from . 
., ·, 

the experience of all collaborative effo~ts. For example, there are 

many problems. peculiar to gover11ment industry relations which all 
.. 

collaborative programs ~re likely to encounter.· How helpful it might 

be if there w.ere an organization which could pool knowledge of past 

treatment of such problems. 

Furthel."ffiore, we would suspect that in some cases there are scientific 
.... 

questions which interest two ·ornore ·collaborative programs; 'that there 

~ is a potentfal for spinoffs between 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. 
--:____ 

Finally, it is apparent that collaborative programs have been forced 

to become involved with· institute politics.. Some ·programs have ~fone 

quite well by themselves.· Bu~ on the whole, whatever the results ,.;e 

would consider this an unfortunate ·si.tuation. A a.entralized collaborative 

organization might be able to reduce the sensitivity of collaborative
• 

efforts to political considerations. 

We should emphasize and state explicitly "that we 4o not believe that 

collaborative· programs shoul~ be removed from the institutes. We are 

• . ·.:" ... ~ t' .· .·. :.:· 

.· 
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l 

1 
merely stating that it might be beneficial to develop an NIH agency which 

f 
~ . . 

could bring together all NIH collaborative experience. 	 f· 

~.,llli At present, few.industrial firms (excluding drug companies) have ~he 
., . r 

i 

capability to carry on high level medical R and D. In part this is a r~flection . I 
of lack of past demand. In part, a reflection of the fact th~t ~he I 
environment is not one talented medical researchers find particularly congenial. I 
Further, there is the fact that non-industrial research has been well-supported .. I 
It is· difficult to predict future trends .in this area. Some people with 

whom we spoke have warned that large scale collaborative efforts could 
l

swallow up the resource talent currently dealing.with less directed research 	 ~ ~-. 	 I 
efforts. Others have despaire~ of the possibility of developmental efforts 	 t 

i 
attracting ~he talen which they will require. 	 t 

t 
I. 

At this point we might contrast the experience of biomedicine and chemistry. ·I
Outside of the drug field'; there is little opportunity for the conunercial 

exploitation of developmental research. in the biomedical area. Thus, there 

is little incent~ve ·for industry to bring biomedical knowledge to the 

developmental stage. In chemistry, by contrast, th~re are industrial 

firms which regularly and profitably turn new knowledge into new 
• 

p~oducts. Part of the success of the chemical industry may be explained 

by the si~o of its corporate units. The·y are sufficiently large to 

make it feasible and profitable for individual companies to carry on their 

.. .:.· 

... _"'\•, 

·~· ' . 

:·I 
-~. ,' 

,• 	 f 
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Despite _th_e lure of higher salaries, many, if not most; of our r.iost 

talented and original chemists stay within the academic C:onupunity. 
, I 

Their more workmanlike brethren, on the other hand, can take industrial 
,, i 

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

At present biomedicine lacks this 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 eil\ployed carrying on developrnentat efforts • 

. . , 
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:· ' '·· . ., .. ,(.. ·. ;.• .. . ·. ..."' .., ·.. '. ~ . :, :'·•. I .•.· 
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Effectiven_s:ss of NIH Training Programs 

A systematic evaluation of the effectivness of NIH trainipg programs 

has never been done. Good·statistics on the number of people supported 

on_ these programs arc· not available before 1963. . A report .entitled ., l 

The Development of NIH Training Programs to Meet National Nee.ds for 
'· 

Research and Teaching in the Biomedical Sciences is now undergoing 

final review at NIH and.should be available shortly. 

The National Institute of General Medical Sciences ·is the primary. 

soorce of NIH support for training programs .. 'l'heir experience has 

been summarized in ·an NIH report: 

To obtain this output of PH.D's it is necessary 
· 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.factors which:influcnce any effectiveness 
. \ ........,' 

measure. For example, if many graduate students are not Ph.D candidates 

any Ph.D. support pr~gram (80% of NIGMS tra~nees ar~·seeking Pll,D) will 

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

The chart·below shows the relative performance of NIH supported 

graduaru students as a function of the level of NIH support in 'the 

'.• 
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field. 

~'IELD PH:D. 'S TO NIH· NIH PH, D. 'S AS % % OF TOT.AL IN (3) / (l•) 
TRAINEES 1964-5 OF TOTAL 1965 FIELD SUPPORTED 

BY Nf H 1963 ! 
. (1) (2) (3) (4) .(5) 

Anatomy 34 	 40.0 29 1.38 7 
/	 Bi.ochcmis try 80 27. 6 .· 36, .. •77 / 

Biophysics 25 64.1 75· .85 
Microbiology 91 40.4 31 1.30 

1 '• 42.4 12 3.53 .... 
Pharmacology 47 59. 5 55 1. 09 / 
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 

Column (5) gives some sort of effectivness measure for. NIH programs. The 
chart indicates that NIH programs arc most effective in those areas in which 
it supports the smallest percentage. of the field. Put in the jargon 

· l 	 .. _ of the economist, there appear to be diminishing re turns to incrcas ing 
,, ·· , suppoi:t in a field. The five fields to which NIH gave the smallest per-· 

: ~·: -~/· >>:-.;:. ·. centag¢~. of total support had· an average offectivcmess rating of 1. 92 ..· ..·The ;" 
. . ·.. ; : ; five fields'_:which NIH supporCed the most heavily h'ad an average·., fat fog. of : :~. ,\k.>/ 

~96. In all cases a ·small p·er,centage support field. ha_d a higher effective.­
ness· rating than a large pcr~entage support field. 
Underlined fields are those in which NIH supported the greatest perce~ta.ge 
of the field. · 	 · · ··. · 

P 
Pathology 

. . . 

.. 

..•: .·~ 

. • . ." ··~· :...~ . ' '·. ..... _.'_:·: ·:·~;:·:</-.-: ..·:·· ........ '. .. .. 
. ··~ ~· .. '. • .. : .. . \, . ···..... _~·.· .•. .:..,'_.......<·. ':,.. .~:·. ... 

• • ' ,•• •• ,\: ... ·.: : • • ; •• • : • ...~·, p ....: • : • • ' • 
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INDIRECT TRAINEES WHO RECEIVED FINANCIAL SUPPORT 
FROi.~ 	NIH TR.AI~ING GR.fu~S 

FY 1961 - 1965 

•.'' 
Fiscal · Total Predo~toral J./ Postdoctoral 2:./ 

Year Number 	 Number Number ., . 

1961 12,473 	 t,528 
.. 

4,945 
·.· 

1962 14,417 	 8,988 5,429 

1963 	~/ 18,902 12,847 6,055 

1964 J./ 22,216 15,531 	 .6 ,685 

Not 	 Not 

r' 1965 ~-' 23,337 avail. 	 avail. 

Includes trainees at prebaccalaurcate level. 

Includes trainees holding a doctoral degree and seeking 


another degree. 

Includes trainees supported under NI1'fil Undergraduate 


Training Grants: (NCI and NHI undergraduate training 

grants do not support trainees,) Data for previous 

years not available, 


NOTE: 	 This material was·received by DREW A-llgust 31, 1967. We did 
not have an opportunity to include the fi~ures in our analysis. 

. 	 SAS~/SAB/DRG 
Report 1F 68-17 
August.. 25, 1967 

• 

~· 
 . : .. . ..- . . ·' ..... ·.. ..· .·· . 
.·. . , . . 	 . . ,~. 
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Quality of Personnel in.the Biomedical Field 

We ,,:ere not able to make a direct evaluation of the qualit.y of 

people in the biomedical research field. This section discusses those 

indirect measures which we cou'id find. .
' ..From 1954 to 1967, the pool of professional manpower in bior.&cdical 

research expanded. from under 20, 000 to approxirnately · 65, 000 individual~. 

·. Ine'!itably, the quality of such_.a flood __of' people moving into the bio­

.medical area has been questioned. Sue~ a question cannot, of course,. 

·be answered without a detailed investigation. ·All we can look for are·· 

.indications one way or another; in which spirit, the following ipfor­

mation may be of interest. Of 1964 college ~eniors majoring in biology, 

93 percent of the top fifth of the class was going on to graduate school. 

This is not very surprising, what is striking is that more than 84 per-. 

cent of the students i11 the nC;?xt three _decades were going on for grad­

uate study, most of them under Government-sponsored programs .1/ .The 

. ' ·,··· ·:j .. ·,·\-~> 
' . 

.; 

l/W~ might nc;>te a statistic which we c. ., . 
with other Fields "For ·th 1 ite~ in our section Compar"i·SS • ose w1ose c f. son

pe;i:-cen~ of 1961 college seniors of :~~er l.eld was the biosciences, 
men were in graduate school in 1964." h sexes· and two..:.thirds of the 

••: 

.. 

,.. , .. 
. ·.:;. 

·,: ."\ ~\,:·~i· ·• 



·.~ fisures suggest two hypotheses:~~ 	 .. 

1. 	 Little of the NIH support to institutions of higher learning 

trickles clo\om to expand the biosciences on the undergraduate level. ,. 
Indeed, many observers have made statements ail suppp1·t of this 

·; 
hypothesis. 

2. 	 It is extremely easy to go on for graduate s.tudy in the biosciences.•·. 

Another interesting statistic is t.l:1e ·approval rate for research 

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

has been judged to be of so~e scientific merit;. if -funds are available, 

CA-11 	 ,\...
it 	~-:iil:w-1 be supported·~, Since standards of· scientific competence have ------···· ·-·-·· ... 

,. / 	 I \ 

probably changed little during the period of NIH's· existence, it is I .r ; I """'\ ···--··--------- ___.......__ ......,.,·-~ .......,.___-..·-·--·---·-·· I I~ / I 

I f../,·.~-~.J I 
.\~ T,. ,.possible to regard the approval r~te as an indication of the quality 

-v 	 . 
of researchers, in a given y·ear. As Table 6 illustrates, the approval 

rates for new NIH applications dropped sharply in the years 1957-65, !l ... /> .y .• 
1h'-"' ~ _/:,;•.r 

from 	73.7 percent to 51.5 percent. . · _flc.Jv ~ v"'vV/~· 

A ~\-'~.Table 6 _ __ '' 
APPROVAL RATES FOR NEW NIH APPLICATIONS jt~r~ 

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% 
AMOUN1'S 68.0 53.3 52.1 48.7 44.8 48·. o 44.7 42.7 43. 7% '. :.. 

This 	trend suggests .that ·the overall quality of biomedical researchers 

. \ 
\. 	

declined with the majo_r influx of newly trained manpower in the late· 

fifties and e~rly sixti~s. However, such a conclus{on would require 

a knowledge. of how new researchers compared witl.1 older ones, wit.h respect 

...to approva_l rates, both now and in yec:irs past~ Such information is not 

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

"' ., ·data 	on applicants. and project evaluatio_ns • 

; ... 

. . ·><-1r.rH ·.truditj.011~illy refuses to fund a)?pr~ved projc~ts with priority scores 
..,. :·:' · "which plO.ce them in the lowest de~ile of approved. projects· 



"gc Di_stribut:ion of Manpower 

Host psychologists and scientists agree that creative scientific' research is the domain of the young.~ ~he Special Subcommittee on In-·J f'\ , _;· 

I 
vestizat.i.on of DHEW heard testimony to this effect: \ 

! 
I 

I 
Dr. Kenneth Endicott, Director, ~ational Canc~r Institute, 

I 
j 

inf:O"Clil(~d th~ su'bcommittee th~t in his opinfoi1 ·T·eSCa~ch Was i 
a young man's game. ·He stated that often a good invesJiga­ . i 
tor will commence to "run down" in his forties and become· .. ·,

i' 
unproductive in his fifties. He ·fu.rther stated that this. 

I 

·~as one. of the reasons why lifetime awards under the Rcscarc11 ., ' i 
Career Prograi\1 were. consid~rcd not desirable and were ten11inated ~. l 

• i 
I . I 

. I 
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./ / 
·. Given 	such conclusions, the research career awards warrant: so;nc 

'• ,.' 

invcstigaU.on. 1'he value of such awards has been questioned by the 

t:roolric1Bc Co<:ii:littcc, and subsequently by the Rogers suhcomulittcc: 

The subcommittee made a check of career aw~rds under this 
pror~rrnn and noted. thc:it 23 of 24 recipients were ov~r·· L~O 
years of Dgc at the time they received th~ award~-~.~1 these 
awardecs were over 50 years of age and 1 awardee.was over ·60 

.•years of age•. A check of career development awa.rds under ·· 
thi$ pror~ram also was made, ·and it ~as noted that 32 of 47 •''· .. 
recipients will be over ~O years o.f age at the ·completion 
of their first 5-ycar award. , Morcov~., as there arc no age 
restrictions for grantees, it mus.~ be· assumed that t.he age 
factor will not preclude the granting o~ follow-on awards ...for an additional 5 years to most, if not ~11, of these 
sauie ,grantees. Therefore, it appears these scientists were 
g:i.ven awards to develop them into proficient .researc·hers · 
at a time of lif.e when it is beiieved that their age is a 
deterrent to such profici~ncy. · 

"Of the in~titutes reporting.in 1960, only Mental Health had a mean 


. age of grantees b7low. 40 (sC:!e ta~le· II). The median ages were SOlt1cwhat 


.. lower; but even if one restricts his attention to :i.nHial grantc.cs.~ th~., 


r· 	 lowest median age is· 36. 'l~his figure appears to be a little h:teh. fn · ..: ~ 

view of the·accepte.d notions about the conuection.bctween research pro­

ductivity and age. l~e. hasten to remark, however, that it: i.s c~rtainly 

not a c.ause for alarm, ancl may represent the p~st compromise available 

in the conte.xt of existing manpowe1: in the biomedical ··sciences. More 
.· . 

ou~ht to be known, however, about NIH. funding of investigators in vari ­

ous age groups, on which there is 1i t tle or no data at this time. · Arc 

yo_ung investigators at a clisadva~tage in the comP.!?tition for funds, ·per­

hap~ because of a lack of: experience in the art of grantsmanship ;1or 

perbaps bcc'aus~. it is d:I.fficult for study sections to have confidence 

in thci~ Ulnin:;ovc\:} capa.bflH ic;? 

'J~hc distrihuti on of NIH support to f ;tcul ty m~mbcrs of the lucd:i.cal 

'A 	 ·r· 
:·>;·.~·.: :....':··.: .... schools, on the :other h:md, Sl!<•m.s:,to/<ivor t:he :Youn3cr people. Table J,,. 

shows thn t. wtii 1~ "only ]:1. •'· pcrccn t of nll prof:css~~:s have more than 

.·.· 
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T~.blc 11. .· .· 
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.1 

Mean ~nd Median J,gcs' and Ar;c ·R.ii~zc 
of l'rincipal Inv~stizr.tol"S, by Institute 
: • (in Y<'t.~s) . 

.· 

: 

.· 
.. 

·. ~~~=1;Jf~~:-=r=:'L:_'W ~~Ft;3t~=~;f=;=-= ;t ..· 
·. 

}len1\ at;c 
Mpdinn age 
··.\~!!!Qt 

:ro:.1n3e.s t 
Oldest 

.. 

}!ean azc 
}lcdicn .~&c 

~.r.c 
Yo~nzcst 
Oldest. 

-
. •, 

}jca.n age 
Hedlo.n a3c 

r.nn~! 
Youn3cot 

,.. Oldest 

---------· 

. 

40 
39 

25 
81 

39 
37 

25. ·. 
.. . 77·. ·' .. 

. 43. . , 

'•l 
27 
81 

. 
Pos·i{·,-1 on ioo·~ 

Initial ·and 

40 1.0 
38 37 

26 28 
81 68 

42 
39 
... 
27 
70 

:. ·~~.. . - ~lnHJ.al GrantMs . . 

JS 
36 

26 
70 

1,3 ..
'•l 
27 

·s1 

39: 
36 

28 
68 

Oll~t\t 

Tablo 

lal 
39 

29 
62 

Rc·~"'at Grantee:; ,. -
. 42 1.i J9'•l'•3 

1,0 .38 3739 39 

-2627 2625 25 
so06 67 6973 

... 
42 I 41.'40 

36 3639 .. 
.27 2528 
6570 77I 

......,..·-· 

~~-

ltl• 
..4i 

27 
67 

1Ii~ 


1,5 
1,3 

33 
66 

l14 
1,2 

28 
ao 

1.039 
37 . 38' 

26 25 
·. 67 7l 

"'•
1,2 

28 
73 

1,2 
110 .: 

31 
67 

~~ or. snlc.l"y l?'d.cl by .fc:do::nl .i\mds 
. 50-99·:~ l-19.~ "· . o~~; . 

.. .. ............ .. 


.. 


38 

36 
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half their s~lary paid by Federal funds, 3l~. 7.· percent of the ins true tors 
". 

receive such SUpj')Ort. And although fewer instructors arc funded than 

associate end assistant· p1·ofcs.sors, a higl~er. pcrccn~agc of inst~uctors 

(25· percent) r.eccive · their total salary from .Federal funds· than any c;>f 

..· . 
the bther three groups. 	 ,, . ·~. 

• I} 

·Our primary conclusion is. that·more should be known about the ·ef­

fectiveness o! and current funding levels for. differ.ent age groups in.. 

the research sector. At present, there is little concrete data. ·In 

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

, •.~I .• . .r 
'! 

•• I/
•rrV. 

...· 

In our sections on intramural and collaborative research we dis-

has changed but little over. the past doz.en years. 

.. . . ~ ~NT Of NIH RESEARCH GRANTS llY GRANTEE INSTITUTION. 

1954 1960 196'. 1966. 

Colleges and Univers-ities 78 72 .... 72 73 
•. 	

Schools of Medicine 53· 118 49 '•9 
Other Health Prof. Schools 4 5 4 4 
Univ. (l~xd. Health l1 rof.) 16. 19 20 21 
Hospitals ·16,. 15' 17 l'• 
Private Non-Profit Org. 4 7 ... 6 10 
Foricgn 1 3 2 2• ,,All Other , 	 2 3 3 41 2 

Total J>ollars (Millions) $28. 9 . $198.8 $l162. 9 $556.2 

. ­
The only trend w?rthy of mention is the increase in the!' perccmtngc 

. f-- . . . _go:l.n& to ~he_ -~on~liC?r<lth p~~-f~fls:i~n~:~ pa~t ~f: -~n.iv_crsi.ti·,~s '. · '!his no doulot .. 

..,.. :~ .·~ :>. :. ·. :,rcfl~cts tile' increas1.ng.. rcl.ia1ic·e···of' "iitc<l:i.cal ..l"cs.ea·r'cl{· on the sciences~ \fo ... . . . 	 ·. 

sec no reason why this trencl should ·bC' reversed." 
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Compariscn with Other Fields 

There is no theoretical base whicµ would allow us to establish the 

appropriate fraction of total national research and development. expcn­

di tures which ·should go to biomedicine·. Roughly ·7 percent of our GNP 
• t • ' 

goes to health and medical care. The medical share of R.& ·~n expendi..: 
: •..... t. 

I . 

tures is 10 percent, althoug~ it· makes up, only 9 percent of fed'erally­
•., i 

.. ·.. 
supported R & D. There is no reason to assume that fractions of GNP ··.. ·.. : 
and. fractions of R·& D should correspond. Defense expenditures are; .. 
quite naturally, heavily oriented to R & D. However, ·even some of the 

outstanding growth areas in our economy such as the services sector 

engage in very little research ~nd developm~nt. A priori it is not, 

possible to state a desirabfe relationship between the percentages 
... 

cited above. 

It may »e relevant to compare R & D support between related fields, 

or among related situations. If the current 10 percent figure is appro­
. expenditure, it might seem unlikely that the appropriate figure 
priate for the medical share of the Nation's R & nJ·for 1975 would be . ­
5 percent or 20 percent. However, changes within a field (or less 

~ . 

likely within a great many other fields) might well alter the appro­

priate figures. The most likely significant change in the biomedical 

field in the near future is movement into large scale development ex­

penditures. At this time, it is difficult to predict the size or the 

time pa~tern of this movement. 
I 

In addition to pr~diction difficulties, time extrapolations ~uffer 

because there usualiy is no ~ssurance that present expenditure patterns 

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

istica of the optimal pattern would be. The non-functioning of the 

···.· 
••. •••• f. 

. •. ·.... . ,· 



market ·mechanism prevents 

cations. However, there is the possibility of allowing producer prefer­

ences to help guide e.xpenditures. To some extent, the motivation of 

scientists is to de~elop new information which society wi11 value highly. 
1 t 

In theory, we might agree to support all scientists·of a certain level of 

capability, allowing them to choose their.own fields of research, relying 1• 

on their scientific motivation to correspond r_o.ughly to consumer prefer­

ences. .... 

·F 

There are, of course, many difficulties associated with any scheme 

of this sort. The.value of the output is not the only factor which de­

termines the attractiveness of a research field. ·Scientists follow 

fads .... A research area may be attractive because goo.d scientists are 

working in it, or because it presents intellectually stimulating 

problems. 

It would be·unwise to follow any laissez-faire scheme to the ex­

treme. Some fields will be :under-investigated (the best example is 

·oceanography which recently.has been the.beneficiary of. large.scale 

~ederal encour~~ement),. as was biomedical research b~fore the advent of 

NDI. .However.,· among .mature research areas the.re should be some element 

of parity among the financi·a1 inducements. they offer to enter. the field •. 

Support of Graduate Stu_g_y_ 

Biomedicine as a whole is the most heavily supported major area 

of science on the graduate level. The· table bel'ow gives some relevant 

.figures: 

.. ·.. ·..··...­
, ... ·.. 

·. 
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I 
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',' 

•, Tabl'l '•.11 Stipcn~ Income fott Gr<.lduata:;.Studt.1nts, ily rield cf ·stttcly l i•:.,_2
1 

... (1) (3) 
i'icld Pa.rccnt 1;xpccted. 

.'Rccei·1ing ' · Valu<? 
! ·/----·--- ·-··----~·...-.--....-..........--...........,


• 
Ph·1sic,1l Scicnccu· ...,..,__.................---.-. ·-~·-·............. r· : . ., i 
.... 

A:;ti·ono-;;ay 05· 2300 ,, 
Chernistt'Y 01: 2000 

Phyr:d.cs 76. 2100 
 : : 
Geo J.og~l & G~ofp."aphy 72: l70Q 

Ccef.mor;raphy 07 2600 
...
Hetcorology 81 2000 

:1athm:mt.lcs · 6"/ 1500 

1\gric\\ltur'! 80! : .2200 


! 

En.-tineerin.:t 
·' 

.,_..............................-s. 

' I 

~C• . E • • 
, •.vi.1. ·: •. nginc:crinH ,66. 

I 

J.700· 
..··' 

H~tall1Jr0y 61 1700 
. \-~ Ch~mical f;ngimwri.ng 71~ ·1900 


../······· ...>: . ~lactrical Cncinccring 56'.' . 1100 

Mechanical 1;n1-~in'3Cl"ing 60 .J.100 


·. All othe1" 71 iaoo: 

. !;{,_·~ ._· . 

•Biolo~.b~al Sci.~nce3.........--·----..--..-................._..._........ 


Anatomy B'•• 2700 

,~. ' .

Bi~lo~ical .;,CJ.one!?, .. 
gel\'ll."al 71 2100 


Biochatlistry 92~ 2600 

Botc1r.y 87: 2200 


Biophysics 91 3100 

2700Gc1111tics 9L 


11.tcrobi~logy 07 2100 

Patholc>ri:i ·15 3'•00 


2600l'hys_ioloa1 86 

Zoolor;y_ S•l 

\ 
.2000 


All other O•• 2t~OO 

{I 

Ps·1chol0Gy G•l 1500 ,
• .--1.....----·-.. _ ... 

66 ·1700!.:ri..tJ.~~~'l~.!2'1'l. 

t;co1101~i5.cs 65 1600
. 

62 1500.·rro~(~~ioi~i 
l~G· 900~ 1 · '•.EJ1.~!!1 800r \iistor-.1 .. ••6·

"~ --- ~ ·:_ GJ.~ ·1300 .~&1.1:$>~. ., 
;• 

; 
\ ,:....... •. .. . .' . . 

: ~• .... .··.:'. ........ . . . ... . .... .: 
.. ... 
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. I 
o Biophysics . 

o Pharmacology . 

. 50 ----a-.--·---·---·-- ­

; J o~·~.1-0~0~;.;..;.;2~00~ aoo 

t:' It is instructive to compare the material shown in the graph be­

. ,· low and the table which precedes it: 

· . Percent of toto I l 
I 

~roclvo:e students ' . , I 

· · in the field / J 

-r. ;, ·. l160 
L f 

l 
' : 

•, f 
I 

1 .... ;•~· 

' . ' 1· 

400 500 600 . 700 . 800 900 1000 


. NI~ Precloctorol fel.lows and trainees, 1963 · 
o Basic medicol sciences 

0 Other biosciences 

•;. 
 I 
The seven fields most heavily supp~rted by NIH in terms O/f ~um-

bers of stUdents are also the seven for. which they support thj greatest 
. j 

percentage C!f total graduate student enrollment •. These areas fared 

very well in their degree of suppor.t on the graduate level, as the fol­

lowing table sho\is: .. : : 
:· .. . . ... 

. ': .:. :.... :.· 



GRADt:ATE FIELDS WHICH LEAD IN SUPPORT BY NII{°, 1963 .·~.. 

% of Students Percent Expect Value 
r'ield !! of Students in Field on Stipend of Stipend 

Biochemistry . 880 (1) 36% (4) 92%. (1) $2600 (5-7) 
Nicrobiology 170 (2) 31% (6) 87% (4-6) . $2100 (12-14). 't 

IPhysiology 500 (3) 40% (3) 86% (7) $2600 (5-7) : 

Pharmacology 370 (4). 55% (2) n.a. n.a.· 
Biophysics 420 (5) 75% (1) 91% (2-3) $3100 (2) .. ';Anatomy 250 (6) 29% (7) ,. ·84% (9-11) $2700 (3-4) 
Genetics 240 (7) 35% (6) 91% (2-3) $2700 (3-4) 

Numbers in pare~theses are ranks out of the 32 fields represented in · .... 
Table 4.1. 

The ave~age expected st~pend for a field listed in Table 4.1 is 

$1970, for the sciences it is $~260 • The average for the fields 

which receive the greatest NIH .support is $2630. P~rhaps more important 

than the expected yalue of support.is the percentage receiving support • 
. 

Here again, NIH's major fields did very well. In comparison to the 32 . 

field ~verage of /:3 %and the science average of ?())%, the NIH fields 

·average was 88.5%.!/ 

We unfortunat,ely do not have the comparative stipend and percenta~e 

support figures for years later.than 1963. However, it is impo~tant 

to point out that graduate study in the b~osciences continu~d to in­

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

l/'fhe NIH major fiel9s are important in getting. overall averages. Given 
the mathematical properties of averaging, th.e disparities are reduced 
because the NIH fields were includeq· in the overall averages • 

.... 
. .. . .....~.· . . . 

... : .·: ~. . : . ...-.. .. : .·.:·:~ 
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I .. 
· / Field 
~· 

-

Total, Selected Science 
Fields •• · •••••••• ·~ ••••.••••••• 

··" :;-._; ...~·..~\:·;/.·.B 	 .. 

. iosciences. 	 .. 
' 

•/ 	

. . 

.......• ..............· ....~... 

·Basic 	Medical.Sciences . •~· 

' ..... Other Biosciences ••••••• 
:. ··. ~::· .: .'. ~la thematics and Sta tis ~i~~ ·.· · · · · u 
.: :. . physical Sciences . •••••••• 
.. .. sc~?ct,d Social s~i~~~~~:::::::::: 

·En.~i.ncering. • •. • • • . • . · 
I 	 . • • • • • • • • • • • • .• • • 

' --- ··-··· - -··--· ­

Averagc~1ual 
,.Increase, 1960­

61 to 1965..:66 

9.8 
.. 

. . ' . . . ·I... 
14.0 

: ·.· 

12 • '• 
15.0 
11. 9 
7.0 
9.8 
9.5 

Percc.ntagc Increase in 
· pGraduate Enrollment 

. 1964-65;­
to ~ 


1965-66 


. 9.5' ... 
I-

•. 
u, .: ...:: ·~ ' 

', 	 ·.:·.·. 
!·~.: .. ' 

;, 
.. ... :' ~:/".~~\\: ....... 


14.8 It• 


· ll;l~ 

..17.0 

10.8 
::7.2 

16.6 
rr5.9 

~ 

In a fiel~ which is expanding rapidly in response to' support.on 

the graduate level, we would expect that ·large percentages of under­

One-third of 1961 college seniors were in graduate school three 

years later in 1964. For those whose career field was the biosciences, 

55 percent of 1961 ~oilege sen~ors of both sexes and two-thirds of the 

· ! 	 men were in graduate school in 1964. We discuss the _implications of 

this situation of exception~lly:wide-spread support in our section on 
I 

the quality of personnel in the biomedical r.esearch field. 

Comparison in Appro·val and Funding Rates 

It is also instructive to comP.are the support given.to different. 	 .. . 
fields of science. In the tables below we c·ompare: NSF and NIH • 

exper~ence •. 

f 
. 


.... 
• • . • 1. ·_; . -~. ,•. 
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. EXPEl'UENCE OJ.i' NSF AND NIH SPONSORl~D RESEARCH PROmCTS · 

Proposals· Awards Rx~Rate 

NSF 1966 

NIH Related. Sciences 1761 for · 907 fo~. 51% .t 
including Cell Biology,~~olecular $154·.4million $33.lmillion 
Biology, Physiological Processes, 

2~% 

and Psychobiology · · ,, ·, 

Other Sciences 5015 for 2740 for 55% 
including Environmental and 
Systematic Biology, Biological 

$357.lmillion $127)+ million 35% .. 
Oceanography, Astronomy, 
Chemistry, Mathematica~. Sciences, 
Physics, Atmospheric SXRi: Sciences, .. 
Earth Sciences, PhysicaJ. Sciences 

Approval Rate 51.53 
$Awards Rate 43.7'fa 

This table indicates that on the whole, NIH related sciences did. 

not fare nearly so well as other sciences in the competition for NSF 

· d d standards pf . f.. 1 ..<.]:. df un s. To t he extent that t h_e NSF _stan ar s ·employs.I\ scienti ic_ .qu;a ity . 
I 
I across fields, it would app~~r that the scientists in NIH related fields 

are of generally lower quality. There are, ~f course, other factors 

which might help expl~in these figures. 

No definite conclusions can be drawn comparing the statistics for 

NSF and NIH. The NSF system· does not have the t~~ ste11award then fund) 

procedure, Thus, it is impossible to state whether a greater.or lesser 

percentage of projects of scientific merit get funded at NSF. • 

It is instructive to note that the amounts percentage as a fraction 
-~ 

of awards percentage (approval percentage fqr NIH) is much lower at NSF 
" . . . ., .r 
 than it is at NIH. If anything, the fact that some NI~ approved pro­

jects 1'_o unftinded woul~ have·l~ ..XS.,~~.(. ~P~~:t th~. ~~~08.ite s~tu~tion. 

Possib({e explanations include: . · · · ·: · · 

http:greater.or


II ~ 

t· 
' 
\ 
I 

I 

\· 
I 

---------

---

---

I 

N?F cuts.its approved applications more than NIU.~ .. l.
\~? -._ 

.2. 	 In comparison to NSF, NIH approves and funds more projects at the 

larger end of.its spectrum. 

· 3.· 	 . NIH funding ra.tes. (approved projects funded/approved projects). is 
I• 

. 	 ..~ !I •• . 

sufficiently high not to affect its amounts percentage/awards per­

., . 
~entag~ significantly. 


NIH funding information for 1966 is shown below: 


, .... 
.: 106.6 rcsc~rch grant a!'plicalio1u, approi·ed, financed, and unfinmiccd (i 

i· · • ~; · · 	 (,\ •nounls h1 Chous.1ntlsl .. 
.App1·ovcd \iufinRnetd.a.Flnnnccd 

Ap1lroprh•Uon 
------~ -·--- ­

•:. Number Amount ~umber Amount.\mount ~umhrr 

-
. 15l ~s,5\i$M,!!'.?8Cn~~fr•···:-···· ••••••••••••••••••••••:.... J, ffl~ ~~!I n; 1 -153 

81, ilO ~ii GUUr.nt,r·········.·························· 2, IDi 8:!:351 2°171J>r 1 ll, 2li3 !!, lli5SGhrui5nn'(i iiii-iaiioi1c"tu&;;;CS"·········· 3
42~ 1:1. -izs •330 i5,204 291Art ;, C-00 

Nrumlv.;fc1l tU::ru~rs cuul bti1;tluw······· 1•~t ~~· ~r~ 2, iOG s-t,.ffla . ws Wi. ~· 
,\lltl"J!Y nntl 111r1•ctlnns dlsc.ilirs ••••••• 1•fj~G ~5• 3ss l, tiiG Oi735,'o?iJ :!iS '•1rml mr11IC11l sclrnrrJ1 •••••••••••• 2• '~ •• • 1.a~s0~11 53,GI:? 450 14, 031 

.... ChiJ•t hrallh :md hum:u\C!"C;:ciiotiine.1r··· 1•. 
' ~J :i·1~~ 1 ·'~" 3-1, 13'} ............
.rn!\tlonnl r•!SC!;\rch ·-·· • • !i I, Oti5 •••••·····:irL. 384'Inti 129 ····-·····:lronmcnlot hco1t1la"cicnm···----·..••• as.a 1:N ..........
En• ·····i·Tot:tl · · - •••••••••• :.:::.:.::.:.:: .:.::::.:::.:.: .::.:.:.::::.:: --,

•;.246! ~ 403,303• ................................ 
 14, US 4.C.\, S-1~ 1:?, Cilil 1,ts•r i.. 
The overall funding rates are 89.5 percent by number and .90.5% by 


·. I 

amount. Funding figures for past years are in Appendix __• ~~...::tr 

IIncome comparisons between fields may easily· be misleading. The· 

following table shows estimated lifetime. earnings for different scien­

tific ar.eas. 
I 

' 
• 1·, 

; . 	 • 
(:, 	

.. ..': .. 'I 
··:·.· .(~\·". 

,. 
~ ... 

.· .. 
,·,,· ·,;.. 

Income Comparisons 

·'t' 

- / 

·.··.'· 
·. . 
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. E~TIMATED LIFETIME INCOME BY FIELD OF PH.D. SPECIALTY 196o1/r?"".£:'.. 

4-Year 
Income Stipcndl/ Stipend as % 

Field (OOO's) (OOO's) ·Of Income 

·physics 	 $168.1 $ 9.7 5.4'· 
Chemistry 158.9 9."4 

; 
5.60 


Phannacologx 154.8 . 12. 9 7.68
I 

Geology . 144. 5 8.2 	 5.35 ., ' 
Psychology 140.4 6. 7 . 4.52 
Biochemistry 132. 9. 12.6 ,,· 8.65 
Agriculture 132.1 10.6 7 • '•O 
Microbiolog~ . 131. 6 9.9 6.96 .... 
Physi~ 126.2 12.2 8.83 
Genetics 123.1 12.9 10.21 

;·.· 
Botany 	 118.5 10.3 7~99 

.\ 

.. 

!.•.' •.', I·•.:·r:/·, .. SOURCE: 	 Dissertation in progress by Richard Freeman of Yale University 

on scientific manpower. Note stipend. number·s are somewhat 
greater than those shown elsewhere in this report • 

• ~ i 

.. ·... ( 

It is clear that" stipends are a larger portion of estimated income . . .[..tt.t:l_· 
AJ·~ ~~··' 

in biomedically-re~ated fields. This is accounted for in large part • .,/~··v"' 
by the fact that they are better supported on the g_raduate level/ 

The biomedi~al fields do not do well with respect. to estimated 

lifetime incdme. Out of 11 fields· they rank third, sixth, eigh~h, 

ninth, and t.enth. On a non-weighted basis, their estimated income is 

.7 percent lower than.the other scientific fields. Richard freeman, 

whose dissertation is the source of this dat~ suggests that the rcla­

tively low income expectation might well reflect the fact that the bio­

medical research field is over... populated at .present. Further invest!"~ 

gation would be required bef~re we could accept this rather sweeping 

· ·conclusion. 
· .. ,.. . .' 

.. 




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 MEDICAL R & D 

·; 	 I 
' 

% Total % of 
Gov't Total 
Funds Exel. 

,, I 

Country Category Exnenditure R & D Dcfense 

·Canada 	 Healtb and 4.3 million 2.0 2.9 ·.· 
Welfare 1952-60 Canadian $ 

France ·Health 1961 	 13 million .s 1.1 
francs 

United Kingdom 	 Health and 6~3 million 1.6 4.4 
Medical pounds · 

United "'States 	 Health and $451 million 4.sl/ 16.7 
Welfare 1961-62 p United States 	 Medical and $1475 billion 8.9 15.9 
Health Related 
Research 1967 

!/Education and NSF not.included. 

Source of -original ·figures: Basic Research:and National, Goals. National 
Academy of Sciences, March 1965. 1967 figure f~om NI~ Basic Data. 

The data suggest th~t the United States grant·s a relatively larger 

portion .of its R & D expenditures to ·biomedicine _tban do other 

· countries .J:./ 

2/The United States does 'finance some resear.ch in other countries.,· 

- but the amounts are·noJ: so significant as to alter any implications 


drawn: fto~ this· da.ta.'. · 

·•. 

,· 

. : 

' .... ' 	 ·:_•(' 

. . : .·.. . . .·. . ' ..:.~ ~..:..•~: .· ... _;· .. ·:' . 

•. 
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' ,I 

:'~· ... ·,::.; 
• .' ' • • : . ·: •• • \ 1, .' '. ', • • • .' ~; \·~; ~ • 

In concluding· this· secti.on, we note tha~ by all measures we could . · ·' · · ·: ·" · 

I .. 
· .. 

.· 

.-· 

.. 

discover, biomedical research in this country is as well or better _sup~. 


ported as other areas of science. To the extent that 
. 
it; i~ , better sup"."' 


ported, individuals in the biomedical area can receive financial en­ ., .. 
couragement that more capable people working in other areas would be 

·denied. Without a denonstration that biomedicine is an inherently more 
,, 

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

this as an inefficient and inequitable situation • 

... 

. . 

0 

t
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. . ' ....... ' :·. 
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Mediclll Schools 

·C'· In the five-year period from 1960-61 to 1965-66, the full-time -t·r·. 
faculties of the ~ation's medical schools increased 54 percent, from <f~ 

cY'\ ­
11,111 to 17,149. During the same period, the number· of mCdical stu- /~r ~ 

dents increased only 8. perc.ent, from J0,288 to·J2,825. ~he net result ~yif': 

was a decline in the student to faculty ratio of JO percent, from 2.7 . 
_A. ,f "·­

to 1.9. ~~~l tu.,.o ~CJ -6~ Y-'.'~~· ··~ I 
~I-· Pk-~ V ··\.t 

This dramatic increase in faculty clearly reflects the large I 
t.amounts of money which have been poured into the medical schools. The 
l 
I 

percentage of full-time faculty rec~iving all or part of their salary 

from the Federal Government has increased from 27 to 49, in the same 

period. In the period from 1958-59 to 1964-65, medical school expen­

ditures i~creased from $Jl9 million to $779 million, an increase of 

144 percent. The percentag~ of total medical school expenditures paid 

by Federal funds increased from JO to 54. Federal funds to medical I
schools multiplied nearly four and one half times in this five-year 

period. I 
:,:./;):~'...,;):/) · .' The most rapid.,growth within the medical school$ crune in the . 

.t 

. n· l­
«·! • ·t

1: ·. • sponsored ptograms· (218 pe~c~nt) • ·· ··The regular operating programs· in­
:.:,, 

~ 
,· ..:·:;)).·: . ·.:'.·.::.creased only 83 percent over this period. And these .figures do not.: I· 

1. 

,'. :·' ~/ ....... _,. : ;~·;1:·:~····... l· 
even pt-esc.ht the true· extent of the disparate growth rates. Nearly. 

$50 million in overhead. on contracts and grants, $4'• •.1 million Feder_al, 

was budgeted for·regular operating programs in 1964-65. No such • 

. funds were available in 1958-59 • 

. :·.(~·., :r . .· ..:.. ·~ ..... ; :' .... ·. :-·· 

I 
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1958-9 1963-4 1964-~ 
i0.-F;r;ct!nl.1f'ti of.'ioi,;( mctficaT"schoofcicpondttures 


apphc.1hlc to rcr.ulM operating programs (oiccludlns 
, sponsor cd · proRri1rns) 55% ~.!~lo ~~-~-iT.""rcr~r.r11.1~·c;· c\i 1et1nrmrdiea1Tchoolex;iendilurcs for 
all SS'Onsorcd procrams 45% 5~% 59% 

iZ.-rercc-n1;lio ·c,, totalmcdlcaTSChoole.pcndllurH for 
· sponsored rcsr.arch 36% 45% "~"~--l37'°Pcrccnlar.ci oftotaltnecilcol schoof'Cxpondlturca paid

by feller.ti fund5 . 30% 54% 54% 
i47'°P1!rc1tnt.if:ctof spo-nso;cd roscnrch paid from fodora·1 

funds ~5% 81% ~-lli--ll:-rcrccnli.GC 0 

0fi-ponlorecfreSHrCh pAld from non• · · 
Rovcrnnumt funds 35% ·. lt"lo __t~~-·-

rcrc;crni:;~"0,. sp(;.;;(t;;;c;r;;;c,a-..c;1 patcn;on,-..;,c
and local ,;ovcrnmcnt funds . · 4% 3~.-

tr.rireentiricol"tolal-moiicai•chooro11pcnditum paid. 
. for ft'dcral rrsenrch . · · " '23% '3G% 3G% 

• 


. . 
: :· . . .',; : .~.. ;. .·:··.. . . . - .. .·~ ::: .. : . 

.~. . ; .; ·. . . . ...::: =·:"\:\>·;,/;:: ..... .. :·.·· ...... ·. 
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This data provides obvious justification for the ·frequently-voiced t 

conclusion that the Federal Government has become the primary source of , 
support for the Nation's medical schools. It is significant, however, 


that only a lindted portion of this support goe&'directly ·into regular . 


operating programs. -;;-z:_._ ~·~ • .~L_, t-~~.7,_c,_~·=-;i·,~~J_-!:.J 

·-· ------~....;-----~ t ,...,_~....,..... ,.,...;-e.-4....-..-Q 1- -1 -L,_..J!.,{ ::J;. CJ 

h ~u · · U · ·New Medical Schoofs I 	 • , 	 ., i 

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


sicians. In partial response.to this n~ed, a number of new medical 


.schools are in the planning and developing stage. As of November 1966, 


16 new schools had received provisional accreditation from the ~ssocia-

tion of American Medical Colleg~s (see Table I ). These schools .are 


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

. 

for an ~dditionol t@n oahoolo 
~ 

by, 1975. 

;_, . -· -· --·· ------- ­
.· :;. 	 J Table 1.-Medical Schools in Development 1965-1966A'. ·,:..'"; ~ 

School' 

Univ.,rs17 or Arizona~ 
School o Medicine 

; 	 Brown Universily00 t 
Procram In Medical Science 

Unlvcrs17 or California 0 


School o Medicine (Davis) · 


Unlvcrsitf of California·0 


School o Medicine (San Diego) 


Unlvcrsit' or Connecticut 0 


School o Medicine 

,,' Unlversilr or Uawalit • 

School o Biomedical Science• 

Louisiana Stille University• 
· Medic31 Collecc (Shreveport) 

Universit{ of Massachur.ells 0 

School o Medicine 

Michican State University., 
Collecc of Human Medicine 

Mount Sinili .. 
School or Medicine 

University of New Mcxico .. t 
School of Medicine 

State University or New York 0 

School of Medicine (Stony Drook) Director or Medical , 

Penns)·lv:mia State Univcrslty0 


Milton S. H_,rshc~· 

Med1cc1I School · 


Rutcers-Thc Slate University"l Rutcers Medical School 
University or Texas•· 

Snulh Tt'lltis Medic.ii School 

(San Antonio) 


' l~lrd<' $t.,1.1" . 
I 	 .Coller." or M-.·.ticirlf.' 

Chief 

AdminislraUvc 


Officer 


Merlin K. DuVal, Jr•• 
Dean • 

M. V. Edds, Jr. 
Director or ~ediclne 

C. J. Tupper 
Dean 

Joseph Stokes, Ill · 
Dean 

Joseph W. Patterson 
Dean 

Windsor c: Cuttlnc 
Dean 

Edcetr Hull 
Interim Dean 

Lamar Soutter · 
Dean 

Andrew 0. Hunt, Jr. 
DeJll 

Georcc James 
Dean 

Rccin31d H. Fitz ., 
Dean 
Edmund D. Pellecrino 

Center 

Gcore;e T. H:irrcll 
Dean 

DeWitt Sletten, Jr. 
Dean ' 

F. C. Pannill 

Dc'1n 


· Glidclr.r1 L: ltro?l-.s 

· -1-.•1,inrainc comril<:h: c:urriculunl for Ml> ctec•cc.
' 

Tenta• Milic1­
tive muri 

St11rt0 Enro I· 
inc· mcnt 

Date Plann.1d 

Fall, ' 
1967 64 
Fall, 
1963 50 

Fall. 
1968. 128 
Fall, 
1968 ~6 

Fall. 
1968 .64 
Fall. 
1967 50 
Fall. 
1969 100 
Fall, 
1970 112 
Fall. 
19G6 50 
Fall, 
1970 100 
Filll, 	 • 
1964 48 
Filll, 
1971 150 

Filll, 
19G7 64 

Fall, 
196Q 61 
Fall, 
1967 100. 

F;:ill, 
I !170 ·l00 f' 

· · l­
1t r1.:innin:: pr<'cr01ms to me:cl requirement» for the first two years£' 

1 n::.cdic.11 curriculum. · · 
· l""Sitc·ycnr coinbin~d premedical.medical pru1;ran1, , 

tflrst clau enrolled S\?11tcmbcr 1!164. . · · 

http:n::.cdic.11
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It is important that the personnel exist to staff these new 

schools competently, meanwhile allowing for the expansion of those now 

in existe1~ce. The problem does not seem to be critical, however, at 

this tune. For this,. as Dean Thomas Turner.points out, ~e must thank 
' ·; t: 

NIH: 

'In another context, ·the large NIH pr.ogram of research sup­ ., ; 
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 op.erative, 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 fa.cilities 
IU'e requirea 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, 
an~ much the !ame can be said of clinical depar_trnents. 

Even if we should ·be fortunate enough to raise medical school en­

rolhnent to so,ooo· students by 1975, our 1967 faculty would be large 

enough if we returned to the 1959-60 st~dent/faculty ratio (2.9). This 

is not, of course, a very likely eventuality. It seems highly im­

probable ·that student/faculty ratios will return to that level in such 
'., 

a short period of time. However, all evide~ce seems to point to the 

fact that continued increnses in the research orientation of medical 
. 

schools will not be feasible if we expect.dra~atic increases in our 
... 

::: .... '·: ~: ;~ ';.:,. l.. '. outpu~ of trained .'physicians. ' . :· ' • I' 
.~f.iJ:: r's-:::{:',' i . >·>:- : ·.. i(. . / /: . .... :, .:;<: '/...:~;,\~~~~::·!· ~:·:.. ;~::::>>~·:,}.:~.'~\:· .~; ;.~:·_;.... :. .. . . .: 
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Training More Physicians 

Such an increase in the output of physicians would unquestionably 

require some Government financing. Much discussion has arisen about 

Federal loan programs and possible grant programs for medical students.. I 
' 

However, the bottleneck does not seem to lie in the ·supply ~f potential 

medical students. ,, I 

Nwnber of Students Applying Number Accepted !· 

1959-60 14,952 8,512 
1965-66 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 n'w1!,ber of bachelor degrees over the next decade,· we should not ex­

pect any deficiency of people desiring·a medical education (see Chart~'Z). 

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

lege graduates will increase at least pr~por~ionately. In· addition, 

we expect· increasi11g incomes to combine with better loan and scholar­

ship programs, making medical education a possibility for a larger 

number of college graduates. We don't mean to minimize the importance 

of improved Federal assistance to medical students. There are impor­

tant arguments for such aid on both equity and efficiency grounds. We 

merely wish to point out that it does not seem that a lack of qualified 

applica~ts will b~ the restraining force in expanding medical education • 
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What will be needed, then, is increasing Federal assistance to 
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medical schools for rcg¥lar operating programs, for teaching rather. 


than research. Neither increased research support by itself, nor sig­

nificnnt assistance to.medical students will be adequate. Our reasons 

. .~for this conclusion seem clear. Looking back at ~hart 1', we observe 

that expendJ.tures for regular operating programs increased 83 percent , ., ; 


over the five-year period from 1959-60 to 1964-65. Excluding overhead 


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

1 
• kept ::pace with this lower rate of incre~se, but endowment income and 

,·,.
;'i· . ,.. : 

gifts lagged :far behind·. The. big source of increased sup_port for· reg-. 


ular operating programs were State expenditures for defraya~ of medical · 

~·' ,: I .• • 

college expenditures, which nearly doubled, so that they now account. · 


·for 30 percent of the total spent Qn regular operating programs. The 


83 percent increase came during a period when medical student enroll ­


.ment increased only n1inimally. 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 
. \ 

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 aqd those in the develop~ent.stage. 

The General· Research Support Grants Program disperses funds on a fonnul:a 

basis which favors the smaller schools.!/ The followiqg data taken from 

!/Each school is eligible; for $25,000 automntically. Above .that, each 
.. school is eligible for 5 percent of the first $1 million ·of Federal re­

search mcmey expenaed by the scho~l .in, t~e prior fiscal .year; 3 percent. 
of the second $1 million of F~deral research funds; 10 percent of the 

<con.tinucd) 



a recent Budget Bureau· ~tudy show~ the breakdown in support given to

F quartiles of .medical schools ranked on size, budget, and general 

excellence.' · 

. ($. in Millions) 
· NIH-NIMH General Research- 'Other Agency 

Research Support· · Research·' 
• 

.. i~st Quartile $139. 4 (51) 8.1 (37)'' 34 .4 (51) 
2nd Quartile 66.1 (24) 5.7 (26) 16.2 (24) 
3rd Quartile 42.2 (16) 4.8 (22) 9.2 (14)
4th Quartile 23.5 (9) 3.2 (15) 8.1 (12) 

TOTAL $271. 2 21.8 67.9 ..... 

Figures in parenthes~s are percentages 

However, as the table indicates, these grants are of relatively 

minor il.mp~rtance ac~ounting for·less than 15 percent of the support for· 

4th quartile schools. We emphasize this program because we think it··f··.. . .. r·• 
'. 

shows that NIH has drawn an important distinction. Programs designed 

to ensure the survival of underfinanced or new institutions, or to im­

prove the geographical distribution of funds should be sepa~ated from 

those whose aim is to support the most ·talented scientifically. 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 


Resea~ch ~up~ort Grants. The following quote is from their Administra- · 


•tion Panel Report. 
"· 

·:·.<·: .;'..-.~~.·.'..:'.'_.», '.·.·..· ;:.~ .... ·. .: '4.TJtc·~.t:m:-1 ai.s.~belo·{.y·:r.r.oiti-:::-ri':fr.19-6.S:. '~;;il·lZC~~:,..c.~-ar.G<.nOOa>l:'-i~'lg·s...Sho"S;:...:·.the .. ,· 
,..-_ • ... • • • •'., •, ..,~ i~ •••I '•'' . . ; .·· ·, ~\' 

.. ~f.fm:m·c·~nl:·.;·:i~t"ory.!t~and-~~es~~:tb:st."'t\i~ure•·;of.::::=this~pr.og·ram ~.. . ..... 

. : .. ;.;·~'.°" / "" '.. :: 11 (continuecl). first $1 mi.llion of private funds and" 6 percent of the. 
· . · .. , ~ seco11d $1 million of private fu.nds. These funds ·can be used at the 
. : ~.. :. . .. 'discretion o_f · t)1e :f.nstitut~on ..to. ope~·.new 'fields, adju_st ·to fluctua­

. tions in research.. support· ·and 'provide services. · ·l. · 
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•• 
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''Genera~ R~search Support Grants: The Panel was especially interested 

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

of them, in the past few years, under the program of general research 

grants. We found a diversity of approaches. ·In··each case~ a method 
. I 	 . ­

! 
1 

• 	
seemed to us to be appropriate to the inunediate, local situation; and 

we believe these funds are generally being applied .prudently and wisely.
. 	 . . ,, . 

We see much merit in the suggestion, made in several of the institutiQns 

we visited, that general research support funds be increased by a·fac­
., 

tor of two or three and that some more latitude be allowed in their use. .. .. 

The Panel wonders whether GRSG support might no~ well be offered also 

. : 
I. 

., . to appropriate. divisions .or depar~ments of institutions. other than medi­

..... 
:. ·'.~ •'o II: I ~~·~~I :. '\,·\I I 
. ; ;";.J'{.;:;,"rri~.:.: · ·ca~. 

o 

·a~~ d~ntal schools. .Incentiv~s of thos ~ort ~ight help. _expedit~: .': :.· · 
t ~ I .~ 

.": J.:.< :·;::.'· • · · the curre~'~ NIH campaign to ~ring~· institutions genera11y ·.into :.their '/' 

·... · .. :'>"~·:·~·.;- prop.er role, as the Panel s~es it, in the total° administration of the 

.. ' :·:..:". grant program.1' / . . ,, 

... 

The materials below fr~ FY 1968 appr.opriation~ hearings show the 

financial history and present structure ofthis program.
I .· . 

. . 

" 
I,
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!. J'rrnas~'he arnount nrnilnolc for di,L1·ib t' t ii · ·\ ·.·
form 11e:1·cl'11tnc;c, not to exceed~ F u ~ou o t l .s p1·oc.:l'n,;ra cc~nstitutc~ "such uni· 
termint-, or the n1uou11ts prO\'i<lc i'lcr. c?11ttunf1, ?s t!\C Sur~COJ,J Cc11c1·ai rn:t.r <le· 
1enr turou"'h th . . l or gr.m s 01 rc:,carch llfOJCcts !or nn.r :i..:c.-:iI 
(l'uhlic Ln;. SG-icos)1:vro1mntrn11s tor ~~c ~ntion:il Institute~ oC IIcallh • ~. ·.,, 
19G2 ohiir-nliOU$ . , . ,'I .. " . , .. ·~ • : , .•. ' • • ,, J 

l9G3 cbli•~ation:J---------------------------------.;~____,.;________ ~20, 000, 000 
l!IG4 obli:!ntions=---------------------------------------.:-----• 30, 000, 000 
1005 obll~tttions ---------··---------------------------------.:.-· 3~, 000, 000 
IDGIJ obllgntions----------------------------------------------.. - ~G. 000, 000 
lOUSl0G7 t'slhuntcs_______________________________________________ ---:-------------------------------------------.:.- ·1l';, !!00,C'SlhtHltc~ .:_·I ol, 700, 000000 ....":." ... .':·· ~-"~ .::::.~ 

1 ~ • ~-------------------------------------------------
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01, ;oo 0(.).1.. ~~~· 	 An omouut tor NUIH b (11cl11d.:d lie (lOG7 $G •31 o "' ' as the tolnl ls obll;utud thi·oucu Nlll. re ....~. ,.• · • 00; 10G~-$~.GG7,000) lDL\smuch 
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" lnn11 nn 1mpto\ c their present biomccllcnl rcscn1·c~ acth·iUcs. 
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The Distribution of Support for Medical Schools 

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; 
•I

'·· 
: .. ; :. 

·. ::..{::;,,,:A;_: ; fig~r~. Th,~ chart 'below gives wha~ we believe to ~be· a more relevant 

comparison •. 

•.i. 	 MEDICAL SCHOOL SUPPORT RANKED BY SIZE. OF FEDERAL CONTRACTS· 
AND GRANTS.FOR RESEARC~ 

Research Per 
Faculty Member 

••• ·, 

Federal %of 
Total Faculty '$''22:'3· :i:r~~m sc.n./1. · Research ... ~ 

•
$22.8 thousand6,579$154.5 m. 55First 22 Schools 

•' 	 ·1.0 m.(per school)I 	

4,389 15.2! 	 66. 9 m. 24Second 22 Schools· 
J.o.m·.(per school) 3,01338. 5 14Third 21 schools 

(per school) 1.8 	
2,035 10.l20.5 m. 7Fourth 22 schools 

.• 93 	 .(pei: school) :.': ........ :'.' .. :. ': .':::,' .>h.-.{i..:~.:;.·(;,:.. ,-_:: ~::- :>::.·r'. . . . . 
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Our figures were derived from data submitted by the Association of 

f' American Medical Colleges for ~edical schools. 

The distribution of funds shown in the. table above is sfr;nificantly 

.•
I 

Dlore skew than that of Table However, the more releva~t figure, 
. 

research dollar per f8:culty ~ember shows that the smaller schools are 

not neglected. Only two schools in 8~· receive less than $5, 000 per,, ., ; 

faculty member in Federal research funds, two more receive less than 

$7,000. 

It would not be reasonable to .expect that schools of varying qual­ .... 
ity would receive equivalent levels of research support. The figures 

cited above indicate that the funds are s~read fairly well, certainly 

much more than most people believe. 

Training funds on the whole are much more evenly spread than re­

search funds. The 15 largest medical schools (in terms of .faculty) 

receive roughly 10 percent more Federal training dollars.per faculty 

member than do the 15 smallest. If anything, it would appear that these 

funds are not sufficiently concentrated. First rate training is best 

~ accomplished in aq atmosphere of first rate research. 

;--()>~~j-' .We are concerned With the distribution of funds at medical schools 

~~.) ~ because we wish to ensure the quality of .medical education, and promote 

~~ , the dissemination of medical knowledge. .A further consideration is the 

11~~,.f'distribution of physicians".. The larger, better ~edical schools are on//l' the. whole located in those States which h:ive higher overall 1evel.s of 

~ medical excellence and service. It is not the purpose of this .report 
. . 

to study those factors which fnfluence the geographical distribution 

of physicians.· However, we might mentfon that Fe<:leral funding has not 

led to a situation in which th~ great majority of medical students are 
... ·.·".·:· ·t:,1 
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drawn !rom a very· few States. The Nation-wide average is 4 .·2 entering 

medi~al students per lQ0,000 population. Alabama, Alaska, California,~· 
Maine, Nevada, New Hampshire, New Mexico, North Carolina, Rhode Island, 

.• 

and Texas were 20 P.erccnt or more below this average. Only Alaska, Maine . 
and Nevada had 2. 5 or fewer. It is encourag~ng to note 'that five of the 

,',_, .. 
' ~ . 

16 new medical schools are to. be located in the ten States which. s~nd" : : '.· ......·.··<.;·;', .'., . ..~ :.· .: ..\' ... .·.~ \:.. :-·~;i~.>,·
the fewest. students per. capi~.a to medical school. ... . . 

Competitj.on between Biomedical Research and the Production of Physicians 

People concerned with the inadequ~te supply of physicians in the 

j Nation, often cite the outst~nding growth of the biomedical research 

profession as a contributing factor. The following quotes are repre­

sentative: 

And indeed, 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 showlng that the relative number of ·A students in first­
year medical school in the United States fell from 40 per cent 
to l.3.4 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 ~tudent 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, uptu~n·in applicants • 

•
The National Sci~nce 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, co.nventional fields have lost ground to- biochemistry, 
biophysics, genetics, and microbiology, generally regarded as 
the glamour fields. 

./The AMA, Repo~t on R
0

esearch 

I 
:··. 

http:Competitj.on
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Ther.e is much contrary data and evidence. NIH proponents claim 

'that high level research and first quality teaching go han.d in hand. 

Moreover,. they assert that without the increasingly sophist'icatcd science 
' •; ·' . it 

'jorientation of medicine, numbers and the quality of medical students . ,I 

,, ~1 m~ght ha~e fallen considerably over past'dozen years. ' 
<=-~) The tables below indicate that any claims of falling q.uality over 

the past 14 years will not be.easy to validate. Although the percentage 
l' 

of A students has fallen, the percentage of C students has falle11 as· well. 

6 ··­

(There~is, of course, no way to know that college grading standards 

'l;, 

·B Stud~nts C.Student~ 
... 

A Students 

13. 6 ;~17. 5·. 68.9·'\:n~t :/::;; ~m=~m 14.2 70.3 15~5 ,.. 14.1'.1962-1963 12.4 73~~ 
10.51964-1965 13.3 76.2 

. : 

A better comparison of quality would seem to be scores on the med­

ical school admission~ test~ 

:;·r' . "·~ 

.. :•' 



TalJle 15.-M~un :.~cdical Collccc f\C1m1~:.1v1 • 1 c~~ "'"''"'' ..... 
.of Accepted Apr>licanls Dl1rinr. the P.Jst 111Y~.ars 

I ..Tot.-1 
~CCCj'lll.'d '- v. 

T:i~in!; l'\p;1H·
MCJ.T, c;,nl~,Quf'n· General 

Verbal titativc Infor·' " 
Yr. Ability A bi lily m.,lion° Science No. No. 

525 7,3r1G · 7,775 
. 1952-1953 522 516 519 

530 7,42G 7,7565241953·1954 519 525 
. 533 7 ,527 7,87&521 530' 1954·1955 Sl 7 

522 7,GSS :,; 7,9o9528 5271955·1956 " 524 
525 526. 519 6,012 1 ~.2G3

195G·1957 ! 525 
517· 527 516 a,n3 .l 6,302

1957·1958 \ 528 
5n 8.Jo i i ' s,3GG 

. 1958·1959 527 532 520 
527 8,1,1,9 ·~ s,s12527 5271959·1960 . " 529 · 533 8,500 ,P,5GO527 
537 a,G33 's·,Gs~19GO·l9Gl 527 533 

522 
545 ·B,920 I 6.959

19Gl·19G2 533 538 
541 

545 9,021 9,063
1962-1963 54'1 537 
1963·1964 537 551 549 

556 9,015 9,0!i31964·1965 540 538 561 
549 __s,;_,9_83___9._0_12_583 ,,. .. 1965·1966 541 ·-_:~~-

----~~~--~--~ 

\ 
In our sections devoted to manpower we cite statistics which indi- ,, 

" 
cate that the supply of medical school ~pplicants and medical school 

:I 
I 

faculty have been and should continue to be ad~quate. 

~iomedical Research as a Drain on Physician Manpower 
....-..-..._~ 

Biomedical research also confli~ts with the aelivery of medical 

a~rvices because it engag.es licensed physicians. Good data are not 


.· f" ~· .. ·, ;ava~lable in this field. We have seen estimates rang:i.ng fr.om 3 percent.· 


.·: ~\.·ih'..i(·};};/i' to lo percent for the percenf of the t.otal J?hysidan population, enga:gCd 

'l,, 

·.•
'· ' '.

. • r . : ;~:~ •'. • ·•', , • , , • • • • ·~ ".: 

in medical research. (This ';~riation might be ·explained because differ­

ent measures give qiffe.rent results; e.g., full-time, full-time equiva­

lent, part-time). In a forthcoming report, NIH has made proj ~c tions 01t 


Jthe assumption that, "The proportion of.•M.D.'s entering research will ·) 

. '. ... 
·,1,i,· l'·.\/:., ....·•,.. ·remain constant at approximately 15 percent from each· class." 'l'his 

\...., ,··.·: .. \' 
•.• ·, ~\:·: .. J 

~ figure seems high, and in is.o_lation, somewhat mislea.ding. Most:'.re­

·searchers have clinical and/or teaching responsibilities. Fur th~r,: en".""­' . . . 
ci· 

tering statistics give high projections if, as we suspect, individuals 
. . 

devote less of their .time to re:search as t~ey grow older.. . 

Dr. Turner, President of the American Association of Medical Col­

leges, does not believe the research drain on physician manpower is. :r' ........... :':' 

: •• 1•'•. :>: ... . . . . ~· ··-. •.. ·...'significant: 

http:Most:'.re
http:rang:i.ng
http:engag.es
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J i .. r I., . !CRITICISMS j I. .. ,i ' .! I
jIt is desirable at this point to deal with the com~only . ~ · 1 lf heard criticism that the large federal medical research 

!program has diverted med~cal schools from.their main mis­
sion of developing practicing .physicians. I know of no data 
to support th~s contention. 

For example,~Sanazaro (3) in a recent paper gives dkt~ on 
career choices of medical graduates in the United States. 
Of 5,218 interns in 1964-65, only 2.7 per cent indicated . 

I 

i 

I 

research or teaching, or both, without clinical-care respon­ Ir. 

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 adaquate 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 communicatio11 from Caroline B. Thomas, 1966.•. 

With no concrete evidence to· the.contrary, we tend to hold the 

same viewpoint as Tttrner • 

• ·.. 

Cl 

·.:··..·......... • 
,•• 

1· 
.. 

.·,l.: 
. a· 
' ·~ 

..:',·.: :•: 

·:.·.::~. 
. ·: ·• \ •• •.. ::... ,.· 

· .... 

··. 
• ·;:. i • 

•, 

,. 

. ·~ . 
, 

. : .:·.::·::..~~ ... :.': '.· --:·~·.::.\; .. :'.:.:.... ·: .:.. ;:;..~:._:-~<),::/:.;;~..·:'.<:· ·.(./:.:.~.~~ ~.:: ::·:.::. ·. ·::. '. :.:· · .. 
.. 

.•. .. .:· 



: i .J. 

"'O •-' 

. ,. 

·Future Prospects 

Alvin Weinberg states, in· his article "Scientific Choice; .an.d 

Biomedical Science," that "We are, or ought to be, entering an ., . 
age of biomedical science and biomedical technology that could rival 

in magnitude and richness the present age of physical science and 
·. 

physical technology." His optimism stems in part from observations 
I 

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

medical research avoided expensive experiments even if expensive experi­

ments were required to obtaip reliable statistics." This tradition is 

already under attack, however, and . it appears that an impor.tant part 

~··· of future science will belo~~ to "big biology." A major part.of thisr··, 
"big scien~e" will reflect· t~e development of powerful and expensive/' 

new instruments and technology for biomedical research. Instruments 

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

scope with one angstrom·resolution (powerful enough ~o "see" 

individual atoms), bigger and better-adapted ultrac~ntrifuges, and 
i. 

automated laboratories for chemical analysis. The use of computer 

technology will probably accelerate as biomedical researchers become 

more knowledgeable and sophisticated about the pdssibilities for 

·exploi~ation •. 
• 

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

instruments formerly used only· by physical scient.ists, is the incre~singly 

.. ; . . . •. .. . . ~ . . 

.. 
... 

.· 

·.;. ~...... 
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interdisciplinary nature of the biosciences. This may require 

new.methods of reaearc~ organization. The best research teams 

may need to have men t·rained in sever_al different field~ ... Indeed. 
!'·' 

Weinberg f«;?els that the interdisciplinary research institute is 
,, : 

superior to the un~ersities for the kind of mission-oriented resea~ch 
. rt) 

it will take to solve the .tougher.problems.* John ·p1att suggests 

that there ought to be institutional ai::rangements which would e~~ou.rade,:: .,/Jv 
./)~ - / 

or at least not· discourage, scientists who. wishe:d to change fields :*-X- /'\.(' . )J)J 
. v (.• ii 

··~~ 'He believes that such changes of atmosphere are usually beneficia.l. · 
' ... · . ~-:v~u 

The ~uturc will probably see increasing numbers of outside ·scientists ft(}J dG1 v rA·c:,ti1 • 
and engineers moving into the biomedical sector. ...vt i y'./ ;..:v' 

,':• r 

~ {;!'JV(. (;..<1­
A major factor if' a future "biomedical age," however, will be results ;/;. o~

' ..+. u-· ~" 
·which are revolutionary, not merely in a scientific s~nse, but also 

l.ij..'J. d:. ~i 
'•""4 . 

i.C." 
,~in a human· and institutional sense. Such science fiction themes as 

rejuvenation, artif~cial organs, and genetic engineering could become 

realities in the next few decades. Curing cancer would probably not 
our 

alter the structure.of/socie~y, but many conceivable discoveries in the 

biomedical area could be.~rofou11dly influential, altering the very 
. I J/ - . . 

. ··fabric of our lives. A ·small-seal)" current example ~s the psychedelic 

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

research will continue to grow because people have begun to realize 

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

wisdom and foresight will be required to deal with the· discoveries it may 

I I .. ,-··· 

. . ~ 

.... 
. ' ... . .. . .. ~··: .•.::: .... ~:.. ..·. '.~ . . . . 

. ;_.· . . .....:'_:_ .• ..... ;­ . .. 
;,, ·.• '_ .:;>:\\&,: 

*nti.s is current practice in France and ·England. 
. . ~I~·'.:)~·~r ..., , ....•><science •.. December. 2, · 19.66, PP• 1132-9. 
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Attracting Manpower in New Fields 


If as most analysts believe, we·are entering an era of rpp~d progress .
,I . Ij 

in application. of medical knowledge, we are also entering a period 
., . 

in which medical research will·be forced to draw upon people in areas 

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

that a great number of engineers will be engage~ in work related.to 

the development of medical techniques. To a lesser extent, sc~entists·such.as· 
.• ". 

chemists, phy.sicists and syst_ems analysts will ·also be required for 

this work. 

·It is beyond the s~ope of this paper to give more tha11 brief comment. 
~ 

of th~ implications ox this· problem. 

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

fields such as bioche~istry. It is by no means clear that we can repeat 

this success in bioengineering. The human body is not an e~gineering j ~r-.
.f i.·. 

structure. The field of bioengi~eering appears to be more a bit of 1~·~:'{J..-.vf 
. (·;. .. ' !: 

engineering and a bit of biology tha·n a coherent field which. lies· ~.. l /. /.·,~ ;~;()_ d~i.. '(····_ ·.. 
I . /'ft ..,..,vc.

between the two. ~'"~"0... I 
~· 

as 
2. The people currently' engaged in bioengineering~pest we can determine, 

are distinguished in neither engineering nor in their understanding 

of biological methods. There is a· difficult problem involving incentives 

and prof~ssio~al 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 arc 
' ·; 

sufficiently complex, difficult, and important as to require th~ top 

minds in the respective fields - Fortunat·ely, aspects .of the problem ., ; 

lying outside a specific field can.be explained to talented experts 

without an interdisciplinary background. Collaboration between biomedical 

specialists and scientists in other fields is· a promising possibility. . 

The following quote from the Program Develop~ent ·p1an August 1967 for 

the" artificial heart relates to this problem: 

f 

It was therefore evident that if a truly 
satisfactory device or group of devices 
to aid circulation in the body were to be 
developed it would be necessary to involve 
the best 'biochemists, general physiologists, 
cardiovascular physiologists, polymerchemis~s, 
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) 

4. Probably the most significant problem relating to bringing people 
I 

not trained in the biomedical sciences into the biomedical research . 

·area iuvoives' the organization of research. At present, centers ~.,ith 

the appropriate interdisciplinary expertise do not exist.· 

,·~···.
' -~ . . 

.· 




.(a) It seems unlikely that current levels o~ collaborative 

programs are sufficient to encourage industry ~o· ~ake 

' 
the·investments necessary to develop the capabilities 

.., ..·"required. 

(b) Funding interdisciplinary training pr.ograms does not seem 

to be a promising avenue of approach. 
: 

(c) Allowing the medical profes.sion to call on outside talent 

where needed is an expedient measure. However, it relinquishes 

the initiativ~ 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 he given the incentive to look at the medical 

field to see where· their 11ew ideas can be put to work. 

Alvin Weinberg recently conunented on those areas within biomedical 

research in which the feasibility of direct ~pplication has been 

established. 

J:- ~!In this group he said he would place the application 
~---- of engineering science to the development of the 
(:--._-artificial kidney. h To be su~e, 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 indi~ated is massive development . . . to 
reduce the. technique to widespread· practice. ' Other er 

examples, Weinberg ccmtinued, would be further develop­
ment of medical scintillQmetry, automation of clinical 

. chemistry, and development of zonal contrifuge and the 
: · 1-a~gstrom microscope." Science,. November '•, · 1966, 

p; 619-20. . 

: . : :· - ' .~ . ·~ ~. ~. : . ·.: .. . . 
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<-I '") .. 

The developments which Weinberg discusses require· topflight talent 

in fields outside ~f biomedicine. who have some acquaint_apce with 
t 

t 

specific P.roblews in the biomedical field. A thorough knowledge of 

., ')biomedicine would not.be req~ired 0 

Weinberg characterized these problems as·. "Prospects. for Big Biology" and 

argued that national laboratories ·(such as Oak Ridge, his institution) 

were idea1 in~tituti.ons for u':ldertaking .huge costiy_ programs that r.equire 

multidisciplinary coordination~ We are under the impression that some 

individuals involved with the collaborative programs at NIH could endorse 

this approach.. ~l'Odox~~moanocMXl~p:lil:.lOCXIDqm~gi:e:cKKX 

The fcrllowina o·~otes from an NIH· report in progress represent a po.int of
view somewna't; ct:l.fferen'ti 1·rom our own: · . 


11 It is estimated tliat a mi._nirnum 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 . 


. " .. 	 This area is of such critical· importance that bioenglneering tr~ining 

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

the use of systems concepts in the study of human biology, the second 

dealing with appropria·te segments of tha scientific and medical 

complex in the ~esign of syst~ms for delivery· of health care. It is 

our feeling that, because of the divergent needs of these _two arc'!s, 

separate programs of training may be needed alth~ugh conceptually· there 

will be· a good deal of overlap between them. Of particular 'importance. . 

... ·.· 

I 
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in the second category, i.e. , the development of. sys.tems of hea1th 

care, is the need to train not just bioengineers but a sigriificant 

fraction of academic physicians in the respective disciplines who can 

. use this knowledge in their day-to-day activities. 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 o~ this knowledge 

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

mechanisms which will rapioly. cut' through the usual seciuences of events. 

Wa cannot a££ord to wait to train the bloengineer per s~ to train the 

teachers. Instead, we inust f~nd· some way of utilizing people from 

industry and from other areas who can conununicate this information to 

' ti
physicians who will be doing research on these.techniques • 

.,. 

- ; 
• . . t : . ~ ... •• • ·~ . • : . ~ •. 
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Projected Future Growth Rates 

Much recent discussion has revolved· around the q':lestion ·of how fast . 

the NIH budget should grow in future years. Taken in i;so~ation, there 
' 

is no satisfactory answer to this question. 

.. )1. If, as we expect, there will be significant alterations in the 

conduct of biomedical research in the near future, wes1ould expect 

equally significant aiterations in the allocat~on of the NIH budget 

Some areas of support will n.o doubt grow at extraordinary rates, while 

others will undergo a relat.ive and perhaps absolute contraction~. It 

see~s reasonable and desirable· to project individual gro~th r~tes for 

different portions.of the NIH program. 

2. Throughout this.document we have emphasized that the most profitable
A 
~;<''', approaches to the problem of allocating funds to research involves the 

·concept of opportµnity 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 delivery of medical services, 

plans for feeding Federalfunds to the nations medical schools, etc. 

We have not had the opportunity to examine prospects for these programs. 

However, we do believe that we have at least hinted how knowledge of these 
. 

programs might be related to allocation considerations· in biomedical research. 

In considering future growth rates we -would b:eak NIH operations into 
.. 

parts -­

. · .., 

.· . 
.•·. 

http:portions.of


NIH Approach 

Before we· turn to our anal~sis of specific areas, we presc:-nt a 

section which attempts to replicates one NIH approach tp. future ueeds 
. .t 

projections. 

., .·" 
Estimates of future requirements can be made. in eit.her dollar or 

manpower magnitude. A projected inflation rate in cost per worker 

is, of course, the link that would be required to make these estimates 

consistent. Unfortunately, it is difficult to extrapola.te past inflation 

figures into the future. Changes in the nature of scientific research work or 

in its locatio~ can radically alter expected rates of inflation. Recent 

experience has shown.that costs per professional research worker have been 

increasin$ 6% per· annum in government and 7% per annum in industry, where 

,,. 	 the preponderan~e of those engaged in biomedical research .devote full 

time to such activities. Estimates developed by the National Science 

Foundation indicate that costs per researcher in academic institutions 

increased roughl~ 10% per annum between 1958-1964. 

It is not improbable that the ~.ext decade will see more radical chal)ges 

in the method of conduct of .biomedical research than has ·che last. As 

we have mentioned above, biomedical science is now acknowledged to have 
. . 

moved 'into a st?te of maturity. In the coming years we will be. elevating 

• 
. a greater perc·cn.tage. o~ our research effort to developing the .ability' to 

apply, much of th~ new knowledge whi.ch bas been generated over the· pas·t 

.two decades·. It would surely be folly to curtail. governmental programs 

. ...., 

'· ., . ·...... , .. :. ·:.:-·: ? • .~ 
' . ,. -:. ---. . :.: ... ·_ •-~: ....·. ·~°'· ... •.:. J• • 
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YJ;J'·L·"· wh~ch support invest:.igations into basic biomedical problems.. However, /} 

it appears unlikeiy that basic research will grow ·as ·rapidly as app1ied_______________________,, ·.,_.---·--·---­

,and developmental research. Because of the nab.Ire of such efforts, 

iand the. probable ~ntroduction of "Big Sc.ience" into the biomedical 
........ 


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 
~. 

biomedicai fields will }z'ed to draw on incr~asing 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 genetics 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 physici'sts, chemists, engineers, computer 

scientists and technicians to become.involved in biomedicine • 

. ·, ... This trend will b~ even more sign~ficant if, ~S· s.ome_ ··people have 
. . 

predicted, industri:al firms become seriously interested in biomedical 

project:s. 

. .. 
The possibility of significant change in the con.duct of biomedical resear~h 

• 
·has two implications so.far as the cost link between expenditures. on 

biomedical' resea·r~h and '.the" need for biomedical researchers; 
·..'·· 	 ' 

<· 	 .·.·, . 
.·; .•. 

.·... •.' 
. ..· ..... ·. 

•.. ···1 • . .·r, . .. . .. .... .. . •' 
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~ 	 1.; If we exti:apolate from past trends, we could significan t l y undcr­

estima te the expected cost increase per research worker in the field. 

. )i c·'., .•{
2. We could overestimate the number of pe~ple who ti~24; tQ be trained 

' 
in the biomedical sciences to conduct a given dollar volume of research1. 

... ,. . 	 ., : 

(p. ·297, The Advancement of Knowledge for the Nation's Health.) 

Table I shows alternate possibilities for biomedical manpower in 1975 

and 1985, given different assumptions .about the percentage of GNP devoted ·.· 
! 
j 

to biomedical research and the shares of the gover11ment, non-profit, antl industr)! 

:·.. · sectors of research. The costs per ~orker have been extrapolated ,on 

,:~ ...:(' .~f./i" th~: b~~is ~£ •· 6% pei: year rise for: the 'gov,-e:i:nmetU:· and non-pnlfi..~ se~t~~s, "<. 
: 	 ... 1·;: • 

and. a,J% per year rise in industry. The GNP.estimates are based on a .. ·. 

deflated 	rate of growth of '4%. 

It is evident that different assump~ions give significantly different · 

numbers 	with respect to the number of pro~essional i~searchers who wi~l 

_,be working in 1975 and 1985. At the present propo):tionate level of 

expenditures, biomedical research receiving .Z9% of .the.GNP, only 55,000 

workers need be in the field in °1975, a decrease from current levels. · 

With an increase in biomedicine's share to .50%-of GNP,. our estimate 

gives a poss-ible 96,000 researchers. ·In 1985, our high estimate. 	 . 

(Biomed = ~01 GNP)· is 152,000 workers, while the low figure, with 
• 

biomedicine not increasing its· share., is ·a mere .42,000. 

. . . 
. : . . . ..:..~:: ..... .{~· : ..~.: . 

. . 
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Even if we:could. predict the· desired number of researchers· in 

years to come with responable accuracy, the implicatior\s ~or 

NIH training needs would not be clear. It would be necessary to· 
. ,• 	 .. ") 

estimate the number of individuals being· trained in fields not normally 

suppprted by NIH fraining_ who would subsequently m~grate into the 

biomedical area.*.· And, of course,· one must he able to estimate the· 

level of support which would induce the proper.. number of individuals to 

be trained in the biomedical sciences. 

:Biomedical Manpower i.n ·1962 

·Federal . Industry. Non-Profit Total 

Cost Per Worker $25,900 $46,800· $26;100 

Number of Workers .11,800 · 11,900 40,300 6~,ooo 

.. ·~ 	 1:, 

.. 
' 	 ..· ,. ·.. !.~·. . 

. ·;,..·1 
....· 

*We realize, of course, that ;NIU may wish to support training in fields 
not currently being .supported in order to get, .let.us say,, engineers 

. interested .. in the biomedicat .field. However,. we would still expect 
. there to be some rnigratio11 from these fields into biomedicine •. It is 

'. 	difficult to .se.e how thepattern of migration could run to the detriment · 
of biomedicine. 

"-· 

.. 

.· . :· :-. ·-.: ·: >/·· :· '.::··: ... ·~·.·.:/: ~::;·T><:.;~. 
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Estimates for 1975 

· GNP =$1,070 ~illions ; ... 
'Federal lndustry Non-Profit Institutions Total 

,. .,, 
Dollar Cost Per Worker $46,~oo $92,000 $46,900 . 


Perc~nte.ge sha.r~ (1) 14% 52%
~~% 
Percentage sha.re (2) ll% 40$ . 49%. 

Biomedical = .0029 GNP =$3,103 
.. ' 

,: . '. : I 

I I ' . 
·No• Workers, share (l)'. . 9,400 55 •800 

• ' 
n)6o~ .34,800 ·. . ' .... ,'" ... '. '· >~-< \\'.· 

> 
•INo. Workers, share (2) .7,400 ; 13,600 .. . 32,800 53;800 

·:· 

Biomedical c .0038·GNP = $4,066 mill:tons 

No. Workers·, sha~e (l) .. . ·J2,300. 15,200 45,600 73,100 "' 
" 

No. Wo1•kers, share (2) 9,700 17,800 42,9~ 7,0,400 

\ 

Biomed·i.ea.l ::: .·.0050 GNP =$5,035 'millions 

No. Workers, share (10: ·16,200 19,900 59,900 96,000 

No. Workers, share· (2) 12,700 ... ·.. 23,400 . ·56,400 92,500 

.. 

• 

·~~-·~~ ·-.:.->::.;:-: ~....· ... ~ ... . . ..; - . ,• ... ·, ..·_ ,· . . 

http:Perc~nte.ge


I 

. . 
. ;Estimates for 1985 . 

.GNP= $1,584 i)illions.. 
l ,: • 

·. . ... 
.. <. 

~ 

. ' .. Federal· ..· .. Industry ~".-.·Non-Profit Institutions.···:~ Totai:~ .... 
·, > $181:oo6 ·•···. . · $84,ooo.: .· ~ :-: .... ". ·. .\'· · ·Dollar Cost Per W~rk~~ ·$03;100... 

.~ :·~'.•.:.~rcenta.ge ·share·~ (1) '·J2% 36%.. .. .... 52uf,,. . 1007~ 

:· . Percentage share ( 2) 49u/o 10o%·. 

Biomedical = .·0029 .GNP =$4, 594 millions 

. No. Workers, sha.De (1) 6·,600 . 9,100 28;500 44,200 

No •. jlor~ers, share (2) 5,000 l0,600 26,800 42,1ioo 

.. 

BiomedicaJ.·= .0050 GNP= $7,920 millions 

""No. Workers, share '(1) · 11,400 15,600 49,000 76,000 

No. Worker~, share (2) 8,600 18,200 46,100 72,900 

Biomedical= .0075 GNP= $11,853.nd:i.lions 


No~ Workers, .share (l) 
 23,500 . 73,500 u4,ooo 

27~300 69,100 .. 1Q9,300No. Workers, share (2) 

Biomedical = .·0100 GNP·= $15,840 idJ.;Liqns 

· No. Workers, share (l) ~2,700 31,300 98,00<? 152,000• 

~! :·No."'.Worke~s,~:.; .·~ha~e· (2) · 17,200- 36,500 92,200 .111-5 .·900· 
' '. ·' '.t'li 

• '1 •..•.,·,· .. ,1 . .:.· ,· .. 

\. '", .•.. 
~ .. \ 
' •~t I 
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Intramural Research 

The share 9f intramural·research in the NIH budget has declined 

steadily over the years: 

Table 
(Total in Millions) 

·; 

1955 1957 1960 1962 1964 1966 1967* 

Total NIH 81.3 213.0 430.0 771.6 974.5 1059 1413 h: 

Direct Research 22.9 . 34.1 ·49,9 69·.7 · 71.1 82.7 90.5 
DR/NIH .28% l61o_ . 12% 9-~ 7~ 8'fo . . 6% 
*Including mental health, excluding environmental health 

·• ·.. 

If the present structure of NIH intramural research is maintained]/ 

we would expect. to se·e its share of the total NIH budget continue to 
~~.. ,: . 

'.· .·,.: :}·i[:i,:.,ii.'{i}.'J, dim.iitish a8. new programs gaindgnificance. ·An ux.iofficial NIH .P~oj~c;< .. . .~ .' . 

. ( . '~ .:: ."· \ ~~\ : 

· · ·tion quan t.:ifies ·this expec te4.. trend; · the over;..all Federal share. of 


mone)' for the performa~ce of biomedical research is ·expected to decline . 


~ from 16 percent to .. 14 percent by 1975 • 


. UNOFFICIAL PROJECTION FOR EXPENDITURES ON BIOMED RESEARCH 

',•· ..... ' 

Percent of Total 
Non-Profit 

Year Total Federal Industry Institutions 

1967 100 16 ·30 54 
1970 100 15 30 55 
1975 100 14 34. 52 
1980. 100 13 35 52 
1985 100 12 36 52 

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

Federal, non-profit, .and industry--given differing rates of growt~J for 

!/In another section of this report we mention the possibi;lity that NIH 
may find it desirable tQ c~rry on applied research efforts on an intra• 
mural basis. 

I I 

I' . • ~.. , 
...... ·',. ~-·.. ' 

=.·•.....~ t . ~ \.;~>'.\{... ~.l ... ·' 
., . ~ -..~ ; .... 

..., .. 

. • 
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the whole biomedic~l .research industry. It is assumed that the pro­

~. jected 1975 distribution is in fact achieved. 

Whole Industry Rate 5.0% 8.0% 15.0% 
Federal Rate 3.2% 6.1% 12.9% 
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 ., ; 
mural program; it has·received high praise from most observers. ·The 

'• 

relative decrease in its importance reflects the success of the NIH . ':.· 

extrml!~ral experience, rather than any intramural· shortcomings. At>.d 
:r:,.~. :!Je! ~;.> . 
)1~., partially because of th~ extramural program, the future of NIH 

intramural research is not assured. . .. ·. 

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

maintaining the outst~nding level of scienti~ie competence of its in­

~ 	 vestigators. From its early days, NIH has been ·able to attract top­

flight scientists to its ffne laboratories. The resulting high con­

centration of talented manpower itself became a magne~ ~or scientific 
/ 

talent .1../ The development of other biomedical research centers has 

·somewhat diminished the relative advantage of the N~H intramural pro­

gram, · This relative declin~ has been further accentuated because many 


" of these other- centers are now able to offer positions which concen­
, 

tratc heavily, if not e~clusively, on research (see medical school 

....
section).· 

In this context, the erosion of·NIH's competitive salary position is 

frequently cited as a source of danger.· The chart below gives some sug­

gestive statistics. 

1}Many senior NI.I~ investigators will be coming .up for 20-ycar retirement 
in the next •ft{;("fi1aLts. We· are informed that, given currer~t practices, 
it will be most difficult. for NIH to keep these individuals. If these 
scient:i.s.ts do leave, tl~e intramural progran~ will surely suffer. 

. ~ 	 ·. 
'·.,' 
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COMPOUND RATE OF INCREASE .PER YEAR IN SALARIES 	 ,• ,, I (JJ I~·· 	 ~...~~. . 
! 

Total Iner. i 
Period Over Per. [ 

NIH Direct Operations 5.6% 1956-66 	 73 %. 
.. .Harvard Hedical School 	 ;' 

Full Time Teachers 
Full Professors 2.3 1956-66 25. 
Associate Professors 3.4 40.5 Ir i 

Assistant Professors 4.4 53.5 
Associate 3.4 40.5 

Ins truetor. 2.6 31 
Ph.D.' s -All 4.9 1957-76 Not Comparable·· .. 

Biology 
Chemistry 

Biology & Pharmacology 
Starting Ph.D. 
Experienced Ph.D. 

6.1 
4.3 

5.2 
.5.• 0 

1957-65 Not Comparable 

I 

I 
! 
I 

I 

We don't believe that~ these figures, are conclusive in any way .J/ 	 I 
I 

However, they may indicate that the relative salaries of researchers 	 i 

ito NIH's detriment t 

l 

probably have not changed "too dr~stica11Y'(over this period•. Many I 
I 

analysts believe that the overall attractiveness of the research ~ 
f 

.Pnvironment is more important to research scientists than is.the salarv 
\ 

incP.ntive. It is in .thiR 'area that .the. relative 'NIH pnsitfon Jl:'.~ .. I 
I 

i
Ideteriorated, though NIH is still the acknowledged leader in many areas 
~ ---___;.--~---~------------~-

of research. 	 I
""'-..--....••• 4 ........ _._.....,_.. ___ 
 i 

· The past dozen years have witness an enormous increase in our 	 [ 
i 

national capability for biomedical research. Where NIH was once pre­ l
Idominant, there are now many well-equipped +aboratories, staffed with 

* 1}Good figures are not available for the extramural grants progra~. In 
a memo from Dr. Shannon to Dr. Phili'p.Lee·dated April 5, 1967, it was 
estimated that costs per employee and/or· i'nvestigator in .the grants 
program would approach 10% per year (versus 7.4% and 6.2% for the 
intramural program). Upfortunately, it is not possible to deduce 
salary figures, or % changes in salary, from .this number. The con­
tribution of oth~r costs, % of time spent on NIH grants, and the f ~. academic r~nk distribution of g~ant~~s is not known·. I 

I 

0. OJ' ••• :. : •.0 ,• 0 

. . _. '. . ·.· . . ··~· ': .. ~ . . .. •. I 
·1 

•i 
I 



~ talentCd researchers; and often, both laboratory and researcher are 

supported by funds from the NIH extramural orogram. 

Yet, even t~day, the NIH intramural program occupies ~ position 

.of special importance; the NIH Report to the President illustrates 
!' .·; 

this point: 
:• 

., .
The senior intramural 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 l~ght on the mechanisms by which bacteria become capable 
"f re~isting antibiotics. The NIH intramural pr<:>gram 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, whi·ch few research organiza­
tions have available. 

In other sections of this rPport, we h~ve frequently suggest.ed 

that biomedical research w±ll involve a partnership with new fields--· 

physics, chemistry, engineering~-if the promise.of .th~ futur~ is to 

fulfilled. The NIH intramural program must respond to this challenge 

if it is to retain,its current important position in the.biomedical 

research comn1uni ty. 

Extramural· Research 

Our analysis above seems to indicate that the extramural program 

. of NIH may hav:e expa_nded · s·o rapidly that the over~..~l quality of t~e ·. 
,· 

people in t_he field may_ have·. declined. Two l!'ajor questions ar:i.s"e· ·in 
• 

connection wi.th future· funding of extramural researchj\ (,. c;} ifow·. fR~t 

should we expand the numbers o~ people in. the field? 

· To be co1:1sistent wi_th our philosophy we w~uld have to say that 

the answPr to this~ que~tion must depPnd·i~ .turn upon the amount . . 
. . ·.. '.: .:..·..~ ~ ·~ ~ . . .'. . 

•. 
__/· 

·. 
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~. 	 of support given to other scientific fields, and the ability of bio­


medical science once put.on a competitive basis to attract talented 


scientists. If, as we have indicated, biomedical research.is somewhat 


overstocked at present, its relative·share of the scientific labor

' .. : 

market may decline somewhat in the short run. 

., ·,
This trend will be somewhat reinforced if we exclude from pres­

ent consideration (we deal with·them in.our collaborative section) 

the increasing number of individuals, primaril~ in the industrial 

sector, who will be carrying out research on a contract basis. 

·NIH's extramural program has been remarkably successful. It is 
. . a 

likely to go down in the history of science as spectacular example of 
. 	 A . 

th@ abilitY,. of a govorrun@nt to .oecure on a continuing basis ndviee 

on scientific allocations from a larger percentage of the most tal ­

·~ 
ented scientists in an area. However, as the President, the Secretary 

of Health, Education, and Welfare and a host of analysts hav~ empha­

sized the primary research 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 ~~to new ch~l~enges. 

To a significant extent we are urging that the judgment on the 

appropriate portion of our scientific.ta~ent that_goes to biomedicine 

be left to the decisions of the .scientific community~ There· is little 
• . <fl I 

doubt.. ·that if. future years witness a continued rapid growth of interest: .. .. .:.·'. · 

·in biomedic~l resea~ch,· Congress will respond by supplying the appro­. 
\....: 

~. 

·pria~e funds~· However,. we s.uspect that the growth· rate of this field .. 

~· 

....... 
..... ' 

. •. 

.· 
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..C// 
. ·. 	 will b~ greatly diminished 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 ~ar~inal evalua­

tions. It is frequently said that in many scientifi~ fields 90 percent ., ·, 

of ihe 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 .. . .. 
e:xample, the productivity .per person· of the most talented tenth is 81 

times that of the re::&aining 90 percent.· If one looks at pnly. the 

· weakest de~ile .the number would no dou}?t ·be ..in the hundreds. 

·unfortunately, there is no easy way to measure the output of dif ­

ferent· members of. th,e biomedical ·research field .1/ We have asked· some 

·people involved in the are~, 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 marginaliy 

.• 

funded researcher, receives nearly the same degree of support as. does 

the individual whose p~oject receives the ·highest priority of all pro­

jects· considered by the Council.' Both projects are checked to· see if . 
·.. . . . 	 . ., 

ther~·;is ..any ·area· in·which.·the request should ·be trinuned, .but.beyond ·1··""' 
·'·· 

• t' •~ :·. :. ' ~ • '.';' ', o ' • ol ; •:; • I~ .. ;.:• \ ' 	 t • ~ 

this they are given equal tte.atment. ~ 
:" :>'~ i~: 
~I ,.\ !' . r# ·.·· : . 	 \ 

; ,, ' 	 .' . 
.. 

l/NIH, unfortunately, could no·t supply us with any studies relating,. 
let us ~ay, the success of projects wit.h strong .and weak priority 
s~ores. 

. . ·.~ ;. - ·.. 
. · ..• ..._:~ .· !•. 	 .... 
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PERCENTAGE OF REQUESTED AHOUNTS ALLOWED IN NEW RESEARCH GRA...~TS BY AD ·1..tot:;,c,··! ,., 
. " VISORY COUNCILS - \ ~·O~ i:~i:j,.,,~ 

· o.r -..·>r <'" ;. 
Allergy Arthritis Cancer Child Heal th Dental 1

i 
·?(.t..~ ·:"'
) ~ 

J 
1962 
1965 

96.2 
88.l 

89.4 
88.7 

85.2 
80.l 

82.4· 87.5 
85.3 

·) 
\ 
. 

1962 

General Med. Sciences 

87.8 

Heart 

91.6 

\. 

Neur::~:ic~ j. "'. 
1965 85.0 86.8 / 

We believe that this is an unfortunate practice. Perhaps the Coun­
., 
: 	 cils could make an effort to distribute some of their extramural funds 


on a restricted basis. Thus, for example., ·they might distribute the 


first 80 percent of their funds to the ~ost attractive projects follow­

:tn~ GYinmt pi;g~ed.YI~~h The r.@meinin~ 20 p@IQcmt gf the fund§ gould b@ 

allocated to the next 30~3~ percent of the projects (assuming that that ... 
many had been approved), th~· projects in general receiving no more than 

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

. . . ,! . l ..1... 
in two· 	ways: 

1. 	 Reducing the scope of the projects. ·~_t%Jf1i>u;·~. 
2. 	 Red?cing the_ period f9r. which they ar~ funded. ./V~/ 

Quite likely, 'the Councils woild usually wish to concel.dtrate on 

the second procedure. This would, of course, have the beneficial ef­

feet of increasing institute flexibility in ·futu.re..·years, but would 

'not .be· so helpful· in cutting current obligations. After "reduced 

grants" have run their shortened. period, perhaps three year Jll.~~~, 
they could' be resubmitted for further consideration following current 

procedure for rene~als. This would mean further increasing the burden 

on the overworked. ·study sectiot)s and requiring further paper work from .~ 
. . . :: .. 	 ' .........:. .'···.···.. : .. 


•. 
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grantees. · However, \r."e believe that these marginal grantees would likely 

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

1h·~' !t~e granting authorities. d:r·~c;PJ/ t 
to ~ ,,,,,--:,PJt'"'- i 

The converse philosophy the one now current is supported that our Cv lj 1 ;! 
. /\ ~~ ~.. 

most talented scientists should be most heavily support ea. :;·This discrim- I /~tlir I . . ~ I 
. I 

ination may well becoQe a necessity with the increasing pre~ence of Big ., ) 

tBiology and the accompanying sky-rocketing ~osts for the latest equip-
t 

ment required for its conduct. 

We have a fu~ther suggest~on rela'ting. to future funding of extra­

mural research. In our discussion of study se.ctions we hinted at the I 
Idesirability of an allocation system which would single out certain re­

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

tnising, .underworked areas in wlH,ch .~he advisory councils would wa~t to 


."' ·. enco~.rage greater research e~forts. This could be carried out through ... 


" ;" 	 ,; ',\· .. '; . . . . . . 
. I• :· :; :•• ·:·1,<:.:(.'. ·;a formal bonl;ls point system,. ... 	 ·._':-,•( ·1 

• , I ' * , ; '•. f t • ' ,' • . ~ •• ~ l. 
0 

\ ~ ' .. 	 I • ' r
Projects in. high priority·~·areas would have points· subtracted from 

.• .··· 
,· . ·~ -~ '.; ~' ... ; . I

l::: .......·.:.:.: ... ::-,.::.: ..·their. 'study section priority scores to put them in a better competitive' 

·'" 
' ' 

· .position. Such a system might .have the further· bene~it of directing 

our less talented ·scientists into high payo,~f areas, while allowing 

the most capable individuals to work where they wished. 

One possible schema would establish the following guidelines: 


i.. Allocate 50 percent of funds without attention-to priority areas. 


2. 	 Allocate the next 30 percent of funds, alloting bonus points f.O 


priority areas.· 


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


projects (bonus points counting). 


··.- .. . . .. .. . 	 I 
i . : . .•. 	 I 

't 
~ 
I 
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i 

fThe development of· such a schema of this nature would r.iesh very I 
nicely with the development of a program budgeting syste:i •. The under- l 

r 
lying philosophies for the two are very similar. 


Development of Manpo·,;er 


. 
In our section devoted to this topic, we .point out 'that NIH has 

.· 
been extremely successful in its efforts to develop bio::e.dical manpower •. 

,, . 
Unfortunately, the history of NIH experience in this· area has not re­

ceived the type of systematic analysis that would seem justified and I·.·. 
could serve as a guide for future allocations. At present, the bio- f 

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

. , . ~·: .·.. graduate study. High levels of support are necessary to bring people 
·, 

·:... 
...:.\·t !J,'.: ~nto '.a devel(>ping area. HoWev~r, we would expe~t that an intelle,ctuany .. ·, ";~\ 

· ....·. 
·.. 

stimulating area should be abi~·- .to. attract an appropriate shar·e of 
'' I 

the graduate student market if' it supported its students on a· compet'~-. I· 

ltive basis. 
I. 

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. t 

t 
It seems unlikely that medical student enrollment will increase this f 

quickly. However, it seems not too optimistic to hope that by 1975, 
i 

m.d. ·produc~ion. will be 40-50 percent higher than it is today. We I· 
should expect the research interests of medical students to continue 

to increase during this peri<?d. · Further-, increased·,·programs of sup-· 

port for medical students may allow_ m.d. ~rograms to compete for. 

science-oriented· students for who111·-medical school is presentiy 

prohib~tive. 

I 

.. . .·. 

.•. 
. :·: ........ ~: ·. . .. 

'j 
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. N_n1, working in a tight budget, restricted its .manpower training 

·" 
 requests for fiscal 196a • .!/ This looks like a wise and cautious· moyc. 


We would urge continued restraint in this area until the Q.~.$-~_m.e.9.:i..ca_l_ 

·and bioscience areas are put back on a competiti~e basis with other . ... - ~-....._...... ....,,.....,... ,,.,,, __ -··· ... ~··· ·- . ~-:-.....__ ....._......_. -·~-. . . . 
fields, We would also suggest that i~~~~_g·c~reful study 

.·should accompany any decisions to move into the massive training of. 
I '· 

...... , 
: I" 

., ~: j " ,. '' 

• ·, ~;· < -~ •• 
), .. • ~ 

.ibioengineers. 

.. , . Developmental Programs 
. ::~:. :. 

·, .; :'. .It is xmm quite diffic;ult to make future projections about the .. 

·... )l ·.._'-:·;?f> ·; Frow,h· of .NIH developmen~al efforts. We consider-. this question ·in :: .~".-'.'· ..,·: 
· a separate Memorandum on· the :·~Fut~e Growth of NIH, August 31, 1~67. 

··.·Other .. 
We did not devote attention to other parts of the NIH program. 

The principal components of the"other"section are construc·'tiion, 
review and approtta.l ann.program·a.irection, and the Regional Medical 
Programs. We would expect.all of these except for the last mentioned 
to grow at a.bout the .same rate as the s~ of .intramural and extramural. v 
In Iii: examining prospects for·future growth of NIH, we believe that ·. 

. . . .t~e. Regional. Medical .Programs should be considered as a seiarate entity. J: 
. . Le. . . . . . ' ... . . . . . . <-­

_, 

I'. 

. ·..... 

/ 

.....,, 

• 

.]}There w~s rio increase in the number of fellowships and a decrease in 
training ·gx:ants. 

. .. 

. . ~-. ·.·· .·.: •.'" 
. ~·-· ~ . :' ,.... ~ :. ..::.:. 

::.·. :. ::./·"-. . . ··. · . 
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Criteria for Decision 

It is most difficult to measure, predict, or value the out?ut of 

biomedical research. It, th~refore, is not easy tci employ any of the ' ". 

f ami.liar decision making aids such as cost/benefit analysis or progra:-a 

budgeting. Quite understandably, NIH has been .most hesi'tant to move in- · · 

to PPB techniques. This development, or perhaps better, lack of develop-
I I i 

ment is unfortunate in our estimation. 

For the most part, allocation decisions in the -bioraedical research 

area have been ffiade ~ith the aid of qui<led intuition. The Nation has 

been most fortunate to have a truly outstanding administrator at the 

head of NIH. ~y all accounts, he has done an outstanding job of develop­

ing and running the NIH program. Given natural limitations, his insti­

tution has been well-guided. 

By the same token, the _very difficulties which make it difficult 

to apply PrB techniques to the health research area make it diificult 

to judge its performance. NIH has been very successful. However, there 

it no evidence that it could not have performed much better with the 

same funds, or perh~ps nearly as well with significantly smaller 

budgets. I 

As best .we can judge, the philosophy at NIH has bE!en that \\here it 

is hard to apply analytic techniques they won'~ do you much good. The 

contrary philosop~y is that analytic techniques have the mos t difficulty 

in the very areas in which' non-analytic approaches are liable to ·break 

down completely. We would not suggest that anybody attempt to quantify 

non-quantifiable concept~ , nor that quantifiable variables take precc­

dence over those for which it is not possible to develop measures. How­

ever, we do feel that it is i mportant that all allocation decis ions be 

,, '"._,C..t_,,,carried out in a climate of ·efficient choice . Concepts such as mar- . .OJ
.

I-----· 
i 

v
ginal cinalysis and opportunity cost . rarely ·creep into NIH reports . - ----·- ·- ---- -·· --··-- .. ·-· ... 
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Many of their current requests and projections of future ne~ds are made 
I 
I· 

t 
I 

in the spirit of the requirements approach. It is als o unfortunute 

that many areas of vital interest to NIH appear to have received very 
! 

minimal study. For example, NIH has been the major force in training 
r 
!and supporting a man~ower pool for biomedical research . ; H~~ever, they .. I 

do not prepare figures or reports showing the past dynamics of the ·I 
'' )process. 

It would seem that a· powerful PPB organization at NIH could have 

a most benefic~al effect, even if all of its reports were discarded 

before use. It might encourage the institutes and the NIH central ad­

ministration to think about their programs in terms of efficiency, a 
', ,,/,) (,,/L~ 

factor which at present is not always consid.ered. --- j)-:-r'1·;;_:c._f,-r--u;/'"....... r 

u _;{ ~J£..C~:·_fv/,1_11 ! 
(''- -; ; "' ... ..,, , .,i, / ,u·r. • f I 

. i..-(..,l,~ IJ. c.. ' ·/ - .Poasibilitieg fer Progrsm Budgeting 
VV -<-· .o,L<-1•' I 

NIH is currently employing a program budgeting system, but our 

impression is that it is more of a formality than a .useful tool in pro- , I ,. I 
gram planning. The successful development and . implementation of a pro- I 

gram plan requires much thought and a thorough knowledge of the area. I 
t 

Lacking these, we cari only present some limited thoughts on the subject. .I 
IResearch 

!,:: I
We would regard much of the research carried on at NIH as an over­ ! 

head item, overhead to the biomedical research ef.fort .1/ As such , its I 
I 

Ibudget is liable to be somewhat aggregative and ine~ac t. Any attemp t 
I 

to split all NIH research into disease categories would seem likely ! 
I 
I 

to meet with failure. Some worthwhile research proj ects would be 

l/See Carl Kaysen's article in Basic Research and National Goals for 
- further thoughts on the . over~ead technique. I 

I 
I 

. • i: .. 

., 
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difficult to categorize·by disease area, much less by disease. We think ... 
a multi-level program budget might be a successful tool with which to 

I 
classify research funds. The chart below shows· how different projects I 

I 

i 
could be programmed at different. levels. I 

I 

! 
Disease Category Disease , Facet f 

I 
Major Disease Category I 

Project 1 
Project 2 
Project ~ 
Project 4 

Project 5 
Project 6 

Project 7 
Pr~ject 8 

Project 9 
Project~lO 

f" Project 11 
Project 12 
Project 13 

Major Disease Category II 

Disease A 
Project 5 
Project 6 

-~. 

Project 7 
Project 8 

Project 9 
Project 10 
Disease B 
Project 11 .. 
Project 12 

Project 13 


•. 

--~ 

! 
! 
I 
t ,-, l 
i 

I 

I 
.. I.··. I 
! 
I 
~Facet 1 

Project 7 ! 
Project 8 t 

IFacet 2 IProject 9 IProject 10 ! 
- I' 

! 
t 
I 
t 
! 
I 

'I I 
! 
! 

Underlining shows primary category for allocation 

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.. ·Project·s~.7, 8, 9, and 10 are sufficiently focused so that they 

can be programmed at the facet level. Our prograin.. levels Major Dis­

ease Category, Diseas.e, and Facet are illustrative and not suggestive• 
• 

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

might profi.tably .~e ·prog~amm~d.· at· different levefs: of aggregation •. · In-· 

deed, we see· n·~ ·1'.eason··.why· the aggregation levels· could not .vary within.· 
a· 
 ·, ·, 


'{' different s'ecto!s· of ·the 'budg~t. ·I~ would be inost helpful· if ·each of·· .. ~ 
........ .·; .· --.· 

.. 
_ . ·. .. .. -.· .. 

.. · 



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

: 

appropriate divisions within its own sector. A coordinating PPB group 

· >·.:_ :::·.·· .'could then develop these into, an NIH program budget. 

The multi-level approach 
;. 

is one way of ge~ting at a two-dimensional 
. . 

program budget. It would make it possible to summarize \iata by funds 

allocated to different aggregation levels. In the cited example, this 

might give us an indication of the extent to which the research program 

is focused. 

In our section devoted to distinctions between different forms of 

research, we emphasized the difficulties· in distinguishing between ap­

plied and bas~c research in the biomedical area. Fol; many.purposes, we 

believe that those who wish to draw this distinction ~re really inter­

@§t@d to diaeov@r the @~t@nt to which re§eareh is focused. A11owing 

, NIH to program its research.~t different levels of aggregation would 

give us an indication of the extent of focus without involving them in 

the process of drawing difficult, perhaps impossible, distinctions. 

This w.ould also get us away from the applied basic terminology which 

now alas has become loaded with unintended connotations. 

There are ot.her areas within the NIH program which suggest a two-

dimensional or perhaps even multi~dimensional approach. Secondary 

questions of allocation, such as the division between lab~ratory and 

clinical, or among medical school, university, or -hospital, may be 

handled via t·his technique. 

It is ·difficult to ~dapt biomedical research to a program budget. 

· Sure.ly we'sho~ld be willing to alter some current techniques of program 

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

·.. •. 
' ;,. . 

.· 

. .. ·. ~\' . ;.. 

., . 

·.· 



E,lsewhere (see section on study sections) we discuss the problem 

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

from focus should be a privilege for our most capable scientists. The 

development of a program budget which distinguished between more and 

' ..
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 reasonable that they should share 

a common program budget. Actually, the extramural portion mig~t be 

somewhat more difficult to budget, since NIH has less control over the 

orientation of its projects and less day to. day review of their proO­

gress. However, for the~e very reasons, it is probably more important 

to impose a program budget on the extramural research funds. 

-~ Collaborative Research 

Befo~e we have much practical experience, it is difficult to say 

how collaborative programs can best be budgeted. U the collaborative 
. . 

effort is small, and shares objectives with.other _portions of the ·re­

search program they" might· well be incorporated into a common program 
.. 

budget. Even a large collaborat~ve progr~ which interacts with other 

institute projects in many are~s might well be programmed with other 

research. However, we see no reason why a relatively self-contained 

project such as the artificial heart program need be incorporated into 

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

:: ;. case: ~hat so~e non-contractual research will be being conducted_ i1) a ; 
' . 

primarily coll~borative field •.;. In such a· case, we believe tha·t this 

research could be programmed in the _·primarily collaborative budgeting 

area. . .· ... ··.· 
•., ..; ... •, .. . .. •. .. .. 

.. ; 

·. 

·' I 
I 

·.. ; 
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Program budgeti~g, as such, is probably not so import ant for co­

herent collaborative ?rogra.11s . The general project may be sufficiently 

manageable that the cay to day allocation of funds is no t a proble;n of 

interest. What is essential is that the collaborative P.rogrc:.m have 

well developed decision flow chart with which to plan and alter its 

a 
;, 

allocations over time . We have been impressed by some of the documents 

the collaborative prc~rams ·have developed along the PERT, decision flow 

chart lines. However, we believe that we might still learn a great 

deal .about the dynamic planning of direct res earch if there were more 

coordination of the different collaborative programs. 

Develo_E_ment of Nanpm·:er Resources 

NIH ·bears the responsibility of overseeing and promoting the de­

velopmcnt of biomedical research manpower. More than a sixth of the 

NIH budget goes to its training and fellowship programs. · The d.evelop- · 

ment of manpower resources is a dynamic, fairly long range effort . We 

think that it might ~ell be~efit from some form on centralized review 

planning procedure: To this purpose, we would think it helpful to have 

a budgeting area devoted to the deveiopment of . manpo-iver resources . It 

would, of course, s~ill be essential to coordinate training programs 

with other parts of the NIH program budget . 

Other Programs 

· NIH is engaged in numerous activities other than the ones we men­

tioned above. The most important of these are the Regional Medic~l 

Programs and the construction of health researc~ facilities. 

If, as ·in 	the Regional Medical Programs, the purposes are rela­

~ 	 tively distinct from those of otf1er NIH efforts , we would imagine that 

they should be handled .wi~hin a se~arate budgetin8 area. It :i ~ more 

difficult to say wher~ support activities of the construction or review 



j. 

-~ 

(!f4 · 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 prove useful in al­

locating funds to biomedical research. There can be no doubt that re­ ., ~ 
search is not an ideal area for program budgeting. But, it is so un­

ideal for anr non-analytic approach that program.budgeting is \tlorth a 

try. Needless to s~y, much work and thought.will need go into the de­

velopment of a successful program budgeting format. 

·, 

... 

• 

~- ·· .. ·.· 
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.· 



' .. 
Suggested 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 o.n problems of different levels of applicability and 
importance•. Quite specifically' we might wish to s.ee whether our 
current research funds allocation system is optimal'. ··; / 

2. 	 A thorough investigation of the dynamic·s of manpower development 
progrnms in the biomedical field should be undertaken. A cost/ 
benefit analysis of different' training pr~cedures might be illum­ .'inating. This study might also look at NIH experience with inves­


',· tigators at different stages in th~ir careers. 
 .. ~.· ' :· .. 
•,!1·1 

··.' J. 	 •••• 

'•.: ' 3. 
" 

A cost/benefit analysis .of the major collaborative programs ·.-at NIH· 

should be undertaken. These should be compared with each other and 


· with programs for the deiivery of health services. 


" · . 4 •. , A detailed investigation should be made of the possibilities for.. · ... :. . 
.".·:... >·; :.~.1 :.:.~.·••-',i.·.·'.•. :;. ··::h{: .devel?pmental research,' with particular atte~tion to bioe~ginde~r·in~. ·" :.,. x:· ~ 

·. ···Topics. to be covered sh9uld include manpower availability,, ·~n. use~ . · :.. -. ." ·; ::\· .. . 
· " "rial ·capability• and· th! need for Governme11t support.· · · 

/::· >.-.~.>._::· ..S .... " A separate, but related study should look into Federal mechanisms · 

~.·.··· · Quite particularly,' it.
.. ·:·for supporting developmental efforts. 

~· ' would be of interest to examine: 


: .• a. 	 The potential for a non-profit research organization (a la 

RAND) or a Government operated laboratory for biomedical 

development. 


b. 	 The desirability of establishing a centralized collaborative 
agency at ...NIH. 

6. 	 An effort should be made to develop a program budgeting system for 
NIH. This system need not employ individual diseases as the unit 
of allocation.­

1. 	 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 • 

• 

.. 

.. .. 
I • ·., .·.· ...· ....... 
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Af>PENDIX B 

Cost/Benefit Analysis in ~~dical Research 


It is natural and desirable that cost/benefit analysis be applied 


to allocation decisions in the· biomedical area. A common approach 


is that taken in A National Program to Conquer !k art Disease, CancerL 


. ' .. 
and Stroke, President's Commission on Heart, Cancer and Stroke. We 


present below .a description of their approach elaborated in a recent 


monograph entitled, Federal Invastment in Medical Research and 


Application. 

The lllost ob·.,rj.ous thiJ1g to do, it .\·:o-.i.ld set'.:n, would be to r elate 

medical applic:e.t:i.ons to r.;uclice.l research, to specify soma qu,;.ntity 

of de~th c:>.nd illness averted, and then· place a value on the quantity 

of life produc:·ed by l'U8e<!rch. '!'he value that suggests itself is 

the e:1rnings fro!11 humrtn p:cod\.'.ctivity, for if medical rvs.earch i s 

c~pital, aml tho fm10t:i.on of cc>.p:i.t;i.l j_nve st::;ent is to increase pro~ 

ductiv:i. ty, them · h'J.::w.n pl.'odi.\ctiv:·Lty made possibJ.0 by :i.•es<~arch . ~-rould 

nppc.rnr to oo a plausible measu.re of resoa~'ch capitf!.l. . ! 

This p:rocedu.ri3 has in fc-.ct. been c?.dopttd by rr.any econo!nists 

working in the lwalth area, <?.ml, fol' a.nal yt:i.c purpostis , "the proccd\.U.'e 

will be used here , I have , ho\·:ever, serious rcsurvations aboi.J.t mt!<:.suring 

the value of life in t~rms of productivity f or several reasons: it 

confuses ends 2.nd ::11..ia.ns; it is a. frar;:D.e measur0 easily roduced or 

procluct.iv:i.ty; and for- ot:wr J:'(;)asor~s best loft to the chap ta1' on 11i·i~a·s .. 

urinz; the !<'edor~l Invof; t :::;.mt, " 4:evcr thcJ.es.s, it m2.y b0 worth;-;hile 

i 
to . assume th?..t the lW<?.SUl'a of hW:!;l11 v~.lue in. terns of P'Ocluctivit~rI I 


Caneor, <!.nd Strok1.:1, th<~ ane.lysts estim::>.ted the di1•0ct a?id indir~ct 

http:Invof;t:::;.mt
http:procluct.iv:i.ty
http:measu.re
http:fm10t:i.on


• • • 

'· 
~· 

' . 
costs of thosu diseuses for t he Direct costs inc:h1dB thoso 

for porso:1a.J. h~ a.lth s~!rviccs a!1d r.:c;dical supplies, .?.nd fo~ impe:csonnl 

services such as rese2.rch a:nd traininz, The su:-:-.m.?..ry t,~ble 0::1 c a.:r.dio-· 

Vasc:u.lar discaS~S ?.nd. canc<il' is ~·~pl'cducsd :i.n '£able !V•.l. Qj t i·H.:l 

ost:i.Jr..ntt?<l total cost of $4J ,085. 9 r.ri.llion, tho la.1--.:; os~ proportion of · 

co~ts is that att:rib:.itod to r.1orta.l:i.ty in 11provious yoa:r.s" , lThich 

acco1 ,.,'ts fo·J.' t33 075 5 1·,.1·11.;o.,., Tho :-11:ilvs...cc; o-:pl:i ...· n ~· h"~.r cst:Unate 
....., I T I • •L • . · ' ". <\..I - " v .._ '-'"·' v .... 

11Tho estimated total indil•ect costs to tho Nat:i.on· of cci.rdio­

va.sculn.1• c.lise~ses and cancer a?noi.tnted to $J.S.8 bi1l:i.on in 1962, r ep­

rcsent:lni~ 9, 6 million · 11::i.1~~~·Ye<J.rs lost to ga.inful ewplo:>'i·:t:.mt. 

110f the 9. 6 nti.ll:i.on man-.yoars lost, 4•.3 inillio;-i wo1'~ f 01• males 

and the rm~a:iJ1in£r 5. J r.1illion were for foniales. Due to tho hl~hor 

oa.rnin5s for ma.J.os , the dollar a.mounts associated \·.'it h thoir losses 

woro cons:i.clE:lrably higho1·- ..$2L1.• 8 b:i.llion co:11parod with $ll~o0 billion 

f O't' foma1es. Losst~s am_onr; malGs Wi.ll'O for t hose who have boen i n tho 

labor forco; among fom.alos the losses wore mainly .f 01· those pr evented 

fro:11 housekoopin5. 

11 }iortality in previous years co1·:'lpriscs tho lci.r{cist shar0 of 

tho in<lil•ect costs of those disi3asos- ..approx:i.li:ataly 85 pGrcont of the 

total. .Of tho JJ. 7 million deaths due to ·cardiovascuJ.<-.r cliseas~.s and 

cancer in the pGric<l 1900.•1961 , about 8, J m.i.l.lion \·:0uld have survivocl 

throu~h 1962 .?.nd worked or kept flouso if thesti tilnjor ca.usa$ of cioath 

had beon oli.ni:i.n.'.\tocl. . In dollar terms, tho loss of. out put a;:-.ountacl 

to $JJ. l oillio~1. In making those osti m;.tes I it W<'.S ?.SS\UWct th l'l.t 

. . 
tho ratos for all other cause s l't)ma:l.neCl unc lrn.n[;c<l. 11 (pp. h5J·-'~·5'1· ) 

. . . 
.. . 
T ·~~ .. 

..· · 

http:nti.ll:i.on
http:ewplo:>'i�:t:.mt
http:11::i.1~~~�Ye<J.rs
http:bi1l:i.on
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It -is not clsLJ.): fro;;i tho t!Jxt \·:heth!Jr tho costs f or pl·evious 

. : 

analysis 1 I shall assnrr10 .that tho indirect costs of rnortal:.Lty ~1d 


I '• 


morb:i.d:i.ty for J.962 are valid, and I sh?.11 oxcJ.ude the co~ts for ' 

"pt'<.w:i.ous yoD..:rs", To these ~re added th~ d:i.roct costs, $L~ , Jl9. 7 ., ., 

inilJj_on , giving a totaJ. of $10,000.J million. But sinco . I ~i:i tryin~ 

t~ doterr.ri.no the present V<tlUf:l of resoo.rch if thoso dist~ases were 
i 
ieliminated, the '.'nonpursonal sorvicos '' unde r direct costs :>.re sub- ! 

. ! 
trncted~..tho entl\na amount, <'.gain for simpl:i.city's sake, This J.eavos I 

I 

I 
I 
I 

us with a cost of about $9 1 200 million in 1962 foi.' co.rd:i.ovc>."t,cular I 

. I 
I 

I 

disonsos and cancer, Against th:i.s cost, which becomos a bcmofit if 

tho cost is cJ.irtlnated, is tho cost of r esearch for the ::;o diseases

0 
which is put at $2l1.J.~.5 rniJ.l:i.on,· Of this a1:1ount 1 tho federal govern~ 


In<mt accounted for about $195.5 million, ~d the :NIH for $173. 8 


rnill:i.on of the lo.tt.01'. (p. L1-65, p. 488) (E?.r l ior. , l stated t h<>.t 


nl.locatj_ons amon~ dis!.::asos of r esearch o:cpcnditm·.:is has little 


DH.w.n:i.ng lYJcauso of the intordepondo1'!cies of research; I am obviously 


rolD.x:i.ng this constraint in this analysis ~) 


J,ot us mfl. ko the fo]_lowing assumptions : · ( a) that $9 , 200 

mil1ion is tho cos t o{ those diseases in any fut ure _year; (b) that 
\• 

the ulimine<.tion of these dise<tsos is owinp; to .tho fu...ll succes s of 

:'. .·.. ·r esearch; as pro~iously dofinocl; i ,o,, research uncovers essentially . ·1 .• 

I ~ ., ' • ' ,, •' • I ' ..· ,.: . /• . ·:· 
COstlO:->S p'.l.'OVe.i1tiVOS 1 f,0 that thel'O arO no .COS.ts for d:i.agll05iS _Or '. .. 


troatr.i~·11t; ~ml (c) t1wroforc, tho avortc~d co;,ts bcco1:10 tho solo oat.put 


of l'(?[.;C<trc.h, a.nd all btmof:i.t values r.:<1.y bo c:i.ttributc.-~d to :i.t. · ~·lith 


. ... 

thoso ns~u.t:ipt~.ons, we ·n1.'.\y them ask: In · how many yo~1·s \·:ould the ftLll 
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Table I'f..J.. Esti!ne.t<:d l~cono~d.c Costs· of Cartliov~scula~ Discas:Js and ... i 
t 

! 

Cancor 1 by typu of cost, 1962, ir. n;illions of dollars o 
I 

r 
I 
i 
I 
i 
l 
j 

} I 

I 
I 

: 

I 
,, ' I 

I 
Porso Sorv. G: 5\l.pply ' I• 

Hospitnl C~:t"G t 
Nurs:i.nz Eo~13 Cf>.re 
Physic:t:.1.t1 1s Su:t'v:i.ces I
Drugs . · .f
lfarsinr; So1v.i.cos i 

! 

Nor1perscmal S:Jryicos ' 

Roso~l"Ch 
Traird.ns 
Oth<u" .Hoalth Sai~vico~ 
Constl~\ction I 

. lfot Cost, or Ins\U'al'lCO i 
. i 

l 

1.ndiroct Costs 
.....# ..................... , .......- ...-... 


· lfo1"tali ty 

1962 
Previous yoars a 

Morbidity 

a Establ~shod losses in 1962 from d'.:~aths in pro-v-lous· yoars b~sod. on 

:·. 

0

Slt't'vival probabilitios i~osultin3 fro:n oliininatiine cardiovascu.la.1" discar.t'n · 
~ ~ ~ ~• • • • • • ,' • ! • • 

. s;ol'O whilo' tho l'ates fol' nll otlfor ca.uses r<.~ta~:tnorJ. \U1chcrngod, :~ .. .. .... 
: ;~ ..... 

. ' . 
AJJri&>-1.l~'\l Pr.~J.:r;-1 to ..£Qn.~r_.~foa.:t D~~':!.Q.?-1. .. c~ng,g,t_,_i!.!J£\_§_t1·'1.1£~, Govorn •... 

..··. 
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rcscni·~h succuss h?.vo to ba reali1.ecl , ().ld 2.t w!~at rate of discount , 

in order for the pr8sont value of <'.nticip2..tt)cl benefits to e:·~cc~d 

C\U'Tent cxp:.mclitri.rcs on r~search? Ar. the proser/~ ve.lu~ c<>.~cul.:?.tio:;s 

show in Table IV~-2 , if th!:> interest rate is 6 pe:ccent or less , full 

succes~ could occ\U' 50 years fro;;-1 no1·r, and h.mui'its 1-;ould e:-:c~rnd . costs 

by at le~st hd.ce th~ n~tiona.l exp~md.itu.res on reseaTr.h into these 

diseasns 1 and c>:(, l e2.st 2·12- times the federc?.l cxo"mditm·es. as esti:i;£>.tcd.... 

by the Prus:i.d.ont' s cor.-i::iission,. At 8 percent , t he full r esec?.rch 

success l1ouJ.c1 have to occur before the fiftie:~h year. At a J pcrcunt 

intorest l'<>.te , bon~fits would exceed costs if. the diseases 1·mre eli1ll·· 

inatod ~n 100 years. 

One could lool-;: at those. f:i.gures another way and say that, 

under the stated assturiptio,ns, r esearch eX})enditu.res couJ.d have been 
. . 

expanded nationally f rom $2L1l~ . 5 million on those diseases to $L~60 

DlilliOi'l fOl' ZfJTO 11profits II at tl. 6 perC8!lt cliSCOUYJting, e.ncl ur to 

$828 mill:i.on at 5 percsnt. In terms oi' the H:i.rshloifer cr:i.turj_on .. ~ 

"ovary project ld.th a 'bene::tit/cost ratio grHater .tha.1:. l should oc 

adoptud 11 (p,lJB) .... then the aggrcsate research ~xpcnd:i_tm·es in 1962 

are easily justified, under the assumed cor.ditions. But · tho assu:iiptions 

leavo much to be do sirocl, so t hat tho results of this. an.:i.J.ysis have 

cxt.rci:ioly limited u.tiJ.ity. We havo iGnorcd r.1any bm)ofits of medical 

res(~arch, s:i.mply because wo cannot me<1.sure them; hlUna-'1 lifo h~s h~cn 

evaluated s olely. :i.n. terms of pr?duct:i.vity; 2~d 1·:e have jJ:mosecl upon 

r esearch the d1:1ost unbelievably ·difi'icu.J.t tC>..sk of fir.cling costless · 

proventivoD for · a.11. cardiove.scula r ~tnd nooplc>.stic d:i.sonr:os w:i.tnin 

a pm.·io~l of 50-J.OO years. 
. :, . ·. . . .... • ~ .. 

, • , . • I • ', .•••' 

,, ' 

..... .­
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." 
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er Table lV-2·. Pl'OStmt· v~J.tw /:1/(l+i)n) of 1·:t?C.ical. Rt:~s~nrch Wh£m •, 


....
Costs frc,r-i Co.rdi.ovascular P:°Ls!Jo.sos and Cancor aro El~.r.tinatt~d i11 : 

Year· x... (t= 1, s. 10. q50). Tote.1 Valuo of Those Di5e2sa~ in
" 

'Yeal' t =~~9. 200 !·~11:\.on. :· 
Intel'ust. Rate. 	 ... 
.,,

Yoal' Xt l~ 2% J/i> l~p 5,1'i3 61I 8"''i' 	 ., ~ 

t= Prl1sent valuo il1 mil.lions oi. doJ.la1's 


l ~:..··.• 91C('0 9016 8924 88J2 8740 8~8 8556 

.. 

5 8740 8J?2 7912 7728 7176 6900. 6256 


10 8J?2 7511-4 ("808 6532 561.2 5152 '~232 


15 '1912 6808 . .5888 5152 ~l.J.J.6 386!} 29~14 


20 75'~!1. 61e.t- . 506o !1·232 Jll·96 2852 1932 


.
25 71?6 5612 41~.16 3l:.96 2760 2116 1380 

I~ 	JO 6808 .5060 3772 2852 2116 156!1· 920 


35 6532 4600 3312 2300 1656 1196 644 


lj.Q 6164 411~.o 2852·. 1932 1288 ·920 .. l1-60 

• 

8~4.45 5888 ;1z2 . 2392 1564 1012 276 


so 5612· )404 2ll6 1288 828 460 l8l~ ­

. ;. : ,I 

•· ·' 
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This procedure is not intellectually consistent. We allocate 

resources to medical research and application not to expan~·our 

fl?J,~~
total GNP,. but rather b.ecause we like good health and J:i0:~t>+l· of days. 

Assume for purposes of argument that health was of concern only so 

far as it related to T,.;-eaith and· was in no··way a consumption good itself. 

Our interest then ~hould only be in per capita income. 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 

I 
wortl~while to the extent to which he contributes more than he. takes I· 
away. We see no reason, in general, to assume that this will be the I 

•' 

.t 
case. If we eliminate mortality gains and losses from consideration, I 

the outcome of the analysis changes radically~ In the example cited 

above, net economic costs are reduced from $43.1 to $8.3 (morbidity ,.l 
! 
j, 

costs are still relevant--assuming the morbid continue to use non-

l 
t 

medical resources at ''the aver~ge rate), 

! 
r. 

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. 
 I 
However, as we mentioned above, the primary gain is the increased 

I· 
health of the nation. We live in a wealthy, developed nation; and we 

!• l 
I . 

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.,;morc than. ~heir' individual expected"ioss. t·o:·~liminate a ·~~rticu'la1· 



. ,. 

illness.* This would mean that the numbers given in mortality costs 

above would be an underestimate of the persona~ values for ·;eliminating 

the 'disease. ".\~\'.·' .. ;;.. .,., 

We might mention two related errors frequently made by cost/benefit 


analyses in this area. .. 

1. Analysts are sometimes presented with complete· programs for 

analysis. If program A has a higher benefit/cost ratio·.. than B, it· should. 

be undertaken before B, but it is possible that a mixture o~ A and B is better 

than'A alone. At the optimum, marginal not average benefit/cost ratios are 
... 

equalized. 

2. It is not ·unusual to see figur~s relating $ of research expenditure 

on different diseases to their incidence. These comparisons are 

meaningless. There is no reason to expect that the figures should be 

even roughly proportional. If all research dollars were equally likely 

to cure a disease, we should spen~ all our funds on the dis·eas·c with 

the greatest.incidence. In th~ jargon of economics, we should allocate 

~our funds so that ·the 
,.8:./
&\.-:, t.'ft 

increased probability of cure ,~ ·x (incidence Of· disease)( from a marginal dollar on researchl 

is equalized for· all diseases. 
 • 

*Here we mean total loss, not income per year. If an individual 
"ndividual earning $5,000 per year has a 20% chance eachIf ai1 i. . . . h ld be 

year of contracting· a fatal disease, we are posi.~ing e wou 
willing to pay $1,000 per year to ward off.the disease. Clearly, 

~ this prevention ~rogranreduces his ~early i.ncome • . 'r' 
. - . ....... ·,'·"·· .._.. "\:.>\.:..:;....:.·/.-:·:~;:::;::...~)~~'.:::.~~:~;Y::\:\:..-;:.>·L<..:.- .·... ·:: :.:~ .,.......: .::- .·~: ·: 
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Appendix C 

NIAID SPECIAL EMPHASIS RESEARCH PROGRAMS 
I·•r . ,

t : 
i'·· June 5, 1967... 
' . i 

I 

.In· previous years the strictures of limited research grant turi'ds encouraged 
~ 

I 

this Institute to d~velop, with the help of Council, the concept of ·~reas 
of high program relevance." This concept permitted the intrinsic scientific. . . ,, ; 

merit to be supplemented by a fiscal priorit·y of payment when the grant ap- Iplication was judged to have high program relevance. The experience gained · I 

Iin deve,loping program priorities and the current estimate· regarding FY 68 
funding now substantially lessens the importance of fiscal priority and stim- l 

. ulates./ the Institute to. take an even more active progranuning position in ... 
• ·.1 

·,... ·'·•_,·.'; . .. .· certain areas.~.. 
' .. · 

•..· .. ' ·.<··\'i·. II . .·.:: 
·.Active progranun.ing requires a considerable comm~tment ·of 'staff time and it is l 

probable that only the major research problem areas can be so treated. It is I 
iplanned therefore to focus special attention only upon certain of the former· I 

·areas of high program relevance. These will be called "Special Emphasis I 
IRes·~arc~ Programs'' and they are listed below~ In the text which follows is a I 

brief expository paragraph that attempts to indicate the major problems in ! 
l 
r~. :::.···· .~le~~h prog.ram together with specific problems that stand i·n the way of develop­

< ·~-·.in~nt of instruments of control. 
I 

., .:.'· . \.:; ~ ·~/=-.· ... 
Drug Resistance and Microbial Diseases r Streptococcal Infections and Sequelac 
Congenital Defects Caused by Microbial Agents...; 

Antiviral Substances 
Chronic and Degenerative Diseases of Microbial 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 ·(Clu;onic and Degenerative Diseases, Emphysema, · 
Transplantation Immunology); a follow-up committee meeting is scheduled for 
emphysema; and a first meetin.s of a conunit.te~ on. drug resistance (with 
specific attention to gram negative ~rganisms) is being pl~nned. 

.. ·: 

I ' 
; 
I 

i' 

···.'· •. • f .... 

.. ·.: 
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What follo-;1$ is another description of the same prograrA. It is from
23Advancement of K.l'lowlede;e for the Nation's Health. 1 . 

·. E.r-~cial-F.mphasis Research Programs 
. . 

1here ara eight special-emphasis research programs that the Insti ­

tute &nd its advisors have selected for increased attention from ci1e 

t~ulti.t.ude of possible research projects in the Institute' s total mission. 

A number of interlocking considerutio~s enter into thi~ selection. the 

are:a should be of current acute public health importance and one in which.... . . 

r~ccnt scient:i.fic developments indicate the possi.bility. of r~pj.d progress . ·····•·........~· 

(e.g., chernother.apy of leprosy) or ·where a significant dise~·se· problem "\' 


·is being overlooked (e.g.,, emphysema) or is not attracting:·sufficient 

tilcnt because~sential techniques are lacking (e.g., hepatitis) or 


·because p1~ofessional rewards are Cipt to b"e lacking (e.g., chronic and 
d.:?generative diseases of microbial origin). The Institute also strives 
to be alert to ~evelop~ents (e.g., tubercle' bacillus cell-wall vaccin,c) : ~._.:·· 

. ·\o.'hich promise improved public he.a.1th but which if left unattended, like 
the discovery of penicillip, might remain for 1nany years unexploited 
for public...bcnefit. · · · 

'l'he goals of these programs are general: to focus the attention of 
scientists on specific areas; to encourag~ and support research 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 atten~ion from advisory grouP.s, particularly the · 
Institute' s National Advisory Council. Any of t~ese programs could be 
expected to become a ·nationally organized research program when the 
general scientific b_asc: is: adequate to permit the formulation of specific 
goals, to have developed essential techniques· and· to delineate develop­
mental pat~ways. · · · ·· · 
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APPENDIX· 

Project Hindsight and Biomedical Science 


Project Hindsight is a DOD sponsored study of "recent science and .: 


technology which has 'been utilized by the Department of Defense in 

1 tf I 

weapon systems." The method used in Hindsight involves using teams 


of scientists an~.engineers to examine recent weapon systems. They 


try to iden.ti~y "each contribution from recent science and techno~ogy 

which, in their judgment, is cleariy important either to increased 

system performance or to reduced cost, compa~ed to· a. predecessor system 

2 ~ 


when .such can be identified." Once such. a sci·entific "event" .has been 

. . 

identif:i:ed, someone· on the team inv~stigates to discover "the principal 

contributors, th.e organizati~ns.·with which. they were working at the time 

Wien the wo~k was done, the date ~hen the feasibility or practicability of 

the idea was first demonstrated, the nature of the .work (science or technology),
: . 3 . 

theobjective of the work, the approximate cost, the funding .sources, etc." 

Hindsight found that 96% of the eevents examined were funded, directly 

or indirectly, by DOD. It also found that 95% of all events were motivated 

by an "understood" DOD need. Hindsight therefore concluded that ~ndirected 

research since 1945 (as far back as ~he.study went) has made relatively 

little contribution to· .defense needs. 'This conclusion, however, stimulated 

considerable criticism and protest from scientists who felt. that basic 

research 'was ·under attack. 

A hard look at Project lli.ndsight produced· a number of significant 


criticisms, It was .argued that basic science may, and often does, contribute 
. . . .. ... ·. . . . .. 
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to the "events" observed _by Hindsight; but since Hindsight doesn't look l 

that deeply, the contribution is missed. In fact, it would be very 

difficult to evaluate such subtle contributions;· neverth~less, it can 
,' ·' 

b~ convincingly argued that without the contributions of ·basic science, 

many of the events observed would not have taken place, .or would have ., . 

been delayed. 

Another arg~ment is founded on the premise that· the best training for 

scientists, pure or applied, is basic research. Many of the investigators 

who contributed to events studied by Hind,:.sight received their training 
t 

in basic research, and without basic science, especially in the universities, 

there would be no applied scientist~. Another aspect of this argument is 

~ the ·value of cross-fertiliza~ion between basic and applied science, ,which. 
. t 

·r 
keeps both areas vigorous. 

Project Hindsight does ·not deny the validity of such criticism--indeed, 

it implicitly accepts, the value of basis research, without attempting to 

~asure it. · Hindsight has. limited objectives: First; "to identify 

and firmly establi~h management factors fortesearch.and·technology_ ..,". 
and second, "to measure the overall increase·in cost-effectiveness ·in 

the current g~nerat:i.on of ·weapon systems ••• " In_ these tenns, 

. Hindsight: is". an· e~cellent p.iece ~f research. And it is not unnatural to 

ask whether we can apply. the. type of analysis· us~d in Project'. Hi~d'sight to 

the biomedical 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 improvemci:its in health 

care, tracing the research and development events which contributed to 

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,,-· 

Q.ne problem would be determining whether particular research was 

directed or undirected,• applied or basic. It would also be difficult, 

perbaps very difficult, to pin down "events" in the DOD meaning of the 

word •• A project as ambitious and expensive as Hindsight is probably 

f\ot desirable for NIH. However, some effort of this sort--perhaps a small~ 
-~f 

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 allocate its.research funds would seem to be wolt:h the 

money. 

"we would be hesitany to predict the outcome of such a study. The 

following comments from an an~lysis of Project Hindsight may be of 

interest. . I 

• 
An extremely informal survey among doctol:'S suggests that a medical Hindsight, 

. conducted by NIH or HEW, might yield results similar to those of Hindsight: 

on the 	applied-nonapplied question.. More lives \·iou ld be saved or 

. · lengthened by applied research (e.g., drug-evaluatio11) than by nonapplicd 
. . .. . :·· •. :..: ~-· ..·.../·<·:o:.:.:··;.> . . . , . . . .•• •.. 

work {e.g.' reseqrch on "the genetic' 'code)°, "thoug~ :·~~~le. doctors" were not 


