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Int rod uct ~p_n_: __ s_o_m_e_Hi story 

Governmental support of scientific research goes back, at 

least as far as the time of Alexander the Great, who, at the 

instigation of his former tutor Aristotle, took scientists along 

on his e~peditions to the east for the purpose of collectin3 data 

and specimens on local flora and fauna. In more recent times . ' 

governmental sl1pport of science has been symbolized by the grant-

ing of royal charters to groups such as .the Royal Society of 

London. Perusal of the early volumes. of the Royal Society shows 

a strong interest in practicil applications of knowledge. It 

appears that applications, either present or potential, has 

always been a strong motivating force in the support of science. 

During periods when breakthroughs in scientific knowledge has led 

to important applications the vision of fGtur~ benefits has been 

easier to behold. Thus Joseph Glanvill, a Fellow of the Royal 

Society, noted, in 1665, the benefits that science could bring 

(quoted in Disraeli, 1814): 

"Should these heroes go on (the Royal Society) as 
they have happily begun, they will fill the world 
with wonders; and posterity will find ~any things 
that are now but rumours, verified into practical 
realities. It may be, some ages h2nce, a voyage to 
the southern unknown tracts, yea, possibly the Moon, 
will not be more strange than one to America. To 
them that came after us, it may be ~s ordinary to 
buy a p~ir of wings to fly into remotest regions, 
us nb\-i 21 pair of :)oats to ride a jo 1..1rney. And to 
confe:c at the d.i..st<mce o:E the In·:'lies, by [c>ympathetic 
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conveyances, may be as usual to 
us in a literary correspondence. 

future times, as to 
The re~toration of 

grey hairs to juvenility, and renewing the exhausted 
r,12r:cov1, rnay at len3th be effected without c r::iracle: 
~n::'J. "i::.hc turnin; tlF~ nrn·.' COff1.i_Ja:cative desert '.-.'o:cld 
into a paraaise, may not isprobably be expected from 

. l::;t2 u·;:ciculturc:. ... ,. .. 

The tangible benefits of scieilce in Wo~ld War II ao~ears to have 

similarly fueled the hope o:C :~ut:.lre rc1iracles, a hope to ;,;ome 

extent realL::ed in thermonuclear •.-;eaponry, satellites ancl laser 

technology. Sorae hopes, such as that fo~ fusion power, have be~n 

postponed aaain and acrain. 
~ _, In a clim~te of shrinking resources 

the value 0£ present cost of science ~upport seems more prominent 

than the potential of future benefit. 

In the United States governmental support of science and 

technology has been present almost from the beginning of the 

Federal government. The support has almo~t aiways been foi 

tangible, recognized needs of the community in areas where individ-

ual or private group resources have been insufficient~ The gat~er-

ing and processing of information needed for the setting of 

national pdlicy has also been a motivating factor. As an example 

of information gathering we may cite the census of population, 

held for the first time in 1790. As the complexity of our society 

grew sd did the complexity of the census, and information on 

a.;-: 

Isaac Disraeli, "Quarrels of I\uthors", 12.14. There are 
many editions of this work. See the chapter on the Royal Society. 
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ec:momic and social conditions was subsequently added to the 

data collected and processed. 

The history of sone govcrnm2nt bur2aus involved wi~h science 

as to motivation ::,.nd as tC> 

modes o.f o~)erc:tion. The Lighthouse Service·* w.2s ini '::iated on 

August 7, 1789, by the ninth law nassed riy the first Congress. 

The motivation was the necessity for an essential aid to naviga-

tion for the important shipping industry. For many years supply, 

inspection and new construction was handled by con~ract under 

the supervision of the Treasury Department. New lights were 

built to satisfy immediate and pressing local needs, with no 

overall plan. The only technical innovation in ma~y years was 

: . 
the govetnmental purchase of a patent for a lamp and papabolic 

reflector in 1812, an apparatus which had beeh in use in Europe 

for some time. In the 1820 1 s and 1830 1 s European improvements,· 

such as the Fresnel lens, not in use here, led to complaints as 

to the efficiency of American lighthouses, as well as to the need 

for the authorized new stations. From 18a7 to 1842 several Con-

gressional investigations were carried out. These resulted 

primarily in deferri.ng work on many lightho0ses and in the employ-

ment of a professional engineer to investigate. In 1845.a 

•k 
Facts on the Lighthouse Service are taken from George Weiss, 

"The Lighthouse Servi.c0 ", Balti:nore: The John HoDi(ins Press, 1926. 



,_,l ,-..· 

"~ . ;- •.· 

-4-

Treasury report recommended the cr?ation of a Lighthouse Board 

b~t Congress took no action on this until 1851 .when a planning 

board was created. Fina,lly in 1852 a Lighthouse Board was set to 

superintend a Federal Lighthouse service. Under this plan govern-

me~t en~ineers were responsible for plans; dr~wings, specifications 

and esti~ates as well as for the superintendence of construction, 

renovation and repair, while materials for construction and 

repair were to be obtained by public contracts. This division 

of responsibility is typical of many government operations, with 

planning, specification and moni'Coring- being the :r.:esponsibiJity 

of the government and the provision of materiaJ.s and services 

coming from contractors. For situations which are essentially 

routine and for ·which all elements are known the division is 

relatively straightforward. Where insufficient information 

exists research or experiment must be done first. Beginning in 

the'1850's research and experiments on lighting, buoys, fog 

signals, ~nd other improvements on navigational aids has been 

carried out by Federal persbnnel. A description of the Light-

house Service in 1926 includes. research and manufacture of ·navi-

gational aids among its activities and notes: "Much of the 

special apparatus used by the Lighthouse Servic~ has been per-

fected and t1wn:1factured by the Service itself". Hesearch and 

devclop::\ent can here be seen as a necessary pre-req1_1isite to the 
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planning and specification function which is part of the govern-

ment's responsibility. 

The territorial expansion of the United States led to a 

' 
number of expeditions fro,m 1804 (Lewis and Clark) on to survey 

the newly acquired territories.* By the early seventies four 

surveys were simultaneously in progress each of which l1ad been 

specifically authorized by Congress. This situation was felt 

to be unsatisfactory and Congress requested the National Academy 

of Sciences to make a study 0ith recommendations. The Academy's 

report, submitted in December, 1878, noted the requirement for 

"a thorough knowledge of its (!he publ~c domair:J geologicc:.1 l st.rue-

ture, natural resources, and products". To accomplish this they 

recommended the establishment of the U.S. Geologicc-lJ. Survey, "to 

' 
be charged with the study of the geological structure and econom-

ical resources of the public domain''. Here we note the absence 

o:E information felt to be necessciry for public policy decisions, 

-
in an area and with a scbpe beyond the resources of private 

fndividuals and groups. The survey was established by law on 

March·3, 1879. Its first Director, Clarence King, pr~sented the 

case for a broad survey in his first annual report: 

The great extent of the United States ana· the 
wid~ly separated sources of the national resources 
render the acquisitidn by private citizens of infor
mation on al~ost ·any single product alw~ys difficult, 
often inposs.iblE!. 

·---~---

"''The facts. re::;ardi:'l? tl;e c;coloqical Survey arc tc-:h2n frocn 
tlF~ Inst :i.t.~.J. t.e:: for Governru::nt 1-:e sea :ccl1, "Tlie U.S. Geologic<:.: l Survey", 
New York: D. Aprleton, 1Sl8. 
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As a direct result of .the siz~ of the country, 
the government and people have long been ~niriformed 
as to our primary industries; those, I mean, which 
yield the raw materials - mineral, veg~table, and 
an.irna 1 .... 

St<:i tesmen and econo;ciists, in whose hands rest 
the su~jects of tariff and taxation, have no better 
sour~cs of information. than the guesses of newspapers 
and the sc~rcely less res9onsible estimates of officials 
who oossess no adequate means of arriving at truth. 

(p.10) 

The Congressional acts of 1279 and 1882 specified as func-

tions the geological survey and classification of the public 

lands, and examination of geological structure and mineral 

resources and products, and the prepar~tion of the geologic map 

of the United States. Carrying out these functions required a 

broad range of activities. These were described by the Director, 

Major John Wesley Powell, to a Congressional investigating commit-

tee in 1886 (p. 89-90) as including: (1) a topographic survey, 

requiring astron6mic and trigonometric method~; (2) a geologic 

survey, including the collection of fossils, minerals, ores and 

rocks for laboratory study; (3) the study of economic geology, 

gold, silver, etc.; (4) paleontologic researches; ( 5) chernica 1 

researches on the constitution of waters, minerals, ores, ~nd 

rocks; (6) lithologic researches; (7) physical researches 

related to geology; (8) a graphics division;, (9) bibliographical 

researches; and (lJ) a division of mineral statistic~ •. The 

co::mti t tee 2 lso lool::ecJ in to the opera ti on of the Coast and~ Geodeti.c 
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Survey, whose basic ~andate involved hydrography. c. A. Schott, 

H. Mitchell, and B. A. Colonna of the Survey described the range 

of observations necessary to do this work properly (p. 7-8): 

triangulation; astronornica l observations; leveling; tidal observa--

tions; gravity observations; topography; hydrography; and, finally, 

magnetic observations. Thus in each case doing a good job 

involved a considerable range of measurements. 

Y..lhen a broad perspective is present a strong scientific 

underpinning. is found to be essential. ''11he research, however, 

normally represents only a small fraction of the available 

resources. Geological Survey reports have provided the ·following 

rationale (p. 46}: 

Also: 

The principles controlling mineral deposition 
and the laws. governing the occurre·nce of ore bodi'es 
can be satisfactorily determined only·as a result of 
the comprehensive study of many mines and mining 
camps. This work is beyond the reach of indi0iduals 
but is appr~priate to the national organization. The 
~pplicatidn of the principles to particular ore bodies 
and camps is quite within reach o~ the individual min
ing engineers charged with development work. 

The broad and searching observations which 
should accompany every piece of good economic work 
comprehend data that are eventually combined in th2 
construction of ne~ scientific hypotheses, some of 
which, as more observations accumulate, grow into 
established laws or principles that are in turn of the 
greatest practical consequence. Thus the detailed 
studies of the metalliferous deposits in one region 
or another bring to light evidence frbm which to deter
mine the genesis o:f t~-i.a ores and th(~ mocfr~s or condi
tions of their occurrence. 
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Furth'2rmore, l\lajor Powell's stat<o'ment before the Congressional 

hearings in 1885-6: 

There are many investigations that may not at 
first seer;c to lead to economic results, but which 
ultimately and indirectly are of importance even for 
economic purpo~es. The scientific man, especially 
the geologist, for reasons which I have heretofore set 
fo'rt.h, has to do with a vast cor.1.plexi ty of probleins. 
To select a part of these,problems and work upon the@ 
rnay not lead to substantic:il results ·when other problems 
are neg1ected that have relation to the first. TJ1e 

whole body of resear~h in geology has a very important 
practical value, because geologic investigation reveals 
the wealth buried beneath the surface of the earth. 
Sound geologic conclusions cannot b~ reached by follow
ing a few narrow lines of investigation, but all such 
line~; of research must be followed that each may shed 
light upon the other. Unless. this principle is fully 
recognized, a g~ologic survey might lead to conclusions 
of no value to the people at large, or conclusions might 
be reached so erroneous as to be misleading. It there
f6re often happens that in determining t6 inaugurate 
investigations in a particular line the one question 
asked is, "Are we lik2ly thereby to discover facts that 
will shed light upon the.general problems of geology?" 
feeling assured that ultimately all such research will 
be of economic value. 

The contra~t between the increase in knowledge and tangible. 

practical applications as a factor in Federal support of research 

can be seen in the history of the Naval Observatory (the follow-

ing history is given in \'leber, 1926). John Quincy Adams, in his 

first message to Congress as President, Decerrilier 6, 1825, urged 

the establish~ent of an astronomical observatory. Proposals for 

astrono1·;:ic2l measure:nents bad been made to Congr.ess fro'T' 1209 on 

till 1824, the main pra~agonist being an amateur astronomer, 



0 

'. ·". 

-9--

William Lambert. F~om 1825 to 1S42, as President and Congress~ 

man, Adams continued to propose a national astronomical observa-

tory. His reasons are summari~ed in a statement of 1840: 

'l'h 1:= ec-:prcss ob:j'Gct of an observatory is the inc;:-ease 
of Lno·.: J.ec>;c~ by new di scovory . . There is no richer 
f ielci CJ£ scienc(~ or;cr1E:d to t11e e:-~ploration of ma11 ir~ 

sGa:cch of }:nowledge than astrono~~,:i.ca.l observation; nor 
is there, in the op:i.nicn of this c.:>:-,-,r-:~ittee, any duty 
more :i.n:pressive1y incu;,1bent on all hu;c,an govern:nents 
than that of furnishing means, and facilities, and 
rewards, to those who devote the laboDs of their lives 
to the indefatigable industryj ~he increasing vigilance, 
and the bright intelligence indispensable to success 
in these pursuits. 

(p. 7) 

The Secretary of the Navy, asked for his opinion in 1830, stated: 

1st. In a national point of view, as it would 
furnish the means of making such observations as would 
enable astronomers to ascertain or calculate the posi
tions of the heavenly bodies at any time without being 

.. dependerxc on othex ~a,tion;:;. for the. same; and would be, 
; ',' .· . . .· . ···: .,, .. ··. - ·. --·· -·· . _.,, 

moreover,. a .fJ.xed point 'CO wnos'?' meridian (commonly 
. called a . first •me1~iaia11· ·when used .. for ·ge"Ographica 1 
purposes) terrestrial objects may, with certainty, be 
referred, as far as respects th~ir longitudes. 

2d~ It would, furthermore, be desirable in a 
~cientific point of view, as it would present the means 
of comp~ring certain astronomical results, for the 
purpose of determining the figure of the ea~th and 
improving theories relative to the motions of the 
planetary bodies. (p. 6) 

Subsequently, in 1835, the Secretary -of the Navy stated: 

"A national observatory, although not immediately 
necessary to the defense of our country, is rernotedly 
so; and, considered with reference to the bearing it 
would have upon our Navy, our ccm~erce, anci scientific 
pur:.:;uits, it <:1,:;~::;L1!1~ef3 an importa:1cc~ ·yiO:rthy of the con
~-=ic]e:i:L~tion of. Con~J1 ... es:3~ 11

. 
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These appeals which focussed on the-purely scientific merit of 

an ob.servatory, had no result in Congress. It has been proposed 

that the opposition to an observatory in t11is period was largely. 

due to political enmity to Adams, though it appears to m2 that 

this in' itself would have been insufficient if a compelling need 

were seen. A national observatory was finally established, but 

only by a back door methodo A Navy Depot of Charts and Instru-

ments had been established in 1530 for the purpose of providing 

reliable charts and instruments to Navy ships. In 1834 Lieutenant 

Charles Wilkes took charge of the Depot and, at his own expense, 

erected a small observatory. In 1842 a permanent building for 

the Depot was finally authorized, and the functions for the Depot 

included· astronomical observations. '11he justification was the 

tangible national need of instrumentation for· Navy ships. 

Metrology, the provisioh of accurate and standard weights 

and measures, has been a concern of the Federal government from 

its inception. Over the years various Congressional acts dealt 

with specific aspects of standardization as specific needs arose. 

With increasing complexity in industry and comrnerce the need for 

stable and accurate standards becam2 more and more apparent. 

American scientists, merchants, manufacturers, and even govern-

ment officers, who needed standardization were required to send 

their instruments and 2pparatus abrbad. 'This state of affairs 

fin,1lly L:c1 to the crcc:;tion of the NaU.01121 Bureau of Standards 
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in 1901. -J: From the beginning the service function of the Bureau 

was a major part of its work. The functions of the Bur~au were 

defined in the act setting it up as {\'!eber, p. 76): 

"the custody of the standards; the comparison of 
the standards used in scientific investigations, 
engineering, manufacturing, commerce, and educa
tional institutions with the standards adopted or 
recogni=ed by the gov~rnment; the construction, 
when necessary, of standards, their multiples and sub
divisions; the testing and calibration of standard 
measuring apparatus; th~ solution of problems which 
arise in connection with standards: the determination 
of physical coristants and the properti~s of materials, 
~fl1en such data are of great importance to scientific 
or ~anufacturing interests and are not to be obtained 
of, suff~_cient accuracy elsewhere. 11 

The activities of the Bureau were always broadly based, and 

normally included a research component. In 1925 these activities 

were described as (Weber, p. 79-80) : 

* 

"weights and measures ·work; electrical work; gas 
engineering: safety engineering; study of radio
activity; X-ray m~asurement; atomic tests of measure
ments; heat and power measurement.and research; 
investigation of fire-resisting properties of 
building materia1s; study of automotive po1::.rer plants, 
fuels and lubricants; work in optics; worlc in chemistry; 
work in mechanics; sound measurement; study of strtic
tural and engineering materials; study of miscellaneous 
materials; work in metallurgy; work in ceramics; work 
in glass; standardization of ~quipment; and building 
and housing service. Th2 Bureau also ~onducts, out
side of office hours, classes for the instruction of 
its personnel, but this instruction is not one of its 
prescribed functions." 

The facts regarding the Bureau of Standards are taken from 
Gu::;tavus l\ a W2b2r, "Thc:> Bureau of Standards", Ba l.timore: Th2 John 
Bop1d.ns I'J:ess, 1925. 

\ 
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The mode of bperation involved an awareness of the benefits tb 

be derived from contracts and collaborati6n with other scientists 

and organi::o~ations (i·Teber, p. 80): 

,_ By its close coooeration with other services of 
the national government, with state· and local govern
ments, a:1d with various sci12ntific, technical, and. 
i ndustr ia l orcra nizatioi1s; by its oa :ct ic ina ti on in 

J L ~ 

national and international conferences on standardiza
tion and other scientific conferences in many fields; 
by its collaboration with scientists and experts of 
such organizations both here and abroad in mal-;.ing 
tests, comparisons and researches; by the personal 
studies and observations undertaken by members of its 
staff coricerning methods and restilts in this and foreign 
countries; and by ~ffording opportunities for self
advanc~ment and encouraging an esprit de corps among its 
employees; the Bureau of Standards manages to accom
plish a great amount of valuable scientific and tech
nical work which is out of all proportion to the expense 
incurred therefor. 

The justification for its work was in terms of the economic 

benefits to the economy and to the cost effectiveness of the 

information provided (Weber, p. 80): 

'rhe Service which the Bureau renders to the 
national government is of the greatest importance. 
In its work on specifications, testing, scientific and 
technical researches, stanctardization, simplification, 
and housing, it acts as a great consulting labor~tory 
:for th.:: oth2r branches o:f the govermi'lent and is instru
mental in effecting great ~avings in government pufchases 
end services. 

•thus 1-lere again the original motivation was an apparent national 

need, and the justification for continu2d operation was the pro-

vision of services to the econo~y. 
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The impact of th2 orig,inal director in setting the' style 

and atmosphere of an organi~ation can be seen historically in 

organizvtions such as the Geological Survey and the Bureau of 

Standards. l\ more recent e::an;ple is the .U.ir Force Office of 

Scientific Research. Colonel Hay\WOd, who set it up, describe() 

his philosophy in the following terms (1954 hearings, p. 611): 

"I hasten,to add I was almost alone within the service 
in my point of view. I fought against in-service 
research for 2 years in the service and we did none 
in my office ••• I made it clear to all my people, 
civilian scientists as well as the military, that 
they were being judged on how well they selected out
side so1.1rces for contract research, projects, and how 
well they follm·1ed the contract work. If in doing 
their job, they had some time for some research them
selves, that was all right, but that was not \vhat 
they were paid for." 

' '··· 

More than .twenty years after 'his departure, in 1975, l~FOSR remains 

the only i\ir Force, laboratory which does no i'n-house research 

at all. Similarly the National Science Foundation has remained 
, , 

a contract granting and monitoring organization. 

To summarize: In all these cases a clear and apparent 

national need was the mbtivating factor in setting up the new 

agency. It was recognized that the needed effort could not or 

would not be carried out by private individuals or groups. On 

occasion-it was recognized that impartiality and objectivity 

were an important requirement, and that this could be.c:;t be 

achievc:;d by the use of the civil service. The division of 
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functions involved planning, specification and monitoring by the 

government, and manufacturing by the private sector. Th2 gather-

• ,,..., -E • ·'- ---- -· t:; . "" 'r '~ ..,. ' ~· r} 111-.:J o .. in.LO.J..utc: ... on v;oS __ cco:,n,i.,_.e,. a~:; necessary both for the solu-

tion of problems and as esssnti~l input for policy d2cisiona. 

•rhis .research Lmction, hoi..,;.~ver, has a.1'..:2ys been _t)2rticular1y 

vulnerable to criticism, and consequently to b0dgctary cuts, 

because the connection to the recognized need is not always so 

apparent. Research has always represent~d only a small part of 

the budget and resources. The breadth of interests of a Bureau 

and its emphasis on application, service, or research appears 

to have depended largely on its early Director or Directors, who 

have set the tone which has been maintained often for decades. 

The new agency, if not independent of a Cabinet Department, appears 

often to have been put where convenient. ~he Treasury Department 

has often been such a host. The Weather Bureau was originally 

a part of the Army Signal Service because of an Army officer's 

desire to find new uses for the organization built up during the 

Civil War~ The question of military or civilian organization has 

often ccm2 up. The military represent~ an easily available, 

disciplined and organized group prepared to tak2 on ~iatever 

functions are reauired of them. The work of the Bureau often 

reci~:urcs a different type of training .......... ,...1 
0 .i. l•-~ 

ni'- ,- ., l·: .... ,, h,., .;,:, "' · ~-·"-·r.,onct. _,.., __ 2 , u'-·~v.-.. .r, 

s a tl·12 t if a s .c i. := l'l ·:.: i .:~- i=_:: ·.~:.-._.. _;_ ·{LJ '..)\.i" ~J. -;._.~··L ·v._;:~ e:~:1Jl1a :.=; :i. s is r~<~e::d t~d j u r. is-

(~i c·f_:. ~!,_, '::1r1 :i. ::·~ ·':J f ·t (~ ~ ~7~ i··i ~L ·f. te~3. f rl)"("t1 t.lii:::: nll lit C: r~? '" 1rl1e lf=) '.j ::-; Cc)rn~n i '.:7. ~:;ion 
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inve c:i ti ~ ~' \::: ~; .; the Sign a 1 Service~ recornmended a grcidua 1 change 

to_ ci'.' _;_ ~-i_ . ;>.'T'.in:i.strat:i.on, stating: "The· commission do not 

belie'-'·- :'., __ U:i.s work is in any sense military work, or that 

mi.lit.:,;--_ _.,:, ciclinc and law are necessary to its efficiency. 

J 

1>11 c :::-·: ---. ti1c opinion that tl1is work is civil \•iOrk in its 

natun:: ;:··- ractcr, and that military restraint is not neces-

sary." I ,_, ') d.so note that_ there has been a recurring fear of 

the pot1.:r:!_ i_,;l :i!ischief that could be caused by a powerful, well-

organi~c~, well-disciplined group, and a consequent need for 

restr2.iut:; o;·: and limitation of authority of this groupo The 

Mans fie 1.d <:1w:ndment in 1969 appears to have been an example of 

this o 

Histor.:i:_.s_a l _Q_ycrvir:'!w: Who performs research?· 

In the United Stat~s up to the end of the nineteenth century 

research was performed either in governmerital laboratories or 

by private industry, generally with a tangible application in 

mind. 'l'hc gi:owth of university research as well as the founda-

tion and ':,-;ro-,:1th of scientific professional societies occurred -

only in ti:;_-: L~ ~;t decades of the nineteenth century. From then 

-until tll-: ~-1·c:cc.:11t the 91~owth of universities, membership in 

and in the published literature has been 

exponc r: i~-' ·' ~ .• It became clear within the past decade that this 

grovith ' ·' : ; rnt. continue or the entire world would be peopled 
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by physicists, for example, and covered over with science 

literature. Sig!1s of a stabilization of numbers are nm·i in 

evidence. 

At the beginning of the t\-1entieth century the robber barons, 

beset by social conscience, initiated philanthropic foundations. 

The Carnegie Institute of Pittsburgh was created in 1896, the 

Carnegie Institution of Washington in.1902, the Russell Sage 

Foundation in 1907, the Rockefeller Foundation in 1913. These 

are only a few examples of a multitude of foundations •. Many of 

these had a research component. The Carnegie Institution of 

IV'a shington, for example, v;a s set up "to encourage, in the broc1dest 

and most liberal manner, investigation, research, and discovery, 

and the application of knowledge to the improvement of mankind". 

(Encyclopedia Brittanica, article on Foundations, Philanthropic) 

By the late 1930's these four sectors of science support co-

existed with only slight intercharige between them~ The univer-

sities did basic research, government laboratories did mission 

relat~d applied research and the. related basic research needed 

for the successful prosecution of their appli2d research, the 

foundations work~d in special areas such as medical research, 

and industry did applied research with, generally, very specific 

tasks, though sc~e laboratories such as Geneial Electric and 
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tude in exploring new areas. In the post-World War II world, 

with its acceptance of the necessity o~ science research for the 

solution 6f problems, government has taken a central role in the 

support of research providing a significant fraction of the 

fundin·0· for univers:i.ties c:md industry cis well as supporting 

research in its own laboratories. 

The most recent prominent performer of research is the 

Federal Contract Research Center (FCRC). These ar~-orghnizations 

set up and financ~d by government in order to advise on opera~ 

tional problems. Mitre, Lincoln Laboratory, Aerospace Corporation 

are all examples of this genre. They are similar in nature to 

the counsulting firms, such as Arthur D. Little, set up in the 

1880' s, and to the non-profit consultants, such as 'the Bat tel le 

Memorial Institute. They were originally set· up to provide a 

flexibility in salaries and hiring not available in government 

laboratories, and to avoid the rigidities and paperwork inherent 

in government operation. In some cases, as in the contractor 

operated laboratories of the Atomic Energy Commision, these 

captive corporations derive their mode of operation from their 

origin in World War II. They operate under restraints on their 

non-ag·ency funding. l'·li tre Corporation, for example, by the terms 

of its contract with the Air Force; must derive no more than 50% 

of its funding from other agencies or private sources. 
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For the DoD in FY 75 the proportion of funding of the RDT&E 

budget in each category was: in-house, 29 .• 2; industry, E·6. 0; 

universities, 2.31; and FCPC, 2.49. The bulk of the funding is 

thus for industry, with most of the remainder going to in-house 

laboratories. Universities and FCRC's, taken together represent 

less than 5% of the funding. 

Should research be a part of a product division? 

The recent changes as well as the re-organization, re-

,structuring and re-orientation in.store in the immediate future, 

all have as their objective the inclusion.of research as a 

responsive and subordinate part of a product division. The 

question has been put by E. Callan, in a letter to Secretary of 

the Air Force John l'1cLucas, 20 ,July 1975; as ·to· whether the 

systems drive the research or the research drives the systems, 

in· the sense of providing innovations and new departures. 

Cle~rly the organization of research to re~pond to (largely) 

immediate systems needs will be considerC3bly different from one 

devoted to initiating and suggesting new directions with longer 

·, 

range applications. It is unfortunate that the current situation 

is one where these two very different types of research are con-

sidered to be mutually exclusive, so t~at one must make a choice 

.... , 
i.:nem. Even a brief reflection should be sufficient to 

conv in cc one that di f £erent nc:ccl s are involved, and th<.:t both 

are need2d for the long term hGalth of the n2tion. 
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< .'".·· 
~~~blern is not a new one. It has been present, 

•. ·; -~.-::: t!iC bsc;innings of mili b:ffy research. I cite here 

c;f v:innevar Bush at a House Committee hearing- in 

I 2ut down ••• two basic principles for successful 
-·:-f;::.0~:1t participation in scientific research. 
~:, tl:c research o:cgani;::ation r:1ust have direct 

: to Congress for its funds; second, the work of 
.... ~cscarch organization must not be subject to con

·l or direction from any operating organization 
. c reaponsibilities are not exclusively those of 

:· . ; : : <<: !:"ch • 
Industry learned a long time ago that it was 

: .·t 1 l to place a research organization under a produc
:. i ··:: ;:Jc~)c:i:rtrnent. Research and an operatinq responsi
bi.ii.t-.y, such as production or sales, are incompatible • 
. ~·.:1 :)pc·ruting group is under the constant urge to pro
t.::.:.:::f.: in a tangible way / to meet existing standards, 
~~J c~isting schedules. An operating group has neither 
t.l·:•~' time nor the inclination for research. An operat
inJ group is judged by production standards~ Research, 
:~;;-.:c'V·?:r, cannot be judged by. prqduction standards. 
i• 1 ·::"J:cch is the exploration of the unknowno It is 
· ;;,:·.:!.1.lative and uncertain. It cannot be standardiz.ed. 
~. ~- :~-.1cceeds, moreover, in virtually direct proportion 

t. ;) i. ts freedom from performance controls, production 
i;: '· :: :;ures, and tradi tiona 1 approaches. 

It is fundamental, according\y, that research on 
.i1litary problems should be conducted, in time of peace, 
· • .·.,:ll as in war, in part by civilians independ<::ntly of 
'. ;.,, ·::tlitary Establislment~ The armed services c:xist 
'. ·' ; i~1ht. It :i.s their primary responsibility to t:::-ain 

: .. '.~n, make availab1e the weapons, and employ the 

' . · .. ' 

L. ~y that will bring victory in combat. The armed 
: ,,. ; ·:c:; c"nnot be expected to be e>~perts in all of 

·_:,:~1.?licated fields which mai\.e it possible for a. 
··. =;_ no.tion to fight successfully in total war. There 

·0 rtain kinds of r~search - s~ch as research on the 
·'·.'c:!:::::nt of cgistin,g -.,)ea pons - v.;hich, of course, can 
·;:·.: bc;:;t by milit21-y men v,;ith:i.n the I11ilitary !:~::.;t2b·-

· ··:;1,...., rI'}1.:· jO}), J.1~)·\-.;C·\?'Cr, Of ±:unc.1aLnenta1 scientific 
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research should be entrusted .to the civilian scientists 
who are best trained to discharge it tho:::·ouqhly and 
successfully. It is essential that both kinds of 
research go fon1urc1. ~'·!e have just learned, for example, 
that one of, the primary reasons why German.science 
Jailed to maintain its superiority over the Allies is 
because in the early stages of the war Gernan scientists 
were diverted from fundamental research for concentrated 
effort tu::ard th2 im1)rove:T!ent of existin:r \-.1eapons. 

An able research scientist is the product of the 
intensive and S?ecializeJ training of ma~y ye~rs. The 
military man, who nrnst <::cqui1~9 m::my othsr skills, can·
not acquire that degree of specialization and trainin3 
in science which is essential if broad and important 
scientific advances are to be made on military matters. 
Nor is the military tradition or the position of the 
military man within the services conducive to fundamen
tal scientific research. The scientist must b~ free 
from restrictive controls. Ho must not be under·the 
compulsion to produce immediate results in order to 
obtain advancement. Moreover there must be parallel 
resea~ch attacks on a great problem by several groups 
approaching from different points of view. This has 
been demonstrated times without number in industry and 
in our own war experience •••• 

A similar comrnent on military officers in professional positions 

was made by Professor Asaph Hall in 1899, when the organization 

of the Naval Observatory was under discussion (Hall, 1899): 

"Of course, a number of the line officers who have 
been ~3.t the Observatory have been able men, who, with 
time enough given them, could learn anything or do 
anything. The reason why they did not do well in 
astronomical work usually was that it took them too 
far from the profession· for which they had been 
trainedo" 

Gen·.:ral Eisenhower, while Chief ot Staff in 1946, advocat.ed a 

separation of "responsibility -for research and develop;nent from 

the functions O .r.: 
I J. purchase, storage and d:i.st;~ibution." 

( n,.., y .; ~ ;.- I) 
J,.. ~:.. 1.l .Jl.,C -~I Cl 
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For a military view of the role of research (without quali-

fying it as typical or no'.:.) we may cite Cornr-.10dore Belknap in 

1885 on the Naval Observatory (cited in Science, 1899): 

"It is first cf all a nvval institution, its astro
ncy;,ical work ;JcinJ, SO far C:lS th . .; .Q_aval __ ?ervicc:: Dr(_?_:}~ 

is concerned of a purely secondary ccnsidGration. **** 
If the time has co:c.e ·wh~:::n 'che purely scientific side 
of the instit~tio~ has o~tgrown the needs of the naval 
service the converse is true, namely, that the navy 
has no need of it or of the scientific staff. If the 
so·-ca 1 led f:';cien tif ic men of t11e country thinks that 
the time has come to apply to Congress for money to 
build a national observatory the Navy will not stand 
in their way; only it will take no responsibility.for 
it, and will be .glad to see it. go to another depart
ment of the government, and to be under purely civii.i..an 
control, including professors '.d.th civiJ.ian a~:i;:_x)int

ments instead of Naval COir:missions." 

In fairness to the Navy it should be stated that th2 post-World 

War II Office of Naval Research has been one of the strongest 

supporters of basic research. It would appear that the Navy, 

at least, has perhaps profited from some of the lessons of the 

past. Belkn<-.::p' s suggesti~n that an observatory which is primarily 

scientific should go to another governmental department seems to 

be ·what is cu.riently happening to the Sacramento Peal:: Observatory 

of the Air FOfCC Cambridge Research Laboratories. 

·These excerpts are sufficient.to indicate the need for 

sepa·ration of a research function fro;1.1 a production function. 

When research is subordinated to applications the tendency 
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immediate problems, and mean~ngful research becomes difficult, 

if not iraoossible. It is worth noting that among the commentators 

above are the s~ccessful architect of the major war time research 

effort 12ading to weGpons, and the succe6s£ul architect of 0ilitary 

victory in Europe. 

r.:Tno decides? 'rhe cmestion of nersa_!:1ality types. 

Implicit in the question of the coupling of resear.ch and 

applications discussed above are the related questions of who 

does the research and who ded{des what research is to be done and 

how. It should be obvious that one must start with able men in 

an atmosphere which allows them to function efficiently. Here I 

cite the discussion by Baxter (1946, p. 7-8) in his.history of the 

Office of Scientific Research and Developm~nt.in World War II: 

The first requisite of a satisfactory organization 
of science for war is that it must attract first-rate 
scientists. One outstanding man will succeed where 
ten mediocrities ~ill simply fumble. In creative 
thinking there are no substitutes "for imagination and 
resources. These will flourish only when the scientist 
has ample funds and a large measure of freedo~. At 
the same time:? he cannot wor>: a lone in an ivory tower. 
Many of the problems involved must be attacked by 
teams of men with differen~, skills and angles of ap
proach, and on all of them effective liaison Gust be 
provided with the ar~ed services. The organizational 
problem at this point becori;es one of great dif:Eic~1lty. 
Arffiies and navies are operated on the princi~le of the 
chain of command, not on the principle of consultation 
2:~\"3 c1isc:.:tss:Lc)n.- 1T1h.c.ir S~/ste\c~s are '/Jell ada!=1t.ec1 to tb.e 
conduct. cf rnilitar-y operat:ion~3 and to t}'e ;::;ro<:L1ction and 

· i-'.~ ct }1 o:l i ca l i ·L~·1 !?r O\! cr.·1c c1 -;-_: of st 2 r1·0 ;:'12:·c3 i :: .. e d c:- ... :~ u. i r=::: ::~ n t c 
1rr1c21 
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are anything but favorabl6 to the conditibns under which 
scientific inquiry best thrives, and the reconciling 
of tl~c~ t\,iO is a [·:~att2r c.d: tY.G.~ utr:·~ost~ i~,:-:p·:)·:Ct.2r::ce. 

I·l'2re the Gere· 2nis :-:;a de a lrc ost every conceivable 
blunder. They were convinced of their ahility to win 
t~H:: \.;a:c quic: ly, \,,;itl1 tile _:::,:cellent \·Jec:poris t:1ey had 
procluc.26 in peacetit'·2. Ii the ~,:aJ~ \·;as to })e e:; short 
n.~'.~·~, 1-1 ... ~ .... ~~, .. :ip:.::;::-.,,:; r1I""'\ .... ,.,,,-:.~::1.!..- ,, ...... :~;...--.n·:7:."'lt1'r)n .::,.. .... +->-io c"i::...,,,,:.,1or'-
..J - - - ! -·.} • Ji. .__ - '- 1• - , .... • ~ "-' :J .J.. '·· ... ...: t- ·~ .L. :.) '"""" ·'- ·· •· U - • I.. l. 1 J... J :_ .._,.. ~ . - ._.. .., "- ..L. :.....J 

~·.·~~~!'"'.!JL:. c.)~ r.12;,.,_; ':le~::~>~")ns, J"1() :.c;"J:.:i·li:-:=_otic)n of tI·.:. 1?.i1· .... ,,rast 
resources of scientific f2rsonnel, no experi~ents to 
en~~r2 the scientist fre2do~ ta create within t~e ~eshes 

German aca~e~ic scien-
tists c0uld be left t:""J th":ir peaceti:ne researcr:es with 
the expectation that these would prove of value to the 
St2t2 after the war, hcl;iin-::; in the reconversion of 
industry and :i.n the keen interna'tiona 1 co:-;:peti ti on of 
the postwar years. It has been suggested that the 
Germans excluded academic sci~ntists from war research 
because they did not believe them sufficiently i~bued 
with Nazi doctrines, but of this we cannot yet be 
certain. 

German war r~search in the early years of the war 
was therefore with few exceptions confined to the 
laboratories op2rated by the atmed forces and ~hose of 
the war industries. W:'lat fundamenta 1 research had been 
carried on in them in peacetime was greatl~ curtailed 
if ncit entirely dropped. By Hitler's orders basic 
research on radar, for example, was stopped in 1940, 
and was not r~newed until 1942. The heavy hand of 
bureaucracy forced industrial as well as government 
laboratories to concentrate their efforts on the im
provement and testing of existing_weapons. 

The fi~ed belief in a short war had serious effects 
over the whole field of: Ger-cian industrial pr.oduction. 
In war research it cost Germany the lead acquired in 
peacetiL1e. Inr3ustry in lvnerica had long since lea:cned 

· that to subordinate the research staff .to the production 
department is the shortest road to failure.· Ge~~any made 
this faulty conc~ption the basis of her syste~. Not 
only were her industrial scientists deprived of 'the co
opex:ation of acader~1ic cher;;ists and pilysicists; diverted 
from fundamental re~carch and placed under the control 
of p1:oduction r:·.cn far clc:>'.-.1:1 in the 11ierarchy of the \var 
eff~rt; they were not fu~nishea with effective liaison 

~;~~~ht~~;~~~ ~- ~r,1~ ~l ;'. (: ~;~:.:~~~ ~o;~~~Jt-~~]:~:~c\,;~ ~~ : ~~~~CJ =~e~~.~~~~~~ ~ ~~~~~ 
f c:ir t.h ~~ t. c~c·r1 ::: t .:: r1 t c.:; 11 cJ ::.:· ;:~ i .. ·i ~L t·:C 1.1J. (.' o J. J_a /_JO r ::. t. i c; !! ·:,.._; i ·t}-j .l\ ri':·:y 
~J 11(! J.\:-J \"!~l of: f i :::· c· ::- .~~ \\:}1 i (~}.-~ c:() ~-: t# ·:c i J.:."! 1J i~·.c_;:J t:7: o ::-: 2"; r \ (; '5 J.. i' to t :·!.·?.' 
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success of the British and American war effort. Under 
Germ~n regimentation t~ere was no room for such an 
up:cusl.1 of u":e:Enl ideas from industry as took place in 
the English-spea~ing democraci~s. A representative of 
a great Ger~an electrical firm testified bitterly that 
only one of their engineers had been permitted to see 
in actual o~eration the best of the radar sets they 
rcta nu :Cc:;ctuj~ed. 

In a similar vein Detlev Bronk in 1953 (cited in Abelson and 

Abelson, 1975) discussed the i~portance of science for all of 

s~ciety. He then said: 

"This is justification for ir1clusion of some who ar2 
neither scientists nor professional scholars in any 
field among administrators and trustees who play a 
powerful role in guiding the affairs of science and 
its uses. It does not justify their lack of unaer
standing of science and the ~onditions under which it 
can flourish ... " 

A bitter comment on the difficulties of getting first-rate 

scientists to work in a command structure where authority is in 

the hands of people with different goals and personalities was 

made during Congressional hearings in 1954 by Mr. John w. Marchetti, 

a former Technical Director of the Air Force Caml1ridge Research 

Center (Penick, p. 243·-244) o On being. asked by Mr. -McCormack on 

whether one could place military personnel in a iesearch labora-

tory, Marchetti replied: 

I .do not believe you can. h'hen you do you wind 
up with a second-and-third-grade laboratory. Generally 
speaking, the Air Force laboratories - ~nd I will take 
Wright Field as an example; it is one of the oldest of 
the Air Fo~ce laboratories - you will find there that 
t11c,; h:ive c1· :rouo~:> on oroi:,ulsion, 01 :::01.1:..;s on c.1ect:conics, 

-~ - .&,. J. J.. - .I.. 

groups on ~ntcnnac, and you will find the chief of 
t_;-; -~:=··:_; .,_:r~-;rio"~~:::; l;:}}_;~)r;~1tc)rj_ . .-:~s '.is· c·itb_Q:r a c·2~;tai-n, a ::·:.2jor 
{) .-r :·: c: CJ J_ ~-) r! (} 1 . ]~ r1 ~.; l~):._:.: ·(2· c ::·1 ,?J e:: s t~1 ·1 e ~; c: ~q c: oi.-1 l (:· · are c 0111i:~ c~ t {~ n t .. 
·tc) l·i () :L ;j t1·1 -::~: j_ ~c job s,r }Jut t }·\ere a :r· e \1 E~ r ';;.' f e~,-.; ~: u ch. c~ c-·! se :..:; Q 
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onwn in the fine print you will find some civilian. 
! : -- i-: tlF: felloH that is really running the show, but 
h :· i c; a 5 ,?cond-rate_.r or a third-rater be ca use no first-

," , i_ •• :·cl::1ic2l rn;:rn will go into a laboratory structure 
___ en chi2f of the laborzitory iE; a titular rcdlitary 

,· .. · <: ;·,e h<:i::; to carry th':":' responsibility without 
,.. .J.." J" o I 

n : .: ; ;y/ o:c L.-fle a uc.nor:i.xy. 
·::·:i':c is tLe :ce<.::son v;hy the military laboratories 

\-.:: ~ :·: \.:--1:,;:_ policy are dedicated to be second-and third-
,. l:j~r~td~ies. No competent people will go into such 
;::: 0 ,--.-::·ii;~:itional structure. It is the continual cry 
o:: U:·:' t;:Ht o:f' the rnilitary th::;t they cannot entice 
c.~;_1.,:~ ~,:- technica 1 people to work for them. But this 
i~ ut~~r foolishness when they put captains and fuajors 
o:: · C''.'')n full colon2is in there as superiors just by 
v.i2·t•.1(• of their military rank. 'l'hat is the heart of 
the -~ro~lcm. That is the reason why Wright Field is not 
~: ~;co i 1.:-::.::oratory. l'>t Car-;-tbridge this did not obtain 
p:)u:c to the arrival of the last commander. 

I bc:;c hoped that, the Air Force would see the 
liJht, would go and change gradually, because it has 
to be a gradual process. I had hoped that the Air Force 
\·JOl11.d change the policy to fit the Cambridge pattern, 
\.rhcrc: a fair amount of authority - and let me even put 
it this ·-,.,:ay, just plain ordinary courtesy and equality 
was ~llotted to the technical civilians. If they had 
ch<;n-~;cd their other laboratories to follow the Cambridge 
p.:1 t tc'. !·n, we would have a bee: 1 thy condition. 

; find, however, after General Maude came in and 
the con·;eJ~;;_i_on took place, Cambridg-e was made to follow 
ti:c F•t t.ei~n th2t wa's established in the other laboratories 
.,;;-: .. · )-·:' the control was fully mil:L tary and the scientific 
p'··:'.~~,j_ .. ' ',-.·c:!c asked to work for a continually changing, 
i.:-.<· · .. · n:? sornetimes pretty irresponsible military 
cn::;;•i:~ ,':t~onal structure. I_ think that is the'! very heart 
o ~:, L ~ ·. · ~ }J ·1~ o :~ 1 e n1 • 

The : :,, :. ,. :· · ·~ti.cm b2t1:.'een_ civilian an cl military administrators 

can be ~:.;'->-; i...i:·:-.· di.fficul.ti:::s which arose in the early 1950' s 

,:,_ J o;:;m.::.mt Ce:nte:c and the Cambr ic]qe Ee search Center, 

the ~:2tson Labor~itories, or·ganizec.1 in c~arly 
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civilian tcchnic3l di~cctor. The chain of command involved an 

the system ho:c)';E::d '-';ell with the civilian e.ssential.ly responsible 

for the operation 0£ the laboratories. Because of the rotation 

system for the military new commanders would arrive from time 

to time. Difficulties arose in both cases \vhen th2 new cornmar'!der 

ass2rted his command prerogatives, and this.was not accepted by 

the civilian who had been running the operation for some years. 

It· has been pointed out by a number of commentators that the 

military atmosphere involves hi~rarchy and that advancement is 

"based on the ability to command. It appears to have been accepted 

by the military commanders that these aspects of th~ military 

system also were applicable to the research and dey~lopment 

laboratories they were assigned to. Thus, Colonel Heavner, 

describing his first days at RADC, states that the civiliari 

director thre2tened to resign if the Colonel interfered with his _________ ... __ _ 
·'· 
Th2 information on these difficulties is derived from the 

II ea 1: i l)g· :;; be~~ ore· ·tl1e S 1..11Jco~·;L"i-, it~ t.e (~ on -~·1i 1 i ·t.a r:l C'pe rat iqn.s, · Corrnni t .. tee 
o 11 G ':.)\7t?. ]:· 11·~re r~ t. c:~-;~·::: r c~ ti.() r .s , I--~-~) l.~ :=.: c.:: of ]-~:-:=:-: J?·r r:·~· ::; (: n t c1 "ti\/,~~~·:-~ , :~ 3 ~c(~ C C)n ;·res~~ , 
Sc::C(.J c.cl S·-..:: s ~-~~ i.::.· n, l-;·u ::c~ / 19 5 4, i: Z)J~· ·:J 2 :1i :-· o t ic)n . ;~1 ri·cJ .:-:\c:~:L1:i_ n i::; tr ~::t t: :i .. \)D of 
th r.=: ~-·I :L 1 i tar y ·R·~~- s c~c: re~ !.1 ;:~ r1 cJ f.)t:: '"·J.c 1 :~)::-:1fi""1 c ii Jc. i? r \)·.J :ca n1 s 11 

•. 
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direction. Colonel Heavner, e1fter•checking some of the director's 

statements, decided he could not be trusted, reported this to 

his supervisor, adding: 

" ••• and, from ""'here I sat, if he was objcctin:r to 
being managed and they wanted me to manage the lab
oratories, I would relieve him as the technic~l 
director. 'J'his i .. 'as a91~eed to ••• " 

(Hearings, p. 312) 

Dr. O. G. Hay\I:)Ocl, formerly a Colonel who had set up the,, J'i.ir 

Force Office of Scic~ntific Research, on being asked whether 

there was· a tendency for the military to expand its control over 

technical decisions and operations in research laboratories, 

stated (p. 602): 

"My react.ion to that is, good. That is a function of 
management - to control, and if it is a military 

··organization the military should control. t.he technical 
operations. I do not ma1<e a distinction in my rn.ind as 
to whether that control is by a man in uniform or not. 
But thi::: research and development organization in all 
of our services is part of the military structure. 
Even if it were all civilian I would say the same 
thing, that it is part of the Military Establishment. 
And there shoutd· be military management of it. Again 
I put the "military" in ,quotes, and mean manag0:ment by 
persons, in uniform or not, who are responsible ulti
mately to the Secretary of Defense, and through him 
to th2 Congress." 

Taking all factors into account a pattern begiris to emerge. The 

laboratories are set up and grow under one individual. The orig-

inal ,thrust for Rome Air Development Center and the Cambridge 

Research Center was the maintenance - . . . l OI an existing poo of talent 

·tor thC:' ::;o:Lut.ion Of 1 l . . ' l c .ear .. y vi~:; 1.D. e Drobl.erns. p:ces12nt at; the end 
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of the war. The laboratories expand under the direction of the 

stron9 willed· indiviciual who set them· up. Over a period of 

YE:·'"'r<' th 0 ""')'""ti' r1 11 <·vc·'-''"'1 J::or co·~,-,·1~,-,d-1' r·i~ o.ct=.;cr.>rs U >::> '- .L•l...U "-.4 .. J.I.:;i....,.-.:;.l .L - tt:~.Cl.LO: -·~ .l~.l-~l.. ...._. produces a 

succession of commanclcrs \•iho bave more or less influence on 

~~t the basic direction remains 

in the hands of the original civilian, who, because of his part 

in the setting up and expansion of the laboratory, feels entitled 

to its direction and also has a considerable emotional investment 

in the laboratory. At some time, one of the commanders, either 

on his own initiative or at the behest of his superiors, exer-

cises. the military cormnand role - he insists on the hierarchical 

organization, on his prerogative to co~nand and coritrol, and on 

the obedience of lower levels to tasks imposed from above. In 

the cases pf RADC and CRC _it is not clear from the testimony 

whether the decision to assume control by military officers came 

from the higher levels, 'though it is clear that these actions 

would not have been taken without approval from these levels. 

In any event it see~s almost inevitable that b~cause of a succes-

s:i.on of commanders (in one c21se, about 1.2 in 9 years) at least 

one at some tim~ will attempt to establ~sh control. The result 

1s the loss of some, at least, of the more independent civilians 

<H'Jd th,~:i.r repL:icerncnt by m·2n rl1o:i:-<:~ ':ri.lJ.ing to com:-::2nd or be co:n-



'. 
.::~··:-·-.; 

- ~'.''11:..:F.; 

~ ... '.' : . -~ ... ' 

-29-
(_ 

effects on a laboratory can only be th~ elimination 9f independ-

cnce and autonomy, and the establishment of more directly mission 

related tas 1
(S and shorter ~erm projects, the latter because they 

must adapt constantly to ne'q sets of officers with new goals. 

Science, in short, becomes a casualty. It is my own belief that 

it has not been sufficiently recognized that the root of the 

problem lies in basic personality differences between people 

seeking new knowledge and those seeking to apply knowledge. In 

some unpublished notes I have dic:;cussed som•2 of the problcr:rn 

resultin1:r from this. I cite here sorne relevant portions of 

these notes: We may note to begin with the difference between 

practice and l~nowledge disciplines. Th~ difference is that 

practice.is problem-oriented, not interested in depth, looks 

for immediate solutions, and is,thus time oriented as well. If 

a problem can be solved without knowledge, fine. Anything 

involving additional time or energy detracts from the orientation 

of inu"T\ediacy. 'Thus problem-orientation tends to be ad-hoc. 

Knowledge orientation, on the other hand, has no sense of time 

limit, wishes to explore ramifications, and explores tangential 

aspects of a problem. I -1-
• L. 

bu~ without time limits. 

' 1 ~ ~ . . may oe as narrow y xocusse0 as prac~ice, 

It 100:.:s :cor causes, and effects are 

only ireportant as they lead to c2us2tj.on. 

Practic2 disciplinc3 arc thu~ hori~ontal, drawing from Q2DY 
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fields of experience or knowl0dge, but only to the extent 

necessary to help solve the problem. Knowledge disciplines are 

vr:~rtical, 9oing into dept.h in 2 single area. E:-:perience provides 

facts which are to be ordered and systematiz~d - any set of 

fc.1cts 1.-.:hich prov.ides this :\.s equr::lly iryp-:::>rtant. 'Ehe fact itself 

is not Lc:po:.-:-tc.nt - the S/Stem '•Ihic;h coordinates these facts is 

what counts. 'l'his is in co.ntrast to the practice-man, for whom 

the specific, particular fact is the focus, and the coorjinating 

system may or may not be usefulj but is in any event not essen-

tial, just as a specific iact .is not essential for a theory, 

since many _others may serve equally ~dell to validate the nypc·-

thesis. 

Thus ·we may expect difficulties between people .in knowledge 

disciplines and practice disciplines. These will be reflected 

in the personalities in two ways: ( 1) the ima9e of the subject , 

determines the personality type attracted to it, and the social-

izing process involved in the professiorial education will tend 

to fix and stabilize this personality type in the particular 

profession; and (2) if the personality types for the two dis-

ciplines are sufficiently different then (a) cornmunication is 

difficult or impossible, and (b) frictions may arise which can 

vitiate any constructive h'Ork:i.n·3 together. Fro:T1 the descriptions 
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It may be noted that in the selections I have given i.t is 

clear thc;t '::hether a research laboratory succeeds or not J~s 

dependent on the extent to which these people differences have 

been taken account of in the organizational structure. 

i"lh21t is the environment for successful J:-esearch'? 

The re,~~uir~:m.;:nts i:;hich government scientists hai./c? stated to 

be necessary for successful research have remained remarkably 

cons£ant over the past century and a half. These have been sum-

marized by Penick (p. 5-6) as: 

(1) The· need for long-term support. 

(2) The need for flexibility in objectives. 

(3) Freedom to publish. 

(4) Access to the international scientific community. 

(5) The need to improve the position of the professional 

scient!st in American society. 

The list bears many similariti~s to the conditions found to foster 

productivity of research scientists by behavioral scientists in 

recent years. I cite here a portion of the Table of Contents 

of the book "Scientists in Or9c::;n:Lzations" by Pelz and lmdrews 

(1966) which summarizes their findings: 

FREEDOM: Is coordination compatible with f i:-eedom? 
Best performance· occurred ~ .. ;hen both were prc~:;ent. 

C ·J~·~w~-~~_T~··: I C2\~t1 I ()~·i : r~ ff e c;·t i ·v·:~ ~~ c i e r1-t.: i. st.~; ]JC) t.1·1 s OLlCJ ht. a r1c] 

r ::~ r:; 1:~ i. \i c:d rnrJ 1~~ ~:: c: C) 11 t Zic t ..,,j :i.. -t:.11 co 11 c: :] ':~i L1 t::=; ~; o 
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DIVERSITY: In both research and deveiop~ent, the more 
effective men undertook several specialties or technical 
functions. 

DEDICATION: Several simple questions showed that high
performing scientists and engineers were deeply involved 
in their \,iork. 

J.lG'TIVATIONS: l-\mong various motives characteri:=ing high 
performers, an outstanding trait was self-reliance. 

SATISFACTION: Effective scientists reported good oppor
tunities for professional growth and higher status but 
were not necessarily satisfied. 

SH'iILJ.iRITY: Colleagues of high performers disagreed 
with them on strategy and approach but diew stimulation 
from similar sources. 

CREATIVITY: Creative ability enhanced performance on 
·new projects with free communication but seemed to impair 
performance in l~ss flexible situations. 

My final citation is from Vannevar Bush, in ''Sciende - The Endless 

Frontier", (cited in Penick, p. 191-192) c~ntrasting the condi...; 

tions for effectiveness in pure and applied research: 

Scientific research may be divided into the 
following broc:id categories: (1) pure rese2rch, (2) back
ground research, and (3) applied research and de~elop
ment. The boundaries between the~ are by no means clear
cut and it is frequently difficult to assign a given 
investigation to any single category. On the other hand, 
typical instances a~e easily recognized, and study of 
them reveals that each category requires different.insti
tutional arran;ernents for maximum development. 

Pure rese~rch is research without specific practical 
ends. It results in general knowledge and understanding 
of nature and its laws. This general knowledge provides 
th2 means of answering .::t larqe number of important prac·
tical p~oblems, though it may not give a specific solu
tion to any one of them. The pure scientist may not be 
ilt all interested in the practical applications of his 
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work; yet the development of important new industries 
de~ends primarily on a continuing vigorous progress of 
Pu r"" -ci .,,n,..., . .., _ .. ....:. ::;, --C~ ...... c: e . 

One of the peculiari~ies of pure science is the 
variety of paths ',·1hich lead to productive advance.· !·lany 
of the most important discoveries have come as a result 
oE e~~pe:cL:-:.-:::n·ts undettaken w·ith quite different purposes 
in mind. Statistically it is certain that important 
and lligh1y useful cJ.i.scovcrief; will result from sort:.e 
fraction of the \·:or1~ undertaken; but the results of 
any one particular investigation cannot be predicted 
t .. d.th accurc.:cy. 

The unpredictable nature of pure science makes 
desirable the provision of rather special circumstances 
for its pursuit. Pure research demands from its fol
lowers the freedom of mind to look at familiar facts 
from unfamiliar points of view. It does not always 
lend ~tself to organized efforts and is !efractory to 
direction from above. In £2ct, nowhere else is the 
prit1ciple of freedom more important fo:r significant 
achievement. It.should be pointed out, however, that 
many branches of pure science increasingly involve the 
·cooperative efforts of numerous individuals, and expen
sive capital equipment shared by many workers. 

The preparation of accurate topographic and 
geologic maps, the collection of meteorological data, 
the determination of physical and chemical constants, 
the description of species of animals, plants, and 
minerals, the este1blishment of standards for hormones, 
drugs, and X-ray therapy; these and similar types of 
scient:L:cic work are here 9rouped together unde:i: the term 
background researchq Such backgroqnd knowledge provides 
essential data for .advances in both pure and applied 
science. It is also widely used by the engineer, the 
physician and the public at large. In contrast to pure 
science, the objectives of this type of research and 
the methods to be used are reasonably clear before in 
investigation is undertaken. Thus, ~omprehensive pro
grams m3y be mapped out and the work carried on by 
relatively large numb2rs of tr~ined personnel as a 
coordinated effort .••• 

Applied research and development differs in several 
i~·~":po1~t·.c1nt respf~c·t;:; frc)Ul 1) 1.J.x·c~ sci~,·nce. Sin·c~e tl-12 o;Jjec·
tive can ofte~ be definitely mapped out b2forehand, the 
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work lends itsi~lf to organi?.c::~d effort. If successf'...11, 
the results of applied research are of a definitely 
practic2l or commerciJl v2lue. The very heavy expenses 
of ~;uch '.-,;o:::::i\: c::::ce, the:c::,:core, un::::c;rtaken by private 
or~ani~2tions onl,, (sic) in the ~ope of ultimatel,, 

~ 2 ' - ~ 

r9cov2ring the funds investee .••. 
The distinction betw}en applied and pure research 

is not a hard and fast one, ~nd in~~strial s~icntists 

may t2ckle sp~cific probleras fro~ broad fund~mental 
'Ji ..,,, ... , .. .,n·i n+·<::: B'u'- i.· t i'"' ;,,"~o' ·,.· .... :::.n.,_ '·o em· ph:,ci' 7e' th·at - t.,.;_, •• !..) .... ·- .• 1- ._ 0 l.. - ,:) -- . ·~1_,., .... \_. - • .. ..... I,,.. .~ ... {..i .:.'.). • _, ... 

there is a perverse la~ governin; research: Under the 
pressure for immediate results, and unless deliberate 
policies ~re s3t up to guard against this, applied 
research invariably drives out pure. 

'ff1e mo1~a1 is clear: It is pure res0ar.~c11 \vhich 
deserves and requires special protection and specially 
assured.support. 

If the above requirements for successful research are absorbed 

and understood then there should be no difficulty in diagno~j.ng 

the causes of the complaints ab?ut governmental military research 

laboratories which were collected by a Congressiona 1 sub-·commi ttee 

n 1954: 

Reported Problems i? Military Research an~ Develop
ment Programs. 

I. Civilian scientists in military research and 
development centers are reported to be generally dis
satisfied with military domination·and administration. 

II. Civilian scientists are leaving military 
research arid development centers. 

III. \lhen a military organization is imposed on 
a research and development program there is a tendency 
for the military to expand its control over technical 
decisions and operations in th~ research laboratories. 

IV. With a few notable exceptions, ~ilitary re
search and development officers are not scientists who 
command the respect of the civilian scientists. 

V. The policy of rotating assignments for military 
of£ icer s mil.i tates against the rete!1t ion of off ice rs who 
in some cases have the training, talents, and disposi
tion to guide scientific research centers. 



-35- 1 

VI. Reiearch centers often are organized and 
administered as military organizations with the attendant 
restrictive forms, procedures, regulations, and military 
disciplj.ne which do not provide the optimum climate for 
research work by civilian scientists. 

VII. ri'h::: lack of either 2 definite or consistent 
policy for or9c:mizing and act.·-..1inistering research and 
o.::velop:·c:ent centers 12::;\ies each center at the me:ccy of 
each change in comm.anding officer arn'l Executive. 'l'his 
creates an instability with no assurance that even the 
~;ell-run research and deveiopment center will not become, 
with a ch~nge of officcri, an unbearable situation. 

VIII. Several outstanding civilian scientists 
who have been associated with military research and 
development programs are reported to be in favor of 
changes in the governmental organi~~ation and administra
tion of .these programs. 

IX. The funding of rese~rch and development is 
confused when handled with military budgets. Direct 

·research and development costs are justified to and 
appropriated by the Congress as such. However, this 
does not give a true picture of the actual total cost 
of military research ~nd ~evelopment pr6grams inasmuch 
as there are substantial indirect costs arising from 
military support functions in the form of pay for 
uniformed officers, provision of capital facilities, 
and certain maintenance and operation expenditures. 

In this connection, 'it is reported that it is often 
felt necessary to build up a research and development 
center with such support functions in order to make it 
11 re:-spectabl2" in terms of si::..;e and complexity as a 
corrunand for a colonel. or genera 1. _This, in turn, set~ 

off a vicious cycle in that the existence of military 
support elements becomes a further excuse for military 
domination, more officers, regula~ions, etc. 

Gresham's la·\'! for _res~Ech_: l-\pplied drives out pure research. 

I have noted elsewhere Vannevar Bush's comment, that "under 

"the pressure for irrmediate results, and unless deliberate policies 
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D:::;•.,.mes (1967), that certait1 types of c,ctivit:i.2s "tend to be 

eli~ina~ed when oper~tians ar6 tri~me~ ~o a bare minimum. These 

As an cxa~nlc of this I cite the 

c~ts 111 ~~2 U.S. Gc~l~]ical Survey b~~Jets in the earlv l39J's 

1 t"'\., r\ \ 

.L '.:/ l.D) • 

reduce ap~ropriations as a result of the economic depression of 

Ov~r a four y~ar period the total budge~ was cut 

fros about $879,000 to 2bo~t $488,000. Prop~rtionately, however, 

l1cavi2sl.:. recJ:.;.ctions ·viere , .. , a ·'i r-., · i· ·1 ,_ ·,, r=, r 0 s e "' r c 11 lJ · , .-1 ~;.::: -:-- ,,; r. i ch ll.CL,._ ~ L~-- ....... Cl- 1 ,_._.t..,_f-'.----1 ·---·- --

was co~paratively small to begin wit~. Thus paleontological 

research wa ;.:; rec~uc2d f n:ic-n $40, 000 to $10, 000, and cherl'ica 1 and 

physical resoarches from $17,000 to $5,000. 

present (1975) Air Force personnel cuts in the laboratories the 

entire cut of }85 is made by the eli0ination of one laboratory 

involved in basic research (ARL) and the dismantling and re-

structurin0 with concurrent RIF of the other Air Force laboratory 

which has traditionally been supported by basic research funds 

( CRL) • 

It ~.ight perhaps seem stranJe that a portion of the work 

\',1hich involves only a very s;Tall fraction of the oersonnsl. and 

:r= i9u res f (Jr t.he 
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for t.l1e 1890' s, u1e oro0Grtio:1 of research pers::mnel is unlikely 

to be m~ch different than in 1917. !-'It that .._. 
:...J.f''.2 ~he s·2 ct io:1 

devoted to r~:1y::;ic2 l and ch~<ica l researches consisted of 14 

people, cospared ta 934 for the entire survey. The research 

Si1·.~ila.rly, in 

1975, the ~ersonnel of Air Force lab~ratories totalled of ~~e 

. orc'ler of 10 I DJ-)' . 1 ;) . 
i ::c uc.~ l n~; 30% ::;:i.lit2ry. Of the approxi-

mate total of 7,0Jl civili2~s s~~e~hing like 650 (coun~ing all 

iri ARL an~ half in CRL) were involved in basic research. Thus 

approxis2tely 10% of laboratory personnel and only a sinu~cule 

percentage of to~al Air Force personnel (GSO research ~ersonnel 

out of a total .o:f 287, 000 civilian personnel at the end of FY75, 

or' approximately 0.2%) and budget were involved in what might, 

somewhat elastically, be called basic research. Yet the person-

nel cut may be estimated (counting all of ARL and half of the 

CRL cut) as something like 285 of this 650, or over 40% of those 

involved in basic research. 

The reasons for this are not difficult to find. Government 

research is ah1ays set up for -:he solution' of specific problerts 

related to recognized national needs. Those actually atte~pting 

to solve :.I:esc pro;Jle~c!S find that tl;ere is al\·1ays rnissing data, 

or theorv which is needed anJ the basic research is designed ~o 
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or as tangibiy related to the 1.;nderlyin0 need as the appj_ic-:d 

· res(~a rch. In a p~riod of contraction the easiest focus for c~ts 

is on these see8ingly unrelated studies. The cry for relevancy 

then arises. Some excerpts frrn~1 the rctinori ty report ·on the 

Coa~t and Geodetic c: 1 JJ.'"·7-:::)y 1~v . .-...~-,,.~·rrr..,c.:~~-..,-.. n i::r-:-.. r1-· 0 r'-
._ \..: - \ '~· 1....) .J. \.. ... ..__.. l .. ·.:J i...::.. •·- ·- ~,, C-1 ~ .:. ;. t:.: -- ,_, c; \... in 

1836 can be used to illustrate this ( TT c G .,_ 
L • • :; • :iOV '- • , 10:.>:'.;). 

-....;.__11,,....; .. 

The real scientists on this subject of nautical 
maps are educated sailor-men, naval officers, who every
where the world over, except in the United States, 
execute or control the execution of coast surveys. So 
far as the testimony before us goes, all this class of 
scientific men, or at least ~ decided ~ajority of them, 
agree that the topography of the Coast Survey is un
necessarily elaborate and expensive. The scientists 
who applaud thi~ extensive and elaborate topography we 
understand to be generally professors in colleges, 
great mathematicians, astronomers, geodecists, and elec
tricians. These are delighted with the work exec~ted 
in their several fields by the Coast Survey, while 
naval officers are disappointed that so much money has 
been expended in matters other than hydrography, and so 
much time has elap~ed while the survey of the coast of 
the United States is yet uncompleted. 

(p. 68) 

In another respect the Coast~and Geodetic Survey 
seeQs to have been more careful to adhere to scientific 
methods of operation than to make maps acceptable to 
the sailor. 

(p. 77.) 

The undersigned do not doubt the utility of a 
thorough and scientific geological survey. We admit 
also that each of the monograffis and bulletins published 
by the Survey ray hav2 its uses: but, at the same time, 
it see~s clear that this work pro~ises ta be very expen
sive, ~nd we believe it ought to be curt2iled. It is, 
'"'e t!1in}(, :;'a'.:;~d.n; the bm.1.nds agreed u~'JOll by all the >vit
n. c-: s s ~ ~;; •,i,il'; 0 ~:Cl \YC:.' t.0 ~;ti :f i cc) be:[ ()re tl·:.(::- cc,:·1ul~ :Ls· s ic)n - nu :~te 12.:r I 

\ 
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that Government should not do such scientific work as 
can be done by individuals. Paleontolo3y appears to 
us to co~e within this category. It is true that this 
\·ias ,·:;entioned in the act of ).879: but it is also true 
th2t C-:>r1,;ress ·c1id not Jchen e):1)ect ~Ju.ch. a lavish ez~per1-

diture of Goney as has followed. 
(p. 88-89) 

I.t r:,~co"ta}J1~,. is trll(::: ti·~~t :";~dCt!. of this' ·~·ior:·~f as 
con·te~:.:i:,latcd, i£ not c1oni:0 })y t}-:e Goo;.1erni:·tent ·\~.i:i.11 riot 

be done by private enterprise, at least for many years 
to come. But tl:. J.s is not dee:,·.ed to be of itself su:C f i
cient reason why the Governcr,ent should er'.\bark upon it. 
All knowledge is desirable, but there seems, at present, 
to be no limit to the field of P?ssible human attair
ments. Government cannbt explore all this region, 
and it wo:_1ld appear to th(::> undersigned that when Con-. 
gress is asked to increase still further the amount of 
its expenditures for a geological scheme which refus~s 
to be, lir:~ited by our laws or ?Ur territory, it is not 
sufficient inducement to say, as ~ajor Powell says, 

. p. 1075, in ans\·;er to Professor Agassiz, that "great 
scientific men, like great statesmen and great men in 
all departments of soci~ty, clearly recognize the 
fact that knm·Jledge is a boon in i tse 1£ and in its 
utilitarian consequences alike ~ that wisdom is exalt
ing and knowledge is power". Like.private persons, 
Government should count the cost of an underta1';:ing. 
lmd if .it: is clear that when we shall have collected 
rocks and fossils, and placed them, together with maps 
exhibiting the geo~raphic distribution of geological 
form~tions, where they will be accessible to scientists, 
the latter will not study and discuss th2rn, this would 
seem to constitute grave reason why Govern~ent ~hould 
not undertake it. 

(;_:;. 90) 

Another typical exa~plo of the objections of Congress to 

research can be seen in th2 following descriptiori of~the factors 

which led to a Congressional investigation of the Coast Survey 

·in 1942 lC'-2.,)· •• :J - -~ • 
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Notc.'i.th::;tanding this extr::wrdinary c ' . ' 
2cco'~-p1.J.sn-

~ent under the difficulties that had been pl~ced in 
the ~ay ·of the Co3st Survey, clacors arose in Congress 
a~ai1E;t th'? 21c3u:i.nistr2tion o:E t.hat bureau. D:i.:3s:1tis-
facti·~_)·;.1 \'7-?tS 2:-:r-~resse(~~ i:,ii.t;.; t1;e p:r:o;rc-.,ss ::.;::de. 'l'h.e allege.:: 
:;~ 10\'.1 ;;;:c (),~J:::-e ;3 ~=~ \1) c1 s Cl:~; c~ :c il:>~= d t ':J a 11 u !1 r1 e c es~:~ r~:i 1:-(;-~ £in r:=:-._e n t 1 

i "d t. :~l c~ p ~~rJc~ {=: s s e ~:·. p 1. o;,/c:: :.~ • ~Ph e J: es u 1-t: s \\.:ere .c J. 2 j:r: ;c..::d to 

th2 principl8s on which the suzvey h2d b0en conduct2d. 

In s11~,:-,1arv = bo:isic research tencls to enter the picture as 

background information needed for the accornplish~ent of t6~ks 

with visible, tanJible applications. In hard tif2,es this lac1': 

of apparent relevancy leads to cuts first in basic research. 

The effort at any time expended on basic research is always a 

minuscule fraction of the total effort and a small fraction of 

the research effort. Thus what happens. is -- similar to the fate 

of a wcll-kno\·m A:nerican minority: last in, first out. In 

' 
somewhat different vein, the Nsw Testament comment is apropos: 

"Even from him that hath not shall be tak.~n away." 

\That fraction of our r~sourc:.-;:s should be allocated to bc;sic resea:::-cn·: 

The question of an adequate and appropriate allocation of 

resources to basic research is a difficult one to answer. Factors 

entering into such a decision would include: the u·rgency of 

other pr :Lori ties, i. c., the ext2n-C of c:r: is i.s in our societ:r the 
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fror<t; the availability ·o:E trained and experiei1ced persormel i 

and our competitive position in particular areas. This ·should 

be seen as only c.i partial cl1ccklist. I propose here to discuss 

0 -i: 
.I.. th2se factors in terms of past history and experience. 

r·lost of the data for recent years is taken from the re~)orts of 

December l e,...,? ~-: 
..., I -· • 

GoverrE!ent support of research for nqtionu.l needs goes back 

almost to the beginning of our Federal system. Before \·iorld 

Nar II support of R&D was less than one per cent of the Fede~al 

budget. During the war years, as was to be expected, this support 

increased dramatically. The period of the 1950's was one of 

increasing investment' in R&D, reaching a peak of over 12 per cent 

of the budget in 1964-1965. The greatest fraction of this came 

through the Department of Defense. It should have been clear 

that this growth could .not continue either unchecked .or unchal-

lenged. A symptom of discontent was the 1962 Congressional 

requirement that from 19S3 on the research, development, test 

and evaluation portion of the Defense budget must be annually 

.,.. t;.... .. · ~ ' -~ ( "") ., : ,, . aU uOl J ... ~.c.c. J; ei..LC;,, P· 45) • As of ten happens with people, the 

real prob~em seems not to have been articulated. Rather, tangible 

foci of discontent were fauna: in 1964, the geographical distri-

bution of research contr~ct~; in lSG5, DoD involve~~nt in social 

--·---------------· 
- ~- •>.¢. 

" I r1 t.11 c~ f C) 11 cy,.: i i1·J c:l r)c·1 J(:: r1 LH!-1~i)c: :~- \-.,' i t11 C) u t . t) t .. 11 c r :i. (J -~::~ n t: i :E i. cat: .i o r1 
vli.j_l J~(:fr-::~r -Co ·tJ.1:2~;c~ rc~:;·~J:ct.s. 
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science research; chemical and biological warfare research; and 

f inu lly, in 1969, the question .o:E re lev::rncy. Federal support 

for R~) declined from 12.6% of the budget in 1965 to 6.4% of the 

budget in Fisc~l Year 1972 (p. B-5). ~he decline has been a 

contin:J.in:; one. In constant dollars, su=port for basic research 

in 1975 is expected to declin~ by S% fro~ th2 1971 level, the 

sharpest percentage drop ever .recorded by the National Science 

Founc1ation (NSF figures cited by \"iU, 197.5). 

~~1at would,. in fact, be an appropriate fractiori of the total 

budget to spend on research and development? We can estimate 

this in several ways. Private, for-profit, professional service 

firms derive about 3% of their revenue by the provision of 

research and development (p. A-97). Industrial firms spend 

betwee~ about 4% and 9% of their total sales on research •and 

development, depending on the level of competitiveness in the 

a~ea (p. B-38), with the sole exception of major contractors for 

DoD, who spend less than 2%. These contractors, however, include 

in the cost to the government the cost of independent research 

and development (IR&D), bids and propo~als (B&P), and other 

technical efforts (OTE), and these are of the order of 4% of 

total sales (o. B-31). The cost to the government of this effort 

in recent years is of the order of $1 billion, wj.th tho DoD 

0 .,:. 
.L $700 Llillion (for 1970 and prior see 

D-3 ~-, -'-=- ~ ~.-..:... :_.) ·'-
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Thus all of these different appto3ches 

lead U3 to an e~timate of, typic~lly, 4% of the total bud;et 

or sales, or, if competitive 2actors are present, a greater per-

centage up to of the order of 9%. 

~~at fraction of the R&D budget should go to ba~ic research? 

In Fiscal Y:::ar 1971, 13. 7)~, o:E the to·tal governmental R.s .. _u bud:ret 

went to basic research (derived from Table 2, p. B-11 for this 

The DoD percentage w~s 3.5%, jbout one-

fourth of the overall percentage. The figures for NASA and HEW, 

J 
respectively, were 21% ahd 27%. If we consider that NASA and HEW 

were dealing with problems for which solutions had not yc~t been 

found, then this emphasis on basic research become~ comprehensible. 

Viewed from these terms it would appear that DoD has become en-

meshed in solutions (hardware is always rn~ch more expensive than 

the basic research which led to it) and has given up or lost its 

innovativeness and potential for the future. 

This is perhaps the place to note the importance of competi-

tiveness in determining the percentage spent on basic research. 

The largest percentage in industry is that for t~e drug industry, 

highly c:ompeti ti ve anc3 depen.:5ent ori a continuing developr,1ent of 

new products for survival. ~ comparison of the balance of trade 
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balance. The empirical evidence then strongly suggests that in 

a compc:ti.tiv2 !::>itLEi.tion Rs,_D is not sir,1ply a luxLtry but is an 

3bsolute necessity. One may then ask whether our defense is 

currently so strong and impre3n~bl2 that w~ can reduce our in-

n CJ-..; a t i \r (~ C.: i: f Q ~.:"' t. ~~ ~l) <} l cr~.'i e V 1.-; r:i t_ l-!. ·:~: ~:.: €· .J <: l. ~:J 7 l p:) ~3 it: i ·:) n • 

~-,:.:~~ L·:~~. i' c. s :-:. ·i:.:[I..~: t 2 l-~ ::: J?l:;:i:c)~:.~ ):· i. =-~ t. c l:i -~·re e r1t2 g c:: :Lo~: in. ·-11 ou. :~ c -:.·i ;:ir ~:._ 

rr~i·:fttt: be:. Consi~2ring o~ly a9~ncies with $100 million o~ more 

n~:D fun'.Jin; in Yi.seal Ycc:r l:~nc, '";e U.nd ratios ransin;r :Cro::l 15/: 

(AEC) to 74% (Agriculture) ( r,,-.• l"' ') 
.J. c.;... .. 0 c -- 1 p.B-14). 0£ the t0n 

agencies in this class, three have a p2rcentage less than 10: 

AEC, l; NSF, S; and OEO, 6; four have a percentage from 20-30: 

Transportation, 20; HE1ii, 20:: I:·J.2\SA, 25;' and DoD, 27; and three 

have a p2rcentage greater ·than 60: Interior, ':,3; c·on~men::e, 72; 

and Agriculture, 74. Of th~se with low percentages, AEC appears 

to be almost a historical accident ~ laboratories set up during 

the war under contract were maintained in this manner after the 

war; the National Science· Foundation was set up specifically as 

a granting cigency whose primary cliPnts 1vGre th:? universities 

and who~,8 functions includec1 the trcining of students.: 2nd ·the 

OEO (no-:·J Gssenti2lly defunct) \·ias set up to solv2 a social proble~:-i 

with a sense of wartime urgency. Th~ agencies in the raiadle have 

cJ2v·c~lo1?~::cJ. ·tl1.::·ir l)r(.)~:r~2n1s larcJcly sin.ce tlH? \Var. ;, t- lee:! ~.;t t·,_;o 

QL tl1c t.1~2.-,:=:e Ct~JCi1cics. 1:1it:l1 11i·~!·1-1 I;crC:c:n·t·a:JGS l;a\'·2 hi:::t()J:ies of 

X:(.: s 1:.:<:o rch ~; ~) :i_ !"1 s; '}_)_ :~; c; -~. t. :) ,_' ._nc l ;·~; [~ \: c ·~~ n. t. 1 ·; ~c y C) :·-~ L}1(; ·:-: i ::..- r~ t~ . :i :.·-, }'_ .. :·~ o:C 

t }1~~~· l>J.: L: ~~ c ~-; ·;.::. .~~ c~ i 1 t .. : ~ .::. ~:-, ;_:1 n~J } ic.r 'J (~; h. j_ s ~ o i-- ~~- c .:1 11 ·/ C):pc J~ ·~; t c ( ~~.~ :·~· i rc:c.:-:: i 1 y-
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U.S. Trade Brilance in R&D-intensive · 
and NonR&O-intensive Manufactured 
Products, 1960-74 

(Biilions c: Doilars) 
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in-house. There is no continum of percentages, and experience 

here, i·1ith:JUt dclvin~r in n:ore depth, is no guide. ~-Te shall have 

to loo~ ta other cri.teria to help us decide. 

Fin2lly: I will si~?lY note the in-house percentage for 

different c~teJorios cu~ing Fiscal Year 1970 (p. B-1~). These 

op1~ent, 1::.1091~. in ~n~l 
" . . 

QJ.SCUSSl011 of: appropriate per-

ccnta;es we shall have to t~~e account of the category of 

research as well. 

To su~narize: an 2?propriate level of suppo~t fot R&D 

is of th~ ordet of 4% of the total budget or sales for relatively 

non-competitive situations. As the competitiveness increases 

the R&D exp2nditure should also increase, perhaps even doubling 

or more this 4% figure. The fraction of this' going to basic 

research will depend on the novelty of the problem and the need 

for innovation and imaginativeness. For a highly competitive 

situation this fraction is more likely to be nearer 25~~, than 5~{. 

Finally, the ratio of in-house to out-of-house iunding will 

depend on the cat.eqory of RE:D, with grec:1ter ih-house funding, by 

a ratio of about 2 to 1, for research as opposed to development. 
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The present position of the ~ir Force with regard to basic 

research can be deduced from the tGstimony to the House Com-

The fraction bf costs through the 

life cycle of a typical weapon system is given as 3% for the 

validation phase and 12% for full-scale scale develop~ent, the 

two cat~gories together being the RDT&E phase of the program. 

If, as seems lik~ly, the validation ph~se includes research and 

exploratory deve loprnent, the j:igure seems somewhat 10\·ier than 

might be expected from other areas. This may be accounted for 

if we assume that this estimate is for a particular system and 

does not include false starts. 

The traction of RDT&E resources going to research can be 

derived from ·two sets of figures which do ~ot give p~~cisely 

the same ans'l.•Jer. If we use the fraction in 6.1 (res~arch) funds 

(p. 278) then the percentage varies from 2.06% to 2.72%, depend-

ing on whether \·:e use the R&l1 tot a 1 or the program tot a 1 as a 

baseo In either case it is below 3%a What should be a similar 

set of figures is subsequently given for FY 74: through PY 77 for 

costs in various P~1T~F c~tPgor1'es (p 30'6 - \ l.J -- t.;.:....,.) . -·· -· . - , 1. o ... I also p. 522) •. I 

·/: 
' 1 D::?1.)::1rt.:·:1en~c of JJefel.l.se l~}?prQpric1ti.ons for 197·::. 11 

/ I:I<::arinJs 
J:_,e £ ·o:ce a ~3 uJJCC'1~.:.~.~ i .!t. t(:; e o £ t.r1e CorrE~,i t te c-~ 011 i:-;l:-,[>1."CJ}?r ia t io:1 s, IIouse 
of ~cpr2se~t2tiv2s, Ninety-Fourth Congress, 
Rcs~arch, 02velo;06nt, Test 2nd Ev~lu2tion. 
i 'l l :j" ~·Ji~; i C~ (:; I ·, :··.::: ~:·) ~·."") j_ r!.·J t. () n I ]_ ~) 7 ~' a 

Part 4-: 
U.S. Govcrnm0nt.Prin~-
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derive from these the following percentages for research for 
' 

the four fiscal years given: 

FY 74 3.71 

FY75 3.57 

FY76 3.32 

FY77 3.22 

It is cl~ar that the trend of Air Force thinking leads to a 

significant drop in the research share, of more than 16%. 

The figures given at the hearings also allow us to corr.pare 

the relative importan~e of research for the three services. The 

following table gives the research (6.1) funding tor the four 

fiscal years as a percentage of th2 total RDT&E funding: 

Fiscal Year 74 75 76 77 

1'.rmy 3.93 4-.20 3.82 3.56 

Navy I~. 22 3.89 3.73 3.56 

Ai:.c Force 2. ~-i4 ~ •. 12 " ? r: Lo.i.~:J 2. lC-, 

The Ai~ Force percentage is consistently of the order of 60% of 

the Army 2nd N~vy percentages. It is also interesting to note 

that the FY 77 percentages for ~rmy and Navy are th2 same.· If 

it is not coincidence one could infer that a ceiling was placed 

on re22c:n·ch spendin:i- by higher authority·, whether in DoD, OI·lB, 

or so00\~1crc els0. The figures alon2 do not en2ble us to judge. 
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It has been ~rgued that the in-house share of funding should 

be 30%, the re:na.indcr- going to industry and others. The .h::::arings 

include data from '•lhich of the :Eracti:::m of the RDT5.<::: c1oll3r 

being used in house can be derived (p. 522). I ~re2ent here the 

contract r2search cent2rs, for FY 7( £hrough FY 77: 

Pcrcer}t§E s 

Inclustry Univetsj_ty FC?C ---In-house 

74 29.0 .- r 1 -, .!~4 2 .4 7 00. "'-

75 29.2 C)E. 0 2.31 2 .49 

76 25.6 70.l 2.05 2.24 

77 24.1 71. 7 1.99 2.23 

It is clear that the primary resblt of the planned ~hanges are the 

shift of about 5% of the RDT&E budget from in-house laboratories 

to industry. No justification for cost-effectiveness or any reason 

other than a change in in-house to industry ratio is given for this 

shift. 

It might be argued that the 12boratories have not p~operly 

supported the mission. The laboratory utilization study considered 

>· 
the (~uest~_on of the need for in-house laboratories. Dr. Currie 

in ""L- '1 1 ·L' c-; r r~ ·~ "l1 '' •• ,_ ·i u~ ·,1 (-- l. () 1 ) • .l.- ,_. _._.1.J. C.. \... l.. -"• • l_; o ; I " 

r •• 7- l1 t-".1 _··,' ,_.,:' .~ •o~:. ,.:, ., -· c r.~ ,··1 /.. 7 1 ·.1h0 r· ~ t 0 y· 1° C-' c ;_' ·1·1• i· l.~_ ·.=-.· .;-hr C~ '? ~ ~ • ,_ . '-· ... i.· (. ;::, ..• .• .. . ' ~. < .. ·~ . - Cl , ~ • - ~- ~ ' . '- . ,.~ 

.Ser·vicc·s t}Jc~t e:r~plc~l- GJ?1)roJ.~i~·~1at~(;l:i S~~,000 r:~ec~)l0, mos·t 
0 j~ tl1 ·? ;-~i . C.::' i 'ii.Li C~ [l ;_; o ili}·1c:? ·:-·~J:·2 ~:: t. i Cl!1 C: f t1·2-€: .:! ·:.: ;~ ~; ~~ ~; r.:· :~ 0 2 C}!2 ~ 
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-~ in-house laboratorie~? Because o:f·the 
... :in::i ti on of :::echnica J_ ex:ie rt i se, access 

~·.~" r:·:~-} r·.!il.itary an(~ in::~ust:rial in·forrr,ation, 
< ·y hith :-,iission ar•:.>a p!:oiJle;;;s and L·;1parti-
: < >: i. n ~ h o cl s e la l~: ·:Jr at or is s a L:m e l~1 o s s es s , the 

. 'c s:o.;nJ ::o :_:e a .stron; "N·:J. II One of the 
··': •0rnt 1~01..:.:s ':.'hich in- h'Y-lSe laboratories shc:>•;,.lc·:. 

i rF.3 ~~~er: h r-1 i Ca l. i r1 :--~ L~-:. t c> th '2'. i '.:·~:~)CJ rt: a 11 t 
- :_ ,~0; ~ ·1 n :i. ~1 :~ ~Ed n c: t. i r) 11 , ~l r 0 .L e ""v•i !1 :i_ c: h re Cl u ires t. h e 
5 ···~.It2s ioJ:. .. ef£ect_i\ren.::=ss.. It1 acJ.dition, :.r:.s 

iL~ af the labor2tary ~ersonnel to t~e Services 
:.~-:---}·~·:)'~:\~:)(~ J.2->Jo:r_'"ator.ies a ~·Jital source of s:-i8rt-

On a m:::ire 
:.~·:el -- }:i;.1t an increc.sir::;ly L•)?Orcant one the 

, . _ ;Jrov idc:- resources nee::'.e:'l by the ;~i li ta ry 
: ·.-.:H:~re inc>-1stria l interest or ca pa bi li ty. is 

Finally, ·the. very existence of the in-- house 
~~ics as an alternative source 

its 
of technology 
best. Clearly, -~ industry to psrfor2 at 

· ,::·c~ doinq or can (]o these j :>bs, vie need the in-

··:::;..:,::al visits by r:ny staff during the past year 
U.> .0 : )f tht'" laboratories confirm that, at their 
L:': '. ,. · .. :,c laboratory personnel a re highly qua li f:Led, 
.J.:, ,. •:': :',.;eJ in \-;o.ri< that L:; necessary, approp:ciate and 
v ~ '. ,, ~. , .. ;L; i:;a int a in and intelligently. exploit some uniqv.e 
.f: • ·1 L" -~ ~ :~ ' .':. (·.· :; • 

Dr. Cur:ru~ .; .. :: :.c~·.ated the rationale for personnel cuts: 

: ~ ;3or:\e laboratories do soc-:-.e outstandi1vj work 
~~c fully uanned does not m2an that there is no 

., ·· ;;r.overccent in their per:I:or:t'.ance or that it 
. . 

)Ossible to operate with a somew~at smaller 
"·t· co•.1lcl maintain the ~")resent laboratory 

· >,»: \-.'ith fewer pc::.-:::>ple if the best qualified 
·i,_, bo retainec~ des~:Jite age or seniority .. 'rhis' 

'. ·, ;, 1 c unc1<::~r current Civil Ser~,ice reduct ic:>n-
Any reductions will inevi~ably 

''Jrc prcicuct:Lvc: person:1el lackin::r veterans 
~ seniority, will be forced out. If a 
~~ccssary, effective ways to offset t~ese 
fccts fuUSt be found. 
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Th~ argument, though not entirely clear, see@s to be that if w~ 

could get rid of deadwood with age and seniority, then we could 

p :;r f DC; the s::F«ce job :::ore ef £ ici2nt: l.y. One c6uld argu~. with 

equal ~ustice, that considera~ly mor2 money could be saved 

by orders of magnitude) 

if ":.7 2 ir-1si.~~:tecl t:·~at ind·~-~stry li\re · ur· to their contracts and 

that n8 cost overr~ns be all~~ea, or that we request ind~stry 

to e l:Lc,~ina te overhead costs (°w'hich include industrial d,2adwood) • 

Or we could argue that universities should not all~w inexperienced 

·Jraduc.te st:.udent.~; to \·Jork on g·overn!·c;ent contracts so that we can 

get increased efficiency. Every organization includes more and 

less efficient workers, and if these are not properly utilized 

then we need bettc=r manag·ers. Furthermore, , personnel and pro·:i-ram 

cuts do not n2cessarily give any indication o~ whether better 

or, worse perf on~ers are being let go -· they normally ref le ct 
(; 

judgments and prejudices of staff as to programs and people, 

and their current estimates of what is glamorous to the higher 

echelons. There are exa,;·~ples of :programs which have been sl<:1ted 

for abolltion one ~on~h and which were high ?riority th~ f6llowing 

month because a systeffi problem of i~poitance was reco3nized in 

the interi: . 

s c~ i c n :: i ~~ i c~ c C)~i :\ ~ u r1 i:L )i, 
-. 
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ruean senility, nor does youth necessarily mean innovation or 

i> .. :·iag i n<J ti on. If: this v.'e~:e it1de::::-cl the· c2:se 'vie would insist th<1t 

th2y be reduced in grade until they are finally ?rivates. Clearly 

the criteria a~d the rationale for r~-or3~ni~ations, especially 

stated so that a proper critical review can be made. 

The _ _;!;n--I~ou.se/Coi!tract ra t:t.o: Is it related to systeffis suooart? 

In the co~rse of 'the Air Force Laboratory Utilization Study 

a questionnaire was distributed to the systems users asking which 

laboratories had contributed te01nical support for their systess. 

The pc=rcentages of in·-housc work at the six laboratories 'leading 

the list are the following: 58, 52, 31, 50, 71, 33. Thus the 

range of in-house work is from 31 to 71%. The mean for the six 

is 49%. All are above the 30% which is proposed as a desirable 

ratio. The question was-also raised as ~o whether these labora-

tories ~ould have been used if the~e had been a cost attached. 

The answer was a definite yes. Our conclusion must then be that 

utility of the laboratories bears no relationship to the in-house/ 

contract rut:i.o. 



....... · ,'·~ '·"·· 

' .. • 

-7a-

sti...1c1~~/, anc1 that. of the::e SCJTni::: 9? tJre at ~\FCRL .. This fiqure, 

..L.. ,-.,. 
1...U 

hiJh grade positi.o~s ~t ~rCRL, since ~RL has about 1000 of the 

roughly 11000 labor~tory personnel. 

Cons i.d e :r?. t ion ("'; .c 
JJ.. cor:te:·:t of these figures, ho0ever, 

the l.abo:cat.ories \·.rere set up ·for different rr,issions the mix of 

high gra~e scientific talent, technicians, and support personnel 

will be quite different for each laboratory. We would not then 

expect, for exasple, that J laboratory devoted to testing equip-

ment by routine proced~res, if one were to be set up, and con-

sisting entirely of technicians and support personnel, would 

have a very large number of high grades. On the other hand, 2" 

laboratory devoted entirely to the development of new knowledge 

and requiring highly trained, imaginative and innova~ive personnel, 

might be expected to have a higher pro~ortion of high grades. I 

have tried to get some idea of the effect of some of these factors 

by calculating·the percentage of high grades in terms of total 

number of civilians, number of science and engineering personnel, 

and number of Ph.D. 's, as well as the fraction of officers to 

science and engineering personnel. The results arc given in the 
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abolition of ARL these rankings would have to be moved up by 

one. The ratio of officers to S&E is lowest for CRL of any 

labor a t.m:y. Since officers are included in the S&E figure, the 

C.RL perccn cage 0f SE1.E could be :c; i·:j·ni_£ j_ ca ntly lowered relt:1 ti ve to 

other laboratories if only civilian S&2 were included in the 

centage of high grades by any of these measures is at AFCSR. 

Perr:aps the :c:ost rev2a ling r:ieasure, however, is obtained 

when we ~alculate the percentage of high g~ades relati0e.to the 

nu:nber of Ph.D. 1 s. 'rhis brings a considerable order into our-

stattered figures. For six of the eleven laboratories this 

percentage is between 50 and 55. Thi~ seems to indicate that at 

some time in the pa st, wh:.:n scientific u nc1 technica 1. cor!;petence 

(as opposed to relevancy) were the pri.1nary criteria, the number 

of high gradc:!S at an installation was determined by the number 

of most highly trained people, as measured-by the number of Ph.D. 's. 

While it is true that competence and possession of the Ph.D. are 

not autoc;121tically c~uivalent (and· at CRL, for example, r~:any non-

Ph.D.'s occupy high grades) _it is nevertheless also true that 

possession of the Ph.D. demonstrates a certain proven level of 

;::ibi li ty, ;;md that the pre sencc of a s igni f icu nt number of Ph.D. 's 

at an inst2llation should ten0 to upgrade the scientific 2nd 
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of Ph.D. 's, CRL is in this average group of six. The th:cee 

laboratories below 50% have much higher percentages of Air Force 

officers than ~s typical for the laboratories. 

that two of those, AF2BL and AFRPL, would co~e within the ran;e 

i£ civilians only wer2 considerea. 'Ene third, ;o. ~1,-·,-,• 

.. :~r.·. o·:.u, is lar9·2ly 

structure in more 

detail before teaching any conclusions. Two laboratori~s have 

much higher percentaJ2s. The r2tip for AFOS? is close to 90%, 

and if w2 consider that this laboratory also has the highest 

perccnt2,::;·c,· o:f {IJ..J: Force- of fies rs I . it SC'E~;1 \~; li\ e ly L"12t ·2Very Ph.;)~ 

at 

is· For 

RADC; :~l~~rly, some other criterion must have been· used to justify 

If we tak{~ absolute nL11""1.bers alane then CRL 
\ 

stands out in the nl1mbe:c of high grade po~:;iti.ons. 

Sc ~·ent~·F-1'~ ~n~J ~-~hn1'ca 1 ~.~~·o·Q~~n~Q a~ 1',:1e~_r_,\_1 ~~-'-~ ·b·2• ~~ .. e: '1'''·1·,·_b~.-L-~ ·""·--~ <:;-.[,_ 'l.t:::~. > • ..!.. ,___,,:,,_c'-':C.J\..1:., -• ~-.<.!.., .... ~ ~L •-'• -

of Ph.D.'s, then CRL is sj.mply typical of the laboratories, OSR 

and RADC are over-represented, and AFWL is possibly under~ 

then it is cr;Jitc possible thc-1t C::ZL \rnuld enc~: :1p o:-:: the low si.cie 

of the sci) l .. :. 

br· in f"lr()-

'. . 
c =·-· J. -r. er 1. a 
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as nu:~t}Jer of :Ec:lL)wships :i.n the _;:,r:1crican Phy~::ical Society. 'i'he 

Laboratory Utiliz~tion StuJy 2nd th~ Allen repbrt do net see~ to 

have .u':;e6 any criteJ~ia ether than un'...::upported inpressiol!s. 

Sc ient if .ic and tcchnica l. cor;'patcnce scei::s cl ea r-ly p.o_:t to hav0 

b~en a·~ritc~ion. 

La :;_;c).r 2 to:i-~ i e :; - ----·-

(GS-15 ana above) 

L3boratory Nur,~ber Percent of Percent Percent Officer/Civili2n 
Patio 

PSOEJR 
..... ..., /3.0 79.3 [)8. 5 7021 ·. ,_: _) 

• '. _.I ~ 

.D.RL 31 17.8 43.7 51.7 • ~l.2 6 

/ 

AFHRL 12 4. 7<1 12.5 29.3 .342 

AP.l\PL ·15 4.29 7.94 52.2 .178 

AFML 35 10.5 14.77 52.2 .1E7 

.!\FRPL 7 2. Lj.f1. 7.22 33.3 .488 

l.\Fl\L 25 2 Ci!l ....... · - ~). 5 7 50. ') .268 

J,,FFDL .., ..... 
.) ,(~ 3.54 6. 21 55.2 .215 

AFCRL C"·""" _, r .. 10.2 1 7. 0 . 53. 8 .099 

AF\·'7L 7 1. 74 3.29 5.34 .715 

1-~1\DC~ 31 2.62 5.89 14.'J.9 • 2!~. 0 
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the (]e9ree of application of the rer;t::-arch, it seer::s '.·JO:cthv1hi)-e to 

inquire as to whether the in-house/contract ratio is related to 

this. \>Tr:: ni:fht, cl pd.:)r i, e:c~pect such a r(~ l.at ion::::hip .i.n view of 

the £indin3 reported in the Co~mi2sion on Gcvernrnent Procurement 

of ratios of the order of 35% for basic and applied research and ' 

of the absence of governuental manufacturing facilities and the 

consequent dependence on industry for such services. 

In order to ~est for such a relationship I have devised the 

following appli~ation index: The percentage of the sum of the 
I 

funding for each of the categories 6.1, 6.2, 6.3, 6.4 2nd 6~5 

is first calculated~ These percentages are then multiplied by l 

for the ·6.1 percentage, 2 for the r,:. ? 
\] . ._. percentage, c~tc '1 Finally, 

the resulting products are summed and this result is the applica-

tion index. If a laboratory is doing only basic research the 

index will be 1.0, if only exploratory development, 2.0, etc. 

The higher the va 1.ue the hi9her the degree of applicatiOn.. 'l'h'2 

results may then be compared with the percentage ~f total funding 

which :i.s .in-· house. In the attached figure this· is sh(J\·m fo:c the 

Air Force laboratories, excluding the Seiler Laboratory at the 

i'\ir Force lic2,c1c~my. Of the t»vo 'iiJhich are '"'holly basic research, 

one, ARL, is 90% in-hous~, the other, OSR, is wholly contract 

.-')-.,-,· 

....... ::. l.J: 
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primarily basic research (in the post-Mansfield amendment sense 

of the tcrrJ). The jn-house percentage for CRL is close to or 

I 

less th2~ throe of the d2velopment laboratories. The range for 

the development laboratories is from about 30 to 80%. Thus if 

we leave out osn, the trend is consistent with greater i11-ho~sc 

the ran3e for development laboratories is greater than the dif-

ference between the research and development laboratories. It 

·is likely, then, that a correct interpretation would involve the 

lesser need for manufacturing facilities involved. in resea:rch, 

and that the percentage of funding used for in-house use will 

depend more on the mission the, laboratory performs than on other 

factors. 

The in-house/contract ratio: discussion. 

It has been argued that the increased proportion of research 

funding going into salaries has led to a deprivation of fucids for 

other sources, particularly industry and the universities. The 

solution proposed is the application of a rule of 30% of funds 

for in-house activiti2s. The arguments leave much to be desired 

from the point of view of logic or even from a consideration of 

all the facts, as opposed to ths narrow selection necessary to 

support this point of view. 



Let us consider so~e of these points one by one. It: has 

funds going ~or salaries has increased from 26% to 50% of the 

progr~ru element funding, and that this proportion for 6.2 has gone 

It seems unli~ely th~t 

industrial costs, which ::;ust be tied to inflation, have risen 

less steeply than govern~ent salari~s. The reason fer the greate~ 

proportion of funding in salaries is that research funding has 

not incrca:::>ed so that . ~1 . . j_n:: ationary increases have~ not bec:!n t.a·::en 

account o:E. A transfei of funding from governrnbnt to industry 

\vill not necessarily alleviate inflationary pressures, and, in fact, 

is likely to make the situation worse because industrial salaries 

are more likely to go up more quickly \·.iith inflation, and because 

the experience and objectivity o:E government scientists \vill be 
·.~,.· 

lost. There seems to be no equivalent propos~l or outcry to 

convert industrial research to governmental salaries. Nor has· 

there been any comparison of industrial inflation2ry cost incre-

rtlents· (J. "C.L, u·r'l·i .... ,0,. ')Ve· 1-,-·1r•~) 
- - -" ·-·-'·'::) ~ - _,_\.. •• !:) with governmental costs to see ~hich 

would be more ~oat effective. Cle~rly, some such studies should 

.. ,: 
·.~' . 

·-· .... , . . :, ~ - ... ·.~-, ·.--· .~-
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this was 29%. T'.-:r.:: inc1us-

ahou~ 2% each for u~iversi~12s anC FCRC's. Thus ~h2 net result 

( ~. r· -- ...... \•,i .::;:: focus 

on r2search ar:d lo::i\ at th·.:: over-all picture) is a tra;1sfer of 

5% of the entire RDT&E budget, or so~ething over $5JO million, 

from in-l-,ou.se to· industry, v1ith the proportion0te shore of uni-

versities and FC~C's declining as well. The picture at the Air 

Force laboratories is not significantly different. 

funding for seventeen laboratories gave an in-house percentage 

of 28.6, with the re0aini~g funjin; going ptim2rily to industrial 

R&D organizations. The.breakdown of the contractual effort is 

.. 
a S f ·'.) 11 O\'J S : U.S. ind~stry, 82%; U.S. _educational institutions, 

11%; U.S. non-profit institutions, 4%; other Federal agencies, 

2 cc/. 
/C,, I and foreig~ performers, J . 2';1~. By emphasizing and focussing 

only on 6.1, or research, funding, which represents about 3% of 

the RDT&E budget, and i3noring everything else, it is praposed 

ta alter the above balance by ?roviding a 30% i~-hQuse ratio 

1 ,~ ,..., c· 
..L . • ~_ .:;. ::.:; 
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labora tori'"" s ar1c1 to increase outside funding 

funding for univ2rsi~ies is slated t8 decrease). 

-· ' ' . 
.J _\ .L ~' _:_ I a oas .:..c 

Finally let us note that the Air Force already spends 

more, as a ratio of internal ccsts, on outside institutions than 

oth2r laboratory syste~s. 'l'hc +- • ra,_J_o of outside casts to internal 

is, for: ld_r Force, 3.5;NASA, 2.D; )\r:.·:y, 1.0; Yavy, D.5; 2nd 

Ato~ic Energy Commission, 0.2. 

An important question in this discussion.is whether the in-

house/contract ratio ·needs to be, or should be, the same for all 

coraponents in a laboratory system. I have nbted earlier the 

wide range in this ratio and hypothesized that it probably varies 

with the mission. If this is the case there seems no reason to 

a:rgue that every componen~ shoL1lcl have the sar:1e ratio. On the 

contrary, if, for example, OSR is a granting agency then we would 

e~~pect a very 101·1 ratio for this agency. On the other hand, if 

the mission of a laboratory involves area& for which industry 

or the universities .do not hdve ~he capability or are not suited 

then we would expect the ratio to be high. Current ?lans.argue 
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than 30% but do not at the saLle tice envisage increasing the 

ARL and OSR co2~ined, so that both achieved \ 
so~e balance, rather 

oss 1 s 1.Judget ·~· Furthermore, 

why is C~.:;:.L being dismantled on this b2'.sis, but the develo;:.)\icnt 

laboratories, which.all have a greater ~han 30% in-house percent~ge, 
.. 

and for which t11e same disproportionate increase in the salary 

r·ract ion of funding ex is ts, wl:.y is nothing being done to the er.·? 

The shift in funding from in-ho~se to industry has not gone 

entirely unnoticed by the financial cos~unity. The New Yorl: 

Times for November 15, 1975, in the Mar~et Place column, cites· 

a securities analyst who is optimistic over the prospects for 

the aerospace industry in the coming year, and who "look~:o for 

expenditures of $18 billion for aircraft and missiles in the 1976 

Fede~al budget, up from $15 billion in Fiscal 1975. His figures 

include expected e~penditures for research and development as 

well as for the military and the National·Aeronautics and Space 

Administration''. No~e the inclusion oi research and development 

in the expected increases. 

The net effect of changes in the RDT&E budget between Fiscal 

Ye0rs 75 and 77 is the transfer of 5.7% of the budget from 
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in-house, university and FCRC funding (but pri~arily froro in-

hcus2) to industrial f~nding. In co 11. a r t G n,·: s t n i s a :o o ~mt s to 

aL .. os'c $1.) lJ:i.lJ.ion for: the t'.-!·:) £isc2l years 76 ar.d 77· (including 

the transition year). 

thc;t '' . 1:i'i ], s change will be cost effective. loo':ing at 

this is to co~.parc an index oI com?ensation for bath orivate and 

civil service sectors. These are compared in Secretary Schlesinger's 

t:est ir::ony, Febrr..1a ry, 197 S, to the House i'\ppropr ia tions Co~n'.Tli t tee 

(Bear in]·s, Pa rt 1, p. .+::~) • Th:- figure given is attached h(=re. 

If we com?are the percentage change ( ' ' 1:.ile period 

used in th~ DoD Allen report) then the private co~pensatian has 

changed bv about .. ' 
54%, the defense civil service pay by about 50%, 

so that a chang8 to private industry will be more expensive if 

the same work is done with comparable talent. ~~ile the per-

centages are not too different ~e must remember that they are 

operating on large numbers, so that actual dollar values can be 

quite large. Also, we ~ay notice that the DoD report gives a 

figure fo~ civil service increases fa~ the laboratories of 40~ 

for t~:is pe::ciod. If both DoD figures ~re correct and do not 

, ·~}!:1.~ :· ,',', ·.:j.· .-.·,·. ·,--,. ··~··· ·,- ,._ ... , ., •• -. ~ ........ , .J.. , .. ,, ·-
...;_ - - • - _ .!.. ·- !··· .!.. ·-· ,:.: : _ __> i.!. ~ :·) .:.:: 
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the 

1~:·76 5 3~) • 

to defense civil service strength was roughly t~e sa~e in 1S74 as 

in, say, the late 195J's. The 1S6S ratio is ~uch greater, pre-

surnably due to the Vietnam situation.. The year 1S6S, in fact, 

Pe-~F;in9 the in-house/contract rl:ltio to this 

base year is then pegging it to a wartime situation rather than 

the more normal peacetime situation. 

Finally, we may ask what the inflationary eff~ct on the cost 

of services might be. If we treat research as an industrial 

product to be contracted for then we use as ~guide the known· 

increase in the cost of DoD products. Some examples are given 

in the House hearings (Part 1, p. 528-529). These inflationary 

increases, for the one year from FY 75 to 76, r2nge from 13% ~o 

74%. Mr. Mcclary, Assistant Secretary of Defense, CoLlptraller, 

cor.m1entE:c1: 

A y~ar ago in our 1975 budget, we esti~ated th~t 
the growth in these 3 years would be only 23 percent. 
~--::c~ ~Jis::.:;c;.j our c:5.!ci~·~,:.::t.·2 on tl·:c: o~cd0.·:c of 13 ox: l.·~:; ;;-~·Oi!"1t~3. 

i.ctuc.J.J.y in ciu:c esti'::~1b::c:; 1 .• ;e \.,;e1°e fz.1~_rly clos2 en p2y 
~~: n. ~--~ ~ .. : l"l Cr C· \'1 C: ~r~ i. :~~ ::; :-·.~· cJ. () U. i~ ·::._-:: :.:: t j_ :~·:a t·o f.~ ; \·J :1 CI.(; i,.; r;:; ci i (t n () t 
;:; r1 -~: i c j_ !~?~~: t c~ s u c :--: ·-;;· 1'' ~-~ l] t. i :n f l. ~.::: t. i C) n , ·vv c~. s in tJ '.l :.:: c·.11.:::: _::~ f~ ~::: • 

/'~(.·: t 1.1.:.~: 1. l.-/ :~! n r) 1 ... 1.~:-c· ~·-; ;_:_ s c ::·~ · ... ~ (~ :.:i .~:~:.;:~'cl. tl·1 (; t 1J~/ ::1 =·.:)~J. t 2? p ·Jin t ~3 ~ 
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We may note thnt the estimates on pay w2s close but the cost of 

purchases was g~eatly underestiLlated. Civil service pay increases 

inflationary increases, 

EC?.nce the trans-

result i.n L::-ss "orocluct.'; or in cY'.uch ~1i:;L·2r costs over the next 
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I h~ve noted earlier that t~e n~t result or the chanJes 

FCRC's. Th~ pro9ortionate share cf the budget declines fro? abo~t 

15-20% for in-house and universities, ana about 10% for PCRC's. 

Using the percentage change for each Fiscal Year period we can 

calculate the total monies transferred to industry. This amounts 

to (to the nearest million) : $419 million for FY 76; $137 1:0.illion 

for FY 7T; ond $629 million for FY 77, the total for the t~vo and 

one-fourth years being $1184 million. 

The research share of the RDT&E budget declines by almost 

13% over the two years. If we average the F~ 74. and 75 percent-

ages and compare these with the FY 77 percentage, then we obtain 

the following.percentage changes over this period: l'lrmy, -12. 96%; 

Navy, -12.21%; and Air Force, -12.90%. The lik2lihood of these 

numbers being so similar if each budget were drawn up independently 

would seem to be extremely small. The implication is thai a 

ceiling on the research share has been set either at the Secre-

tary of Defense level or by the Office of Man0gement and Budget. 

J J._ ( c~,...., r , ,_ /' '\ •. ~ .... ,.. r"'." c· . -: ~ 1 r:'l 
.... .... .:> .11.) l. -'- ,) ).) (:_ .L~ 0 .;) "' .J. ,J .• ..:. to distinJuish betw0en these two possi-

bilitics by consideration of oth~r 0epa~t~cntnl budgets. 
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and trends evident there then it would be 

li\:ely to h2 at c:.n;;: o;.n 1i::~vel. In any event the resulting figures 

would re~uire acceptance by each depart~ent. 

Another way of deal.ing with the data· to bring out what is 

happening is to c~lculate the p2rcenta;e chan;e for each type of 

pcrfo~~~r ~s one ;oes from one £isc2l ;oriod to the next. In 

the attached table these changes are sno~n. For the 74-75 period 

industry, in-house and FCRC show increases w~ich are more les.s 

inflationary increases and roughly comparable to each other. 

'I'he unj_ve:t:"si.t.ies :3how a decline, ,,.,;hich tc:i'.-::ing account of inflation, 

is a decline of the order of perhaps 7 or 8%. The maj6r transi-

tion to the new distribution of funding occurs from FY 75 to 76. 

The industrial funding increase by over 26%. 'i'he in-house share, 

while it is le:::s than the' inflationary increase, is not yet 

drastically cut. Th2 universities receive ~ large increase here 

and an eaual increase for the transition period. The FCRC is of 

the order of 7% (approximately inflationary) over the period from 

75 to 77. As we go from 76 to 77 the industrial increase, while 

remaining the la:cge~:;t of all the categories, is less than for 

7 5-7 S. The i n·"house funding :cecei ves a large decrease when 

inf la ti one:: ry r~tcs a re ta]; en into account, of the ord'"::r of perhap.s 

7% o~ ~ore. Tho universities ar2 ag~in reduced from 7T ~o 77, 

to an even g~c2t2r o~tcrtt than irom 7~-75·. Thus over~ll industry 
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have to be taken to 2ccommoa2te the cuts. The universities~ 

after 2n i~j.ti2l p~rio~ of b2~~, ;o bust again. Finally, if we 

r ·~? ~-:.~~c~;~·!})[·.:: ~ i:l1c: ·t t}·1·2 l)C) :cc 1:·: n ta sTc; \:°) :,- r·c: :.~c: f. u i1::J :i. ng Ce c 2:°(: ;:~ s es o·v er this 

pcri.od, ":-' · s::::":' -~lEt it is not ,:;:L<::·ly a rc-di.st.1:ibution o:: f:_:n<.~ing 

~hie~ is involved, but th~t 2~ditional monies 2r2 also being 

a c~cJ.e·CI in ::-:81~ .i_ l1C1 1J..~~ t j:· i c~ l £u nc"i i rl =:·. 

Pe re e i1·t a·:;·2 Cl1<~~..Jf' s ~i 11 0uc} :; ·2t JJ\' 1r\,.()e· of. Pc r f o:crt\2 ~c 

I~ 1 i sc~a 1 Yc~r:~ ~ s 74-5 75-·6 76-7'1' 7T-77 7"5-7 

Incl u~;try 4.928 2S .181 6.351 3 ,, ,,,.. 
• l....i:-~-o 10. Olt~ 

Govt. In-HClU!=1C? 6.019 4.232 0.975 0.083 1.059 

FCHC's 6.080 7.130 0.913 5.991 6.960 

'· 

Univc~rs i-i.:ie s -0.749 5.684 s;664 -i.306 4.284 
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is essential for the intraJ~ction of· new svste~s over th~ lon; 

in Brit?in was a 

basic research. In th~ past f2w years in the United States there 

has been a consensus a0ong leaders in industry, govern~ent and 

the universities as to the nbcessity for support ~f research. 

Senator Mansfield, in arguing fbr the need for relevancy of 

Defense Department research, was not disputing the value of 

.research itself, merely who should perform it. 

Historically the performers of research in th~ U.S. have 

been government, industry, fot.1•1dations, ·and consultir'ig firus, 

including non-profi~ organizations. Each has had a particulai 

sphere of interest: undirected, long ter~ research suitable also 

for the training of gradu~te students for·t~e universities; 

applied research needed for the solution of very sp~cific pro-

blens and k 1~pt out of the public do:.;ain so that proprietary . . . 

for ind~stry: th~ collection of basic 

data and the :rilling in saps in our kn·:Y.";J.edge \.;he2:-'-:' re~rui:ccd 

for· recoqni ::ed n~tiona l needs and policy. decisions, :Eor :;civern·-

. ~ -. -~ 

.-;:: 11 
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have typically operated with 2 mix of in-house and contractual 

~esea~ch, the proportions being considera~ly different for 

different bureaus. Some bureaus, such as the National Science 

Foundation, were specifically sst up to crovide grant su9port 

and to ao no in-~ousc work thecselves. Others, such 2s the 

house laboratories, even th~~gh they ~ay hDve operated through 

the State ~niversities. Typically wjere a bureau h2s no in-house 

wor:: reli21nce is placed on outside revievi panels for j L1dging 

proposals. Probler:i oriented bu:ceal.iS with i n-hous:? research 

typically use contractual support chosen to complement the in-

house part of the program. Government support of research is 

indicated when tangible, recognized national needs ~re present 

and when private ffieans are insufficient to develop solutions for 

these needs. 

·It is important also to recogni2e th~t ~ given national 

need has a life cycle. In the early phases the develop~ent of 

new kno\vled71e needed to conceptuali:_:e and develop approac:hes is 

perhaps the least expehsive part of the cycle. Developsent of 

hardware, c1e~,,onstr21 ti on proj ec'\::.~J, etc., a re the ne2:t st2ge and 

consid2r2bly raorc costly. Fin~lly, the stage of 0i~e3pr2ad use 

;.cind di .. ::i.ni::~>ing ret;.1n1s on invest::wnt occur.s. This i.s <:~lso the 
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having cutlivsJ its useful~~ss but still ~aintainin; 2 12rge a~d 

~ell entr2nc~2~ ~u~2aucracy. ]:".::::·-;_') ;:.·c1::0:2u:::, t~~,? [Jt 122.-~J82t Ir1sp.:.:c-

t. j_ C1 r1 s ::_~ :.-:_" .. _;- i -:~ (;.~ ·;::' ~~ i ~1 ~·/ () i.J ::=i r>:: r }~ c: ~:~" :~; I ';: r1 o·~:·.; ~-~ ',)\) .I.:;(,'_: .j j_ 2 {:] ~c 2 c 2 :.~ t~ 11 :/ (I ~o:·.~t.:: 

~ d 2-:~~ ~ t: o ·:1 c::\".i ri ~~ C1 -~: :::: , C) t ~~·i -:-::· :.: ~~ c~ ;~-~'.Tc l Oj:; (.~ :·.: e ~: .. vi c E' f u. n c.-'c. i :J l:. .. 

I propose ~he for.~Jtion ~f c l2~arat~ry of n~ti8nal needs 

i ... ~1-1 i c b \·.ii 1.1 -C: o· ::; e,: :..~ co 1.1 n t. o:I: :c.::2 l :.1 .. :::e::Js ;.:; :1 c~ t.i1,2 r':~o-, 1 - ' p ~=-· 0. - -.:.. c . ·: .s 0£ 

z::-]:111:1 .'..: 1 u::..~00·~Js. ()~:.e flln.ct :Len o:.E t~1~~ l.2:)or2 tor_:/ ~di 11 b·2 -:.·~-~:-~ r2c:o~--

n:i:tion o:E upco_,'.:Ln; neeCis; th:::~t i~;, t:C-,e iorece:rntinj o:c c·o .. ing 

cri;;;es in· order that action can b2 tc.l):en to prevent the crisi::; 

fro:·:t occur:ci11g. cc·1:2 energy c:;~isis could' easily be, and was, 

foreseen by con~:id'2ration of: th2 e;~ponentic; 1 gro':~th in the us~ o:f: 

energy and the lesser growth of energy sources. In the past few 

years inflation has begun also to shrn·j _an e:;-{ponential dependence, 
•: . 

and the consequences can easily be seen as a massive disruption 

of the processes of our society's operation. Non-renewable 

resources, metals, wood, are again good exaraples of cryning crises. 

The proliferation of sophisticated weaponry and their spread 

among many states throughout the world are very clear danger 

signalsc Thus the development of, proof, and use of techniques 

for crisis forecasting is an important function. 

Fox: a laboratory devoted to nation a 1 needs, ne~·i }rnm1ledge 

J
. ,_. __ , not c-nou'Jh. It is Lcportc~nt that tl1 i. s ~~nciwled9e ............ 

J-..IC -~-~~aCG 

avt.:,ilable in O~);~x::c;;~;riate fO:C!,\:s to those '.J)·iD::;e 1ob is t:~-.c· ~o0olution 



•·.· 
r ... ~ 

·>!' .. ... :.· ... 

of the proble;,,s inherent in th2 nutional iv,eds. It is }·;nm,,in that 

th ; gap bct•:1een 

of the or~2r of decades. 

2n int2i£~c2 bet0cen tl~.:ary an~ pr~ctice, needs ta bG a part of 

in it~ most n2iv2 form this is considered to 

be the province of ~anage~cnt. Considerably more needs to be 

done, incl~ding new coriceptualizations of ~he prablems inherent 

in interf~:tcing. 

The org~nization of such a laboratory needs to be consi~cred 

carefully. The first problem is the allocation Qf resources. I 

would suggest that 3% of the Federal budget be set aside for this 

purpose. - Some fraction (perhaps 10%) of this shoul~ be set aside 

for new, urgent problems and for undirected r~search by proven 

achievers. The remainder could be allocated to each government 

department (Defense, Justice, etc.) proportionately to their share 

of the Fed2ral budget, \~hich is taken here as a measure o:E national 

need require~ents. In order, ho~.-12ve:c, to insure that th~:c depart-

ments have bona fide require0ents, it can be re~uired that ~he 

i'tOneys a re-:: <:iva :i.lable only if m2 tched by at L:a st an ec~ua.1 a:nount 

by the i ;11.h v icJ ua l de;;;c:; rtnent. Liaison people, \-;hose function 
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-5b-

will be needed. In order to avoid.ossification of research 

projects funding can be for limited times~ such five years, 

v.:ith perhaps only one renGwal allowed. The project ;·,1ar:ia9er 

could, however, be free to deveiop funding from any department 

in gove~n~ent. hll pro.ect managers could be re~uired to sit in 

on conferences in ~hich the different departments needs are pre-

sented to allow for both cross-fertilization and for th~ stimu-

lation of new projects. Proven achievers could be allowed one 

assistant. and some miniraal funding for equipment without the 

need for satis :Eying departmenta 1 need req,uireEt.ent~. ·;·ii th some 

such organization or a modification thereof it should be possible 

to set up a iaboratory responsive to current national needs and 

which would be constantly changing as these n2eds change. 
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This paper addresses recent USAF actions with regard to its in
house laboratories which will decrease USAF support for·basic 
research which would be conducted ln-house and increase support 
for such research to be conducted by industry. The impacts and 
implications of this course of action are discussed and the 
wisdom of following such a course of action is questioned. 

The introductory pages provide some historical perspectives of 
Federal government. invohreme.nt--wi th- -and-.suppO.t"-t-of_ research 
activities·,=::with~:c.Particular.=empha~is::.-0n ·u1us.tra:.ti-on·s:.:which:C:show::':-.-:-:-:'_ · 
that basic· .. .-research with,lits :objec~ive ,-of increasing kJ?owledge·-±s- :.:. 
among the ·first items -to- be cut -during- times--of: ·'tight '-·budgets.--~~ 
Those applied.research_efforts, those· from which tangible prac""'." 
tic al- resul-ts are. expected_:have.::.:rece:ive:d~.priority-/ ·in spite· "of- -- ""' 
the general·acceptance· that--basic.,research.-is, essentiaL for the 
intr_oducti-on-:::.o-f. new=~ystems:::=over-the~lon~term.--....., 

AdditionaL~ackgrbµnd·-_iriforniatiorL:is. provided-~whiGh,:otreats:~e.:.± ._,, 
issue_mf the ~_organizations~±-n: whichc-,:.resea~:. per:f;ormed1 ::wi th:•i_"-:.:·~ 
exarnples..:cwh-ich~show=::that:=.=lhe~ese:arch--:ofunctJon--mustbe. separate=---'-'~-· 

from .:the _proQ.uctinn_.or" operq-ting.:.:£y._ric_t:ion:;'-:::-·""'Vannevar-Bush·~-i5' ~ ·-
··· quoted as saying,. _"Industry learned a long time ago -that•• it was---'. 
.,. f.ataJ:.--to place -a- research-=organizatiori-~under~a production .. depa.i;..t=-""_:~ =
. inent • !' 

An analysis -is provided which indicates that· an appropriate level· 
of support- for~R&D·is· of- the--order=-e-f 4%- 0£-- the--tetal-·-budget-c-0r --C 

sales .for ~re-lative·ly:::non"'."'competrtive~~-situations-,. pE;?r[!aps·.::-goub~l_ing __ ~~~ .. 
to 8% a-:::; compet=-i-t-ivenes-s-i-ncreases·o~.,.. ·The--::-f,ract±0n:~,of thi.s:~hich~'"'";. 

should cj6 to basic -research~wi~11-:depe:nd:::·on the':-nove:l4Jo£: the:-- ,7~- -_--

pro}?-lem •·:and =t.he~ee<i;_,f or-=innoyatiorr:=ana =imagi-n~i:v.ehe-s-s .• __ -:: ,Howe:ver;. _ _ · 
the "per~onne±::ctits·•_due_r-;to· the.>recent'·cUS}\_r;?.:lc:?Cti-0rt.imay~be: 'estimated;.t~-. 
as some-tlri-rtg.::::i~ke ::·285 =out~-0£. 650 ,:.=or.- over"i40.%~-f-~-t-hoseJinvolved~,_~• - · 
in basic:.:'research~--.=... · 

Parto.::II of the -:pap~r:r"'=---'~The·"'",De-fens~.:Depar-tment~-and....:.R-esear--ch'-':!-""-Pr-o~~-:n
vides · detai-led ci-nform-ation::;on what;-; .is actually~-;.-;taking-=p:lace~~
concerning- :non support: of ba:sic:~research efforts-.-~ _Information--'-'
from the DOD appropriations hearings for FY-76 shows that about 



3% of the RDT&E funds are allocated to what might be termed basic 
research, that is, the 6.1 category of funds. A breakdown of 
where USAF RDT&E funds are utilized for the years FY-74 through. 

-FY-77 as shown below, clearly illustrates that the primary result 
of the planned changes are the shift.of about 5% of the RDT&E 
budget in-house laboratories to industry. 

FISCAL YEAR 

74 

75 

76 

77 

IN-HOUSE 

29o0 

29o2 

23.6 

24.l 

PERCENTAGES 

INDUSTRY UNIVERSITY FCRC 

6601 2.44 2.47 

66.0 2.31 2.49 

70.l 2o05 2.24 

71. 7 1.99 2.23 

Possible rationale's for this shift are di_scussed but none are 
found other than a policy determination to: shift resources-·from~-. 
in-house efforts to industry apparently_JY.i_t_h_Q._ll~. _r~gard for the -· - - --
cost-effectiveness of such a change. In the discussion which. 
attacks the application of a rule of 30.% _ _Qf ___ fJJnd_f? __ f:o~_in_-:-h9.\l.S_~---~---
activities it is pointed out that this ratio -most--likely. should,~..:..:: -- . ·
not be the same for all of the laboratories and that the ratio _. 
of in-house .to out-house expenditures should be-a strong-- function-----
of the roles and missions of the individual laboratory organi-
zations. ···-···-;~----:·c .. · ... ~-=---·----" -· ·-··-· . -~~c...· =~ 

- .. ..,. - - -- . - -- ----- ... --------- ,___,,..._........ __ ~~------. -·--·- -. - . 

It can also be seen that the percentage,of the resources available 
for work in the :upiversi ties and in the_ F.ed~raL Contr.ac.t" R~?e~rch ____ .,..--
centers is also decreasing or remaining relatively constant~ The 
analysis shows that the transfer of funding--from in-house to---
.industrial orgariizations is almost certain. to result in less 
"product" or in much higher cost.s over the next few years. 

Part III,· "The Future: What is to· be- Done~'--provides .a,general---
summary and proposes the formation of a'"""laboratory:--:_of.::nationa.1::..-=:.::.::=.::.-:-~·:.::~ 

needs 11
, which wi 11 take account of real. needsc.:O.f-cthe::.Nation.~nq-_=_=_="-= 

the real probl~ms of aging Bureauso One of the-primary~func.t-ions-----·-· 
-- ·· - -- --Of such a ·~r~bC{!':?~~~:py-wou-ld--l;)e the pred~ct~Ollc-:.and. identification~~~-cc ___ _ 

· ·- ;;:~_~;~,.,.:;;:;of future .,ii~eq~-i;incr:-probTums- and to in~t~iate":aG:t--:iQn · -t::G:-:-Pre;v:en-t~-- .~.:..:...... _.::~
..,.==~--=---~ these needii>..:_:_a}ia_=:--p·_rc)pleins ·from becoming-crises 0;-~: ... ~It i-s~ointedc.,-out;.-=·.:-: -~;:::'" · 

that the outputs ·of· the laboratory musLbe.=in"'a..:fornt""_appropriate 
for use bydecision-makers. 

:::.=----------·-- -----... ::....::...:::::::==-_._-:-:..-=-:- .. _ __.,:___ _____ _ ------- -·-·--------

-· -·---- -- - ::.£~~-=-.:..:.~ -· ~ _..: 



st rte & society 
Roberts of ERDA sees need for breeder reactor 
Dwindling US uranium reserves may 
force Americans to suppiement conven"
tional energy sources with the breeder 
reactor by the end of this century, ac
cording to ERDA's Richard W. Roberts. 
Roberts, the agency's Assistant Admin
istrator for Nuclear Energy since 30 June 
1975, is confident that the pace of the US 
breeder program matches the country's 
needs. (The Clinch River Breeder Re
actor, a 350-400-MW prototype, is 
scheduled to become critical in the late 
fall of 1983.) He acknowledges, however, 
that some foreign competitors have sur
passed the US in breeder development. 

Concern for safety, Roberts told us, has 
played a substantial role in the history of 
conventional nuclear reactors. As for the 
breeder reactor, "I believe it will be an 
extremely safe system," he said. He also 
commented on the use of nuclear energy 
in space exploration and roles for physi
cists in nuclear energy. 

Roberts, who holds a PhD in physical 
chemistry from Brown University, is re
sponsible for the development of nuclear 
power systems. Programs under his di
rection include the continued develop-

ment of conventional reactors and of 
special reactors and generators for the 
_Navy and space vehicles, R&D on the 
Liquid Metal Fast Breeder Reactor, the 
provisitm of nuclear fuel material and 
R&D on the nuclear fuel cycle. Roberts 
came to ERDA from the Department of 
Commerce, where he was Director of the 
National Bureau of Standards. Before 
that, he did research and held manage
ment positions at General Electric Co's 
R&D center in Schenectady. 

Breeders for the future. The US may 
have to switch from conventional nuclear 
reactors to breeders (which produce more 
plutonium fuel than they consume) by the 
end of the century, Roberts told us, be
cause at that time its resources of uranium 
could well be insufficient to meet the 
needs of additional reactors for their 
40-year lifetime. "Right now,'' he said, 
"we can only utilize U235, which occurs as 
about0.7% of the ore mined. The breeder 
reactor promises to convert that other 
99.3% that is U238 into plutonium and use 
it as fuel." According to Roberts, 
ERDA's three diffusion plants have 
stockpiled enough U238 hexafluoride of 

ROBERTS 

high purity to supply 500 1000-M\V 
breeder reactors for 250 years. 

Need for the breeder becomes more 
evident when one notes that last year 
nuclear reactors supplied 9% of the 

co11tinucd un paRc 78 

;r?~~,~o~~!:~-h~:~.~~"~.~~a~~"~~~,d~.~~ ~~,~~:~r ,~~d,'.~~~"~!~~"' .. """"d .. 
major Federally funded R&D programs whole, though NASA and ERDA show Similar confirmation came from a NASA 
appear to have resulted from Government modest gains in this area as well as in the spokesman, though he added that it will 
policy decisions taken over the past three industrial sector (see table). The two be some time before the policy shift there 
years. Federal spokesmen invoke various agencies and DOD account for over 90% becomes evident from the budget num
explanations to account for the cutback of Federal expenditures for R&D in in- bers. 
on in-house research: A Commerce De- dustry. Earlier figures cited by Sam It is Defense Department. policy, ac
partment official cites the Administra- Silverman in a study on Federal support cording to statements by Malcolm Currie, 
tion's preference for a limited Federal role for science and technology reveal the same Director of Defense Research and Engi
as the essential consideration, while the movement away from in-house activities. neering, and his deputy, John L. Allen, to 
Department of Defense ascribes its policy Silverman, a former employee at one of increase the private sector's share of R&D 
to specific aspects of the DO D's in-house the DOD in-house labs (Air Force Cam- work at the expense of the in-house effort. 
operations. bridge Research Laboratories, Bedford, Currie set a 30% funding limit on the in-

Jnformation that suggests the switch to Mass.) contends that there exists" ... a house component of the Technology Ba<;e 
_ increased private-sector research is Fed- broader trend [than at DOD] toward more program for FY 1977 (see. PHYSICS 

eral-not just DOD-policy is confirmed industrial funding, though this is not TODAY, November 1975, page 104), and 
by agency officials we consulted. While consistent from one department to an- a laboratory-utilization study directed by 
in absolute terms Federal support in- other." Allen recommended that "manning of the 
creased in terms of current dollars for We asked Michael I. Yarymovych, As- Physical Science and Engineering labo
both industrial and in-house R&D over sistant Administrator for Field Opera- ratories should by reduced by 10-15% 
the FY 1975-77 period, according to N~- tions at ERDA, about the applicability to from the FY 1974 end strength." Their 
tional Science Foundation figures the his agency's in-house program of a poiicy recommendation is expected to result in 
relative share for industry out of the total shift. Yarymovych, who is responsible for a staff reduction of about 10% by FY 
increased by 4.3%. ERDA's field structure and the agency's 1978. 

In-house R&D fraction diminishes. The relations with the national laboratories, Why the change? Betsy Ancker-,John-
trend in relative support for in-house ac- told us the data are accurate and" ... the son, Assistant Secretary of Commerce for 
tivities has been downward at DOD and points [Silverman] makes concerning Science and Technology, verified the in-
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Percentage shares of in-house and industry funding 
in the Federal R&D budget* 

FY 1975 FY 1976 FY 1977 (est.) 

Government-wide 
In-house 28.3 27.4 25.8 
Industry 44.0 45.9 48.3 

NASA 
In-house 34.0 34.3 34.2 
Industry 58.5 59.3 59.7 

ERDA 
.!I In-house 3.2 3.9 3.8 

Industry 24.2 33.8 36.3 

DOD 
In-house 30.7 29.7 27.3 
Industry 62.2 63.8 66.5 

'From NSF 75-334, "Federal Funds for Research, Development and Other 
Scientific Activities, FY 1975-77." 

creased stress on private-sector. research 
in her Department with the explanation 
that "it is very much a goal of this Ad
ministration to avoid doing anything in 
the Federal Government that can be done 
privately." For example, she told us, a 
considerable investigation has gone on to 
check that the National Bureau of Stan
dards performs no tasks that ought to be 
done, or could be done, elsewhere. (It 
doesn't, according to Ancker-Johnson; she 
said NBS passed the test "extremely 
well.") 

The rationale behind DOD's shift away 
from the in-house labs appears more 
complicated. On the one hand, Allen's 
study .has noted that the Congress "has 
made clear its intention that DOD R&D 
has no mission to support science or sci
entific training" beyond the Department's 
own needs. This conclusion may stem 
from the 1970 "Mansfield amendment," 
which provided that no funds authorized 
for Defense use by the Congress could be 
applied to projects or studies not directly 
related to "a specific military function or 
operation." (The NSF absorbed much of 
DOD's less obviously defense-related 
basic research.) In apparent contrast to 
this restricted-role justification, however, 
Allen has said that the desire to increase 
technology transfer within the United 
States was one of the factors underlying 
the move tc reverse the growth of the in
house share of research efforts: "To get 
high technology into industry rapidly," he 
said recently, "one just about has to de
velop the technology there in the first 
place." 

Other considerations cited in the devel
opment of the Pentagon's present ap
proach include the following: 
~ disproportionate growth in the in
house operation over the 1964-74 period, 
which culminated in a 43% in-how;e share, 
averaged over the independent Army, 
Navy o.nd Air Force programs, in !.97,!; 
~ a layered management structure in the 
in-house enterprise that contributed to 

inertia, inhibiting response to new chal
lenges; 
• assertions of better capability (in spe
cific areas) in industry and the universi
ties, alluded to by Currie, and 
~ the accretion of personnel who consti
tuted advocacy groups for "matured 
constituencies," areas of research or 
technology-a solid-state research effort 
concerning polycrystalline graphite, for 
example-for which Defense policymak
ers believe the demand has waned. 

Stever is new White 
House science adviser 

-FCB 

The Senate confirmed on 9 August the 
nomination of H. Guyford Stever to be 
Director of the new Office of Science and 
Technology Policy. Stever, Director of 
the National Science Foundation since 
February of 1972, had served as part-time 
ex officio adviser to the President on sci
entific affairs since the abolition of the 
White House science office in mid-1973. 
In moving up to his present fulltime role, 
he becomes the first White House science 
adviser to serve on a statutory basis. 

Stever's primary duty as OSTP director 
is, of course, to advis'e the President on 
scientific, -technological and engineering 
aspects of issues confronting the White 
House; the science-policy act signed into 
law by President Gerald R. Ford in May 
includes among such issues problems of 
the economy, of national security and 
foreign relations, of health and of the use 
of resources and the environment. The 
White House science adviser holds 
membership on the Domestic Council and 
is expected to advise the National Secu
rity Council. The new legislation re
quires that he join with the Office of 
Management and Budget in annually re
viewing Federal funding of R&D. Stever 
will also assist in the preparation ·of a 
yearly report from the President to the 

Congress on science and technology. His 
office, which is to include not more than 
four associate directors nominated by the 
President and subject to Senate approval, 
must also identify problems of a scientific 
nature that may affect Government de
cisions in a five-year forecast to be 
updated annually. 

Before he took charge of the Founda
tion, Stever had been president of Car-

STEVER 

negie-Mellon University in Pittsburgh 
(and one of CMU's predecessors, Carnegie 
Institute of Technology) since 1965. 
Earlier he headed MIT's Departments of 
Mechanical Engineering, Naval Archi
tecture, and Marine Engineering. He 
earned his PhD in physics in 1941 from 
the California Institute of Technology. 

Stever's research interests have in
cluded aeronautical, missile and space
craft engineering, design and performance 
(especially aerodynamics) and radiation 
physics. He has also been active in sci
entific and engineering education and the 
determination of science policy. His best 
known research work consists of studies 
on condensation phenomena in high
speed flows and the growth of the 
boundary layer behind a shockwave. 

-FCB 

Roberts 

continued from page 77 

country's demand for electricitv. "Pro
jections I've seen show the nucl~ar share 
increasing to about 25% by 1985," said 
Roberts, "and arnund the year 2000 they 
may supply as much as 50%." Yet the 
breeder can supply no significant amount 
of electricity, he predicts, until 1995 or 
beyond. As breeder technology matures, 
Roberts told us, utilities will probably 
shift over from the light-water reactors of 



Is the transfer of funds to industry government-wide? 

I have noted elsewhere that the primary consequence of the budgetary 

changes of the past two years in DoD is the transfer of funding from in-house 

to industry., The question then arises as to whether this is part of a govern-

ment-wide trend or unique to DoD. Examination of the data indicates that 

there is' in fact a broader trend towards more industrial funding, though this 

is not consistent from one department to another. In the acc'ompany-ing 

Table I have calculated the in-house and industry shares of funding for the 

government as a whole and for the four departments with the largest budgets: 

DoD, NASA, ERDA, and HEW, representing 86. 7% of the total R&D budget. 

Fo.r the government as a whole the increase in industrial percentage 
' 

points,· about 4, is almost the same as that for DoD.' The increase for NASA 

is small, less than 1 %. There are, however, indications from newspaper 

articles that it is intended to increase NASA's contract operations. ERDA 

has shown a large growth in the past two years, and this growth is matched 

by the'_growth in industrial funding, which has risen by almost 12 percentage 

points· from its starting point of 18%. HEW has a small industrial share to 

begin with, and this decreases slightly. Thus overall, the industrial share 

is increased, though individual departments may differ radically from this 

behavior. The dollar value of the increase alone, using the FY74 and 75 

average as a base, for FY76 is about $838 million. 

Addition to S.M.Silverman, "Federal Support of Sciance and Technology", Jan. 1976 



Percentage shares of in-honse and industry funding in the Federal 

R&D budget. 

Source of Data: NSF 75-323 

Government-wide DoD NASA 

FY in-house industry in-house industry in-house industry 

74 27.61 44.99 30.05 62.54 33.09 59.45 

75 28.05 44.42 30.32 61. 99 33. 81 59. 18 

76 26.58 48. 57 27.49 66.32 33. 65 60. 12 

/::. 74-6 -1. 03 +3.58 -2. 56 +3.78 +o. 56 +0.67 

ERDA HEW 

FY in-house industry in-house industry 

74 2.01 17.72 17. 54 6. 21 

75 3.00 22.66 19. 41 6.26 

76 3. 12 29.44 20.64 5. 95 

~74-6 + 1. 11 + 11. 72 + 3. 10 -0.26 

A74-6 = change from 1974 to 1976. 



In order to have a proper persp,ective it is in1portant to remember 

that the bulk of the R&D budget is concentrated in only a very few agencies. 

In the following table I have ranked the agencies in terms of the amount of 

funds they give to industry. I have included also each agencies percentage 

# of the total a.nd the cumulative per~entage as .. we go. down in rank, u.p to the 

point where the cumulative percentage goes above 99. We note that two 

thirds of the industrial funding comes from the DoD, the top three contribute 

more than 93% of the funding, and
0 

the top eight more than 99%. HEW, 

despite it's low percentage of industrial participation, nevertheless ranks 

fifth as a funder of industry because of the large s iz.e of its budget. 

We may obtain another measure of the shift to industrial funding in 

the following way~ I have included in the table both the increase (except 

for HEW, which decreases) in the dollar value of industrial funding for 

each agency as well as the increase (except for Labor, which decreases) in 

the total R&D budget for each agency between FY74 and 76. From these I 

have calculated the percentage of the total budgetary increase going to the 

industry. For mental comparisons we may keep in mind the percentage of 

Federal funds going to industry in 1974, i.e., 45. 0%. For DoD. NASA, and 

ERDA, the three top; funders of industry(93% of the total) the percentage of 

the total budget increases going to industry are 81 %. 65%, and 49%. 

respectively. For the three taken together the figure is 71 %. It is clear 

that industry is the major beneficiary of budgetary increases in FY76. 



R.ank 
(1976) 

1 
2 
3 
4 
5 
6 
7 
8 

9 
rn 
11 

12 
l3 
14 
15 
16 
17 
18 
19 

20 

21 
22 
23 

Total 

Agency 

DoD 
NASA 
ERDA 
DOT 
HEW 
EPA 
Interior 
Commerce 
HUD 
NSF 
Nuclear Regu
latory Comm. 
Justice 

Funding 
(millions of 

dollars) 

5266. l 
17 84. 9 
263.9 
204.7 
142.3 
60.q 
28.5 
38. 1 
17. 7 
14.7 

3. 1 

6. 1 
Fed. Energy Adm. 
Labor 2. 1 

1. 0 
o.6 
o. 5 
0.8 
o. 1 

GSA 
State 
ACDA 
Agriculture 
Office Telecomm. 
Policy 
Small Business 
Adm in. 
FCC 0.2 
Library of Congress -
VA 0.3 

7845.2 

Industrial. R&D Funding by Rank 
Source of Data NSF 75-323 

Fiscal Year 1974 

Cumulative 
Percent of Total Total (%) 

67. 13 67. 13 
22.75 89.88 

3. 36 93.24 
2.61 95. 85 
1. 81 97.66 
o. 7 8 98.44 
0.36 98.80 
0.49 99.29 

Funding 
(millions of 

dollars) 

7053. 3 
2062.7 

701. 5 
209.7 
138. 5 
124.0 
88. 1 
39.1 
32.6 
23.2 
21. 7 

7.4 
3.4 
2.2 
1.9 
l. 1 
1. 0 
0.9 
0.9 

0.9 

o. 8 
0.4 
0.3: 

l0515. 5 

Fiscal Year 1976 

Percent of Total 

67. 07 
19.62 
6.67 

1. 99 ' 
1. 32 
1. 18 
0.84 
0.37 

Cumulative 
Total (%) 

67.07 
86.69 
93.36 
95.35 
96.67 
97.85 
98.69 
99.06 



Rank Change in total R&D budget Change in industrial Percent of increase 
(1976) 1974-6 (millions of dollars) funding (millions of dollars) going to industry 

1 2214.9 1787. 2 80.69 
2 428.5 277.8 64.83 
3 893.8 437.6 48.96 
4 32.3 5. 0 15. 48 
5 35. 7 -3. 8 -10.64 
6 131. 2 63. 1 48.09 
7 138. 4 59. 6 43.06 
8 49.2 1. 0 2.03 Correlation coeff icientl = 
9 7.4 14. 9 201.35 +0.929 

10 121. 9 8. 5 6.97 
~ogB =· O. 71.474 11 45.3 18. 6 41. 06 

12 7.3 1. 3 17. 81 
13 3 .• 8 3. 4 89.47 .. c::('I = 25. 6448 

14 -0. 3 o. 1 
15 0.2 0.9 450.0 r 2 = O. 8627 
16 13. 2 o. 5 3.79 
17 (j. 6 o. 5 83.33 
18 84.4 o. 1 o. 12 
19 1. 1 o. 8 72.73 
20 J. 1 0.9 81.22 
21 0.1 o. 6 $5. 71 
22 3. 1 0.4 12.90 
23 13.0 o.o o.o 

total 4213. 7 2670.3 63.37 



·This phenomenon is not confined ~imply to the la:rgest ageneies. 

U we average the nine agencies with increases in total budget of less than 

$10 milHon (leaving out Labor, with its decrease), then the fraction of total 

btJdget increase going to industry averages out to 122% (for some agencies, 

{;:le11::rly, money has been transferred from existing programs to industry). 

H we leave out the two highest figures and one lowest figure to take account 

of extremes, the average percentage is 72%, comparable to the 71% for the 

top three. 

An interesting aspect of the data is that, if we take only those 

agendes with total budget increases greater than $10 million, then most of 

the c:lata can be fitted .to a. semi-logarithmic plot, as shown in .the accompanying 

ii.gun~. Analytically, \ve are fitting".rnos.t of the data to the equation 

I ;::: l<.l log B + k
2

. 

when~ B is the increase in the total budget, I is the percentage of that 

in~J"ease going to industry, and k
1 

a11d k 2 are constants. The data, with the 

e}{ception of NS;F, Agriculture, Commerce, and Hl):W, were fitted by the 

method of least squares to a line of this functional form. The resulting 

eq.uaHon is 

I;::: 31. 869 log B ~ 27. 378 

The correlation coefficient for this data is O. 93, which is very high indeed. 

What the graph means is that the higher the increase in the budget, the 

gl'eate:r will be the percentage going to industry. 
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One·way of deciding whether these results are a mathematical 

accident is to apply the same procedures to another parameter and 

see whether we get the same result" For DOD, funding is almost 

entire·ly either industrial or in-house. For other agencies. 

other performers are important" If in-house were the only 

important performer for all agencies ~hen we would expect th~ 

inverse behavior for the same type of plot" That is, since for· 
" 

industrial funding the percentage of budget increase going to 

industry increases with the size of the budget increase, then the 

·remainder should decrease" If no constraints are placed on the 

budget then we would expect that there would be a random 

fluctuation about the mean for the different agencies" In the follow-

ing graph I have plotted the percentage increase versus the 

total budget increase for the in-house portion of the funding" 

Though there is a.slight.negative slope, indicating that· in-'house 

is the major other performer, the result is basically no·correlationa 

That is, there is in fact a random fluctuation about the.mean" 

·This indicates that no particu·lar:.· constraints have been. placed 

on this portion of the budget·; in contrast to the situation for 

the industrial portion of the budget" 

A similar effect is evident ~hen the university share of the 

increase is plotted against the total budget increase. While there 

appears to be a slight, negative slope to the least.squares line this 

is not statistically significant. Almost all of the university shares 

are below 20%. The one exception to the general rule is NSF, which 

historically was primarily set up for university funding. Here 

the majority of the additional funding goes to universities. NSF 

thus remains the showcase of Federal support of unversity research. 

·~: 
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As a statistical footnote to the preceding discussion I have 

estimated the significance of the correlation coefficient relating 

the increased funding to the percentage of that funding going to 

industryo Application of the t-test gives a value of t = 7.58, 

for nine degrees of freedom, which is significant at much more than 

the 0.1% level, so that the correlation is highly significant. I 

have also calculated the z-transform, and, comparing the standard 

error of z with z on the assumption that the data are uncorrelated, 

we find the z to be almost 5 standard errors away. That is, the 

likelihood of the data being uncorrelated is less than one in a 

million. Finally, taking the standard error for the correlation 

coefficient itself, the vaiue of the correlation coefficient if we 

were off by three standard errors would still be 0.80, or 

significant. These latter two tests must be treated with caution 

when dealing with· small numbers. The overall result, however, 

seems clear, that it is most unlikely that the correlation found 

here has occurred by chance. constraints have been imposed on the 

budget of the sort described here, and what remains is to 

determine where, by whom, and by what criteria these constraints 

have been applied. 

J ·• f 

•·· ~ 



It is interesting to speculate on the factors which leave several 

agencies muc::;h be low the curve. ERDA, though a new agency, is the 

successor to AE::C, which had a large network of existing contractual 

arrangements. I have noted in an earli~r paragraph that the industrial 

share of ERP.A budgets has been inc;:;reasj.ng sharply over the past two 

years. Here it seems lil::ely that if this trend had started a year or two 

earlier this point would also have been nearer the curve. NSF was set up 

originally as sponsor for basic research, primarily in universities:e _';['he 

more recent RANN program allowed for greater industrial participation as 

well. NSF, however, provides grants using the peer review system, and 

the reviewers are almost entirely outside the government and predominantly 

in unive;rsities. Thus· even if a policy of transferring funding to industrr 

were set :it would be likely to be negated by.the peer review process. In 

the past year. the ·peer review system has come -under attack and two studies 

of the NSF system are currently under way. The Agriculture Department's 

R&D hc::.s a history going back over a hundred years. :Historically it has 

b~en t:icd to the State university system. Here to.a we have a considerable 

irie;rtia and a counterbalancing force outside of government. The Agriculture 

:research system is also currently under attack and the subject of a study by 

the National Academy of Scienc::;es. The increase in the Comme;rce Department 

budget comes largely (39. 9 out of 49. 2 millions) from an increase in the 

NOAA budget. Efforts are currently underway to convert a greater portion 



of the NOAA effort from in-house to contract. The HEW budget is large 

and has a smaller than average proportion of industrial funding. As with 

NSF the HEW institutes have a peer review system for grants. The 

reviewers, as with NSF, come largely from outside government and from 

the universities. Also, as with NSF, the peer review system is under 

attack and the object of study by an internal committee. The Defense 

Department contracting system, by contrast, is almost entirely (with the 

possible exception of the Air Forc'e Office of Scientific Research and the 

Office of Naval Research) a system where decisions are made internally, 

and without outside review. In the past year the recommendations of outside 

advisory boards have not only been ignored but decisions regarding Air Force 

laboratories have gone comple.tely counter to these recommendations. It 

appears that the presence of independent review can modify decisions. 

Perhaps we should remember the comments ir. the "Federalist, " paper 

number 51, to the effect that our government guards against the abuse of 

power by any one group or individual by using the conflicting self-interests 

of many groups. Finally, we may note the recent comment by an OMB official 

(Federal Times, January 26, 1976, p. 24) that there is "good argument" for 

turning over the Veterans Administration (which has no industrial funding) 

hospital system to private contractors. 



Since the Defense Department provides about two-thirds of the 

industrial funding, what is happening can be seen most clearly in the 

changes taking place in that budget. In the following table I give the 

budgets, both total and for industrial funding, in FY74, 75 and 76, and 

the derived changes in those budgets. The increase from FY75 to 76 

is much greater for both than for FY75 to 74. The increase in total 

budget for FY75-76 is a factor of four greater than that for FY74-75, 

but the corresponding factor for the industrial part of the budget is a 

factor of almost seven. To show this in a somewhat different way, 

the last column shows the percentage of the increase in total budget 

going to industry for the. two periods •. For FY74-75 th:!.s is 51%, while 

for FY7 5-76 this is 38%.· Thus for this latter period, FY7 5, 76, not 

only is there a very large increase in dollars compared to the previous. 

year, but almost all d .. .thi!:' .increase is going to industry'. 

Budget increases; FY74, 75 and 76 for DoD 

FY Total 6. B Industrial 6. I 6. I/ 6.B 
(millions of dollars) (millions of dollars) (percent) 

74 8420.4 5266. 1 
439. 1 225.5 51. 36 

75 8859.5 5491. 6 
1775.8 1561. 7 87.94 

76 10635~3 7053.3 



In order to clarify the changes in the DOD RDT&E budget over the 

different fiscal periods, I have converted the current dollar values for 

the period FY74-77 to constant dollars. As defl~tors I have used the 

values given by the DOD Comptroller, Mr. Mcclary, for the years FY74, 75, 

and 76 (FY 1976 Budget Hearings, Part I, p. 528), used for total obligation 
·~ 

authority, since these should represent the figures used for estimates. 

For FY77 I have estimated an inflation rate of 7.0%, and for FY7T I have 

simply averaged the values for 1976 and 1977. The resulting constants 

are: 1974, 1.000; 1975, 1.133; 1976, 1.228; 197T, 1.271; and 1977, 1.314. 

Using the constant doliars caicuiated from these values the foliowing 

table of percentage changes for each type of performer for the different 

fiscal periods is obtained: 

PERCENTAGE CHANGE IN BUDGET BY TYPE OF PERFORMER 

74-5 75-6 76-7T 7T-77 76-77 74-77 

Industry - 7.39 +16.42 +2.75 +-0.06 +2.81 +10.85 

Gov't. In-House - 6.43 - 3.83 -2.44 -3.19 -5.56 -15.01 

FCRC's - 6.38 - 1.16 -2.51 +2.52 -0.05 - 7.51 
·;· 

Universities -12.23 - 2.67 +2.10 -4.58 -2 .5 7 -16. 77 

What is perhaps most striking about this table are the values for 

the entire period FY74-77. It appears likely, looking at these figures, 

that targets for the entire period were set. Industry gains about 10% 

in constant dollars, in-house and universities lose about 15% in constant 

dollars, and the FCRC's lose about half the in-house and university amount, 

or about 7.5%. For each different fiscal period when there is a large 

gainer or loser, all the others gain slightly (in current dollars). 

For any given period one group appears to gain (in current dollars) at the 



same time as another group loses. Thus, of the three overall losers, 

there is no period in which all are simultaneous losers. The advantages 

of this in reducing dissent are obvious. 


