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Introduction:

Some History \ _ .
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conveyances, may be as usual to future times, as to
us in a literary correspondence. The restoration of
grey hairs to juvenillity, and renewing the exhausted

narrow, may at length be eféected without & miracle;

~and the turning the now comparative desert world

into a paradise, may not improbably be expected from

lste agriculture,"® '
The tangiblé benefits of science in world War II appsars to have
similéily fueled the hope of future miracles, a hope to some .
»extent realized in thermonuclear weaponry,bsatellites ané laser
téchnology. Sone ho?es, such as that for fusion power, have been
postponed again,and again. In a climate of shrinking resources
the value 0F piesent cos£ of science support seems more prominent
_thén the pcotential of future benefit..

In the United States governmenpal support of science and
technology has been present almost from_the beginning of the
Federal government. The support has almost always been.for
tangiblef recognized needé of the ébmmunity in areas where individ-
ual or private group resources have been insufficient. The gather-
ing and pxoceséing of information needed éor the setting of
natiénal nolicy has also been a motivating factor. As an example
of information.gathefing we may cite the census of population,

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

grew so¢ did the complexity of the census, and information on

e

Ysaasc Disraeli, "Quarrels of Authors", 1814. There are
many editions of this work. See the chapter on the Royal Society.



economic and social conditions was  subsequently added to the
data collected and processed.

The hist:

G
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of some guvernment bureausrin§olved with écience
znd technology is ins:ructivevboth as to moﬁivation znd as to
modes of operztion. The Lighthouse Sexvice* wss initiated on
August 7, 1789, by the ninth law nassed by the»firsf Congr9355
The moﬁivation was the neéessity for an essential aid to naviga-
tion for the important shipoing industry. For many years supply,
inspéction and new cbnstructioﬁ was handled by contract under
the sgpervision of the Treasury Departmenﬁ. New lights weré
built to satisfy imwmediate and ?ressing local needs, with no
overall plan. The only technical innovation in many years was
the governmental purchase of a_paten; for a lamb and papabolic
reflector in 1812, aﬁ_apparatus which héd been in use in Europe
for some time. 1In tHe 1820's and 1830's European imprbvements.”
such as the Freshel lens, nbt in use here, led to complaints as
to the efficiency of American lighfhouses; as well as to the need
for the authorized new stations. .From 1837 to 1842 several Con-
gressional inﬁestigations were carried out. These resulted
.primarily in deferring work on many lighthouses and in the employ-

ment of a professional engineer to investigate. In 1845 a

-k - . : ' —~ »
Facts on the Lighthouse Service are taken from Georyge Weiss,
"The Lighthouse Service", Baltimore: The John Horkins Press, 1926.
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Treaéury repoft recormended the crzation of avLighthQusé Board

but Congress took no action on‘this uﬁtil 1851 when é planning"’
board wés created. Finally in lSSZ.a‘Lighthouse Board was set to
superintend a ¥Federal Lighthouse serxrvice. Under this plan govern-
 meht engineers were'responsible for plans, drawings, specificafions

and estiﬁates as well as for the superintendence of construction( .
renoyaﬁion and repair, while matéfials for constructioﬁ and
repailr were to be obtained by pubiic contfacts. This division
of responsibility is typical of many government operations, with
planning, specification and moniéoring being the respoﬁsibility
of the government and the provision of materials and serxvices
coming from_contractérs. ' For situations which are eséentially

. v ‘ '
routine and for which all elements are.knqwn the division is
felatively straightfbrwardQ Where insufficient information
exists researéh or experimént must be done first. 'Beginning in
the 1850's research and expériments on lighting, buoys, fog |
signals, and other improvéments on.naQigaéional aids has béen
carried out by-Federal persdnnel."A descfiption of the Light~
house Service in i926,includés.research and manufacture'of'navi-
.gational aids among its activities and notes: “Much of the
special apparatus used by the Lighthouse Sérviée.haswbeen per-

fected and manufactured by the Service itself". Research and

development can here be seen as a necessary pre-reguisite to the
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planning and specification function which is part of the govern-
ment's responsibility.

The territorial expansion of thé United States led to a
number of expeditions frqm‘1804 (Lewis and Clark) on to survey
the newly acgquired territories.* By the eérly seventies four
survéys were.:lvul taneously in progress each of which had been
specwflcaWIy authorize d by Congress. This‘situation was felt
to be unsatisfactory and Coﬂgress.requesQQd the Natioconal Academy
of Sciences to make a study with recommendations. The'Academy{s
report, submlited in Decenber, i878, noted the requireﬁent_for
"a thorough knowledge of its Eihe public domaiéj geological struc-
ture, natural resources, and products". To accomplish thislthey'
fecommended the establishment of the U.S. Geological Survey, "to
be charged with the étgdy of the geologicai structure and econom-
ical resources of the public domain'. Hare we note the absence
" of information felt to be ﬁécessary for public policy decisions,
in an area and with a scbge beyond the reéources of private
individuals and groups;‘ The survey was established by law on
Maxrch- -3, 1879. 'Its first Director, Clérence King, presented the
_éase fbr a broad survey in hié first annual report:

The great extent of the United States and the
widely separated sources of the national resources
render the acguisition by prlvafm citizens of infor-

mation on almost ‘any single product always difficult,
often iwpossible.

*,., - ; . - . " :
The factes.regarding the Geological Survey a
[ERZR N 1T

the Institute For Governuent Research, "The U.S8. Geological Survey"
New York: D. Anpleton, 1918.
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As a direct result of .the size of the country,
the govarnment and people have long been uninformed
as to our primary industries; those, I mean, which
vield the raw materials - mineral, vegetable, and

animal.... .
Statesnen and economists, in whose hands rest
the cubjects of tariff and taxation, have no betterxr.
sources of information. than the guesses of newspapers
and the scarcely less responsible estimates of officials
ssess no adequate wmeans of arriving at truth.
(p.10)

The Congressional acts of 1279 and 1£82 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 preparation 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 astronomic and trigonometric methods; (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) paleontolbgic researches:; (5) chemical

researches on the constitution of waters, minerals, ores, and

rocks; - (6) lithologic researches; (7) physical researches
related to geology:; (8) a graphics division:. (9) bibliographical
researches; and (l10) a division of mineral statistics.. The

commnittee 2lso looked into the operation of the Coast and. Geodetic



Survey, whose basié mahdéte involved hydrograﬁhy;_ C.-A. Schott,

H. Mitchell, and B, A.‘Colonna of‘tﬁe Survey deécribed the range
of observations necessary to do this work properly (p.‘7~8):
triangulatibn; astronomicél observations; leveling; tidal obSerQan
tions; gravity observations; topography; hydrography; and, finally,
magnetic observations. Thﬁs‘in cach case doing a good job
involved a_considerable range of ﬁéasurements.

When a broad perspective is present a‘strong scientific
undefpinning_is found to he essential.“The reéearch, however,
normally represents only a smail fraction'qf the aQailable
‘resources. Geological Survey reports have provided the following

rationale (p. 46):
The principles controlling mineral deposition

and thé»laws‘governing the occurrence of ore bodies
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 inditviduals
but is appropriate to the national organization. The
application of the principles to particular ore bodies
and camps is guite within reach of the individual min-
ing engineers charged with development work.

Also:

The broad and searching observations which
should accompany every piece of good economic work
comprehend data that are eventually combined in the
construction of new scientific hypotheses, some of
which, as more observations accumulate, grow into
established laws or principles that are in turn of the
greatest practical conseguence. Thus the detailed
studies of the metazlliferous deposits in one region
or another bring to light evidence firom which to deter-
mine the genesis of the ores and the modes or condi-
tions of their occurrence, '



Furthermore, Major Powell's statement before the Congressional
hearings in 1835-&:

There are many investigations that may not at
first seem to lead to economic results, but which
ultimately and indirectly are of importance even for
economic purppées. The scientific man, especially
the geologist, for reasons which I have heretofore set
forth, has to do with a vast complexity of problems.

To select & part of these ,problems and work upon them
may not lead to substantial results when other problems
are neglected that have relation to the first. The
whole body of research in geology has a very important
practical value, because geologic investigation reveals
the wealth buried beneath the surface of the earth.
Sound geolcgic conclusions cannot be reached by follow-
ing a few narrow lines of investigation, but all such
lines of research must be followed that each may shed
light upon the other. Unless this principle is fully
recognized, a geologic survey might lead to conclusions
of no value to the people at large, or conclusions might
be reachad so erroneous as to be misleading. It there-
fore often happens that in determining to inaugurate
investigations 1in a particular line the one question . -
asked is, "Are we likaly 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. ' o

' The contrast bétween the increase in knqwledge aﬁd taﬁgible‘
practical applications as a factor in Fedéral support of'feseafch
can be seen in the history of the Na§al Observatory (the follow-
ing histoxy is given in Weber, 1926)‘ John Quincy Adams, in his
first message to éongress as President, December 6, 1823, urged

the establishment of an astronomical observatory. Proposals for

O

D

(8]

astronomical measurements had bzen made to Congress from 1 on

till 1824, the main protagonist being an amateur astronomer,
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William Lambert. From 1825 to 1542, as Dres ident and Congress~
man, 2dams continued to propose a national astronomical observa-

tory. His. reasons are summarivzed in a statement of 1840:

0

There ig no richer
ticn of man in
ObSEdeth“, nox
lttee, any duty
nore imp: a human governmnents
than that of furnichinﬂ means, a fscilities, and
rewards, to those who devote the lzbors of their lives
to the indefatigable industry, the increasing vigilance,
and the bright intelligence 1naispensab1e t O success
-in these pursuits. '

new. di covery .
oaened o the
adge than astron
> opinicn of this

i

ileld of
search of
]
o

n H\

‘_l

}TL,.L =

N C(p. 7)
'The Secretary of the Navy, asked for his opinion in 1830, stated:

lst. 1In 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
dependent on othex nations for the same; and would be,
MmOoreover,.a fJYOd p01nL te wno"e Ntrldldn {commonly
-called7’ first ma sridian when : ‘ased. 0T geograthcal
purposes) terrestrial objects may, with certainty, be
referred, as far as respects their longitudes.

‘ - 2d. It would, furthermore, be desirable in a
scientific point of view, as it would present the means
of comparing certain astronomical results, for the
purpose of determining the figure of the earth and

improving theories relative to the motions of the
planetary bodies. (p. 6)

Subseqguently, in 1835, the Secretary of the Navy stated:

"A national observatory, although not immediately
necessarﬁ o the defense of our country, is remotedly
so; and, considered with reference to the bearing it
would have upon our Havy, our c:::anﬁ, and scientific
pursuits, it assuhes an importanc _+hj cf the con-

L R S el S .oou
FIQ2XTLCN OL LONJress.
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These appeals which focussed on the- purely scientific merit of
an cbservatory, had no result in Congress. It has been proposed

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

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

]

this in itself would have been insufficient if a compelling

xged
were seen. A netional observatory was finally estalblished, but
only by a back door method. A Navy Depbt cf Charts and instru—
ments had been established in 1830 for the purpose of proyiding
reliable charts and instruments to Navy ships. In 1834 Lieutenant
Charles Wil%es took charge of tﬁe Depot and, at\his own expense,
erected a small observatory. In 1842 & permanent building.for
the Depot was finally authbrized, and the functions for the Depot
'_included~astroﬁomical observatibns. The justification was the
tangible national neéd of instrumeﬁtatibn for'Navy~ships.
Metrology, the provision of accurate and standarxd weights
and.measures, has been a concern of the Federal government from
its inceptioni Over the ?ears various Coﬁgressional acts dealt
with specific aspects of standardization as specific needs arose.
With inéreasing complexity in industry and commerce the need for
~stable and accurate standards becamz more and more apparent.
American scientists, merchants, manufacturers, and even govern-
ment officers, who needed standardization were reguired to send

their instruments and apparatus abroad. 'This state of affairs

Fh

finally l:d to the creation of the NHational Bureau of Standaxzds
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in 1901.* From the beginning the service fuhction oﬁlthe Bureau
was a major part of its work. The funcfibns,of the Bureau were
defined in the act setting it up aé (Weber,‘p. 75) :

"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
recognized py. the government; the construction,
when necessary, of standards, their multiples and sub-
~divisions; the testing and calibration of standard
measuring apparatus; the solution of problems which
arise in connection with standards; the determination
of physical constants and the properties of materials,
when such data are of great importance to scientific
or manufacturing interests and are not to be obtained
of sufficient accuracy elsewhere." '

The activities of the Bureau were always broadly based, and
normally included a research cbmponent. In 1925 these activities
were desc¢ribed as (Weber, p. 79-80):

"weights and measures work; electrical work:; gas
engineering; safety engineering; study of radio-
activity;'X—ray measurement; atonic tests of measure-
ments; heat and power measurement .and rescarch;
investigation of fire-resisting properties of

~building materials; study of automotive power plants,
fuels and lubricants; work in optics; work in chemistry:
work in mechanics; sound measurement; study of struc-
tural and engineering materisls; study of miscellaneous
materials; work in metallurgy; work in ceramics; work
in glass; standardization of equipment; and building
and housing service. Tha2 Bureau also conducts, out-
side of office hours, classes for the instruction of
its personnel, but this 1ns»ruct1on is not one of 1ts
prescribed functions.”

* .
The facts rm”mrdinq the Bureau of tand rds are taken from
ras A, viebe "The Bureau of Standaxrds"”, Baltimore: The John
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The mode of operation involved an- awareness of the benefits to.

be derived from contracts and collaboration with other scientists

and organizations {(Weber, p. 20):

By its close cocoperation with other services of

the national government, vwith state and local govern-

ents, and with various scientific, technical, and.
industrial organizations; by its participation in

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 making

tests, comparisons and researches; by the personal
studies and observations undertaken by members of its
staff concerning methods and results in this and foreign
countries; and by afforgzng opportunities for self-
advancement and encouraging an esprit de corps among 1its
employe=s; the Bureau of Stendards 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 0f the

information provided (Weber, p. 80) :

Thus

need,

-t

The Service which the Bureau renders to the
national government is of the greatest importance.

. In its work on specifications, testing, scientific and

technical researches, standardization, simplification,
and housing, it acts as a great consulting laboratory

for thz otha2r branches of the government and is instru-
mental in effecting great savings in government purchases
and services

iere again the original motivation was an apparent national

and the justification for continuad operation was the pro-

vision of sexvices to the economy.-
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The impact of th2 original director in setting the'stylé
and atmosgphere of an organirzation can be seen historically‘in';
organizations such as the Geological Sgrvéy and the Burecau of
Staﬁdards. A more recent erample is the Ai; Force Office of
Scientific Research: Colomnel Haywood, who set it up, described

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 oifice... 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 scurces for contract research projects, and how
well they followed 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 what
they were paid for." '

More than ;WQnty years after'his departure, in 1975, AFOSR remains
the only Air Force-laﬁorétory which doeé no in-house research

at all. Similarly the National Science Féundétion has remained

a contract granting and monitoring.organization,

To summarize: In all these cases a ;lear and apparent
national need was the motivating féctor in setting up the new
égency. It was recognized that the needed effort could not or
.woul& not be carried out by private individuals or gfodps. On
occasion-it was recognized that iméartiality and objectivity
vere an important requirement, and that this could best bhe

achieved by the use of the civil service. The division of
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functions invelved planning, specification and monitoring by the

‘government, and manufacturing by the p*l te sector. Ths gather-
;ng of information was kecogqizeﬂ as neccu~afy both for the soiu—
tion of problems and as egsential 1n9> foi poliéy decisions.

This research function, however( has alwzyes been partis l. Ly -
vulnerébla to criticism, and conseguently to budgetary cuts, ',

because the connection to the recognized need is not always 30

m
(L

apparent. Research has.always represented only a small part of
the budget and resources. The breadth of interests of a Bureau

and its emchasis on application, service, or research appears

to have depended largely on its early Direc tor ox Director ;. who
‘have set the tone which has been maintained often %or decades.

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

“often to have been put where convenient. The Treasury Department

has often been such a host. The Weather Bureau w

N
[&]

originally

a part of the Afmy Signal Service because of an Army officer's
desire to find new uses for the organ tgz built up during the
Civil War. The question of military cor civilian or goﬁléatlun has
often.ccme up. The ﬁilitary represents zan easily available,
“disciplined and organized group prepared tc taka on whatever

functions are recuired cf them. The work of the Bureau often

reguires a different tvoe of Ltraining and Derﬁonalluv, hoviever,
7 o j & 2 .

. Y i 2B o O VO S . - K e LY B N

sO tnaot 1f & scizuciliic or Ludovalive emphas zis is needed TUr LS~

3 fa = ol B ~ Pl - - P S . A ' e
gdiction is often snifted from the militaxry, OMmMLESLON
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inveds .- n:i~- +he S8ignal Service recommended a gradual change
LR R SRRE wii A - -

to civiii - sciwinistration, stating: "The commission do not

belisy., ¢ .+ ¢his work is in any sense military work, or that

[, Ll

. x~iniine and law are necessary toc its efficiency.

. )
ALY croien - v the opinion that this work is civil work in its

acter,‘and th;t military restraint is not neces-

sary." I omay also néte that there has been a recurring fear of

the potentisl mischief that could be caused by a powerful, well-
organirc:d, well-disciplined group, and a consequent need for

R

restraints on and limitation of authority of this group. The

Mansfield amendment in 1269 appears to have been an example of

this,

Historical overview: Who performs research?

In the Uﬁited States up to the end of the nineteenth century
research was performed éither in gOvernmeﬁtal.lanraﬁories or
by private iﬁduétry, génerally with a tangible appliéation in
mind. The growth of university régearch'as well as tﬁe founda-

tion and growih of scientific professional societies occurred

only in tihe last decades of the nineteenth century. From then

~

‘until the pres.nt the growth of universities, membership in

professionil societies, and in the published literature has been

_GXPO“@“tédl‘ 1t became clear within the past decade that this

1]

growth @t not conginue or the entire world would be peopled
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by physicists, for example, and covered over with science_
literature. Signs of a stabilization of nﬁmbers are now in
evidence. ,

At the beginning of the twéntieth>century the robber barons,
beaset by social conscience, initiated philanthropic foundations.
The Carnegie Institute of Pittsburgh was creétedvin 1296, the
Carnegie Institution of Washinéton in_léoz, the Russell Sage-
FOUndat;on in 1907, the Rockefellerxr Foun@étion in 1913, These
are only a few ezamples.of a multitudé of foundations. A Many of
these had a research component. ‘The Cérnegie Institution of
Washington, for example, was set up "to encourage, in the broadest
and most liberal manner, in&estigation, reséarch, and discovery,
and the application of knowledge to the improvement of mankind".
(Encyclopedia Brittanica, article on Foqndétions, Philanthropic)

By the late 1930's these four sectoré of science.support co-
existed with only slight interchange between them. The univer-
sities did basic research, government_labératér;es did mission
rélated'apﬁlied:research and the‘:elated basic reseafch needed
for the successful prosecution of their appli2d research, the
foundations workzd in special areas sﬁch as medical research,

and industry did applied research with, generally, very specific

Ias

casks, though scme laboratories such as General Electric and
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tﬁde in exploring new areas. In the post-World wax 1T world,
with its écceptancg of the negessity éf science research for the
solution of préblems, government has taken a central role in the
support‘of research providing‘a significant fraction of the
funding for universities and induétry as wéll as supporting
research in its own laboratories.

The most recent prominent performer of research is the
Federal Contract Research Center (FCRC),' These aré'organizations
-set upvand financed by government in order to advise on opera-
tional problems. Mitre, Lincoln Laboratory, Aercospace Corporation
are éll examples of this genre. They are similar in nature to
the counsulting.firﬁs, such as Arthur D. Little, set up in the
18s0's, and .to the non-profit consulﬁapts, such as the Battelle
Memoxial Institute.  They were originaliy %et'up to provide a
flexibility in salaries and hiring not available in government
laboratories, and to avoid the rigidities and paperwbrk inherent
in government operation. .In some cases, és in the contractor
operated laboratories of the Atomic Energy CQmmision, these
captive corporations derive their mode of operation from their
‘origin in\ﬁorld War Ii. They 0perate‘under restraints on their
non-agency funding,. Mitre Corporation, for example,-by the terms

of its contract with the Air Force, must derive no more than 59%

’

of its funding from other agenciles or private sources.
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For the Dobd iﬁ FY 75 thé proportion of funding of the RDT&E
budget in each category was: in~house, 29.2; industry,‘66.0;
universities, 2.31; and FCRC, 2.49, The bulk o£ the funding is
thus for %ndustry,‘wifh most of‘the remainder going to in;house

laboratories. Universities and FCRC's, taken together represent

lezs than 5% of the funding.

Should research bhe a part of a product division?

The‘xecent changes as well as.the re;organization, re-
_structuring and re-orientation in store in the immediate fufure,
éll have as their objective the inclusion.of researcﬁ'as a
responsive and subordinate part of a product division. The
guestion has been put by E. Callan, in a letter to Secretary of
thé Air Force John McLucas, ZO_July 19757'aS'to-Whether the
systems drive the researéh or the reseérch drivesvthe s&stems,
in' the sense of providing innoVations‘and ﬁew dépafturés.
'Clegrly the organization of research to regppnd to (largely)
'immediate systémé needs wili be considerablf different from one
_devoted to initiating and suggesting new directions with longer
;ange'applications. It is unfortunate tﬁat the current situation
is one wvhere these two very different types of research are con-
sidered to be mutually exclusive, so that one must make a choice
between.them, Evenva brief reflection =zhould be sufficient té
convince one tha? different necds are involved, and that both

are needad for the long term health of the nation.
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-~shlem 1S not a new one. . It has been present,
“.~+ the beginnings of military research. I cite here

of Jﬁnncv r Bush at a House Commlttee hearing in

niclk, 1972):

7 put down...two basic principles for successful
rnfﬂﬂt parulClOdtlﬁﬂlln scientific research.
tho research organization must have direct
to Congress for its funds; second, the work of
sesearch organization must not he subject to con-
L v .1 or direction. from any operating organization
oo responsibilities are not exclusively those of
corche : o » '
industry learned a long time ago that it was
711 to place a research organization under a produc-
vion department. Research and an operating responsi-
t:iiity, such as production or sales, are incompatible.
r-operating group is under the constant urge to pro-
Jduze in a tangible way, to meet existing standards,
and existing schedules. 2An operating group has neither
the time nor the inclination for research. An operat-
: group is judged by production standards. Research,
svar, cannot be judged by production standards.
srch is the exploration of the unknown. It is
»prulative and uncertain. It cannot be standardized.
it rucceeds, moreover, in virtually direct proportion
vir 1ts freedom from performance controls, production
sures, and traditional approaches. :
It is fundamental, accordingly, that research on
2Ly problems shcould be conducted, in time of peace,
! as in war, in part by civilians independently of
“ie Military Establishment. The armed services exist
ivht, It is their primary responsibility to train
=N, make available the weapons, and employ the
-2y that will bring victory in combat. The armed
5 cannot be expected to be experts in all of
w'~--~-l'>l*cated fields which make i1t possible for a
Nation to fight ~uccessfully in total war. There
“#rtain kinds of research - such as research on the
“Yement of existing weapons - which, of course, can
v men within the Militery Zstabe-

o

&1

2 best by militax
rer, of fundamental scientific

. Th:r job, hove
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research should be entrusted to the civilian scientists
who are best trained to discharge it thoroughly and
successiully. It is essential that both kinds of
research go forward. We have just learned, for example,
that one of the primary reasons why German, science
failed to maintain its superiority over the allies is
because in the early stages of the war German scisntists
vere diverted from fundamental research for concentrated
.eLIOLL toward the improvement of existing weapons.

2Zn able research scientist is the prolact of the
Lized training of many yea The
an, who must accuire maany other Q«ills, can-~
at deyree of ecialization and training

S 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 be free

restrictive controls. He nmust not be under the
compulsion to produce immediate results in orxder to
obtain advancement. Moreover there must be parallel
esearch attacks on a great problem by several groups
approaching from different points of view., This has
been demonstrated times without number in lnuu try and
in our oOwn war experience....

[’{
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A similar comment on military officers in professional positions

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

of the Naval Observatory was under discussion (Hall, 18%9):
"Of course, a number of the line officers who have
been at 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 £rom the profession  for which thoy had been
trained.

Gen=2ral EBisenhower, while Chief of Staff in 1946, advocated a

separation of "respousibility for research and development from

the functieons of procuremant, purchase, storage and distribution.”

-}
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For a military view of the role of research (without quali-
fying it as typical or not) we may cite Commodore Belknap in
1585 on the Navai Observatory (cited in Science, 1899):

“It is first of all a naval institution, its astro-
nomical work being, so far as the rpaval servics nrover
is concerned of a purely secondary consideration. *%**
If the time has come when the purely scientific sid
of the institation has outgrown the needs of the naval
service the converse is true, namely, that the navy
nhas no need of it or of the scientific staff. If the
so-called scientific men of the country thinks that
the time has come to apply tc Congress for money to
build a national obsexrvatory the Navy will not stand
in their way; only it will take no responsibility. for
it, and will be glad to see if go to arnother depart-
ment of the government, and to be under purely civilian
control, including professors with civiliaan appoint-
ments instead of Naval cormissions."

In fairness to the Navy it should be stated that tha 905£»World
War II Office of Naval Research has been one of the‘strongest
supporters of basic research.‘ It would appeaf that the Navy,
at léast, has perhéps profited from sowme Of thé lessons of the
past. Belknap's suggestion that an obsefvatory which is primarily
scientific should go ﬁo anothér governmental department seems to
be what is currently happening to the Sacramento Peak Obseryatory
of the Air Force Cambridge Resecarch Laboratories.

‘These excerpts are sufficient . to indicate the need for
separation of a reséarcﬁ function from a production function.
When resgarch is subordinated to applications the tendency

becomes one of using the available manpower for the solution of
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immediate problems, and meanianui research becomes difficuLt,

if not immessible. It 1is worth noting that émong.the commentaﬁors
above are the successful architect of the major war time research
effort leading to weapons, and the successful arcjl"ﬁct Qf rilitary

victory in Europe.

Py

Who decides? The guestion of personality tvves.

Implicit in the question of the coupling of research and

2

applications discussed above are the related guestions of who"

doesg the research and who dccxdes what researcn is to be done and

how. It should be ocbvious that one must start with able men in
 an atmosphere whiéh allows them to function efficiently. Here I
cite the dlscug ion by Baxter (1946, p. 7-8) in his history of the
Office of Scieﬁtific'Researchrand DeveiOpmént,in World War I7J:

The first reguisite of a satisfactory organization
of science for war is that it must attract first-rate
scientists. One cutstanding man will succeed where
ten mediocrities will simply fumble. 1In 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 freedom. At
the same timz he cannot wori: alone in an ivoxry tower.
Many of the problems involved must be attacked by
teams of men with different skills and angles of ap-
proach, and on all of them eifective liaison must be
provided with the arwed services. . The organizational
problem at this point hecomes one of great difficulty.
Armiles ;1d,nav1 are operated on the princivle of the
i the principle of consultation
fstems wre well adavted to the
tions and to the nroduction and
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are anything but favorable to the conditicns under which
scientific inguliry best thrives, and the reconciling

a2 catter of the utwmost importanc
Fere tne Cernans made almost every conceivable
] were convinced of the’r ability to win

Vq) Was to e a short
dtlo for the dsvelop-

- ilitary =3 German acadenic ien~
tists could be left to their peacetime reseazrches with
the expectation that these would prove of wvalue to the
State after the war, helping in the recenversion of
industry and in the kezn international competition of
the stwar years. It has been ,uggeateo that tne

t
Gerl ns excluded academic sciéentists from war research
bocause‘tney did not believe them sufficiently inhued
with Nazi doctrines, but of this we cannot yet be
certain. ' . .
_ German war research in the earlyvyears of the war
was therefore with few exceptions confined to the
laboratories oparated by the armed forces and those of
the war industries. What fundamental research had been
carried on ‘in them in peacetime was greatly curtailed
if not entirely dropped. By Hitler's orders basic
research on radar, for example, was stopped in 1940,
and was not réenewed 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 fiked belief in a short war had serxious effects
over the whole field of German industrial production.
In war research it cost Germany the lead acguired in
peacetine.,  Industry in America had long since learned .
"that to subordinate the research staff to the production
devartment is the shortest road to failure. . Germany made
this faulty conception the basis of her system. Kot
only were hex industrial scientists deprived of the co-
operation of academic chemists and physicists, diverted

frow fundamental research and placed under the control
of production men far down in the hierarchy of the war
o they weres not £ ished with effective lisison

18
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success of the British and American war effort. Under.
German regimentation there was no room for such an
uprusin of useful ideas from industry as took place in
the Mnk1151 spearning dewocracies., A representative of
a great Serman Ll ctrical firm testified b tterly that
only ona of their engineers had been pernitted to see
in actual operation the best of the lddar sets they

- g ‘ ‘

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

f
\

Abelson, 197%) discussed the importance of science for all of

society. He then said:
"This is justification for inclusion of some who arsa
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 undex-
standing of science and the conditions 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 1€54 by ky. John W. Marchetti,

‘a former Technical Director of the Air Foxce Ca mlrldge Research

Center (Penick, p. 243-244), On being asked by Mr. McCormack on
whether one could place military personnel in a research labora-

tory, Marchetti replied:

do not believe vou can. When you do you wind
nd-and-third-grade laboratory. GCenerally
Air Force ]dborctorlof - znd I will take

one of the oldest of
1 find there that
28 on electronics,
d the chiefl of

at

o O
Q

e competant

very few such cases.
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Sown in the fine print you will find some civilian.
- 3. the fellow that is really running the show, but
L i« a second-rater or a third-rater because no first-
nical man will go into a laboratory structure v
‘ ; - oahief of the laboratory is & titulayx mlkltary
;. .. we has to carry the responsibility without
i ioc o2ny 0of the authority.

“wie is the reason why the military laboratories
policy are dedicated to be second-and third-

rotories. WMo competent people will go into such
Gooa - rationel structure. It is the continual cry

o iho part of the military that they cannot entic
cowni:le technical people to work for them. But this
is uttsr foolishness when they put captains and majors
or oven full colonzls in there as superiors just by
vireue of their military rank. That is the heart of
the problem. That is the reason why Wright Field is not
a zool laboratory. At Cambridge this did not obtain
prior te the arrival of the las commander.

I hsd hoped that the Air Force would see the

light, would go and change gradually, because it has
to ke a gradual process. I had hoped that the Air Force
would change the policy to fit the Cambridge pattern,
where e fair amount of authority - and let me even put

t this way, just plain ordinary courtesy and eguality

Was allotted to the technical civilians. If they had

4 their other laboratories to follow the Cambridge
rn, ve would have a healthy condition.
3 find, however, after General ilaude came in and
the conversion took place, Cawbridge was made to follow
the pittern that was established in the other lakboratories
wierys the control was fully military and the scientific.
prople were asked to work for a continually changing,
vl N9 sometimes pretty irresponsible military
oriand Ethoqal structure. - I think that is the very heart
of the wrobhlem, '

ition between civilian and military administrators
sowio b difficultiss which arose in the early 1950's

PITER . . .
aGpment Center and the Cambridge Research Center,

the Y¥Watson Laboratories,_organixed in early



194¢ to provi ide the Air Fﬁrce with electronlic system
both cases a malor part in the oryznlization was
individual, originally a was v, who then
civilian technical dircctor The chain of commang i
active service officer with nis deputy, also militax
the civilisn “fchnlga& director. -In both cases Lfor
the system worked well with the civilian essentially
for the operation of the laboratories. .Eecause of t
system for the military new commanders would arrive
to time. Difficulties arxose in both cases_when the
asserted his command yrbrog ves, and this.Was nbt

the civilian who had been running the operation for

a

It has been pointed out by number of commentators

milita ary atmosphere involves hierarchy and that adva
‘based on the ability to command. It appears to have
by the military commanders that these aspects of the

system also were applicable to the research and deve

laboratories they were assigned to. Thus,
describing his first days at RADC, states that the c
director threztened to resign if the Colonel intexfe

difficulties is
2 on I‘IlLLL»ny G
of Nepraozoeniat
Jonioation. and Afd
coment Prograns”,

9}

respopsiblebv
he rotation.
fromAtimé
neW‘commander
accepted by
some years.
that the
ncement is
been accepted
litary

lopment

Colonel Heavner,

ivilian

with his
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from the
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Congress,
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direction. Colonel Heavner, after-:checking some of the director's

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

ding:

o2
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..» and, from where ¥ sat, 1f he was objecting to
being managed and they wanted me to manage. the lab-
oratories, I would relieve him as the technical

11

director. This was agreed €O c.. ’
' (Hearings, p. 312)

(')

Dr. O. G. Heaywood, forﬁerly a qugnel wﬁo had set up thqxhir
Force Office of Scientiﬁic Reseafﬁh, on beingvésked whether
there was a tendency for the mllltury to expand its control over
technical decisions and operations'in research laboratories,
stated (p. 602):

"My reaction to that is, good. That is a function of
‘management - to contrel, and if it is a military
"organization the military should control the technical
operations. I do not make a distinctiorn in my mind as
to whether that control is by a man in uniform or not.
But the 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 should be military management of it. Again
I put the "military" in quotes, and mean managament by
persons, in uniform or not, who are responsible ulti-
mately to the oecreharj ot De;@nge, and through‘him

to the Congress '

’

Taking éll faétors into account a pattern‘begins to emerge The
.laboratories are set up and groﬁ underx one individual. The orig-
inal thrust for Rome Air Development Center and the Cambridge

Research Center was the méintonance of an existing wpool of talent

for the solution of clearly visible

fJ

blems . present at the end
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of the war. The laborxatories expand under the direction of the
strong willed individual who set them up. Over a period of

years the rotation system for commanding officers produces a

g - B -

what is dore in tha loboyziocisasn, Lan the basic-direction remaihs
vin the hands of the original ciﬁiiian, who, because of his part
in the setting up and expansion of the 1abbratory, feels entitled
to its direction and also has a considerable emotional investmeqt
in the laboratory. At some time, one of the commanders,'eithér
on his own initiative or at the;behest of his superiors, exer-
cises the military command role - he insists on the hierarchical
organization, on his prerogative to command and control, and on
the obedience of lower levels to tasks imposed from above. In
the casés of RéDC and CRC it is not clear from the testimohy
whéthér_the decision to assume control by military officers came
- from the highér levels,'tboﬁgh it is clear that these actions
would not have been taken without approvai from these levels.,

In any event it seems'almost‘ineviﬁable thatibecéuée of a succes-
sion of commanders (in one ;ése, about 12 in 9 years) at least
onhe at some time will attehpt to establish control. The résult
is the loss of some, at least, of the more inéependent civilians

and their replacewment by men wmore willing to command or be com-

N
VG T et
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. sending on their superior's wishes. The long range
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effects on a laboratory can only be the elimination of 1ndepenu—
ence and autonomy, and the establishment of more directly mission

related tasks and shorter term proiects, the latter because they

4]
[¢)]
(il

must adapt constantly to new s 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

prcbhblem lies in basic personality differences between people

seeking new knowledge and those seeking to apply knowledge. 1In

©

some unpublished notes I have discussed some of the problems

0

resulting from this. I cite here éome.relevant portions Qf

these notes: Ve may note to beginlwith the difference between
practice and knowledge.disciplines. The difference is that
practice is problem—ofiented, not interested in depth, looks

for lﬂMud ilate }solutions, and‘is/thus timé Qriénted as weil.' If

a problem can be solved without knowledge, fiﬁe. Anything
,involving additional time ©r energy detracts from the orientation
of immediacy. Thus problem-orientation tends to be ad-hoc.
Knowledge‘orientation, on the othe£ hand, has no sense of time

limit, wishes to explore remifications, and explores tangsntial

F’I

spects of a problem. It may be as narrowly focussed as practice,
but without time limits. It looks
only iwpeortsnt as they lead to causation.

4

Practice disciplines ave thus horizontal, drawing from many



necessary to help solve the problem. Knowledge disciplines are

[

vertical, going into depth in a single area. Euperience provides

facts which are to be ordered and systemetiz:d ~ any set of

] ]

which provides this is equally imgportant. The fact itsel:s

Hh

o
aCtT

[0

is not important - the system which coordinates these facts is

what counts. This is in coatrast to the practice-man, for whom

n

the focus, and the coordinating

ih

the s?ecific, particular fact i

system may-or nay not be'useful, bﬁt is.in any'event not essen-
tial, just as a specific fact is_hot egsential for a théofy,
since many others may servé ecqually well to validate the hypo-
tﬁesis,

Thus we may expect difficulties betwgen_people.in knowledge
disciplines and practice disciplines. Theée will be reflected
in the personalities in two ways: (1) the image of the subject ,
determineés the‘pergznality type attracted to it, and the social-
izing process involved in the professionai education will tend
to fix and stabilize this pérsonality type in the parﬁicular

-

the personality types for the two dis-

+h

professioﬁ; aﬁd (2) 1
ciplines are sufficiently different then (a) communication is
difficult or impossible, and (b)) frictions may ariée which cén
vitiate any constructive werking toge;hgr, From the descriptions

above it seemz likely thet both will happen when we a2re con-

fronted with practice-nnowledge palrs.
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It may Ee noted thatvin the selections I have given it is

clear that whether a research laboratory succeéds or not is

»_dependent.on the extentbtb vhich these péople differences have

been taken account of in the organizational structure.

What is the envirconment for successful research?

6]
0

The recuirements which goverﬁment scientists have stated to
be nedessary for successful reseérch'have remained remarkably
constant over the past century and a half.‘ These have been sum-
marized by Penick (p. 5-6) as:

(1)

I

he need for long~term support.
(2) The need for flexibility in objectives.
"(3) Freedom to publish. ‘

(4) Access to the international scientific community.

v

—~
(62}
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The need to improve the position of the professional
scientist in American society.
The list bears many similarities to the conditions found to foster
productivity of'reéearch scientists by behaﬁioral scienti;ts in
recent ysars. I cite here a portion'of the Table of Contents

of the book "Scientists in Orgenizations" by Pelz and Andrews

!_J

(1266} which summarizes their findings:
FREEZDOM: Ig coordination compatible with freedom?
Best performance occurred when both were present.
TION: Bffectiva

received mons ooncact




DIVERSITY: = In both research and development, the more

effective men undertook several specialties or technical
functions. ’ : ’

D& ATION: Several simple guestions showed that high-
perFovmlng scientists and cnglno rs were deeply involved

in their work.

MOTIVATIOHNS: Amony various motives characterizing Hngh
performers, an outstand ding trait was self-reliance.

{

SATISFACTION: Difective scientists reported good oppor-

tunities for professional growth and nlﬂher status but

‘were not noceqHAllly satisfied. - ‘

SIMILARITY: Colleagues of high performers diéajreed

with them on strategy and approach but drew s*lmulatlon

from similar sources.

CREATIVITY: Creative ability enhanced performance on

" new projects with free communication but seemed to ilmpair

My final

Frontier",

performance in less flexible situations.
citation is from Vannevar Bush, in "Science - The Endless

(c1ted in Penick, p. 181-192) contrasting the condi-

tions for effectiveness in pure and applied research:

«

_ Scientific research may be divided into the
following broad categories: (1) pure research, (2) back-
ground research, and (3) applied research and develop-
ment. The kourndaries between them are by no means clear-
cut and it is frecuently difficult to assign a given
investigation to any single category. ©On the other hand,
typical instances are easily recognized, and study of
them reveals that each category requires different  insti-
tutional arrangements for maximum development.

Pure research is research without specific practical
ends. It results in general knowledge and understanding

of nature and its laws. This general knowledge provides .

“tical problems

th2 means of answering a large nuwber of important prac-
, thouch it may not give a spe ific solu-
tion %o any ons of thewm. The pure sclentist may not be
bt all interectied in the practical applications of his




work; yet the development of important new industries
depends primarily on a continuing vigorous progress of
pure science

One ci.the peculiarities of pure science is the

o

variety cf paths which lead to productive advance iMany
of the most important discoveries have come as a resul“
cf esuperiments undertaken with guite different purposes
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is certain that important
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and hichly userful discoveries will result from somne
fraction o0f the work underteken; but the results of

particularx anQQLlQQ+lOB cannot be predicted
with accurzcy. . ,

The unpredictable nature of pure science make
desirable the provision of rather special circumstances
for its pursuit. Pure research demands from its fol-
lovers the freedowm of mind to look at familiar facts:
from unfamiliar points of view, It does not always
lend itself to organized efforts and is refractory to
direction from above. In fact, nowhere else is the
principle of freedom more important for 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 egulpment shared by many workers.

The preparation of accurate topographic and
geologic maps, the collection of meteorological date,
the determination of physical and chemical constants,
the desnrlptLon of species of animals, plants, and
minerals, the establishment of standards for hbrmones,

drugs, nd ¥~ray therapy: these and similar types of
scientific work are here grouped together under the term
background research. Such background knowledge provides
essential data for .advances in both pure and applied
scilence. T is also wliGWV used by the engineer, the

physician and the public at largé. In contrast to pure
science, the okjectives of this type of research and
the methods to be used are redsona]ly'cJear before an
investigation is undertaken. Thus, comprehensive pro-
grams m2y be mapped out and the work carried on by
relatively large numbors of trained pers sonnel as a

c”“”‘inatea effortiseoo
- Applied research and deve ]oDmnnt differs in several
important : ts from pure science Since the onjec-

[ L d
‘tive can often be defi '.nlj mapped out beforehand, tha
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work lends itself to organized effort. If successiul,
the results of applied research are of a def finitely
practicel or commercial value. The ”@ry heavy expenses
of such work are, therefore, undertaken by private
organizations only {(sic) in the hope of ultimately
racovering the funds invested....

The distinction betwzen arvlied and pure research
is not 2 hard and fast one, and industrial scientists
may tackle spucific problems from broad fundamental
viewpoints., But it is impoOrtant to emphasize that
there is a perverse law governing research: Under the
pressure £ox iumadiatﬁ results, and unless deliberate
policies are szt up to guard against this, applied
research'lnvaraably drives out pure. '

The moral is clear: It is pure research which
deserves and requires special protection and specially
assured.support. ' ’

If the above L_Dulrements for successful research are absorbed

and understood di

then there should be no fficulty in diagnosing

the causes of the complaints about governmental military research
laboratories which were collected by a Congressional sub-committee

in 1954:

‘

Reported Problems in Military Reseaxch and Develop—
ment Programs. '
I. Civilian scientists in military rCSOELCh ‘and
vcloonﬁnt centers are reported to be generally dis-
ed with militaxy domination "and administration.
Civilian scientists are leaving military

h and development centers.

III.

When a military organization is
rch and development program there 1is

imposed on

a tendency
technical

Lbe military to expand its control over
ecisions and operationsg in the

IV. With a few notable exce
carch and development officers
commond thp respect of the civili
V. p)llgy of utétlng

fice gainst

have Ll :
gcientifl
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VI. Research centers often are\organized and
administered as mllwtaly organizations with the attendant
restrictive forms, procedures, regulations, and military
diSCj“lln” which do not provide the optimum climate for
rk-by civilian scientists.

-VII, Thz lack of either a definite orx consistent
policy for organizing and administering resegarch and
Gaevelopment e leaVves each center at the mercy of
=zchh change in commanding officer and s xecutive, This
creates an instability with no assurance that even the
vell-run researcn and development center will not becon,,
with a change of officers, an unbearable situation.

VIII. ©BSeveral outstanding civilian scientists
who have been associated with military research and
development programs are reported to be in favor of
changes in the governmental organization and administxa-
tion of .these programs.

I¥. The funding of research and developwont 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 picturo of the actual total cost
of military research and development programs inasmuch
as there are substantial indirect costs arising firom
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
"respectable" in terms of size and complexity as a
command for a colonel or general. This, in turn, sgets
off a vicious cycle in that the existence of military
support elements becomes a further excuse for military
domination, more officers, regulations, etc.

o]
p
»

Gresham's law for research: Applied drives out pure research.

I have nou ed elsewhere Vannevar Bush's comment, that "underxr

“the pressure for immediate results, and unless deliberate policies

K

are set up to guard against this, applied research invarisbly

drives ouit pure." Zzsentially the same comment is made by

L

.0




Downes (1967), zhat certain tvpes of activities "tend to be
eliminated when oaperatilions are triwmed ©o a bare minimum. These

include lony-ranze planning, basic research, operationa

ical Sarvey badjyess in the early 12390's

(Inst. Sovi,

reduce appropriations as a result of the economic depression of
the period. Over a four y=ar period the total budjget was cut
from about $879,000 to zbout $5488,000. Proportionately, however,
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reductions ware wade in the research budgsi, wrich

was ively small to begin with. Thus paleontological
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research recducad frowm $40,000 to $10,000, and cheaiical and
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physical rescarches from $17,000 to $5,000. imilarly, in the
present (1S75) Air Force personnel cuts ih;the’laboratories the
entire cut of 385 is made by the elimination of one lakoratory
involved in basic research (ARL) and the dismantling and re-
structuring with concurrent RI? of thé other Air Force iaboratory
shich has tradiﬁionally Leen supported by basic reseafch fﬁndg
(CRL) .

It wight perhaps seem strange that a portion of the work
ihich involvés only a very small fraction of the pérsonnel and

resources of out for heavy demoll-

tion. While I do now have the Figures for the Geological Survey
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s, the proportion of research personnel is unlikelv

deveoted to phyvsical and chewical researches consisted of 14
people, compared to 934 for the entire survey. The research
buadget in 1897 was less than 835 of the tozal. Siwmilarly, in

1875, the personnel of iy Porce labioratories totalled of tre

order of 10,073, including about 30% military. CIL the apnroxi-
mate total of 7,030 civilians éoaetalr" 1ike 650 (Couh"lﬂﬁ all

in ARL and half in CRL) were involved in hasic research. Thus
approximately 12% of laboratory onersonnel and only a wminuscule

percentage of to:ial Air Force personnel (550 rcscarch pO:connel
out of a total .cf 287,000 civilian personmnel at the end of FY75,

or approximately  J.2%) and Duc*OL were involved in what mighti,

somewhat elast alLy be called basic research. Yet the person-

g

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

’)

CRL cut) as something like over 40% of those

[

85 of this 650, o

involved in basic research.

The reasons for this are not difficult to find. Goverument

research is always set up for the solution of specific problens

-

related to recoginized national needs. Those actually attewpting

to

w

olve these 0LO>1ems find that there is always wissing data

or thecry which is needed and the basic research is designed o
£ill this o . These basic data, however, are not as visibly
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then ari

Coast and

cangibly related to the underlying need as the appli
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§

contraction the easiest focus for cuts
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1gly unrelatsd studies. The cry for relevancy

5 Some evxcerpts frow the minority report on the
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survey by Morgan in

be used to illustrete this (U.S. Govi., 180256):

The real scientists on this subject of nautical
maps are educated sailor-wen, . n aval 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 wmen, or at least a aecxdeo rajority of them,
agree that the topography of the Coast Survey is un-
necessarily elaborate and expensive. The scientists
who applaud this extensive and elaborate topography ve
understand to be generally professors in colleges,
great wathematicians, astronomers, geodecists, and elec-
tricians. These are delighted with the work executed
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 elapsed while the survey of the coast of
the United States is yet uncompleted. ‘ : _
(p. 68)

In another respect the Coast and Geodetic Survey
cecms to have been wore careful to adhere to scientific
methods of operation than to make maps acceptable to
the sailor. ' ’

' (p. 72)

The unde :sf gned do not doubt the utility of a

thorough and scientific geological survey. We adri
al o that each of the wmcnograms and bulletins publx"ﬁed
by the Survey may havz its uses: but, at the sawme tine,
it seems clear that this work promises to be very expen-
sive, and we believe it ought to he curtailed. It is,
we think, vaseing the bounds agreed upon by all the wit-
nes beiore the Conwnisgsion - nanely,

R T ey -.
who nave testifiled




that Government should not do such scientific work as
e

can be done by LﬂGlVLQHJ]b FPaleontology appears to
us to come within this category. It is true that this
was mentioned in the act of 1879: but it is also true
that Congress did not then emxpect such.a lavish expen-
diture of money &s has followed.

; g true i as
cont lated, 17 not done by not
be done by private enterprise t least for wmany years
te come. But this is not de suffi-

cient reason why the uovernv-nt should ewbarl upon it.
All knowledge is desirable, but there seems, at present,
to be no limit to the field of possible human attain-
‘ments. Government cannot explore all this region,

and it would appear to the undersigned thHat when Con-
gress is asked to increase still further the amount of
“itg expenditures for a geological scheime which refusas
to be\llmlted by our laws or our territory, it is not
sufficient inducement to say, as 1ﬁwor Powall say

-p. 1075, in answer to Professor Agsssiz, that great
scientific men, like great statesmen and great men in
all departweents of society, clearly recognize the

fact that knowledge i1s a boon in itself and in its
vtilitarian conseguences dll\ - that wisdom is exalt-
ing and knowledge 1is powex" Like private persons,
Government should count rhe cost o0f an undertaking.
And if it 1is clear that when we shall have collected
rocks and fossils, and placed themn, together with maps
exhibiting the geographic distrikution of geological
formations, where they will be accessible to scientists
the latter will not study .and discuss them, this weuld
seem to constitute grave reason why Government should
not undertake it.

which led to a2 Congressional investigation of the Coast Su

other typical exasple of the cbiections of Congress

rch can be seen in thz2 following description of “the Iz

het}
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The result of the investigstion was 2 covplate endorselnent

; had.peen conductad.

basic research tends to enter the pictu

background information needed for the accomplishment of ta

with visible, tangible applications. In hard times this 1
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of apparent relevancy leads to cuts first in basic research.
PE

The effort at any time expended on basic research is alway
minuscule fraction of the total effort and a small fractio
the research effort. Thus what happens is-similar to the

of a well-known American minority: last in, first out. I

S a

n of

fate

n

somewhat differ ent vein, the Nzw Testament comment is apropos:

£

"Even from him that hath not shall be taken away."

b A
i

What fraction of our resources should be allocated to basic research?
The cuestion of an adeguate and appropriate allocation of

. resources to basic research is a difficult one to answver,

entering into such a decision would include: the urgency

other yr'or1*Lco, iL.e¢., the extent of crisig in our societ
state of the econony, that is, bass 0L rIvenuc are we

 Factors

of

y: the
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from; the availability of trained and experienced personnel;
and our competitive position in particular areas. This should

nly a partial checklist. I propose here to discuss

c
[p]
6]
8]
o
]
u
i

some of these factors in terms of past history and experience.
HMost of the deta for recent years is taken from the reports of
/

the U.S5. Covernument's Commission on Government Procurenent,

¥

NI

December 1¢72.
‘Government_support_of research for national peeds goes back
almost to the beginning of our Federal syﬁtem, »Before World
War iI support of R&D was less thén one per cent of the Federal
budget. During the war years, as was to be expected; this support
increaséd dramatically. The period of the 1950's was one of
1nc*ed51ng 1nvvquent\in R&D, reaching a peak of over 12 per cent
of thé budget in 1964-1965. The greatest fractioh of tﬁis came
through the Deparfment of Defense. It should have be&n clear
that thisfgrowtﬁ pould}not continue either unchecked or unchal-
lenged. & symptom of discontent was the 1962 Congfessional
reguiremnent thubirlon 1923 on the reséarch, development, test
and evaluationYPOrtion‘of the Defense budget must be_annualiy
authofizéd'(Penici,.p. 45). »~s often happens with people, the
real problem seems not to have been articulated.. Rather,:tangible‘

foci of discontent were found: in 1544, the geographical distri-

in 18065, DoD involvement in social

numbeyr without other identific
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science researxch; chemical a2nd biological warfare research:; and

finally, in 1969, the guestion 0f relevancy. Federal support

for R&D declined from 12.6% of the budget in 1965 to 6.4% of the

" budget in Fiscal Year 1872 (p. B-5). The decline has been a

Ny

earch

(0

or basic r

O]
It

continuing one. In constant dollars, sugport

-

in lL975% is expacited to declin: by 2% fron ths ,974.level, the
sharpest percentsge drop ever recorded by the National Science
Foﬁndation (NsF figures cited by Wu, ;975).

what would, in fact, be an app;Opriate fraction of the total
budge? to spend on research and development? We can estimate
this in several Ways. Privaﬁe, for-profit, professional service
firms derive ;bout 3% of their revenue by the provision of -
research and development.(p. A-97). _Indus;rial firms spend
 between about 4% and 9% of their total sales on research and

development, <Jepending on the level of competitiveness in the

(

area (p. B%38); with the séle exception of major contractors for
DoD, who spend lessg than 2%. These contractors, however, include
in the cost ﬁo the government the. cost of independent'research
and development (IR&D),_bids and proppéals (&P), and other
technical efforts (OTE), and these are of the order of 4% of
total sales (p. B-31l). The cost tc the government of this effort
“in reéen; rears is of the order of $1 Eillion, with the Dol

share of %ha order of $700 nillion (for 1970 and prior years see

rm p

Technoloagy,
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11 f ferent approaches

Sutd

December 1, 1875, p. 22). Thus all of these

i

lead us to an estimate oif, typically, 4% of the total budget
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nt, a greatexr per
centage up to of the ordsr of 9%,

What fraction of the R4D budget should go to basic research?

In Fiscal Y=ar 1971, 13.7% of the total governmental R&D budget

[

went to basic research (derived from Table 2, p. B-1ll for this

’

N

and subseguent figures). The DoD percentage was 3.5%, dbout one-

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

) , | :
respectively, were 21% and 27%. If we consider that NASE ard HEW
were dealing with problems for which solutions had not yetc been
found, then this emphasis on basic research becomes comp?ohnﬁ51blv.
‘Viewed from these terms it would appear that DoD has bécome en-
meshed in solutions (hardware is always much mores expensive than
the basic research which led to it) and has inen up or lost its
innovativeness and potential for the future.

This is perhaps,the rlace to note the importance of competi-

tiveness in determining the percentage spent on basic research.

The largest percentage in industry is that for the drug industry, -

highly competitive and dependent on a continuing develo prent of

new products for survival. & comparison of the balance of trade
fox 4i theiy RoD ewpenditures (p. 3-%3)
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absolute necessi

curreritly o strong and impregnzble that we cen reduce our in-
o balow even 1271 position.

ooy i an srinte porcentage oz i;~house WO
mizght be. Considering only agzncies with $100‘million O¥ more
ReD funding in Fiscal Yeax 187¢, we find ratios ranging from 1%
(AEC) to 74% (hgriculture) (Table 2,'p, B—li). Cf the t&n |
agencies in this claess, three have a p2rcentage less than 10:
AEC, l; WNSF, ‘5; and OEOQ, #; four have a percentage from 20-20:

Transportation, 20; HEW,
have a pcrcentag greate

and Agriculture, 74.

to be almost a historica
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in~house. There 1s no continum of percentages, and experience

-
P

e shall have

here, without delving in wore depth, is no guide.

to lecox to other critzriza to help us decide.
Finally, I will simply note the in-house percentage for

iscal Year 1970 (p. B-1i). These

opinent, 12.9%. Clearly, in any discussion of appropriate per-
centages we shall have to take account of the category of

research as well.

To summarize: an appropriate level of support for R&D
is of the order of 4% of the total budget or sales for relatively

non~-competitive sit

[

ations. As the competitiveness increases

the R&D expenditure should also increase, perhaps even doubkling

\

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

research will depend on the novelty of the problem and the need
G ' :
for innovaticn 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 funding will
depend on the category cf R&D, with greater in-house funding, by

a ratio of about 2 to 1, for research as opposed to development.
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The current position of basic research in the Department of

The present positicn of the Air Force with regard to basic
resecacch can ke deduced from the testimony to the House Com-

The fraction of co:ts throuch the

i;fe cycle of a typical weapon system is given as 3% for the
validation phase and 12% for full- scale scale development, the
two categories together being the RDTEE phése of the'program.
If, as seems_likely; the validation phase includes res earch and
exploratory dev lopment, the figufe seemns somewhat lower than
might be expected from oOther areas. This may be accounted for
if we assume that this estimate is for a particular syétem and
does not include false starts.

The fraction of RDT&E resources goingjto-rgsearch can be
derived from two sets of figures which do nof give pr'zcisely
the same answver. If we use the fraction in 5.1 (reszarch) funds
(p. 27&) then the percentage varies from é.OG%_to 2.72%, depend-
ing on whether Qe use the R&D total ér the pregram total as a

hase. In either case it is below 3%, Vhat should be a similar

0]

costs in various RDT&E categories (p. 364, also p. 522). 1

of Dmfeﬁse rppropriations for 1%73", Hearings
sownilittee of the Committee on Appropriations, House
Lnet cth Congress, First Session. Part
Tralxailﬁn. U.5. Government . P

set of figures is subsequuntly given for Y 74 through ¥Y 77 for



derive from thesz the followin ercentages for research for
\ 8 g

‘the four fiscal years given:
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trend of Air Force thinking leads to a

it 1s cl:rar that the
significant drop in the research share, of nore than 10%,

iv

2

The.figures n at the hearinés also allow us té Compare.
the relative importance of research for the three services. The‘
_followingﬂtable gives the research (6.1) funding for the four
fiscal years as a percentége of the total RDT&E‘funding:
Fiscal Year 74 75 76 77
Army 3.98  4.20 3.82 . 3.56

Navy 4,22 3.89 3.73 3.56

h
[
o
.
'.-J
N

Air Force 2.54 2,42 2.
The dir Force percentage is consistently of the order of 50% of

o interesting to note

n

the Army aﬁd Mavy percentages,‘ It is al
that the F¥ 77 percentages for Army and Navy are the same.: If
it is not coincidehce one could infef that a ceiling was placed
6n research spending by higher authority, whether in DoD, OB,

or somevhere elso lone do not enable us to judge.
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has bheen argued that the in-house share of

be 303, the remainder going to industry and others

include data from which of the fraction of the RDTS

being used in house can be derived (p. 522). I prezent

- ) h P moemom be
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It is clear that the primary result of the planned changes are the

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

to industry.

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

shift.

tories

Tt might be argued that the laboratories have not properly

supported the mission. The laborstory utilization
. |5 :
~the cuestion o©f the need for in- hou 5e l boratorie
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No justification for cost-effectiveness or any reason
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~iich-reaction technic support. On a wore
‘L fovael - but oan increasingly imporitant one ~ the
: led by the military

5 wrovide resourcas
ceroow where industrial int or capability is
finally, the very ex nce of the in-house
‘ies as an alternative scurce of technology
s# o industry to perform its best. Clearly,
it +is ave doing or can do these jobs, we need the io-
’ ratories.
vorsonal vieits by my staff during the past vear
to o aut 2Y the laboratories confirm that, at their
‘v, the laboratory personnel are hichly qualified,

ave e *d in work that is necessary, appropriate and
vitel, ond maluntain and intelligently. exploit some unigue
Fausy Lanieg, T . ) . ' 5

Currii win stated the rationale for personnel cuts:

sone laboratories do some outstanding work
fully manned does not mean that there is
ftprovement in theirx Uerzormance or that it

no

el L mossible to operate with a somewhat smaller

G cou1d ﬂaihta1n the present laboratory
: 1f the best cualified

\ This
Civil serwvice reduction-

qciions will vn“VL,u\1y
the i t-ter, bDecause
rsonnel lac“'hj veterans
ha forced out. If a

ive ways to offset these-
nid .

’
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"Thé argument, though noéfenﬁirely clear, seems to be that if wa
‘could Jet. rid of deadwood with age and seniority, then we could
perfors the same job wore efficiently. One could argue, with

- ~ A A A . - ~ R - - - P - o ¢
egual “ustice, that consideranly mors money could be saved

by orders of magnitude)

1. I T . P ] e : 3
(hardware peing always more expensive

thelr contracts ana .
that no cost overruns e allowed, or that we reguest industry

to eliminate overhead costs (which include industrial deadwood).

Cr we could argue that universities should not allow inéxperiencedi\
graduate sutudents to‘work on govefnment contracts so that we can
get increased éfficiency. Every'organization includes more and
less efficient workers, and if these are not properly utilized

then we need better managers. Furthermore,\pérsonnel and program
cuts do not nzcessarily give any indication of whether better

47

or worse performers are being let go - they normally reflect

y
v

judygments and prejudices of -staff as to programs and people,
and their current estimates of what is glamorous to the higher

echelons. There are examples of progrems which have been slated
for abolition ong wonth and which were high priority the following
month because a system problem ¢f importance was recognized in

the interiw. There are also exauplzs of highly productive people,-

- ~y ~1 . Vo 22 - - fo o = - A 4 e o - ey~ ~ 3

a5 Suamed oy noth 1 lity and guontity of mubxlications in the
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mean senility, ncr does youth neceass le mean 1nno ration or

vie WQuld insist that
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imaginat

all generals be under the age of thirty and that every few years

pos
e
(v

=~

ne reduced in grade until they are finally vrivates. Clearly

P Sl end IO U YLD J R S e~
the critevria and the rationale for re-organirations, espscilally
those affsciing thousands of people, need to be more clearly

stated o that a proper critical review can e made.

The In-House/Contract ratioc: Is it related to systems subnoort?

U A

In £he course of the pix For¢e Laboratory Utilization Stﬁdy
a questionnaire was distributed tﬁlthe systems users asking whict
‘labo;ator;eq had contributed tecghinical support foxr their systems.
The percentages of in-house work at the six laboratOL  leading
the lisé'are the following: 58, 52; 3l, 50, 71, 33. Thus the
range of in-house work is from 31 to 71%. The mean for the six
is 49%. Ali are above the‘30% which is proposed as a des 1f§ble
ratio. The’question was - also raised as to whether these labora-
tories would have been used if there had been a cost attachedf
The answer was a definite yes. Our conclusgion mustvthen be that
“utility of the Jlloratqries bears no relationship to the in~house{

contract ratio.

Distribution of high agrade no"*rLOHO anong the laboratoriss.

Laborztory Utilizotion St
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study, and that of these some 92 are at AFCRL. This figure,

i}

2 m T e L. e el PR P} - e . Sha e -y -
caken by itself, would seer to indicate an exces

ive nuibzar of

roughly 11000 laboratory personnel.

n of the context of these figures, however,

.

“he conclusgion is amisleeding and incorrect. Sinc

)

1
SNOWS >

the laboratories were szet up for different missions the mix of
high grads scientific talent, techniciahs, and supportvpersonnel
will be guite different for each iabéxatory. We wduld riot then
exééct, for exarnple, that a labogatory devoted to testing eguip-
ment by routine procedures, if one were to be set up, and‘con~
sisting entirely of technicians and support personnel,vwguld
have a very large number of.high grades. On the other hand,‘a

laboratory devoted entirely to the development of new knowladge

o

and reguiring highly trained, imaginative and innovative personnel,

-

pected to have a higher proportion of high grades. I

-
Q
o)
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o3
M
)
by

have triéd to get some idea of the effec£ of some of these factars
by caléulating’the percentage of high grades ?n terms of total
number of civilians, number of science and engineéring personnel,
anﬁinumoer of Ph.D.'s, as wgll as “he'fraction of officers to

science and erngineering personnel. The results are given in the

T U S R T s e e B B A Y 4T d T
» CHL rangs fourth with rogard to total C,J..\-'.!.].,L.c,izl';;, andg third

sitions.  With the

TO
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of most highly treined people, as messured by the number of Ph.D.'s

.

abblition of'ARL these ran&ings_wogld have tovbe moved up by
one. fThe ratio 5f_officcrs 0 S&E is.lowest for CRL of any
ieboratery. Since oificers are included in the S&E ;Lqu?,, the
CRL percentage of S&k could be significantly lowered relative to
cher laborateories Lf only civilian S&E were inclucded in the

)

have these “lhur s. The largest per-

centage of high grades by any of thes‘.measures is at AFCSR.
Perhiaps the wmost revealing heasure, however, is obtjined

when we calculate the percentage of high grades relative to the

number of Ph.D.'s. This brings a consid dblC order into our

scattered figuresf For six of the eleven laboratories this | -

percentage is between 50 and 55. This seewms to indicate that at

some time in. the pact, whon scientific and technical competence

Ao

(as opposed to relevancy) were the primary criteria, the number

)

of high grades at an installation was determined by the number
While it is true that competen e and possession of the Ph.D. are
not automatically ecuivalent (and at CRL, for example, wmany non-
Ph.D.'s occupy high grades) it is nevertheless also true that
possession of tihe Ph.D. demcnstrates a certain proven level of

1

ability, and that the presence of a significant number of Ph.D.'s

at an installation should tend the scoientific and

tecnnionl
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of Fh.D.'s, CRL is in thié éveragg group of six. The three
laboratorias below 50% have wmuch higher pércentaces of 2Air Force
officers than is typical for the laboratories. It seeans likely
that two of thess, APARL and AFRPL, would come within the range
if civilians only wexr: consicdeved. The third, 2FWL, is largely
military, and oxa would have to look at its structure ;n more
detail before reaching any comclusidns; Two laboratori:s have

much higher percentages. The ratip for AFOSR is close to 907,

> above. The other: hxuh percentage, RADC

greater than the typic
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, “cladrly, some other criterion must have been used to justii

the hicgh grades.

To summarize: If we take absolute numbers alone then QRL

‘stands out in the number of high grade po”' tions. ITI we take

0

scientific z2nd technical competence,

{n

of Ph.D.'s, then CRL is simply typilcal of the laboraztories, OSR

; and RADC arve over-represented, and AFWL is poss
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represented, 1L an adijustment were made for wllitary doctorates




xérican Physical SgcietV. The
Laboratory Utilization Stu@y.anﬁ 2 Allen report do not seem €O
héve,uﬁed any criteria cthecr than u“”‘wported impressions,

Scientific and technica

rOUJ,Lcncp seems clearly not to have

iohegrade Positions in Mir Force Labhoratories

cent of Percent Percent Officer /Civilian

Laboratory INuuber Per
ctal Civilians of E&B of Ph.D.'s Ratio

l—B

AFOSR | 23 23.0 79.3 £8.5 L7920
ARL - 31 - 17.8 43,7 51;7 426
AFHRL 12 4,74 - 12.5 29.3 .342
ATAPL o 15 | . 4.29 \ 7,04 52.2 j .178

BFML . 35, . 10.5 14.77  52.2 L167
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RADC 31 - 2.68 5.6 140.9 .240
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Thz in-house/covtract ratio: is it related to the degree of

Treld arend-
ri Dt and thus: on
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application of the research,

to w hOL

glche

\"w““t such a

finding reps

]

orted in the

I P
chle

“]LLLW of ordex

£
Ol

18% for devel This trend is

i

—~
A,

the abse governmental manufacturing

conseguant dependence on

In order to test relationship

olloh; Thm prrce tage

funai

is fivst calculated.

[~
e

for the 6. l percentage, 2 for the 2 p

the resulting products are summed and this

tion index. If a laboratory is doing

indest will be 1.9,

The higher the value the higher the degree of

results

which is in-house.

Air Feorce leboratories, excluding the Seiler

it

relationship

reaaothTO

of

~esult is

if only ey p]oratory development,

In the attached figure this is

seems

"_;'g'n ;"‘

hvhile to

in-house//contract ratio is related to

in view of

Procurement

rgearch and

in view

facilities and the

ustry for such services

I

1

the applica-

only basic research the

2.9, etc.

ap pllcat¢ona Tha

wmay then be compared with the percentage of total funding

shown for the

"Leboratory at the

Air Force hAcademy. Of the two which are wholly basic research,
one, ARL, is 90% in~hous2, the other, 0SR, is wholly contract

graunting. all the other laboratories may bz classed as
. G

development 3. Tne reneining laborstory, ORL, LIs
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primarily basic research (in the post-Mansfield amendment sense
of the term). The in-~house percentage for CRL is close to orx

v
lezs than three of the development laboratories. The range for

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

'

we leave ocut O5R, the trend is consistent with grester in-nouse

mEyonnla,nT 2 sasic research ag opposed to development, but
the range for development laboratories is greater than the dif-

ference betweeon the rescarch and developnwment laboratories. It

=t

“rig likely, then, that a correct interpretation would involve the

lesser need for manufacturing facilities involved. in reseaxrch,

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-hcuse/contract ratio: discussion.

It has beén axgued that the increased proportion of research
funding going into salaries has led tova}deprivation of funds for
other sources, particulariy industry and the universities. Thé
solutioh proposed is the épplication of a rule of 30% Qf fundé
for in~house activitizs. The arzuments  leave much to beﬂdesired
fx&m the poiLt of view of logic.br even from a consideration of

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

supnort this point of view,



ler some of these points one by one. It has

the past ten yeoars the proporticn of 6.1
szlaries hag i¢éreased from 26%-to-50%‘of.the
nding, an&_th%t this proporticn for 6.2 has gone

No eduivalent informetion is given for £.3, 6.4,

proportion of

es. It seems unlikely that

;1ﬂh must be tied to inflation, have risen
overnment calariszs. The reason for the greater
g , 3 p

’

funding in salaries is that research funding has

increased

~

so that inflationary increasss have not been talen

i-is

nsfer of funding from government to industry

necessarily alleviate inflationary pressures, and, in fact,

will not

kely to make the situation worse because industrial salaries

are more likely to go up more guickly with inflation, and because

(&)

a

objectivity of gover rument scientists will be

»

There seems to bhe no equivalent proposal or outcry to

convert indust

0]

o

ments {includii

M

research to governmonﬁal sa Larle Nox has

industrial infiationary cost incre-
bVerruns) witn gbvernnen al costs to see which
cudies zhould

effective. Llearly, some such si

in evidence bofore the Do lakoratory struc—
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~Yama
. or DoD as a whole tha percentaye of

P - e i V-4 — M [<74 SV . -
e sas A o= I For ©Y 74 and 75 this was 2S%, The indus-
e o ~a ooef T I 9 B =T = Tl - -
trizl shars was L%, univavrsitilss zpoat 2.5%, and Fedzral contrace

e
.
i

apout 2% cach for universitiless and FCRC's., Thus the nst result

of P osed (if we lznorz for the moment the focus

on research and_look at the overall pic{ure) is é transfer of

5%, of the entire RDTAE budget, or socmething over $500 m:lmlon,
from in-house to industry, with the proportionate ;Hare‘of'unif
versities‘énd FCRC's declining'as well. The picture at the Air
Force laboratories is not significantly different. Air Force
funding for seventeen laboratories gave an in-house vercentage

of 28.90, with the remainiﬁg funding going primariiy {o industrial
R&D organizations. The breakdown of the COWtracLﬁal effort 1s

as follows: U.S. ind;stry, B52%4: U.S._eddéational institutions
11%; U.S. non~-profit institutions, 4%; other Feéerai agencies,

2%; and foreign , 0.2%. By emphasizing and focussing

funding, which represents about 3% of
the RDT&E budget, and ignoring svervihing else, it is proposed

to alter the above bhalance by wroviding a 30% in-house ratio

il




lartoratoriss taken together), and to increase outside funding

R N W aoym o e J = o - R TR S S, [ T .y e
{which means ©o increasge industrial funding since the overasll

. B I e . ey oy At e o LO. o T oo e g Y2l 3 PR, 3\ T T amm s AT P
funding for universicies is slated to decrease). Hlreedy one

B N T ~ e~z oo - PR oy s L -3y . ~ | -~

of thoe twWo DoSlc Yezoears latwo oriszs Was heen anol [S2n] (~Jll
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Jak L, 175 ant the avher labhorat-ory wiith a bhasic reseasrch cow-

ent 1s schneduled to ke reduced
1975, Finally let us note that the air Force already sgends
more, as a ratio of internal ccsts, on outside iustitutisns than
othar laboratory systems. The ratio.of outside costs to internél

is, for:

el
[
i

htomic 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
components in a labdratory system. b haﬁe‘nbted earlier the
wide range in this ratio and hypothesizea that.it probably varies
with the mission. If this is the case there seems no reason.to_
argue that every component should have tﬁé same ratio. On‘the
contrary, if, for exaimple, OSR is a granting agency then we would
expect a very low ratio for this agency. On ﬁhé other hand, if
the mission of a laboratory involves areas for wbich industry
or the universitief_do not have the capability or zre not suited

then we would expect the ratio to be high. Currznt plans. argue

=
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than 30% but do not at the same time =nvisage increasing the

ratio for a laboratory below this. for example, wer:s not

ARL and 0S8R combined, so that bhoth achieved some balance, rather

then abolishing ARL and increasing 0Sk's budget?

«

why 1ls CRL being dismantled on this basis, but the developnent

lalboratories, which all have a greatsr zhan 30% in-house percentage,

_ .
and for which the same disproportionate increase in the saiary'
fraction of funding exists, why is nothing being done to them?
The shift in fﬁnding from in-house to industry has not goné
en i;ely unncticed by the financial community. The New Yorl: .

Times fof Novembef 15, 1975, in‘the Marret PlaCe coldmn, cites

a securities analyst who is optimistic over the prdspects for

the aerbspace induétry in the coming year, and who "looks for
expenditures of $12 billion for airéraftlénd‘missileslin the 1976
Federal budget, up_from'SlS billion in Eiscal 1975. ‘His figures
include expected expenditures for research and development as
well as for the military and the National  Aeronautics and Space

Administration". Note the inclusion of research and development

in the expected increases.

Cost effectiveness in DoD.

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

Years 75 and 77 is the transfer of 5.7% of the budget from

Z

m



~17a-
in-house, university and FCRC funding (but privarily frow in-

housa) to indust

strial fonding. In dollar terws this amounts to

/

7'.

[oN)

alivost $1.2 billion for the two fiscal years 76 an

the transition year). We may then as! whether we may anticipate
that this change will be cost effective. One way of looking at

thie is to convare an index o

N

3

wared in Secret

t.

w
n
c i

(Hearinys, Part 1, p. 44). Th2 figure given is attached here.
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used in th: DoD Allen report) then the private compensaticn has

rsation for both private and
ary Schlesing

irmony, ¥ebruary, 1275, ¢o the House Appropriations Committee

(includiny

L"

(the period

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

7

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

i

the same work is done with comparable talent. While the per-

ferent we must remember thet they are

[}

centages are not too di
operating on large numbers, so that actual dollar values can be
guite large. Aalso, we may notice that the DoD report gives a

figure for civil service increases fox the laboratcries of 40%

for this period. If both Dol figures are correct and do not
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tne 2 to per
1 - . S ~ ta - - 2 - T
the propozed raltio L0 € value. on the

to defenze civil service sir
in, say, the late 19537's. The 1362 ratio ig wmuch greater, pre-

sumably due to the Vietnam situation. The yzar 1269, in fact,
is thez peak figures. Pegging the in~house/céntract ratio to this
base year is then pegging iﬁ to a wartime situation rather than
the more normal peacetimevsituation.

Finally, we may ask what the inflationary effect on the cost

of serxvices might be. If we treat research as an industrial

- product to be contracted for then we use as a guide the known '

increase in the cost of DoD products. Some examples are given

1

in the House hearings (Part 1, p.'528—529). These inflationary

~

increases, for the one year from FY 75 to 7¢, range from 13%

o

to

C

74%. M, McClary, Assist

&)

nt Secretary of Defense, Compitroller,

conmented :

ordex

were failrly ¢
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The DD and reszarych: what is being done. )
T hava noted earlier that the nut result of the changes
rade in the RDTED budget betweasn FY 73 and 77 is the trensier

primarilv Zroo dn-house funding, but also frow universities and
FCRCfs. Thna progoritionate share ci the budget declines frowm asbout
15-20% for; .n-house and uan“’SLLlGu, and abqut 10% for FCQ& S.
Using the p:rcenfage change'for @ach I'iscal Year perLOQ we can
calculate Lhe total monics _traﬁsferred to industry. This amounts
to (to the nearest million): $419 millign for FY 756; $l§7 inillion
for FY 7T; and $62S million.for rY 77, the total for the two and
one-fourth years being $1184 million.

The research share of the RDT&E budget declines by almost
13% over the>two yeéro. I1f we avérage.therFY 74 and 75 percent-
ages,andbcompare thesé with the FY 77 parcentagé, then we cobtain
the following. percentage changes over this period: Arnmy, —12.96%;
Navy, rlZ,ZI%; and Air Force,v—l2.90%. fhe likzlihood of these
numbers being so similar if each “uugap were drawn up independently

ould seem to be extremely small. The implication is that a

3

ceiling on the research share has been set either at the Secre-

Li
tary oi Defense level or by the Cffice of Management and Budget.
L, ¢ . . . B ‘,__ - . ‘ .
It should be possible to distinguish between these two possi-

1lities by consideration of othor depavimentsl budgets., If the



|

same philosophy and trends are evident there then i1t would be

¢

likely to b2 at the 0M2 level. In any event the resulting figures

wvould recuire acceptancs by each

another way of dealing with the dats to bring out what is

happening 135 to czlculzte the percentzge change for each type of
performer 2s one goes from one fiscel seriod to the next. In

the attached table these changes are shown. For the 74-75 period
industry, in-house and ICRC show incmﬂscQ V'LCh are more less
inflationary increases and roughly comparable to each other.

\

The uni

t-i-

versities show a decline, wnich taxing account of infiation,
is a decline of the order ofvper apg 7 or 8%. 'The méjor transi-
tion to the new distribution of funding occurs from FY 75 to 76.
The industrial funding increase by over 26%. The in-house share,
while it ig less than the'inflationéry iﬁérease,Jis not yet
drastically cut. The universities recei&é a large iﬁcrease here
and an ecgual increase for the transvtlon period. The FCRC is of
the ordexr of 7% (approximately 1nf]oLlOI ry) over the period from
75 to 77. 2s we go from 7& to 77 th@ lPddSLTLal increase, while
remaining the 1a .g st of all the categories, is less than for

-

75=7%. The in-house funding receives a large decrease when

inflationary rates are taken into account, of the order of perhaps

7% oxr more. The universities are agdin reduced from 7T to‘77,

to a@n even groeater extent than from 74730 Thus overall industry
TRLns Dy s i el Turisis, e 'h
Tl dEooun Leoan ~ont tho e Tioant pevsonnel 3 .‘-,-\,1'_.";.1




~ } !

have to b2 taken to accommodat

~ - -
aftter arx

-~

funding

Percenta~zs Chanjges in Budzet by Tywee of Periormer
F'iscal Yzars 74-5 75-6 76-77 7T-77
Industr » 1,928 2¢.181 6.351 3,448
Govit. In-House 6.019 2 0.975 0.083

FCRC's 6.080

Univexsities | -0.749
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THE FUTURE: WHAT IS 70 BE DORE?



It has been and is gencrally accented that basic rasszarch
is essential for the introdaction of new svstens over tha long
term. In the nilsezesnth centary the growth of university

in Britain was a diresct rzsalt of ih

stration of Sirmon sap n‘1or1:-=v resulting from the surnort of

reare in the United States there

ot
i
(O]
0
i

sic reseaxch. In the past few
has been a consensus among leaders in industry, government and

the unlvelb. ies as to the necessity for support of research.

U)

enator Mansfield, in arguiné fox thevneed_forjrelevancy of
De“o,ée Department ;eséérch,‘was not disputing the value of
.research itself, mereiy whé should vperform it.

His; orically the performers 6f research in the U.S. have
been government, industry, foundations;-and c#nsultiﬁg fixms,
inciuding nonwprofi# drganizatidns; Each has had a pérticulaf
'sphere ofrinterest: undirected{ long term.research suitable also
for the training of graduate students forfthe universities;

91 ed research needed for the solution of very specific pro-

blems and kept out of the public domain so that proprietary

righte cen be protected, f£or industry: th: collection of basic

—’.J

our knowledge whers regulire

in
[
—
=

59
O]

data and the filling in ¥

for recognized national needs and policy decisions, for yovern-
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have typically operated with o mix of in-house and contractusl
research, the proportions beiny considerably different for

aifferent bureaus. Some bureaus,

Foundation, were g2

o

ecifically set up to

sucn as the National Science

,

rant susport

provide g

and to do no in-house work themselves. Others, such asz the
Agricultural Diimeriment Stations, were set up as privmerily inu
house lavcoratories, even though they way havsa Op?f&tG@ through
the Btate universities. Tyoically wiere a bureau has ho_in-nouS“
worz reliance is placed 5n outside review panels for judging
proposals. FProblem oriented bureaus with in-houss research

typically use contractual support chosen to complement the in-

house part of the program. Covernment support of research is

\
indicated when tangible, recogni
and when private weans are insuf

these needs.

zed national needs are pres

ficient to develop

]

n

s

solutions for

It is important also to recognize that a given national

need has a life cycle. In tha e

new knowl

ik

cast expensive part

[ i )

2, denonstration projects

L

arly

(o]}

ases the developuent of

eded to conceptualize and develop approaches is

P

0of the cycle.

n

ct

, etc., are the ne:x

- . B ey g o A B P RS 1. e Sa o b : £z A Ty ey en
consideranly nore costly., Pinally, the stage of widezpread use
e B S . [P o~ . . - O - ~ . . " -
and dininishing returns on investment occurs. This i1s also the
stage presenting the most difficultios in tewesz O Lha ©



having ocutlived itz vsefulness but still =aintaining & large and

o unervice funciion.
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aging bursaus. ne functicn of the lakoratory will bz the recos-
nition 28 dapconing needs, that i1s, the forecasting of coring

from occurring. The energy cvrisis could easily be, and was,

. ~ )

foreseen by consideration of the exponential growth in the us2 of
energy and the lesser growth of energy sources. In the past few
years inflation has begun also to show an e;ponentiél dependence,
and the conseguences can easily be seen as a ﬁassivevdisruption
of the processes of our sociéty's operation. ‘Non—renewable
resources, metals, wood, qré agaih good examples of coming criées
The proliferation of soéhisticated weapohry and their spread

arnong many states throughout the world are verv clear danger
J g Y

-

signals. Thus the development of, proof, and use of tec

4

hnigues

for crisis forecasting is an important function.

is not enough. It is

available in




b

inhe lenL in the national nzeds. It is known that

naw nowlaxdge and the ap

> -~ £ Pa) - K oy s - L. “ 1 - - Ny b
0L the order of decoades. It ig important to rzduce this tire

- [ DU SUNRRC I S, R P E L N
lag, LNCarraclad =0y, thut iz the wetho odolo: ’_}’ O Lrovaicing
an between thoory and gractice, needs to be a prrt of

oratory. In itg wost nzive forsn this iz considered to
be the province of maﬁagement. Jonsiﬂeragly more needs to Dbe
done, including new coaerveua1 zations of the problems inherent
in interfacing.

The organization of'éuch a laboratory needs to be considered
carefully. The first problem is the allocation of resources. I
would suggest that 3% of the Federal budget be set aside for this
purpose. - Some iraction (perhaps 10%) of this should be set aside
for new, urgent problems and.for undirected research by proven
achievers. The remainder could be allocated to each governmenu

epartment (Defense, Justice, etc.) proportionetely'to their share
of the Federal.budget, which is taken here as a m2asure of national
naad reqqireﬁents. In order, howeQer, Lo insure that ths dcoa‘t—
ments have bona fide requirements,‘it can be retuived that the
"Q_*:t{)\."xey‘~ are available only if matched by at least an egual amnount

by the individual depeartment. Liaison people, whose function

will be interfacing the new tnowledge with departmental wejpuire-
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will be needed. In order to avoid.ossification of research
projects funding can be for limited times, such as five years,’
wiﬁh perhaps only one rencwal allowed. The'project~maﬂager

-

could, howaver, be free to deQeloP funding from ény department

in government. R}l proiect menagers could be reguired to sit in
on conferences in which the different departments needs are pre-
sented to allow for both cross-fertilization and for th: stimu;

lation of new projects. PFroven achievers could be allowed one

assistant, and some minimal funding for eguipment without the

need for satisfying departmental need reguirements. 3With some

{

such organization or a modification thereof it should be possible
to set up a laboratory responsive to current national needs and

which would be constantly changing as these n:2eds change.



ABSTRACT

Federal Support of Science and Technology
by
S.M, Silverman -

- January 1976

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 in-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-involvement with. .and.support of. research ,
activitiés; with:-particular—“emphasiszon ‘illustrations-which=show==: -
that ‘basic.:research with:its objective -of increasing knowledge-is > =
among the first items to be cut during times-of: -'tight':budgets. -
Those. applied research efforts, those from which tangible prac-
tical- results. are .expected have-received-priority, ‘in spite’“of =
the general-acceptance:-that basic.:research:vis: essential. for ‘the -
introduction-of new systems:over-the—long-terms—-

Additional:-background-informatioen_ 'is. provided-which::treats:-the=-=-
issue.;of the:organizations=in which-research-=is: performed;=with:iz:
examp les:-which-show—that=the=research-=function -must=be. separate ---:
from .the production or. operating function:; >~Vannevar-Bush-is. - -
..quoted as saying, "Industry learned a long time ago -that it was—~-

. Fatal--to place -a-research-organization -under-a jproduction .depart=- -
"ment."

An analysis ‘is provided which indicates that an appropriate level
of support-for-R&D-is: of:the-order-of 4%-of. the-tetal:--budget-or —-:
sales for :relatively:-non=competitive -situations,. perhaps:-doublingz::;
to 8% as competitiveness—increasess--The~fractionzof thisiwhich—=x
should go' to basic research-will-'depend=ont theThoveltyof: the=—

problem: :and=the=zneed:-for=innovation=and dmadginativenesss=—However;——. -

the?personneizcdthdueftonﬁhejfecenthSAF%&étionﬁmayébeméstimatedﬂggiw
as something=like -28555ut of 650;:0r  over:40%<efi-thosé:rinvolved =27 -
'in basic:research==%x - ‘

Part-II of the-paper;—="The Defense:Departmentrand-Researchispro=w=n-
vides-detailed “information:son whats is actually.-staking=place~—=
concerning ‘DOD .support-of basic::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
5 where USAF RDT&E funds are utilized for the years FY-74 through
| . -FY-77 as shown below, clearly illustrates that the primary result
i of the planned changes are the shift of about 5% of the RDT&E
budget in-house laboratories to industry.

FISCAL YEAR PERCENTAGES

IN-HOUSE INDUSTRY UNIVERSITY FCRC

74 29,0 66,1 2.44 2,47

75 29,2 66,0 2,31 2,49

., 76 . 23.6 70,1 2,05 2.24
77 24,1 71.7 ' 1.99 2,23

Possible rationale's for this shift are discussed but none are
found other than a policy determination to shift resources-from—

- - in-house efforts to industry apparently without -regard for the .. .-
cost—-effectiveness of such a change.. In the discussion which .
attacks the application of a rule of 30% of funds for in-house
activities it is pointed out that this ratio most.-likely.should.z:=- .. :.-
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-

N zations, S TLlILCITLIIIIZooi oomesss 0z viwwn nEzmraclommes.: L

It can also ‘be seen that the percentage of the resources avallable
for work in the universities and in theﬂFede;al:Contraqt;Research::ﬁ_
Centers is also decreasing or remaining relatively constant., The
analysis shows that the transfer of funding-from in-house to--- .
.ihdustrial organizations is almost certain. to result in less
"product"” or in much higher costs over the next few years,

/ : .

e Part III, "The Future: Wwhat is to be-Done' provides.a:general - .:-:::::
~ " summary and proposes the formation of a."laboratory-of-national=z==—r:
Bt - needs", which will take account of real needs:-of—the- Natlonfanat::::aie
—— the real problems of aging Bureaus.. One of the-primary:functions:

4J=«~-of such a laboratory—would—be the predlctlon_and identification —=sssos:coooo

[“probTlens-and to initiate.action to-prevent— im:—r-

these needs ana“problems from becoming-crisessi:zIt is=spointed-out====s::-

that the outputs of the laboratory must:be-in.a-form.appropriate

-for use by dec151on—makers. :




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 toc 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 physncal
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
provision 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 pasitions 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
about 0.7% 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

SN e

ROBERTS

high purity to supply 500 1000-MW
breeder reactors for 250 years.

Need for the breeder becomes more
evident when one notes that last year
nuclear reactors supplied 9% of the

continued on page 78

Agemﬁés reduce in-house R&D in favor of industry

Reductions in the in-house component of
major Federally funded R&D programs
appear to have resulted from Government
policy decisions taken over the past three
years. Federal spokesmen invoke various
explanations to account for the cutback
on in-house research: A Commerce De-
partment official cites the Administra-
tion’s preference for a limited Federal role
as the essential consideration, while the
Department of Defense ascribes its policy
to specific aspects of the DOD’s in-house
operations.

Information that suggests the switch to
increased private-sector research is Fed-
eral—not just DOD—policy is confirmed
by agency officials we consuited. While
in absolute terms Federal support in-
creased in terms of current dollars for
both industria! and in-house R&D over

- the FY 1975-77 period, according to Na-

tional Science Foundation figures the
relative share for industry out of the total
increased by 4.3%

In-house R&D fraction diminishes. The
trend in relative support for in-house ac-
tivities has been downward at DOD and

_within the Federal R&D program as a

whole, though NASA and ERDA show
modest gains in this area as well as in the
industrial sector (see table). The two
agencies and DOD account for over 90%
of Federal expenditures for R&D in in-
dustry. Earlier figures cited by Sam
Silverman in a study on Federal support
for science and technology reveal the same
movement away from in-house activities.
Silverman, a former employee at one of
the DOD in-house labs (Air Force Cam-
bridge Research Laboratories, Bedford,
Mass.) contends that there exists ... a

-broadertrend {than at DOD] toward more

industrial funding, though this is not
consistent from one department to an-
other.”

We asked Michael I. Yarymovych, As-
sistant Administrator for Field Opera-
tions at ERDA, about the applicability to
his agency’s in-house program of a policy
shift. Yarymovych, who is responsible for
ERDA’s field structure and the agency’s
relations with the national laboratories,
told us the data are accurate and “. . . the
points [Silverman] makes concerning

trends in funding patterns. . . are valid.”
Similar confirmation came from a NASA
spokesman, though he added that it will
be some time before the policy shift there
becomes evident from the budget num-
bers.

It is Defense Department. policy, ac-
cording to statements by Malcolm Currie,
Director of Defense Research and Engi-
neering, and his deputy, John L. Allen, to
increase the private sector’s share of R&D
work at the expense of the in-house effort.
Currie set a 30% funding limit on the in-
house component of the T'echnology Base
program for FY 1977 (see PHYSICS
TODAY, November 1975, page 104), and
a laboratory-utilization study directed by
Allen recommended that “manning of the
Physical Science and Engineering labo-
ratories should by reduced by 10-13%
from the FY 1974 end strength.” Their
recommendation is expected to result in
a staff reduction of about i0% by FY
1978.

Why the change? Betsy Ancker-John-
son, Assistant Secretary of Commerce for
Science and Technology, verified the in-
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Percentage shares of in-house and industry funding

in the Federal R&D budgst*
FY 1975 FY 1976 FY 1977 (est.)

Government-wide

In-house 283 274 25.8

Industry 440 459 48.3
NASA

in-house 34.0 34. 34.2

Industry 58.5 59.3 59.7
ERDA

A& 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

*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, “orne 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-house share,
averaged over the independent Army,
Navy and Air Force programs, in 1974;

b alayered 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——asolid-state research effort
concerning polycrystalline graphite, for
example—for which Defense policymak-
ers believe the demand has waned.
—FCB

Stever is new White
House science adviser

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 cffice 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 advise 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-
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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 electricity. “Pro-
jections I've seen show the nuclear share
increasing to about 25% by 1985, said
Roberts, “and arcund 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 {rom 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 yéars in DoD is the transfer of fﬁnding from in-house
to industry.  The éuestio_n then arises as to whether this is p.art of a govern-
ment-wide trend or imique 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 Iacciompa;ny'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.
For the gévernment as a whole the increé.se 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
pbints'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 Scimnce and Technology", Jan. 1976



Percentage shares of in-house and industry funding in the Federal
R&D budget.
Source of Data: NSF 75-323

Government-wide DoD : NASA -

» FY in-house indusfry  in-house ihdustry in-ﬁouse indﬁstry
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

A74-6 1,03 +3.58 -2.56 +3.78 +0. 56 +0. 67

ERDA | HEW

. FY in-house industry in-house  industry
74 2.0 17.72 17. 54 6,21
75 3,00 22. 66 19,41 6.26
76 3012 - 29.44 20. 64 5.95

AT4-6  +1.11 +11.72  +3.10 -0.26

Ba4-6

= change from 1974 to 1976.



In order to have a proper perspective it is important to remember
that the bulk of the R&D bﬁdget is concentrated 1n only a very few agencies.
In the following table I have ranked the agencies in ter}ns of the amount of
funds they give to industry. I have included also each agencies percentage
of the total and the cumulative percentage as we go. down in rank, up 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 thaﬁ 93% of the funding, and the top eight more than 99%. HEW,
despite its low percentage of industrial participation, nevertheless ranks
fifth as a funder of industry becéuse of the large siz‘e. of its budget.

We may o/btain 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 decrea;ses) in
the total R&D budget for each agency between FY74 and 76, From these I
have calculated t;he 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 197.4, i.e., 45.0%. For DoD, NASA, a;ld
ERDA, the three top; funders of industry(93% of the total) the perceptage of
the total .budgét increases going to industry are 81%, 65%, and 49%,
respective.ly. For the three taken together the figure is 71%., It is clear

‘that industry is the major beneficiary of budgetary increases in FY76,



Industrial R&D Funding by Rank
- Source of Data NSF 75-323

Fiscal Year 1974 Fiscal Year 1976
, Funding - Funding '
Rank Agency {millions of . Cumuulative (millions of o Cumulative
{1976) . ' : dollars) Percent of Total Total (%) dollars) Percent of Total  Total (%)

1 DoD . 5266.,1 67.13 67.13 7053, 3 67.07 67.07
2 NASA 1784, 9 22,75 ) 89, 88 2062, 7 19, 62 86. 69
3 ERDA 263,9 3.3% 93,24 701,5 6.67 93, 36
4 DOT 204.7 2.61 95. 85 209.7 1.99 . 95.35
5 HEW 142, 3 1.81 97. 66 138. 5 1,32 96, 67
6 EPA _ 60.9 : 0.78 98, 44 - 124.0 1.18 97. 85
7 Interior : 28.5 0. 36 98. 80 88.1 0. 84 98. 69
8 Commerce 38.1 - 0.49 99. 29 39.1 - 0.37 99.06
9 HUD 17. 7 : 32,6 :

10 NSF 14.7 . » , 23,2

11 Nuclear Regu- 3.1 21,7

_ latory Comm, ' )

1 e Justice 6.1 7.4

13 Fed. Energy Adm, -- 3.4

14 Labor 2.1 2,2

15 GSA 1.0 1.9

16 State 0.6 i.1

17 ACDA 0.5 1.0

18 Agriculture 0.8 0.9

19. Office Telecomm. 0,1 0.9

Policy
20 Small Business —_ ' 0.9
Admin, '

21 FCC 0.2 _ ’ : 0.8

22 . Library of Congress —— ' ' ' 0.4

23 VA 0.3 ' 0.3

Total 7845, 2 ’ v 10515. 5



Rank
(1976)
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Change in total R&D budget
1974-6 (millions of dollars)

Chénge in industrial
funding (millions of dollars)

Percent of increase
going to industry

2214,9
- 428.5
893.8
32.3
35,17
131.2
138. 4
49.2
7.4
121.9
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2670, 3

80. 69
64, 83
48.96
15.48
-10. 64
48.09
43,06
2.03
201. 35
6.97
41.06
17. 81
89.47
450, 0
3.79
83.33

0.12

72,73
81, 82
85,71
12.90
0.0

63,37

t

Correlation coefficientg =
+0, 929

3

Tlogy, = 0. 7474

cf} = 25, 6448

rl = 0.8627



“This phenomenon is not confined simply to the largest agencies. "
If we average the nine ag»encies with increases in total budgef of less than
$10 million (leaving out Labor, with its decrease), then the fraction of total
budget increase going to industry averages out to 122% (f01; séme agencies,
clearly, money has been transferred from existing programs to industry).
If we leave out the two highest figures and one lowest figure to take account
of extremes, thi—; average percentage is 72%, c.:omrparable'to the 71% for the
top three.

An interesting aspect of the data is that, if we take 6n1y thosé
agencies with total budget increases greater than $10 million, then most of
the data can be fitted to a. semi-logarithmic plot, as shown in .the accompanying

figure. Analytically, we are fitting.most of the data.to the equation

= +
I ,k—1 log B kZ’

where B is the increase in the total budget, I is the percentage of that

increase going to industry, and k. and k2 are constants, The data, with the

1

exceptio,ﬁ of NSF, Agriculfure, C.ommerce, and HEW, "v;/evre fittedbby the.
method of least sqﬁares to a line of this functioné.l form. The resulting
equation is

I=31,8691log B -27,378
The cvor_relation coefficient for this data 1s 0.93, which is very high indeed.
What the graph means is that the higher the increase in ‘the budgef, the

greater will be the percentage going to industry.
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Onéiway of deciding»whetﬁef these.fésﬁlts are a méthematical
accident is to apply the same procedures to another parameter‘and
'see whether we get the same result. For DOD, funding is almost
entirely either industrial or in-house, For bther agencies
other pefformers are importaht° If iﬁFhouse were the only
impdrtant performer for all agehcies then wé would expect the.
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 piaced on the
budget then we would expect that there would be a random
fluctuation about the mean for the different agencies., 1In the fqllow—
ing graph I have plotted the percentage increase veréus the
total budget increase for the in-house portion of the funding.

Though there is a.slight.negative slope, indicating-that;infhouse

is theimajor bther pefformer, the result 'is basically nO"correlation;
That is, there is in‘fact a random fluctuation about the;mean,

- This indicates that no  particular: constraints have been.placed

"on this portion of the budget; in contrast to the situation for

the industrial portion of the bli_dget° |

A similar effect is evident when the university shafe 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 éll of the university shares
are below 20%. The one exceptioh to the general rule is NSF, which
historically was primarily set up for university funding. Here
thé majority of the additional furnding 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 rélating

the increased funding to the percentage of that funding going to
industry. Application of the t-test giVes a value éf t = 7.58,

for nine degrees of freedom, which is significant at'much more than

the O.i% 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 itseliif, the value of the correlation coefficient if we

were off by three standard errors would still be 0,80, or

signifiéant° 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 . :
budgét of the sort described here, and what remains is to | -

determine where, by whom, and by what criteria these constraints

have been applied,



It is inté—re_sting to speéulate on the factors which leave several
agencies much be low ﬁhe curve, ERDA, though a new agency, is the
successor to .AEC, which had a large network of existing éontractual'_
arrangeménts. I have noted in an earlier paragraph that the industrial
shé,re of ERDA budgets has been increasing sharply over the past two'
yéars.' Here it seems likely thaf if this trend had started a year or two
earlie: this péint would also have begn nearer the curve. NSF was set up
originally as sponsor for basic research, primarily in universities; : The
more recent RANN program allowed for gréate’r industrial. participation as
well, NSF, however, provides grants using the peer review system, and
the reviewers are almost entirely outside the»-gover‘nment‘_and predorhinantly
in universities, Thus even if a policy of transferring funding to industry
were set it would bé likely to be negated by.the peer review process., In
the past year. the‘péer review system has come under attack and two studies
of the NSF system are currently under way. The Agriculture Department's
R'&D‘has a history going back over a hundred years. Hisforically it has
bee,h t_ied to the State university ’system.‘ 'Here too we have a considerable
inertia and av counterbalé_ncing force outside of g'ove_rnmAent. The Agriculture
research system is also currently under attack and the subject of a study l;y
the National Academy of Sciences. The increase in the Corn_f,ne‘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 budgét is large

and has a'smaller than average prqportion 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 corﬁmittee. The Defense
Department contracting system, by contrast, is almost entirely (W.itlll the
‘possible éxception of the Air Force 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 oniy been ignored but decisions regarding Air Force
laboratories have gone completely counter to these recommendations, It
-appears that the presence of i ndependent review can modify decisions,
Perhaps we should remember the comments ir the "Federé.list, " paper
number 51, to the effect that 6ur government guards égainst 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' f6r
turning over the Veterans Administration (which has no industrial funding)

hospital system to private contractors.



I"Since the Defehse ,I')epar'tfnéﬁf‘ iorovides aBou.t two—.thir-ds of the
industrial funding, what is happening can be seen most cleé.rly in the
changes taking place in that budget. In the following table I give the
'budge.t's, both total and for industrial fuﬁding, 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 alr.nost 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 this is 51%, while
for FY75~7‘6 this is :‘38.%." Thiis for this latter peribd, FY75, 76, not
only is there a very large inc.rease in dollars compared to the previous .

year, but almost all cf.thi¢ increase is going to industry.

Budget increases, FY74, 75 and 76 for DoD

FY Total B Industrial  °I br/ag
o (millions of dollars) (millions of dollars)  (percent)
74  8420.4 5266, 1
. ' 439.1 o 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 period#,ri.have converted the current ddllar values for
the period FY74-77 to constant dollars.-bAs defléstors I have used the
values given by the DOD Comptroller, Mr. McClary, for tﬁe years FY74, 75,
and 76 (FY 1976 Budget Hearings, Part I, p. 528), used for tétal obligation
authority, since these should represest the figures uséd fof estimates.
For FY77 I have estimated an inflation rate of 7;0%, and for FY7T I have
simply averaééd the values for 1976 and 19?7. The resuiting constants
are: 1974, 1.000; 1975, 1.133; 1976, 1.228; 197T, 1.271; and 1977, 1.314.
Using the constant dollars caiculated from these values the following
table of percentage changes for eacﬁ type of performer for the different
fiscal periods is obtaiqu:

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 40.06  42.81  +10.85
Gov't. In-House - 6.43 - 3.837 -2.44 -3.19 -5.56 -15.01
FCRC's -6.38 - 1.16 -2.51  42.52 -0.05 - 7.51
Universities -12.23 - 2.67 +2.10 458 257 -16.77

What is perhaps most striking about this table are the values for
the entire period FY74-77. 1t 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 1lose about half the in-house and university amount,
or about 7.5%. TFor each different fiscal period when there is a large
gainer or loser, all the others gain slightly (in current dollars).

For any givén 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.



