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The accelerated advance of science and technology plays an in
creasingly crucial role in the prosperity and continued growth of the 
American economy. This basic fact, now well recognized, rises in 
significance as the Nation’s research and development expenditures 
continue to mount. These expenditures quicken the pace of scientific 
and technological progress, which in turn increases the rate of eco
nomic growth. This dynamic process yields new and improved com
modities, new industries, increased interindustry competition, and 
new and cheaper processes and methods of production. In  conse
quence, new investment opportunities appear, labor and capital be
come more productive, and the gross national product rises.

The funds devoted to research and development may equal one- 
fourth to one-third of the average annual increase in the gross 
national product. These expenditures now fall between 1 and 2 
percent of the gross national product. Many large industrial firms 
spend from 2 to 5 percent of their net sales proceeds on research and 
development. About 5 percent of all Federal expenditures are allotted 
to this work.1

Research and development expenditures of these proportions have 
become of great consequence for economic growth and stability. 
How large should they be for the Nation as a whole, and how large 
for the Federal Government? How should these expenditures be dis
tributed among different purposes, scientific fields, and Federal and 
non-Federal research organizations? How should research and de
velopment activities be conducted to increase their efficiency and use
fulness? These and related issues must be examined in any effort 
to derive criteria for expenditure policy. These questions also bear 
on the more central problem of the part research and development 
can play in a general strategy of sustained economic growth.

L o n g - R u n  T r e n d s  i n  G o v e r n m e n t  S u p p o r t  o f  S c i e n c e

I t  is helpful to consider Federal research and development activities 
in a longer historical setting and in terms of a broader governmental 
function.2 The Federal Government has a basic responsibility for 
promoting the discovery and dissemination of new and useful knowl
edge. President John Quincy Adams enunciated this responsibility

1 The National Science Foundation has been compiling detailed estimates of Federal and 
non-Federal expenditures for research and development; see in particular its series of 
reports on Federal funds for science.

2 On this subject see the recent valuable study by A. Hunter Dupree, Science in the 
Federal Government. Harvard University Press, Cambridge, Mass., 1957.
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1166 ECONOMIC GROWTH AND STABILITY

some 130 years ago. Adams and all his predecessors advocated the 
establishment of a national university in Washington, D. C., which 
would cultivate the sciences as well as literary studies. Indeed, they 
visualized it as a research center at which Government bureaus with 
scientific interests, such as the Patent Office and a national observa
tory, could locate and share their findings and problems.

This function of acquiring and spreading useful knowledge was by 
no means insignificant during the Nation’s early history. Under the 
Constitution, the Government had to issue patents, mint or coin money, 
and standardize weights and measures. The decennial census was re
quired to provide the basis for allotting representation in the Lower 
House of Congress. Provision for the common defense and general 
welfare, as well as interstate and foreign commerce, necessitated a 
widening range of activities of a scientific or technical character. The 
coasts were surveyed in the interest of naval defense and merchant 
shipping. The present Bureau of Standards grew out of the early 
coast survey, as a consequence of its knowledge of instruments. The 
West was explored and surveyed to facilitate its defense, settlement, 
and agricultural development. The roots of the present Department 
of Agriculture, Geological Survey, Weather Bureau, and other agen
cies with similar technical functions could be traced back, in principle 
at least, to the Lewis and Clark expedition. This exploring party, as 
well as the many western expeditions which followed, collected data 
on the plants, animals, topography, natural resources, and climate of 
the West.

As the 19th century progressed, data gathering in geography, min
eralogy, geology, botany, zoology, and meteorology increased at a sub
stantial rate. Much of this information was made available through 
published Government reports; and it was used by the Smithsonian 
Institution, created in 1846. By the 1840’s the Patent Office was mak
ing chemical analysis of soils, fertilizers, and plants—work which the 
new Department of Agriculture assumed during the Civil War. At 
that time the Morrill Act was passed to aid the founding of State agri
cultural and mechanical colleges. Twenty-five years later, further 
legislation initiated Federal support of agricultural experiment 
stations.

Not long after the Civil W ar the Coast and Geodetic Survey was 
reorganized and the Geological Survey created, with the help of the 
National Academy of Sciences. Those two agencies expanded and 
systematized the surveying and mapping of the country and the cata
loging of its natural resources—activities in which western explorers, 
Army engineers, and Navy officers had been pioneering for half a cen
tury. This scientific surveying not only increased geographical, min- 
eralogical, and geological knowledge, it also promoted transportation, 
agriculture, navigation, and the extractive industries. The Govern
ment continued to increase its support of research in agricultural 
science, and by the turn of the century it became active in the conser
vation movement. In  more recent decades these many activities have 
been expanded much further and supplemented by research in public 
health, medicine, social welfare, and related fields.

The Federal Government for over 150 years has promoted diffusion 
of scientific knowledge through the functions of the Military Estab
lishment. From its founding in 1802, the Military Academy was 
operated as an engineering school, the first in the country. I t  stressed
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ECONOMIC GROWTH AND STABILITY 1167

the teaching of mathematics and engineering, which its graduates used 
extensively in their duties of exploration, the survey of the coast, and 
the survey and construction of roads, canals, river and harbor improve
ments, and even early railroads.3 The Naval Academy, created in 
1845, offered technical work in such fields as navigation and naval 
architecture. Naval officers made contributions in hydrography, me
teorology, astronomy, and ordnance. Even before the Civil W ar they 
made several hydrographic explorations and surveys in distant parts 
of the world. The Naval Observatory evolved from their work in this 
period.

Commencing with the American Revolution, every major war led 
the Federal Government to seek ways of applying science to problems 
of warfare.4 During the Revolution and the W ar of 1812 these 
efforts centered primarily in ordnance and military engineering. The 
Civil W ar prompted work on a variety of military-scientific prob
lems, extending into physics, chemistry, and astronomy. The Smith
sonian Institution and the Coast Survey as well as the Army and 
Navy ordnance bureaus carried on research and experiments to im
prove military techniques. To coordinate this work, a special com
mission of Government scientists was created. More importantly, 
the National Academy of Sciences was chartered as a device for bring
ing scientists together and securing their advice on major scientific 
problems confronting the Government.

Little need be said here about the heavy reliance placed upon scien
tific research in recent wars. In  World W ar I  the National Research 
Council was created, and World War I I  produced the wartime Office 
of Scientific Research and Development. Following the war, the 
Atomic Energy Commission and the Office of Naval Research played 
major roles in promoting research of both fundamental scientific and 
applied military value. The Korean war and the intensified “cold 
war” ushered in the present high level of research and development 
spending.

This historical review shows that the Government has supported 
science from the beginning, that this function has continuously grown 
in scope, and that its growth has been most rapid in recent years. 
The Government has promoted the discovery, systematic collection, 
and dissemination of useful knowledge as a component part of its 
normal operations. Consequently, its scientific interests have been 
mainly of a practical or applied character. The Nation depended 
until recently upon Europe as its primary source of fundamental 
knowledge. Beginning with Thomas Jefferson’s tenure as first Sec
retary of State, the State Department has facilitated this transfer 
of scientific knowledge to America. Some 80 years ago this inflow 
commenced to help the American universities develop graduate in
struction and research in basic science. Their work in this area has 
now matured and is greatly aided by Government research programs. 
Except for basic research in a few large industrial laboratories, 
American industry has conducted little work in fundamental science. 
Under the pressure of military needs, Government research and de

* See Forest G. Hill, Hoads, Hails, and Waterways : The Army Engineers and Early 
Transportation, University of Oklahoma Press, Norman, Okla., 1957.

4 See I. Bernard Cohen, American Physicists at War: From the Revolution to the World 
Wars, American Journal of Physics, XIII (1945), pp. 224-235.

Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis



1168 ECONOMIC GROWTH AND STABILITY

velopment expenditures have been mainly for applied or practical 
work. Balance has been partly restored by the National Science 
Foundation, created in 1951. I t  seeks to aid basic research through 
grant and fellowship programs, which are increasing in volume.

Federal research and development expenditures in their present 
volume and complexity inevitably pose many issues relating to their 
distribution by fields, the efficiency of their application, and their 
overall coordination and evaluation. Hardly any other function of 
Government raises more serious issues of the proper criteria for policy 
formulation.

C r i t e r i a  f o r  F e d e r a l  R e s e a r c h  a n d  D e v e l o p m e n t  E x p e n d i t u r e s

W ith the evolving character of Federal research and development 
activities in mind, we may now examine the major criteria which seem 
applicable to them. Since these expenditures have a pronounced mul- 
tiple-purpose character, the relevant criteria for evaluating them are 
highly interdependent. The appropriate volume of these expendi
tures, for instance, depends in part upon their internal structure—the 
type, size, and quality of individual research programs. These con
siderations are closely linked with the questions of how and by whom 
these programs are conducted. All these factors are influenced by the 
climate of research—the extent to which freedom or secrecy, initiative, 
cooperation, and communication of results are brought into play. Of 
considerable relevance, too, is the contribution of research and devel
opment to other functions of government, in terms of the economy and 
efficiency of governmental operations.

The criteria examined in this section are related to the problem of 
economic efficiency in the allocation of research funds and m the con
duct of research. These criteria have a direct bearing on the prob
lems of economic growth and instability, which will be discussed in the 
two sections following this one.
Volume o f research and development expenditures

The volume of Federal research and development expenditures must 
be ultimately judged in terms of their adequacy for meeting existing 
and expected military and economic needs. When the current level 
of economic activity, the rate of economic growth, or the state of mili
tary technology or preparedness is inadequate, these expenditures 
may be too low. Both Federal and non-Federal research spending 
must be taken into account, together with other types of spending 
which could help overcome the economic or military deficiencies. 
Additional spending on final products and on the facilities for pro
ducing them may suffice for short periods. I f  not, research and devel
opment spending could be increased.

When the gross national product is rising, prices are fairly stable, 
and the supply of scientific manpower is reasonably adequate, research 
and development spending can be materially increased. The size of 
the annual increment of gross national product, the availability of 
research skills,6 and the possibility of inflation thus place broad limits 
on the volume of research activities. Past trends in the ratios of 
Federal (and non-Federal) research spending to gross national prod

6 On the Issue of the current scarcity of scientific manpower, see David M. Blank and 
George J. Stigler, The Demand and Supply of Scientific Personnel, National Bureau of 
Economic Research, New York, 1957.Digitized for FRASER 
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ECONOMIC GROWTH AND STABILITY 1169

uct (and to its annual increment), to net investment, and to total 
Federal expenditures may help suggest what level of research spend
ing is feasible or appropriate. I t  would also be very helpful to mow 
more about the behavior of these ratios under differing instability 
conditions and rates of growth.

Technological as well as economic needs and conditions affect the 
amount of research spending which is in order. Technologically, 
large innovations or breakthroughs may be within reach. I f  major 
technical changes are expected, greatly enlarged expenditures on 
applied and developmental research might soon be required. In 
creased spending for the design and construction of plant facilities 
and for the procurement of new final products would probably ensue. 
The question would then be whether or not the economic situation 
would permit these increased expenditures. Current research work 
is capable of producing a chain reaction in future economic activity, 
with major consequences for economic stability and growth. These 
effects of research spending would need to be weighed carefully to 
determine the desired level and character of Federal research spending.

Federal research and development expenditures involve an allocation 
problem; they must be judged against all competing or alternative 
expenditures (Federal or non-Federal) in terms of their relative costs 
and benefits. They must be regarded, in principle, as investments 
which must be compared with alternative investments or resource 
uses with respect to their relative benefit or expected rates of return.

Current research must provide a sufficiently large backlog of tech
nical innovations and investment opportunities to assure continued 
economic growth. Both technical and economic judgments are re
quired here. The permissible level of research spending can be gaged 
in part by its relation to the gross national product, the volume of 
investment, and similar economic variables. The availability of sci
entific personnel and the behavior of the price level provide further 
indicators of the amount of research that is possible. But to deter
mine the appropriate volume of research expenditure would seem 
to call for use of a reliable theory of technological-economic develop
ment.
Structure of research and development expenditu/res

The types and relative sizes of different research programs have a 
direct bearing on the question of the appropriate volume of research. 
As noted above, the selection and scope of these programs raise dif
ficult problems of resource allocation. In  principle, all suggested re
search programs and projects must be compared with each other and 
with all other possible investments or expenditures in terms of their 
productivity or expected returns. The quality or efficiency of in
dividual research projects is most significant, for the distribution of 
research activity according to type and purpose of research has im
portant technological and economic consequences, both in the short 
and long run. Research efforts must be apportioned among the 
physical, biological, and social sciences and their constituent disci
plines, among the problems lying between or across as well as within 
individual fields, and among the basic, applied, and developmental 
phases of research. Division of effort must also be made between 
problems which are large or small, urgent or less pressing, concerned 
immediately with military or with civilian needs, related mainly to
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production or to consumption, and considered capable of early or 
distant and of certain or uncertain solution.

Questions have been raised repeatedly as to whether Federal re
search expenditures overstress the physical and engineering sciences 
at the expense of the biological and social sciences, and applied and 
developmental research to the detriment of basic science. Similarly, 
there have been questions about the stress placed on military needs, 
immediate firepower, and ready military hardware. Desire for quick, 
practical results and immediate military application create pervasive 
biases in the pattern of research. This pattern clearly runs the risk 
of developing serious imbalance. Pressures of immediate need and 
utility prevent balanced judgment of long-run technological and eco
nomic needs and possibilities. Resulting overemphasis and gaps in 
the general research pattern impede a unified, across-the-board 
advance of the frontier of scientific knowledge.
Financing versus conduct of research

The problem of where or by whom the actual research should be 
done has a direct bearing on the volume and pattern of Federal re
search and development expenditures. Private industry can be relied 
upon to conduct or finance applied research and development for im
provements possessing fairly certain commercial feasibility.6 Firms 
equipped to do research actively seek new or improved products, 
processes, and techniques which will increase profits by raising sales 
or lowering costs. Industry is little inclined, however, to conduct 
or support fundamental research. Few firms see fit to do basic work, 
although some of them financially support this work in cooperative 
or nonprofit research institutes or universities. These research or
ganizations, especially the universities, must rely mainly on the Gov
ernment for financial support of basic research.7

Circumstances such as these force the Government to finance most 
research which is not immediately practical and profitable for private 
industry. In  addition to fundamental science, this growing category 
of research includes military technology, agricultural science, health, 
and the collection of general-purpose data of many kinds. These data- 
collecting activities include economic and demographic statistics, 
meteorological records, geological and mineralogical surveys, and 
other useful data. The benefits of this government-financed research 
are often widely diffused and long range in character; they cannot 
be specifically allocated to or reimbursed by ultimate beneficiaries. 
Yet this work is costly and must be pursued on a more or less per
manent and systematic basis. I t  must, therefore, be supported by 
government as a social-overhead expenditure. This financing of sci
entific work may be regarded as an investment in the Nation’s future 
defense, resource development, and material welfare.

These considerations obviously apply to the creation of major new 
weapons, such as atomic and hydrogen bombs, guided missiles, and jet

1170 ECONOMIC GROWTH AND STABILITY

6 The administration of industrial research has received considerable attention in recent 
years. Illustrative of this study are the following: Clifford C. Furnas, editor, Research 
in Industry, Its Organization and Management, D. Van Nostrand Co., New York, 1948 ; 
David B. Hertz, The Theory and Practice of Industrial Research, McGraw-Hill Book Co., 
New York, 1950; and the published proceedings of the annual conferences on industrial 
research (commenced in 1950), sponsored by the department of engineering of Columbia 
University.

7 Many of these problems are analyzed in comparative terms in The Organization of 
Applied Research in Europe, the United States, and Canada, 3 vols., published by the 
Organization for European Economic Cooperation, Paris, 1954.
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aircraft. The diverse scientific inquiries required to create and im
prove these weapons often contribute handsomely to fundamental 
knowledge and industrial technology. Scientific and technological 
advances in the military and industrial sectors are highly interdepend
ent ; progress in one sector nearly always benefits the other. Although 
this basic fact may be used to justify more military research, it may 
equally well justify research designed to secure large industrial inno
vations or to extend fundamental knowledge.

Basic scientific research aptly illustrates the social-overhead char
acter of Federal research and development spending. Fundamental 
inquiry is directed toward advancing the Nation’s general store of 
knowledge.8 I t  is usually too costly, too risky, and, m the short run, 
too unprofitable for private enterprise. I t  must be pursued continu
ously on many fronts in a comprehensive, coordinated manner. Its 
possible benefits may be huge, yet uncertain, indirect, and delayed 
in their realization. These are weighty considerations in current re
search to secure new sources of energy, cures for major illnesses, or 
fresh water and minerals from sea water. For similar reasons, most 
research to improve consumer welfare, agricultural productivity, and 
the efficiency of small business must be underwritten by the Govern
ment. Consumers, farmers, and most businessmen are barred from 
undertaking research by cost and uncertainty considerations. Lack
ing the incentive, organization, and means to conduct or finance 
needed research, they inevitably depend upon the Government to 
supply this need.

The Government must determine not only the character and amount 
of research it will support, but also the proper agencies for conduct
ing it. On this question of how and by whom research will be con
ducted, many alternatives are, fortunately, available. The relative 
abilities of different types of research organizations influence—and 
properly so—the volume and pattern of Federal research expenditures. 
The Government has recently been financing roughly one-half of the 
Nation’s research and development. I t  conducts in its own labora
tories approximately one-half of the work it finances. The remaining 
half is secured extramurally, principally by contract. A few agencies, 
notably the National Science Foundation and the Public Health 
Service, make use of research grants. Roughly two-thirds of this 
extramural research is done by industry, and the remainder by educa
tional and other nonprofit institutions.

Over one-fourth of all extramural research and development is 
performed by Federal research centers operated on contract by indus
trial firms, universities, and other nonprofit organizations. These 
Government-financed research centers are a postwar development, used 
mainly by the Atomic Energy Commission and a few military agen
cies. They provide a good deal of autonomy and administrative sim
plicity, compared to research laboratories in the operating agencies. 
They may be an effective way of handling large-scale, complex research 
projects requiring systematic execution and rapid progress.

These different types of organizations performing research have 
their unique resources and abilities. Their characteristic advantages 
must be given due weight in appropriating and allocating Federal

8 Cf. Vannevar Bush. Science, the Endless Frontier, U. S. Government Printing Office, 
Washington, D. C„ 1945, pp. 13-17.
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1172 ECONOMIC GROWTH AND STABILITY

funds for research and development. The strength of industrial 
laboratories in research along applied and developmental lines has 
been noted. So has the capacity of the universities, along with a few 
industrial laboratories and nonprofit institutes, for carrying on funda
mental research.

The nature of the research contract and the way it is administered 
merit attention. Proper allowances for overhead or indirect costs 
of research are necessary, particularly for universities. Their finan
cial situation demands that contract research contribute to the support 
of staffs and facilities employed jointly in contract work and in 
teaching and nonsponsored research, the traditional functions of the 
university. The accounting for funds and other regulations and 
paperwork which contracts involve can be quite burdensome. There 
have been complaints that contract officers lack training and discre
tionary power and are subject to large turnover, especially among 
Defense Department officers subject to frequent reassignment. These 
difficulties with contract research have led to demands for greater 
use of research grants when at all appropriate.

Many interrelated judgments must obviously be made as to the 
kinds of research to be financed by government, the appropriate re
search organizations to be employed for particular projects, and the 
efficacy of the relationship, contractual or otherwise, between the spon
soring agency and the research unit. These judgments must include 
careful assessment of the efficiency with which research resources are 
employed.
Climate of research

One of the most important, yet intangible, factors affecting the 
efficiency of research is the intellectual environment in which it is per
formed. The research climate greatly influences motivation, objectiv
ity, intellectual exchange and cooperation during research, communi
cation of research findings to other scientists, and application of the 
new knowledge to other problems. The intellectual climate thus goes 
far to determine the speed, quality, and usefulness of research. This 
work, especially in its more fundamental reaches, places a high pre
mium upon free inquiry, intellectual detachment, abstract reflection. 
Considerable play must be left for curiosity and the individuality and 
interests of the researcher. I f  these conditions are not fulfilled, the 
quality of research cannot help but suffer.

These requisites for effective research are most pertinent to the or
ganization and administration of research units. The individual re
searcher must have freedom and opportunity and incentive to com
municate. Under these conditions teamwork can be developed by 
bringing individuals together who have interests in a common re
search problem. To force an individual into work at variance with his 
interest and curiosity would lessen his usefulness. The type of re
search unit, its autonomy, its administration, and its relationship to 
the sponsoring agency are therefore strategic considerations bearing 
on the efficiency of research.

Difficulties with the form and supervision of research contracts have 
already been noted. Research grants may frequently be preferable 
to contracts for augmenting research already underway or initiating 
projects which coincide with the purposes and interests of a research 
unit and its members. Grants require less supervision and accounta
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ECONOMIC GROWTH AND STABILITY 1173

bility than contracts, thereby permitting greater freedom and flexi
bility. W ith certain types of research, grants may therefore be more 
productive than contracts, in that costs and interference are lessened 
and the possibilities of creative and fruitful results are increased.

No doubt the greatest single problem concerning the climate of re
search stems from the necessity for secrecy and loyalty or security 
systems in military research and development. Although strategic 
knowledge about the design and performance of new weapons must 
be withheld in the interest of national security, scientific communica
tion and advancement are thereby retarded. Declassification and re
lease of knowledge which has lost its original strategic value must not 
be long delayed, for many areas of science and industry may be hin
dered in the meantime. Both military and industrial superiority de
pend upon the rapid advance and application of scientific knowledge. 
Consequently, the painful compromise between secrecy and security 
on the one hand and free inquiry and communication on the other 
must not be allowed to get very far out of balance for very long. 
The consequences of imbalance and delay are less scientific advance at 
a slower place and a greater cost.9
Economy and efficiency in government

One of the chief benefits of Federal research and development work 
is its direct and indirect aid to Government operations. Practically 
every large department or bureau conducts some research to improve 
its economy and efficiency of operation. Each agency also benefits 
from research performed elsewhere.

Government research has become very pervasive in its extent and 
effects. I t  has become a common denominator for the various func
tions of government, in that it is so necessary to and complementary 
with other functions. Without research an agency may achieve an 
accepted level of performance at a certain cost; with adequate research 
it can often reach this performance level at a smaller total cost. In  a 
sense research is substituted for other kinds of expenditure, with a net 
gain in cost or efficiency. Of course, the upshot may be that the public 
demands greater services from government.

The actual or potential benefit of government research to other func
tions may be suggested by a few illustrations. The outstanding ex
ample is national defense, which has recently accounted for well over 
one-half of all Federal research and development expenditures. Con
fronted by the cold war, the country demanded a higher level of mili
tary preparedness. This called for radically new and improved 
weapons. Manpower and budgetary restraints necessitated greater 
military strength or firepower with fewer men in uniform. Recent 
budgetary limitations require that this be achieved at even lower cost 
than was previously anticipated. These needs are being met, or at 
least approached, by increased research and development to obtain 
the techniques and hardware which will provide greater military 
might per dollar of military budget.

Scientific research plays much the same role in other government 
functions or spending programs. In  foreign aid a major place has 
been given to technical assistance, since it facilitates the transfer of the 
knowledge and techniques required to improve productivity and to

8 Cf. Bush, op. cit., p. 7.
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make better use of foreign investment. Not only does technical as
sistance render outside funds more useful; it also substitutes in part 
for this investment in countries where economic conditions, partic
ularly the threat of inflation and consequent dissipation of funds, do 
not warrant much foreign investment.

Natural resource development involves, among other things, ex
pensive conservation and stockpiling measures.10 Research and de
velopment will often render these measures less costly. In  many 
cases this work should produce methods to replenish certain resources, 
locate new domestic or foreign reserves, render their extraction more 
efficient or complete, process low-grade resources economically, econ
omize on the use of resources in final products, and create substitutes 
for scarce resources. To the degree that these efforts succeed, con
servation may become less urgent or less costly, while stockpiling 
may sometimes prove unnecessary.

Federal spending on housing and urban redevelopment is obviously 
affected by improvements in construction techniques and in the avail
ability and quality of building materials. The development of human 
resources is contingent upon advances in nutrition, sanitation, medi
cine, the biological and social sciences, and education and specialized 
training. Transportation and public works likewise depend for their 
improvement upon many scientific and technological advances. Re
search and development expenditures should aid the government to 
perform all these functions more effectively, and often at lower real 
costs in manpower and other resources.
Multiple-purpose evaluation of research and development

Federal research and development activities are designed to ac
complish various interrelated purposes, as suggested in the foregoing 
discussion. In  the broadest sense, this complex of goals includes na
tional defense, general welfare, and economic growth and stability. 
These goals manifestly incorporate the purposes set forth in the Em 
ployment Act of 1946—to promote employment, production, and pur
chasing power in a manner designed to foster competitive enterprise 
and the general welfare. These multiple purposes also include the 
promotion of fundamental knowledge and its wide dissemination. 
The education and training of scientific manpower are thus very 
relevant norms.

This multiplicity of purposes served by research and development 
greatly complicates the evaluation of costs and benefits. This is true 
for specific research projects as well as broad programs. Ideally, 
the cost of research should be allocated to its different purposes, such 
as defense, industrial growth, the advance of science, and the support 
of scientific training. Even if these cost allocations are not possible 
in practice, they should be kept in mind when decisions are made 
about Federal research expenditures.

A large fraction of this spending, for instance, should be regarded 
as allocable to the tasks of promoting scientific education and train
ing scientific personnel. Today about one-fourth of all degree-hold
ing scientists and engineers are engaged in research and development. 
There is much concern about the relative shortage, actual or potential,

10 This subject receives comprehensive treatment in the President’s Materials Policy 
Commission, Resources for Freedom, 5 vols., U. S. Government Printing Office, Washing
ton, D. C., 1952 ; see especially vol. I, pp. 131-171.
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of scientific manpower. Educational institutions face great financial 
difficulty in improving scientific education, training more scientists, 
and conducting enough research. These problems of training special
ized manpower affect the amount and quality of scientific research the 
Nation can afford. Wherever conducted, government-financed re
search provides on-the-job training, and sponsored research aids uni
versities in carrying on their traditional functions of teaching and 
basic research.

All of these purposes and benefits must be kept in view when assess
ing the value of Federal research expenditures. Many different bene
fits must be traced and evaluated. They often run far into the future 
and aid many national interests and industries. Benefits are thus 
broadly diffused, largely indirect, difficult to measure or predict, and 
often intangible or unquantifiable in nature. The costs of individual 
research projects may be incurred within a period of 1 to 5 years; 
whereas the main benefits may be realizable only 5 to 10 years from 
now, and may continue long thereafter. Neverthless, a rational re
search policy requires detailed study of benefits and costs, whether 
they are direct, indirect, or intangible.

Comparable difficulties confront decisionmaking for Federal in
vestment expenditures on multiple-purpose water or resource develop
ment projects. For these large public works, benefit-cost analyses 
are made to facilitate more rational decisions looking to a better al
location of the Nation’s resources. These analyses involve major 
problems of allocating joint costs among different project functions, 
determining indirect benefits, and giving adequate qualitative weight 
to intangible benefits. These issues arise in applying the benefit-cost 
approach to an entire project, to individual elements or incremental 
parts of the project, and to the larger program of which the project 
is an organic part.

These problems seem to be even more complex or insoluble in 
efforts to make rational benefit-cost judgments of Federal expendi
tures (or “investments”) for research. Yet, direct research costs can 
be roughly allocated to relevant functions; classes of benefits can be 
specified; and certain direct and indirect benefits can be measured, 
estimated, or predicted. The remaining costs and benefits can be 
stated in qualitative terms, with their relative, strategic importance 
specified.

Industrial firms attempt in some degree to determine costs and 
benefits of individual research projects, or to derive expected rates 
of return. They typically use simple indexes of value or minimum 
payout periods to select projects according to their expected value 
or profitability. Although these rough rules-of-thumb are of aid in 
making specific research decisions, they may typically understate the 
profitability of industrial research. Barely do firms determine a pre
cise expected rate of return by estimating all future net gains from a 
research project, discounting these to get their present value, and thus 
finding the rate of return over project cost. Instead, they use simple 
profitability estimates for each project and then rely heavily, some
times exclusively, upon their judgment regarding the competitive 
position of the firm and its strategic research needs, the technical 
feasibility of each suggested project, and the financial and research 
resources available for research and development. Strategic, techni
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cal, and economic judgments thus enter into the research decisions of 
firms.

Similar considerations must guide decisionmaking for Federal 
research expenditures. Strategic factors have to do with military de
fense, the international situation, and the larger national “strategy” 
for scientific and industrial advance. Technical judgments must be 
made regarding the general advance of science and technology and 
the technical feasibility and value of individual research programs 
and projects. Economic judgment, of course, involves the benefit-cost 
evaluation discussed above. Fairly precise estimates of benefits and 
costs may be possible with certain research projects. In  such cases 
the allocation of research funds among alternative projects can be 
put on a more rational basis. However, even with these specific 
projects—and certainly with the overall allocation of funds among 
major research programs and the various fields and types of re
search—a comprehensive analysis of broader strategic, technical, and 
economic factors is essential.

R e s e a r c h  a n d  D e v e l o p m e n t  E x p e n d it u r e s  a n d  E c o n o m ic  
I n s t a b i l i t y

Among the major criteria by which Federal research and develop
ment expenditures must be judged are their effects upon economic 
growth and stability. These expenditures influence stability and 
growth in many ways. Their effects on growth are largely positive 
or favorable. Furthermore, they can be manipulated somewhat to 
alter the rate and character of economic growth. The same can 
hardly be said, however, for their effects on economic stability. Their 
influence here is often largely negative, and there is small leeway for 
manipulating them in order to reduce or combat instability.

These Federal expenditures should not be changed greatly or sud
denly. They are not particularly variable in the short run, largely 
because research and development must be conducted continuously 
for best results. Individual research projects often take several years 
to complete, and expenditures may actually mushroom as a project 
advances from fundamental and exploratory to applied and develop
mental phases of research. Worthwhile projects should not be 
dropped in midstream; and cuts in annual funds can easily reduce 
the effectiveness and current value of the research, postpone its ulti
mate completion, and increase its final cost. Technical as opposed to 
financial considerations thus affect the timing and control of research 
already underway.

A close parallel to this is found in the issues and difficulties be
clouding the problem of contracyclical variations in public works ex
penditures. W ith both public works and research, technical and 
long-run economic considerations predominate in decisions to insti
tute new or continue going projects. The level of expenditure in 
both cases must also be governed by a careful regard for its multiple- 
purpose character. A reasonably rapid advancement of science and 
technology requires that research organizations and personnel be kept 
intact, that fundamental work be continued, and that innovations m 
techniques and products become available to stimulate further indus
trial growth.
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These long-run considerations provide strong reason for stabilizing 
Federal research and development expenditures regardless of the fiscal 
needs or cyclical tendencies of the moment. They also justify varia
tion of these expenditures to offset any large changes in industrial 
research spending.11 I f  research in industry should decline during a 
recession, Government-sponsored research might well be augmented. 
Although this measure would beneficially increase total spending in 
the short run, its primary merit would lie m the long-run benefits from 
fuller utilization of research personnel to produce further scientific, 
technological, and industrial innovations.

The need for a fairly stable level of research expenditures should 
not pose a major problem for general stabilization policy. This type 
of spending is only a small fraction of total Federal spending. I t  
would not provide much leverage for contracyclical or compensatory 
spending, even if long-run considerations could be ignored. The Gov
ernment possesses far more powerful stabilization measures in the 
form of monetary and fiscal policy, including transfer payments and 
public works. These stabilization weapons should be used to the full 
before research expenditures are dragged onto the contracyclical 
firing line.

The current level of Federal research spending has a great bearing 
on future stability or on short-run changes in the rate of economic 
growth. Major shifts in research expenditure can induce instability 
in future years. The bulge in military research and development fol
lowing the Korean war has no doubt contributed to the inflationary 
trend of the past 2 or 3 years. Such a major increase in applied re
search soon leads to a spurt in developmental activity, followed by 
new investment in production facilities and increased output. This 
sequence of events, which may take 5 to 10 years in different product 
lines, has accompanied the improvement and production of military 
weapons. Military research, development, and procurement have 
stimulated many industries directly through enlarged demands for 
military equipment. They have also induced a sequence of product 
and process improvement, increased investment, and expanding sales 
in civilian production. These indirect effects of post-Korean war mili
tary research and development have been only partly realized to date. 
This is for the reason that the military sequence of product, demand, 
and investment expansion had a several years’ headstart over the 
induced sequence in most industrial lines of production.

Many scientists and industrialists fear that any large cut in military 
research and development at the present time will impede these se
quences. They feel that curtailment of research now will reduce ad
vances in weapons and industrial applications during coming years. 
Their concern is that less basic research today will dampen future 
technological and industrial progress.

Federal research and development spending cannot be employed 
as a convenient contracyclical weapon. However, large variations in 
them may well set in motion powerful cyclical tendencies. The con
clusion seems to be that both in terms of stability criteria and long- 
range considerations of scientific, technological, and industrial prog
ress, current research spending should be kept reasonably stable.

11 Industrial research activity, however, does not seem to be very closely related to cur
rent sales. Cf. Blank and Stigler, op. cit., pp. 12-13, 66-68.
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R e s e a r c h  a n d  D e v e l o p m e n t  E x p e n d it u r e s  a n d  E c o n o m ic  G r o w t h

The essence of this argument is that sustained economic growth 
constitutes the primary criterion for evaluating Federal research and 
development expenditures. The economic efficiency and stability cri
teria discussed in the two previous sections may be regarded as sec
ondary or subservient to this objective. In  a fundamental sense re
search and development activities constitute an investment in future 
growth. This allocation must be rational or efficient if high-level 
growth is to result. I t  must also meet the requirements of stability 
if the resulting growth is to be sustained or continuous.

These Federal expenditures fundamentally shape the rate and char
acter of economic growth. They bring scientific and technological 
advances which result in new and improved products and processes, 
new tastes and demands, and new industries and investment oppor
tunities. These innovations in turn increase productivity, national 
output, and living standards. These changes cumulatively reinforce 
each other in a dynamic process of growth. Scientific research is in 
effect a powerful starter of pump primer of economic development.

Of course, research has to oe large enough in volume and effective 
enough in character to achieve this stimulating or multiplying effect. 
Research must have a powerful enough leverage to counterbalance 
growth-depressing factors such as underemployment, inadequate pur
chasing power, and restrictionism or inflexibilities built into market 
structures. Research can offset the effects of these barriers. Further
more, it can indirectly but effectively weaken or eliminate them. Re
search and development work by government and industry often cre
ates new commodities or new industries, resulting in a healthy growth 
of interindustry competition. Established firms lose their protection 
from the rigors of competition, and restrictive practices in various 
markets lose much of their force.

Research activities no doubt can be strategically directed at certain 
bottlenecks, with good effect. Research can be promoted which aids 
small business, just as it has helped agriculture. Research can be 
aimed at raising productivity in areas of low incomes and underem
ployment. I t  can be used to increase consumer knowledge and the 
quality of consumer goods, thereby expanding demand. The Govern
ment may of course pursue other policies to increase income and re
move market restrictions. I t  can improve social-security programs, 
raise minimum wages, aid public education, and improve patent and 
antitrust laws. These policies will in turn increase the leverage of 
research for promoting economic growth.

A review of American economic history reveals that every major 
war boosted the American economy to a higher plateau of economic 
activity. Joseph Schumpeter and other economists have shown how 
the appearance of a group of new industries produced an industrial 
revolution periodically. Wars and bunched innovations, however, 
produce an irregular or jerky pattern of economic growth. A large, 
sustained volume of research and development should convert this 
stairstep pattern into an inclined plane by fostering a continuous in
dustrial revolution.

The needs of military defense and general welfare alike require that 
periods of underemployment or stagnation be avoided. These periods 
breed social unrest and economic waste; devices of protection, restric
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tion, subsidy, and made work take hold and thrive. Depression con
ditions place a premium upon product differentiation and style obso
lescence as means of artificially creating a modicum of new demand 
and investment opportunities. The resources wasted under these cir
cumstances could be much better used to expand research, technology, 
and industrial innovation. Material welfare and economic growth 
may be greatly promoted when unused or marginal resources are used 
for research instead of advertising, product improvement rather than 
differentiation or style obsolescence, and investment in new industries 
instead of subsidies or made work. The backlog of new knowledge 
and techniques should always be great enough to make investment 
opportunities abundant and product innovation easy. Under these 
conditions, firms will be forced by competition to make real rather 
than spurious improvements in quality. This technological backlog 
should prevent secular stagnation of investment opportunities and 
preclude restrictive, wasteful devices to protect limited markets or 
create demand and jobs artificially.

To make investment opportunities plentiful and to force efficient 
resource allocation may entail a costly volume of scientific research 
and acute inflationary pressure. These conditions might put mone
tary and fiscal policy to a severe test. Stabilization would Become as 
much a long-run as a short-run problem. Stabilization policy would 
then have economic growth rather than just stability as its prime 
objective.

F o r m u l a t io n  o p  P o l ic y  f o e  R e s e a r c h  a n d  D e v e l o p m e n t

The formulation of policy for Federal research and development ex
penditures poses a wide array of complex problems. Some of these 
problems have been discussed above, especially those bearing on the 
allocation and evaluation of these expenditures. Vital national in
terests are involved in a fundamental but imperfectly understood 
manner. The purposes of these expenditures must be grasped and 
their multiple benefits assessed if there is to be effective social con
trol and use of these expenditures. Proper evaluation and control 
must run in terms of what these expenditures contribute to the grand 
strategy of advancing military strength, material welfare, scientific 
knowledge, industrial technology, and scientific education and 
training.

Judgment of the efficacy and adequacy of Government research 
must assure that effort is properly allocated between military and 
civilian needs, between fundamental and applied research, and between 
the social, biological, and physical sciences. This research must give 
adequate stimulus to each industry and to the various educational 
and research organizations in the private sector. Care must be taken 
that enough research effort is devoted to the needs of farmers, small 
business, and consumers. Research must also contribute adequately 
to the economy and efficiency of the Government’s own operations.

More than a score of Federal agencies now have substantial re
search and development budgets. About half of this research is con
ducted intramurally, and half extramurally by industrial, educa
tional, and nonprofit organizations. How can all this work be evalu
ated, coordinated, and administered for the greatest possible benefit? 
How can duplication and blind spots be avoided? How can the
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work be made more productive, more efficient, more economical, more 
appropriate to national needs? Speaking more broadly, how can 
Federal research and development expenditures be handled within 
the framework of a comprehensive national science policy ? 12 Tenta
tive criteria for research expenditure policy have been discussed 
above. They need to be carefully studied and formulated, then effec
tively geared into the budgetary, legislative, and administrative proc
esses of government. Most important of all, these criteria and 
processes must be clearly understood by the general public, as well 
as by Congress and the Executive. Only in this way can a worth
while national science policy be evolved, sanctioned, and effectively 
applied.

Research and development expenditures now involve a plethora 
of agencies, programs, scientific advisory committees,13 budget esti
mates, administrative reviews, congressional committees, piecemeal 
appropriations, and expenditure decisions. The citizen or outsider, 
if not the public official, has extreme difficulty in discerning any 
unity or order in this confusing situation. Indeed, he may not even 
be able to grasp the primary national needs and policy issues which 
are at stake. There seems to be a pressing need for governmental 
machinery to assure proper congressional and Executive review of 
these expenditures, to guarantee their effective coordination, and to 
facilitate their understanding by the public.

The Employment Act of 1946 may actually provide the model of 
what is needed for the effective formulation of research and develop
ment policy. Public understanding, discussion, and support of na
tional economic policy have been greatly facilitated by the machinery 
set up under this act. This machinery has strengthened the capacity 
of the Executive and Congress to review and coordinate the economic 
activities of many Federal agencies. I t  has also elicited greater un
derstanding, support, and voluntary cooperation from non-Federal 
agencies ana private groups. Through the President’s Council of 
Economic Advisers, the Joint Economic Committee, and the annual 
economic report, this act provides essential machinery for the con
tinual, purposeful, publicly understood evaluation of economic trends, 
problems, programs, and recommended policies.

Much of the same machinery seems appropriate in the area of 
national science policy. A National Science Act might set up a 
Council of Scientific Advisers in the Office of the President. This 
Council would make an annual appraisal and report concerning the 
trends, problems, long-run needs, and desirable policy changes in 
Federal research and development activities. This report, along with 
the President’s recommendations for new legislation, would then go 
to Congress for examination before a Joint Committee on Science 
Policy. This Committee would suggest general legislative changes
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u  The broad question of national science policy is discussed in Bush, op. c l t . ; Dupree, 
op. c l t . ; National Resources Committee, Research— a National Resource, vol. 1, tJ. S. 
Government Printing Office, Washington, D. C„ 1938; The Organization of Applied 
Research In Europe, the United States, and C anada; Don K. Price, Government and 
Science, New York University Press, New York, 1954; President’s M aterials Policy Com
mission, op. c l t . ; President’s Scientific Research Board, Science and Public Policy, U. S. 
Government Printing Office, W ashington, D. C., 1947 ; and various publications of the 
National Science Foundation.

13 See the National Science Foundation reports on Advisory and Coordinating Mechanisms 
for Federal Research and Development, 1956-57, U. S. Government Printing Office, Wash
ington, D. C., 1957, and Organization of the Federal Government for Scientific Activities, 
U. S. Government Printing Office, Washington, D. C., 1956.
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which would then go to the appropriate committees for detailed study 
and action. Both the Council and Joint Committee would maintain 
liaison with other public agencies and with scientific, educational, and 
industrial groups. In  addition, a standing President’s Advisory Com
mittee on Science, broadly representative of these groups, might meet 
2 or 3 times a year to advise on short-run and long-run needs in 
national science policy.

The proposed Council and Joint Committeee would have to main
tain particularly close liaison with the Bureau of the Budget and 
the National Science Foundation. The Budget Bureau already per
forms important functions of budgetary and administrative review 
over research and development activities conducted and financed by 
Federal agencies. The Foundation administers a growing volume of 
research support in the form of grants and fellowships. I t  also makes 
detailed studies of research progress and needs in the various scien
tific fields. These studies are designed to provide a more adequate 
factual basis for formulating national science policy. These two 
agencies and the proposed Council and Joint Committee, through con
sultation with operating agencies and private groups, might work 
out a tentative 5-year research and development budget. I t  would, 
of course, be subject to frequent revision and should be of great value 
to the agencies, the President, and the Congress in framing and review
ing the annual budgets. The substantive review of scientific trends 
and needs by the National Science Foundation and the administrative 
and budgetary review of the Bureau of the Budget, when brought 
together m a comprehensive policy framework, should greatly facili
tate the understanding, formulation, and coordination of national 
science policy.

A promising way to secure this clarification and cohesiveness in the 
framing of science policy would seem to be passage of a National 
Science Act setting up policy-recommending machinery generally par
alleling that instituted by the Employment Act. The two acts should 
supplement one another in a very logical and constructive manner. 
They would provide the means of study, deliberation, and evaluation 
required to develop comprehensive policies for promoting the Nation’s 
long-run technological advance and economic growth.
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