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PREFACE

Innovation plays an important role in economic growth, soO that
increased innovation is one means whereby current economic problems can
be overcome. The government atfects the innovation process in twe main
ways. First, ‘it shapes the environment in which private firms make
decisions about innovation. Second, the government funds roughly half the
research and development (R&D)==a necessary condition for innovation--
carried out in the U. 5.

At the request of the Serate Budget Committee and the Senate
Comtnittee on Cemmerce, Science, and Transportation, the Congressional
i‘udget Office has prepared an analysis of thg underlying issues affecting
innovation pelicy and of current programs in this area. This report
supplements the detailed analysis of current R&D budget proposals that is
rrovided by the CBO special study, Research and Development Funding in
the Proposed Fiscal Year 1985 Budget. In keeping with CBO's mandate to .
provide objective analysis, the paper offers no recommendations.

The report was prepared by Louis Schorsch of CBO's Natural
Resources and Commerce Division under the direction of David L. Bodde
and Everett M. Ehrlich. Teresa Daiiey and Joel Jacobsen carried out
valuable research. The author also wishes to recognize the contributions
made by Jeffrey Nitta of CBO's Budget Analysis Division arid Elliot
Schwartz and Philip Webre of CBO's Natural Resources and Commerce
Division. Professor Edwin Mansfield of the University of Pennsylvania,
Albert Teich of the American Association for the Advancement of Science,
and Gregory Tassey of the National Bureau of Standards provided heipful
comments on the first draft of the report. Patricia H. Johnston edited the
manuscript. Philip Willis typed the early drafts, while Kathryn Quattrone
typed later drafts and prepared the report for publication.

Rudolph G. Penner
Director
April 1984
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SUMMARY O\

- ~ -
Current economic problems have drzwn attention to ‘the potential
ber.efits that increased innovation, the introduction of ‘new procducts and
processes, could bring to the U.5. economy. More rapid rates of innovation
could boost produgtivity growth, improve the international competitiveness
of.American industry, and provide the new industries needed to offset the
poor growth prospects of mature sectors. '

~

THE GOVERNMENT'S ROLE IN IMPROVING INNOVATION
: .
The innovation process is ton complex to be amenable to direct
government action. Instead, the governinerit seeks to foster innovation by
establishing conditions conducive to™ innovative activity, an effort that
combines two aspects: .

"o The government funds roughly half of the research and devzlop-
ment (R&D) that is carried ou: in the United States. Although not -
identical with innovation, R&D provides the scientific and techni-
cal advances needed to sustain rapid rates of innovation. Tbé,"(
fiscal year 1985 budget request calls for close to $53 billion_in
total government R&D funding, up from $44.5 billion in 1984.

o . The government shzpes the environment in which the private
sector rmakes decisions about its own R&D and about the innova-
tions it will pursue. This environment comprises overall macro-
economic conditions as well as the specific programs affecting
private-sector innovation, such as tax incentives, antitrust re-
strictions, and so on. ’

%

The Government's Role in Funding R&D

The substantial government subsidies provided for research and devel-
opment are justified on the grounds that the government should support
R&D projects that are socially desirable but that are unlikely to be funded
by private firms. The R&D needed for national defense is the outstanding
example of activities for which the government assumes responsibility. Asa
result, defense accounts for a large and increasing chare of the federal
research budget. Since the rativnale for government funding of defense-
related R&D is relatively unprobleinatic {aithough the level and composition
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3

of stich funding may be contraversial), this report concentrates on the issues
involved in civilian R&D funding and the general economic goal of more
rapid rates of innovation. ‘

Many of the policy choices in the innovation area depend on one's view

~—of whether the market provides ad»quate incentives for private firms to

 fund the R&D needed to sustain rapic rates of innovation. When incentives

are inadequate,’it may be the government's responsibility to provide funding.

How one definés the boundary between private and public responsibility
shapes one's attitude toward policy proposals aimed at fostering innovation.

Traditionally, ithe public and private roles in civilian R&D have been
defined in terms of what this report calls the "pipeline concept.? According
to this view, R&D is the core of the innovative process, and it comprises a
continuum of basic research, applied research, and developrnent. In essence,
these categories can be described in the following terms::

o Basic research refers to scientific activities undertaken without
regard to practical considerations, akin to "pure" science. Its
results are generally uncertain, long-term, ant unlikely to remain
the property of the organization that sponsors the research. The

- investigations typically undertaken at university laboratories are

. good examples of basic research.

5 .o Applied research denotes scientific activities that are undertaken
¢ tc address practical problems rather than to expand the frontiers
of knowledge. The defining difference between basic and applied

research, therefore, concerns goals rather than content. ’

o Development refers to activities undertaken to solve the techni-’
“cal problems involved in bringing a new product or process into
production. Engineering, rather than scientific activities, typical-
ly predominate in development. :

As conventionally interpreted, these categories make up a linear
process that runs from basic research through applied research to develop-
meni. The process can .be viewed as a pipeline: funds invested in basic
research lead to new insights that can be focused by means of applied
research and then commiercialized through developmeni. The pipeline
conicept also suggests a division of responsibilities between the public ani
private sectors. Commercialization (development and the steps that follow
it) can for the most part be left to private industry, while the government's
role is to subsidize basic research, which is too far renioved from commer-
cial considerations to receive adequate corporate support. According to the

~
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pipeline concept, ga‘vernment'fundirig of basic research eventually leads to
the commercial innovations that underlie irnproved economic performance.

, Despite  the “widespread acceptance of the nipeline concept, the
federal government has frequently . funded civilian development activities,
such as the projects designed to develop alternative energy sources and thus
contribute to energy independence. Although such activities have received
substantial funding, they remain outside the traditional interpretation of the

. government's role in R&D funding. '

The pipeline concept and its concomitant definition of the public and
private roles offer little guidance concerning the government's role in
applied research. Some observers compare.applied research to development
and view market incentives as adequate to ensure sufficient private R&D
funding. Others extend the rationale for public support of basic research\to
applied research as well, arguing that the private sector may underfund both
forms of research. - \

How to define the government's role in applied research is one of the
most significant questions facing policymakers seeking to increase the
return on government-funded civilian R&D. Those who support a strong
governmental commitment to applied research frequently question the view
of the innovation process that underlies the pipeline concept, emphasizing
the importance of the activities that link science and cominerce..

©

The Government's Role in Shaping the
Environment for Innovation

Regardless of the level of government R&D funding, the technological
per formance of the economy--the rate at which it develops and adopts’
“innovations--depends on the actions of private firms. The government
"cannot dictate this process; it can only indirectly influence the innovative
performance of the private sector. Some of the policies that shape the

. .economic environment affecting R&D and innovation are listed below. .

o Macroeconomic policies. In a growing economy,.-.firms have in-
creased cash flow to invest in R&D and greater confidence about ¢
the expected return to long-ternms and uncertain R&D projects.
Macroeconomic policies that boost investment are particularly
important in diffusing the:inngvations embodied in new capital .
equipment and increasing the incentives for innovation in capital-
goods industries. - -

¢
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s - e ——Policies—affecting-competition.. .Competition is.a strong_induce-

ment to innovation, since new technologies are an effective
means of reducing costs and opening new markets. Policies that
restrict competition, such as trade barriers, also reduce the
incentive to innovate. "

o Tax incentives. Besides the general tax policies that are an

- important component of macroeconomic policies, specific tax
incentives have been implemented to encourage R&D and innova-
tion. L. :

o. Regulatory policies. Governinent regulations can atfect the rate
of innovation. Environmental regulations may have required the
commitment of R&D resources to pollution control rather than to
productivity-enhancing projects. Antitrust regulations 'may keep
firms from pursuing joint R&D projects that are unlikely to be

- undertaken by individual companies. Finally, patent policies,
especially those involving rights to the results of government-
funded R&D projects, also affect the rate of innovation.

, & '

o Institutional and informational support. The government can also
influence the rate of private-sector innovation by providing
information concerning technological developments and by facili-
tating links between business and the scientific community. The
Department of Agriculture's technical support programs are a
good example of such policies. )

R&D, INNOVATION, AND ECONOMIC PERFORMANCE

While there are no explicit measures of innovation in the economy,
proxies such .as the rate of productivity growth suggest that the rate of
innovation has slowed i the 1970s. The declining competitiveness of major
U.S. industries, such a, steel and automobile production, stems'in part from.
a deteriorating U.S. technological advantage. Evidence indicates that even
those manufacturing industries that are very technologically .advanced and
are net contributors to the balance of payments are ‘losing competitive
ground rather than retaining their lead over foreign producers. Since the
late 1970s, however, the private sector has increased its commitment :to
R&D, and this may portend improved technological performance. :

International competitiveness is highly correlated with R&D funding:

firms that devote a small portion of their revenues to R&D tend to be poor

o competitors internationally, while firms that are strongly committed to
’ R&D tend to be highly competitive in global markets. This relationship can

Xiv
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be interpreted in two ways. Greater R&D investments may be a cause of
good performance, so that increased R&D spending might improve the
performance of less technology-intensive industries. Alternatively, indus-+.
“tries that tend to be poor competitors internationally may be characterized
by technologies that are played out, so that the return to R&D is low. These
divergent interpretations of the close relationship between R&D and inter-
national competitiveness make it difficult to focus federal R&D policies to
deal with the challenge of intensified internatioral competition.

Government R&D spending by industry is also closely correlated with
an industry's international competitiveness, which indicates that the pattern
of-government spending helps to shape the prospects of different industries.
This correlation suggests that "low-tech" industries might benefit from some

- reorientation of federal R&D support by industry. Moreover, the waning
competitive performance of several of the U.S. economy's "high-tech"
sectors suggests possible technological weaknesses in the economy as 3
whole, a judgment that may warrant a reevaluation of governmental
innovation policy. This problem may reflect a lack of aggressiveness on the
part of U.S. manufacturers in adopting foreign innovations. It may also
reflect the fact that countries like Japan and West Germany devote a
significantly greater share of their gross national product (GNP) to civilian
R&D. Policies that address such issues in order to improve .the technologi-
cal performance of key sectors of the U.S. economy could potentially alter
the sectoral structure ot the U.S. balance of payments. It should be pointed
out, however, that reductions in the net imports of some sectors would be
offset by countervailing shifts in the trade balance of other sectors.

-

Government efforts to improve the economy's technological perform-

ance should recognize that general conceptions of the innovation process

" fail to capture its industry-specific characteristics, which may be the most
significant factors determining technological performance. In some cases,

large firms in concentrated industries have outstanding records of innova-

tion, while in others the same features are associated with relative.

technological stagnation. In many emerging industries, small firms are the

source of rapid rates of innovation. In general, the record seems to show

that innovation will be greatest when firms have the funds to invest in

R&D--either because they are large or because they have access to capital

markets--and when competition is strong.” In addition, many other factors

“affect the technological prospects of specific industries: the extent to
which basic science is carried out in related areas (in ferrous metallurgy for

steel production, for instance), the size of the market, the capital-intensity

of the industry, and the extent of technological competition in the industry.

The interaction of these factors can determine the effectiveness of govern-

ment innovation policies. For example, tax incentives that inCrease

innovation in one industry may have little effect in an industry that lacks
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Q

ERIC

Aruitoxt provided by Eic:



the basic research foundation needed for rapid rates of innovation. In the
latter case, direct governmental funding of basic research may be a more
appropriate policy initiative than tax incentives. :

CURRENT R&D POLICIES

Since 1980, significant changes have occurred in the pattern of
government R&D spending, as the Administration has reaffirmed the tradi-
tional rationale for governmental R&D funding. In the Administration's
budget request for fiscal year 1985, defense-related R&D accounts for
almost 70 percent of the total R&D budget--the highest share since 1962.
In terms of civilian R&D, the Administration has reoriented spending
towards basic research, which increased 23 percent in real terms between
fiscal years 1982 and 1984. Civilian applied research and development have
had their real funding cut almost in half since 1980. Cuts have been
particularly severe at the Departments of Energy, Commerce, and the -
Interior, and-at the Environmental Protection Agency (EPA)--although the
EPA R&D budget was increased sharply in the 1985 budget request.

The Administration's R&D effort relies on the private sector . to-
compensate for the government's reorientation of its civilian R&D funding
away from applied research and development. - The Administration has
sought to elicit increased private R&D through a strong economic recovery,
specific R&D incentives, and the removal of some barriers to private R&D.
Since the late 1970s, private R&D spending has been quite strong, although
the trend predates the change in Administration. :

Recent changes in the tax laws, especially the accelerated capital
recovery system (ACRS), have increased the attractiveness of investrnent,
and this should spezd the diffusion of innovations and increase the rate of
innovation in capital-goods industries. ACRS's effects on R&D are complex,
however, since the program reduces the relative impact of the R&D tax
incentives that were in effect prior to the passage of the Economic
Recovery Tax Act (ERTA) of 1981. Nevertheless, the net impact of ACRS
on R&D incentives now appears to be positive. :

In addition, ERTA introduced an incremental tax credit for increases
in R&D expenditures. This program is scheduled to expire in 1985, and its
impact is limited by several of its features. While the net impact of this
program is positive, large numbers of firms are unable to make full use of
the credit, either because they have limited tax liabilities (due to. unprofit-
- ability or start-up status) or because the increases in their expenditures.
exceed the cap included in the program. The option of "expensing" labor and

XVi



material costs for R&D, which has been in effect since 1954, is a more
significant incentive than the incremental credit. 1y

Finally, the Administration seeks to encourage greater private-sector
- R&D by eliminating some of the regulatory barriers to such activity,
especially at the. basic research end of the R&D spectrum. This is the
rationale. behind efforts to relax antitrust restrictions on R&D joint ven-

tures.
' ’

POLICY OPTIONS

‘Policymakers' attitudes toward specific innovation policies depend
upon their view of the, government's role in funding R&D and encouraging
private innovation. Alternatively, this question can be defined in terms of
the adequacy of incentives for private-sector R&D and innovation. Clarify-
ing this underlying issue could place specific R&D policies on a clearer and
mote coherant foundation. Some specific options for improving federal
R&D and innovation policies are discussed below. o

R&D Funding. The effectiveness of governmental R&D funding de- -
pends on severa! factors: the stability of funding, the mix of R&D funding
bv type, the mix of R&D funding by industry, and so forth.

o  The R&D budget could be appropriated for longer than a single
year. Since R&D projects are both long-term and risky, short-
term volatility in funding” undermines the effectiveness of such
nrojects.

Gr=ater atiention could be paid to thé mix of spending by type
and pacticularly to the adequacy of funding for civilian applied
syt .Some of the savings from reductions in civilian -
Javelspent projects could be devoted to increased 'basic and

annliz=Z vaszacch,

&

‘o ime »aierr of federal R&D support by industry could be made
qere enplicit, so that the Congress could better decide whether
adequate funding is available across the economy. Savings could
be gained from tying government subsidies to matching funds
from industry. :

.  Expensing means that firms can deduct the full cost of qualified R&D
expenditures in the year that the expenditures are made rather than
depreciating them over a number of years.

XVii
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o Major scientific projects, such as the superconducting super
collider and the manned space station proposed in the fiscal year
1985 budget request, are increasingly expensive. Their costs
could be reduced by encouraging greater international cooperation
in such projects. . .

Tax Policies. R&D tax incentives could be strengthened. One means
to this end would be to extend the incremental R&D tax cradit. Some
changes in this program could increase its incentive effects: the amount of

S the credit could be raised, the base expenditure could be calculated in real
" terms, the cap on the allowable increase could be eliminated or made less
strict, and . so on. The evidence concerning the effectiveness of the
incremental R&D tax credit is mixed, however, so that its extension may

not generate the benefits its proponents seek.

Antitrust Policies. So long as adequate safeguards for competition
remain in place, relaxing antitrust restrictions for R&D joint ventures could
encourage greater private support for research. Initiatives such as this may
be particularly important if government funding for civilian applied research
continues to be reduced:”

~ \
Patent Policies. The Congress could consider supporting the Admini-
stration's efforts to grant patent rights to the firms that perform govern-
ment-sponsored R&D. Evidence suggests that government retention of
rights serves to retard innovation rather than to increase government
revenues.

Institutional Arrangements. New institutional arrangements might be\\
particularly important if the Congress wishes the goveriment to play a more
active role in encouraging industrial innovation. New institutional arrange-
ments might require only limited government involvement; the Administra-
tion, for instance, is seeking to encourage closer relations between universi-
ties and industries without major government expenditures. More funda-
mental institutional changes could include government sponsorship, with
private cooperation, of applied technology centers or the establishment of a
National Technology Foundation, akin to the National Science Foundation.
Both these approaches have been contained in proposed’ legislation. Such
institutional reforms might be an appropriate vehicle for improving the
government's support for applied research and for better adapting innovation
policies to the specific technological needs of different industries.
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CHAPTER I. INTRODUCTION

Current interest in innovation and in research and development (R&D)
reflects their potential for providing technological improvements to help
solve the problems that have plagued the U.S. economy since the early
1970s. The economy's poor performance  over the past decade includes
relatively slow rates of growth, high rates of unemployment and inflation,
and deteriorating . international competitiveness in some key industries.
More fundamental trends, such as lagging preductivity growth and a less
fluid pattern of industrial output, have been cited as underlying causes of
more evident economic problems.l/ Against this background, increased
innovation stands out as a promising means of contributing to the revitaliza-
tion of the economy. :

THE POTENTIAL FOR INCREASED INNOVATION

Innovation represents the introduction of new products and processes,
and it can run the gamut from the developinent of minor refinements in
traditional products to the seminal breakthroughs in technology that initiate
new industries. In some cases, innovations are the product of expensive
long-lasting, and risky projects that rely -on large numbers of scientic "t anc
engineers, as did the Manhattan project. Private industry relies ticreasingly
on & sipilar approe . to innovation; the scientific and-technical expertise
marshailéd by semiconductor and bioengineering firms are popular contem-
porary examples of this phenornenon.  This is not the only path to
“innovation, however. Highly. significant innovations, such as the introduc-
tion of the assembly line, can result from organizational or managerial
changes. ‘ o

The factors that affect the rate of innovation are both highly complex
and inadequately understood; innovation is- rooted in the still unexplained
relationships among intellectual inspiration, "scientific discovery, and per-
ceptions of market opportunity. For economic theory, technological change
and innovation have been treated as a "black box." One can measure the
inputs into the process and identify the new products and processes that
result from innovation, but what happens inside the black. box rernains

1. See Congressional Budget Office, The Productivity Problem: Alterna-
tives for Action (January 1981); and The Industrial Policy Debate
(December 1983).




rmurky. What determines the rate at which new ideas are commercialized?
Is technological progress the product of the resources devoted to scientific
and engineering activities, or does such progress depend crucially on elusive
and still unquantifiable properties such as "entrepreneurship?" While such
issues cannot be definitively resolved, they do suggest that policymakers
should be wary of simplistic solutions to the complex problems of increasing
innovation and improving the economy's technological performance.

Once innovations are. dissemindted throughout the economy, they
provide three main benefits:

o Innovation increases productivity. -New processes--such as con-
tinuous casting in steelmaking or numerical control in metalwork-
ing--directly increase productivity: Moreover, productivity
growth tends to be most rapid for new products, which character-
istically become cheaper and better designed as they experience
rapid market growth. o

o Innovation boosts the international competitiveness of American
industry. - The comparative advantage of U.S. firms increasingly
Jies in their ability .to remain near the cutting edge of new
technology. Industries that are technelogically intensive, such as
data procussing, still enjoy a significant trade surplus, while
industries that invest relatively little in new technologies, for
example, steel, are less competitive internationally.

o Innovation provides the foundation for emerging industries. Be-

cause of relatively stagnant demand. and increased international

competition, many of the mature industries in the U.S. economy
are unlikely to generate significant long-term increases in em-
ployment. New industries, many of which will use new technclo-
gies, are needed to provide employment and income, compensat-
ing for the poor growth prospects of mature sectors. - N

Innovation is not a panacea, howgver. The introduction of new.
technologies inevitably involves some adjiistment costs. New technologies
often require new skills, for which the labor force must be trained, and alter
the pattern of output, reducing employment and income in technologically
,stagnant sectors.of the economy: Nevertheless, these adjustment costs do
not outweigh the potential benefits of technological progress, which is an
underlying source of highér living standards and improvements in the quality
of work. : ’
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THE GOVERNMENT ROLE: R&D INVESTMENTS
AND PRIVATE-SECTOR INCENTIVES

Because innovation itself is difficult to easure, discussions of this
subject typically focus on more measurable proxies, such as the funds
devoted to research and development (R&D) or the number and significance
of patents issued to innovators. No proxy adequately captures all of the
factors that affect innovation. Nevertheless, R&D data are less prob-
lematic than .other measures. Moreover, R&D spending is relatively
.amenable to governinent action, since the government funds roughly half the
R&D carried out in the U.S. For these reasons, this report devotes a great
deal of attention to R&D. R&D is npt synonymous with innovation,
however; and policymakers cannot assuime that increased R& D spending wi'l
inevitably lead to increased innovation or fimproy-+d tetinvlogical pecfotin-
ance in the economy as a whale.

R&D is a relatively recent label” for an ‘ancient activity: the
purpuseful expansion of knowledge and ‘its application to commercial pur-
suits. R&D expenditures measure a society's commitment to fostering
technological progress, although other conditions must be met if R&D is to
lead to widespread innovation. From an economic point of view, R&D is an’
investment, and innovation, with all its economic benefits, is the return on
that investment. - There are .reasons other than economic benefits for
governmental support of R&D: national prestige, the maintenance of an
outstanding educational system, national security, and so on. While such
goals dre worthwhile, the focus of this report is the economic importance of
R&D and innovation. ‘ ' '

For various reasons, private firms are likely to underinvest in R&D,
especially in R&D activities that do not have a clear and immediate
commercial potential. - The government can ensure that R&D investment is
adequate by directly funding socially beneficial activities that the market is
unlikely to support. S .

In addition, the government has the more diffuse responsibility of
ensuring that the economic environment is conducive to private-sector
investment in R&D and, more generally, to innovation itself. The rate of
innovation is primarily determined by the activities of private firms. At the
very least, effective innovation policy requires an awareness of the ways in
which :government policies, such as trade restraints or antitrust restric-

\\ti_pns, may affect private-sector innovation. More actively, the government

~

can. also provides incentives, .particularly through the tax system, to boost
“private-sector R&D. : .




Direc: R&D funding and the maintenance of incentives for private-
sector innovation are the two main elements of federal innovation policy.
Many other federal programs also affect the technological performance of
the economy, however. Education policies, for instance, influence the
availability of qualified scientists and engineers, the ease with which
innovations- will be adopted by the labor force, and the overall social
attitude towards science and technology.

PLAN OF THE REPORT

Thic report is designed to provide a background against which the
Congress can evaluate specific policy initiatives in the innovation area. A
complementary CBO report discusses the treatment of R&D programs in the
budget submission for fiscal year 1985. 2/ : '

Chapter II discusses the links between R&D and innovation and defines
the roles played by the different actors in the innovation process. Chap-
ter 11l presents evidence on the relationship between R&D and economic
per formance, emphasizing international competitiveness. Chapter IV pre-
sents an overview of current trends in R&D funding. Chapter V discusses
government incentives (other than direct funding) for private-sector innova-
tion, concentrating on tax expenditures, which have the most immediate
budgetary impact. Finally, Chapter VI presents some policy options in the
areas of innovation and R&D. : _

o

2. Cong}'essional Budget Office, Research and Developmént Funding in
" the Proposed Fiscal Year 1985 Budget (March 1984).
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CHAPTER IL iJNDER,STANDlNG INNOVATION AND R&D: THE PUBLIC
AND PRIVATE ROLES B

_ While the underlying subject of this report is the government's role in
fostering innovation, measuring and directly influencing innovation itself is
difficult. This shifts the emphasis of innovation policy to related areas,
particularly to investments in research and development (R&D). Throughout
the postwar period, R&D has accounted for between 2 and 3 percent of
GNP--not counting the unreported activities of independent investors and
entrepeneurs--and is thus "big business" in its own right. More importantly,
however, it is the bridge between science and production, and over this
bridge pass most of the new products and processes that generate econonic
growth. This chapter provides a background for understanding the role of
R&D and the responsibilities of the participants in the R&D process--gov-
ernment, industry, and the scientific community. _ '

Both the general economic benefits of governmental R&D support and
the. roles of the different actors in the R&D process are conventionally
defined in terms of what this report calls the "pipeline concept™: the
government funds the apractical activities of the scientific community,
which are then commercialized through several steps by the private sector.
There are exceptions to this pattern, of course. For example, the
government funds a great deal of practically oriented research in agricul-
ture, for which there is a Jong history of federal R&D support. Neverthe-
less, the pipeline concept has helped shape the pattern of civilian R&DY
activity in postwar America, as will be shown in the data presented in the
final section of this chapter. .

In many ways, the division of labor based on the pipeline concept has
served the economy well. Insofar as the Congress is interested in improving
technological performance in the economy as a whole, however, it may be
worthwhile to reconsider some of the underlying assumptions that inform
current R&D policies. ~ In particular, the following points should be more
widely recognized: '

o The innovation process is highly industry-specific, in terms of
" both the level of R&D support and the nature of the obstacles to
improved technological performance. General policies, therefore,

fail to address many factors affecting innovation.

O
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o R&D is best understood as a complex, interactive process rather
than the unidirectional series of steps suggested by the pipeline
concept.

o The most crucial policy issue in the R&D area concerns the public
and private roles in funding activities that link pure scientific
research with the concerns of the marketplace. The pipeline
concept offers little guidance on this issue. * ‘

- LY

o  The sclentific community, which exercises a significant degree of
control over science. funding (especially. through the National
Science Foundation), may rot pursue the same goals as the
Congress. Specifically, the priorities of the scientific community
are not based on economic potential. :

L —

. INNOVATION AND R&D: A COMPLEX RELATIONSHIP

Focusing on R&D renders innovation a more tractable problem for
policymakers, but these activities are not identicale R&D is a necessary but
not sufficient condition for rapid rates of innovation. The. econornic
fruitfulness of R&D ultimately depends on the private sector, whose
initiative in turn depends upon macroeconomic conditions and®upon a variety
of factors that are highly industry- and firm-specific. .

The traditional analysis of technological progress, first suggested by

Joseph Schumpeter, identifies ‘three steps: invention, inhovation, and
imitation. 1/ Invention denotes the discovery of 'a new process or product.

. and the resolution of associated technical problems. Innovation refers to
the transformation of invention into a commercially " usable process or .

- salable product, including .markét research and promotion. Imitation de-

notes the process whereby an innovation is diffused through an industry or,

in the case of a breakthrough technology like computers, through many

\ industries. Such diffusion has a dual aspect: other producers can replicate
an innovation, and more users can adopt it. It is important to recognize thats
even an innovation that i5 highly significant in a.technological sense has
limited economic impact until the imitation or diffusion process is fairly

advanced. Coe e :

While Schumpeter's analysis is a provocative first approximation, it
fails to.portray adequately the complex network . that links laboratory
e . . . { ¢ .

< i B . . _
1. Joseph A. Schumpeter, Business Cycles (New York: McGraw-Hill,
1939), especially Chapter IIL- : :
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: . < . .
research and commercial results® A more comprehensive breakdown might
include the following steps, not all of which are necessary for every
innovation:

Basic laboratory research;

The identification of potential commercial applications;
The assessment of technical feasibility; \
Applied research;

The preparation of product specifications;

Construction of a prototype or pilot plant;

Tooling and construction of manufacturing facilities;
Initial manufacturing and marketing;

Reassessment of commercial potential; and

Licensing and so forth, leading to widespread imitation. 2/

;

—\D 00 N O\ F W —

o

This list suggests the complex procedures that must be followed if the
insights of research and development are to be transformed into usable
products and processes. In a market economy, the prospect of entrepre-
neurial profits is the principal glue holding this sequence together. Con-
versely, conditions that undermine this incentive--from insurmountable
technical problems.to poor market prospects to inadvertent goverament
interference--can weaken, or even atrophy, the links between R&D and the.
market. Although R&D is only part of the innovation process, it is amenable
to direct government funding, while the other elements depend more on the
initiative of private firms and, therefore, on the overall ecoppmic environ-
ment. As a result, R&D can be treated separately from the other activities
that are essential to.the broad economic processes of invention, innovation,
and diffusion. ' - .

Because R&D itself refers to several different types of activities,
aggregate measures of R&D spending convey only a limited amount of
information about the economic potential of government funding. Since its
founding, the National Science Foundation (NSF) has sought to deal with this
problem by breaking down R&D activities into basic research, applied
research, and development. These categories have played a major g%le in
determinigg governiment ,R&D policy for the past 35 years. NSF defines
these categories as follows: , . . '

2. This list is partially based on Edwin Mansfield, "Determinants of the-
Speed of Application of New Technology," in B. R. Williams, ed.,
Science and Technology in Economic Growth, (New York: John Wiley,
1973).




) Basic research. For the federal government, universities and
colleges, and other nonprofit institutions, basic research is
directed toward increases of knowledge in science with 'v..a-
fuller knowledge or understanding of the subject under study,

, rather than a oractical application thereof." To take account of
~+/ an individual profit-making company'$ commerclal goals,~the
' definition for industry funding is modified to indicate thut basic’

research projects reprosent . . original investigations for the
advancement of ¢ .ific knowledge . . . which do not have spe-
cific commercla: .u,cctives, although they may be in fields of
present or potential interest to the reporting company."

0 Applied research. The NSF states:: "Applied research is
directed toward practical -apnlication of- knowledge." Here
again, the definition for the industry survey through which NSF
coilects private-sector data takes account of the characteristic
of industrial organizations. It covers ", .. research projects.
which represent investigations directed to discovery of new

» : scientific kniowiedge and which have specific commercial objec~
T _ tives with.resp=ct to eithier products or processes," .

0 Development. The uoncept of development used in the NSF
survey rmay be summarized as n, . .the systematic use of the
. knowledge or anderstanding gained Irom research directed to-
ward the ,production of useful materials, devices, systems Qr
metnods, incinding design and development of prototypes and

-0 o " .
processes." 2/ o \

s

As this breakdown is conventionally interpreted, basic research, ap- -
plied research, anu development represent a continuum of activities that
stretch between puse sciznce and the market. Within this channel,. or
pipeline, basic research is practicaily identical with pure science, while the
most short-terin and incremental development projects are hardly distin-
guishable frorn the constant refinement and improvement of techniques that
characterize any production process. Since R&D activities can be located
along this continuum according to their proximity to the market, an implicit
division of labor between the public and the private sectors emerges fron
the pipeline concept, with the government funding those activitjes farthest
from the market. The breakdown of R&D into these three categories also
can be used to provide a rough indication of the functional mix of programs

3

3. National Science: Board, Science Indicators 1980 (Washingtop, D.C.:
U.S. Government Printing Office), p. 254,

'
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receiving governinental support. For these reasons, this categorization of
R&D has sunk deep rocts into the administration and interpretation of R&D
policy.

There are at least two types of risks inherent in excessive reliance on
this conventional breakdown of R&D activities, however. The first stems
frorn the fact that these categories tend to overlap in practice. This
introduces some arbitrariness into any quantitative disaggregation of R&D
expenditures. In many cases, the allocation of specific projects between
basic and applied research or between applied research and development isa
highly subjectlve judgment. As a result, apphed research is inevitably a

" problematic category.

wr

The second and more serious deficiency of this conventional categori-
zation concerns the extent to which the perception of a linear R&D
continuum confuses the actual linkages.among the different types of R&D
activities. It suggests that there is a pipeline running from the laboratory to
the market: basic research leads to applied research leads to development
leads to new products. In reality, however, the relationships among these
tategories are much more interactive and fluid. Insofar as the distinctions
among these' categories become insti#itionalized, the conventional break-
down of R&D may welil be countefproductive, artificially restricting the
practical applications of scientific research as well as depriving scientists of
the feedbark that can provide a foundation for inductive theoretical
advances. #/ Moreover, the increasing tendency to view R&D as a form of
investment undermines the usefulness of the distinction between basic and
applied research. Other ways of categorizing research projects--perhaps
one that émphasizes the synergy between a project's basic and apphed
aspects~—m215y be worthwhile alternatives to the rigid structure of ad R&D
continuum. 2/ .

4. Researchers at Bell Labs, for instance, cite that institution's grounding
in practlcal problems as a principal reason for its outstanding perform-
ance in fundamental science. See "Bell Labs; Threatened Star of U. S.
_Research," Business Week, --July 5; 1982, p. 48. Medical research,..
“which typically lirks fundamental scxentxflc worke with practncal goals,
is another provocative example. coL

\
5. See Doneld Stdkes, "Perceptions of the Nature.of Basnc and Applied
Science in the United States," in A. Gerstenfeld, ed., Science Policy
Perspectives: USA-Japan (New York: Academic Press, 1982). "
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While it is immpossible to evaluate natterns of R&D funding without
reference to the categories of basic reses -ch, applied research, and develop-
ment, it is important to emphasize that these distinctions are crude--not
just because of definitional overlap but also because of the dubious linear
concept of the R&D continuum itself. In addition, the pipeline concept
alone is not an adequate guide for deter mining the appropriate level of
governimental support for applied research.

THE DIFFERENT ACTORS IN THE R&D PROCESS AND THEIR ROLES

One of the reasons for the pipeline concept's durability--despite the
fact that it oversimplifies the role of R&D in the innovation process--is
that it can be used to provide a relatively clearcut definition of the proper
roles for the different actors in the R&D process. Once a project has
reached the actual stage of commercialization (whether of a new product or
a new process), the private sector plays the major role. . Similarly,
developrent activities that are closely related to the market can be left to
the private sector. Earlier in -the process, however, there is reason to
believe that the market will fail to support R&D adequately and that
government should compensate for this failure.

Governments’ The Justification for Public Supp:rt

In recent years, the federal government has funded about 45 to
50 percent of the R&D carried out in the United States. Federal commit-
ments of this magnitude--almost $45 billion in fiscal year *1984--are justi-
fied by reference to two distinct types of market failures. The less
problematic concerns "public goods"--those technologies of which the
government is the, principal purchaser. The second argument favoring
governmental funding of R&D is based on the alleged inadequacy of the
R&D carried out by the private sector, mainly’ because private businesses
are generally unable to retain all the econornic benefits of the R&D that
they fund. (In economic jargon, this inability to keep all the benefits of
R&D is called "nonapprobriability.")

Since public goods are consumed collectively, they must be purchased
by the government, which is, in effect, jdentical with the market for these’
goods. In such cases, the government can either produce the good itself or
issue purchasing contracts to private producers. In either case, the costs of
production must be borne by the government. :

1G- -
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Defense is the archetypal public good. When the government cCon-
tracts for defense goods, such as new weapons systems, it also purchases the
necessary R&D, which is an integral part of their costs. Since the
governmnent, as sole or principal purchaser, specifies the desired propertics
of the eventual product, this kind of federally funded R&D has generally
been effective, at least in terms of meeting technological goals. The
government has developed methods to ensure that private firms selected to
produce public goods have the necessary scientific and technical understand-
ing to do so. This has been true not only in the defense industry but in other
area- =5 well--for example, space exploration.

Federally funded R&D targeted toward public goods has gzenerated
some serendipitous civilian benefits. Examples of such "spinoffs" can be
found in the computer and semiconductor industries, the aerospace industry,
and so on. Such civilian applications are minor, however, when compared to
federal R&D investment in public goods. Furthermore, since the govern-
rent may require product characteristics that differ from those preferred
by civilian consumers, it may be difficult for government contractors to
cominercialize their R&D. Semiconductor firms, for instance, often relied
on defense contracts when this industry was being established. Yet the most
successful of these-firms eventually made a conscious effort to change their
rmarketing approach in order to cultivate the potentially larger civilian
market and reduce their reliance on government contracts. '

Federal R&D funding in areas that are not linked to public goods is
justified by a different argument--namely, that the private sector under-
invests in R&D. This argument is based on the view that R&D is
characterized by positive "externalities"--that is, costs and benefits that
are not captured in market transactions. In the case of research, the total
(or "social") benefits exceed the private -benefits, implying that less of this
"good" is produced (in other words, less research is carried out) than is
socially desirable. As a.result, there is a basis for government intervention
to subsidize research, either directly or through the tax system.

Private firms pursue innovations either because they reduce the cost
of production, in the case of process innovations, or because they open new
markets, in the case of product innovations. The prospect of increased
profits motivates this process, and the profits that accrue to an innovating
firm depend on -the extent to which the benefits of the innovation can be
retained by the firm. Once the results ‘of research enter the market,
however, successful imitation is almost certain, despite patent protection.
A firm carrying out research must accept the fact that its competitors
either will gain some of the benefits produced by its research or will, at the
very least, force down the price of a new product before the innovating firm

11



has exhausted its potential for generating innovator's profits. An auto-
maker, for instance, might recognize a significant market for more fuel-
efficient engines yet still not invest large sums in b-sic or applied research
because it also believes that any advances it makes are likely to be copied
by its competitors, SO that the returns to such research would be inadequate.

Innovator's profits, however, are only part of the social return, which
also includes additional imitators' profits and the gains that ccnsumers
enjoy, per dollar spent, as a result of the innovation. This implies that
social welfare wiil be increased by government support for R&D proiects
with low private returns and high social returns. While this discrepancy is
difficult to quantify, it is likely to be greatest for activities that are only
tenuously connected to the market and that generate.results which are
easily imitated by competing firms. These characteristics are especially
relevant to basic research. “

Several studies have attempted to quantify the alleged discrepancy
between the private and social-benefits of R&D. While such estimates must
cope witn significant conceptual and informational problems, they generally
suggest that the social benefits of R&D exceed the private benefits
captured in market transactions. One cross-industry analysis, for instance,
found a median social rate of return to R&D of 50 percent, while the median
private rate was 25 percent. 6/ Although it should be pointed out that this
study found extensive variation in rates of return among vindustries, a
pattern of significantly greater social benefits was widespread. ‘Such
evidence supports the argument that government funding is needed because
the private sector will underinvest in R&D, particularly research.

Private Business

The private sector is the key actor in the innovation-diffusion process.
Businesses carry out most of the development work that is a necessary
complement to government—supported research. Even large amounts of
government m‘pney spent on worthwhile civilian research projects will have
no impact unless their results lead to commercial inns -ations by private
companies and unless these innovations are used. Cc.nmercialization, in
turn, dependslﬁon private firms' assessment of an innovation's potential
profitability in the face of uncertain technological and marketing prospects.

|

6. Edwin :M“ansfield, et al., "Social and Private Rates of Return from -
Industrial Investment," Quarterly Journal of Economics, 91(2) (May,
1977), pp: 221-240.
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This assessment has both an objective and a subjective aspect; it depends
not only on the costs and benefits of an R&D project but also on a firm's
willingness to take risks and its commitment to a dynafnic, technology-based
competitive strategy. ‘

Even if one accepts the view that the government should be responsi-
ble for supporting the nation's basic research effort, the impact of such
support as well as the level and quality of private R&D efforts depend on
the environment in which firms make decisions about R&D investments.
Some of the features of a supportive environment tend to be noncontrover-
sial: a growing economy, for instance, encourages R&D and speeds the
diffusion process. Macroeconomic policies, which are discussed in Chap-
ter V, therefore significantly influence R&D and innovation. Other features
of an optimal R&D environment are linked to market structure, which the
government regulates through the anti-trust system.

According to one view, relatively concentrated industries, dominated
hy large firms, are more likely to have the financial resources, the
exportise, and the strategic perspective needed to support R&D and to
manage the innovation process. R&D is characterized by some economies of
scale, and large firms are able to diversify the risk inherent in R&D by
funding a variety of projects. Certainly, there are numerous examples
which support the hypothesis that large firms are the most effective
innovators. ATXT, IBM, and Dupont, for instance, traditionally devote
significant resources to R&D and have outstanding records of technological
performance. Such firms are stable enough to support basic research as well
as product development. :

At the same time, there are numerous examples of industries that are
highly concentrated and yet have a record of poor technological perform-
ance, raising doubts about the hypothesis linking innovation to large firms in
concentrated industries. Different examples have been cited to support the
view that innovative activity will be strongest in less concentrated indus-
tries such as cornputer software, in which competition ensures that success-
ful firms must stand near the technological frontiers. According to this
view, there are disincentives to innovation for large firms in concentrated
industries. Such firms may seek to protect the asset values embodied in
existing equipment, for instance, or they may f{ear that the benefits of R&D
are likely to be rapidly eroded by strong competitors. These conflicting
views of the links between market structure and the innovation process
suggest that diverse government policies rnay be needed to encourage
innovation by the private sector (for example, diversity in antitrust enforce-
ment or in the use of tax incentives).

13
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The effect of various market structures on innovation has been studied
extensively. Economists have failed to prove or disprove either of the
conflicting hypotheses, suggesting that the actual process of innovation is
too complex to allow analysts to determine that one market structure or one
firm size is generally more conducive to innovation. 7/ Instead, a more
complicated pattern emerges. The results seem to suggest that innovation
is likely to be strong in an industry made up of several relatively large
firms, so that two condition:s are met: firms have both :he resources to
carry out RXD and the incentive to innovate because of interfirm rivalry.
Thus, innovation seems 1o be fostered by a market structure that avoids the
extremes of monopoly and atomistic competition.

The most important implication of this research, however, is the
understanding that the factors affecting innovation are industry-specific, =0
that general policies are likely to be less effective than ones adapted to the
characteristics of a given industry. The potential for innovation--and the
obstacles to the realization of that potential--depend on factors such as:

o The absolute size of the potential market;
o The potential of the technology itself; -

0 The vitality of the scientific disciplines that provide the founda-
tion for the industry's R&D effort;

o The extent to which the innovation is embedied in plant and
equipment, so that it can be purchased by domestic or foreign
competitors; .

0 The extent to which technological competition has traditionally

characterized the industry; and
o The vulnerability of the market to international competition.
These different characteristics influence the potential effectiveness

of different government policies. Broad-based tax incentives, for instance,
may not generate significant innovative activity in an industry that suffers .

7. For a summary of this literature, see Morton 1. Kamien and Nancy L.
Schwartz, "Market Structure and Innovation: A Survey,"” Journal of
Economic Literature, 13(1) (1975), pp. 1-37. The same authors expand-
ed and updated this analysis-in Market Structure and Innovation
(Cambridge, England: Cambridge University Press, 1982).
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from a weak scientific base. In such a case, federal funding for related
research may be a more appropriate policy, while tax incentives rmay lead to
a waste of resources on minor refinements or on conservative projects that
are duplicated by a large number of firms.

The potential for duplication in private-sector R&D efforts raises
doubts about the validity of the traditional assumption that the private
sector will underfund R&D. While this assumption has a convincing logic in
aggregate terms, it may not hold true for the mix of private R&D spending
among basic research, applied research, and development. The potential for
private R&D spending greater than the socially optimal level is greatest in
the development projects that are closely linked to the market. This
consideration suggests that an increase in aggregate R&D spending need not
imply a change in the rate of innovation. Asa result, federal programs that
encourage higher levels of private R&D may bring greater benefits if they
also address the mix of private activities. Here again, the competitive
characteristics of individual industries may be more relevant than aggregate
measures.

The Scientific and Engineering Community

The third major actor in the R&D process comprises the scientists and
engineers that actually carry out research and development. Institutionally,
R&D scientists and engineers can be found at government labs, corporate
research facilities, and nonprofit organizations, particularly universities.
For a variety of reasons, universities are the cornerstone of this community:
they carry out significant amounts of R&D for the government and for
private firms, they are frequently linked with industrial and government
laboratories (particularly the national labs), and they provide most of the
formal education that trains all the members of the scientific and engineer-
ing community. ' '

While universities fund very little R&D, they carry out well over half
of the nation's basic research and thus play a pivotal role in the R&D. effort.
Their dependence on external sources of funds irnplies a governmental
responsibility to ensure that adequate resources are available for carrying
out significant research, especially if one accepts the view that advances in
basic research are the original source of new products and processes. Just
as importantly, funding university research is also an aspect of the govern-
ment's educational responsibilities. While industrial laboratories may be
able.to carry out the same research programs as do universities, they do not
and probably cannot play .the same educational role. Without a healthy

" university research climate, govermment and industry are unlikely to find
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the qualified scientists and engineers needed to undertake R&D outside the
academic environment.

in terns of R&D itself, the role played by the scientific and
engineering community raises two other issues that deserve mention. The
first concerns the extent to which scientific research can be viewed within a
strictly national context. A unique set of circumstances--particularly the
intellectual diaspora provoked by fascism and war in Europe--allowed the
United States to dominate the world of sciernce after 1945, just as it
dorninated the world economy. International competition is now a problem
for many U.S. industries that once had a competitive advantage, and policy
initiatives--including increased R&D support--are being considered to re-
establish the competitive prowess of American manufacturing. An analo-

~gous goal is often stressed - for science, so tha: the increased scientific

capabilities of Europe and Japan are viewed as a challenge.

This is a false analogy. Economic perfermance and technological
progressiveness are determined not by the quality of a nations' science but
by the rapidity and sophistication with which scientific advances are
transformed into commercial products and processes. The contrast between
scientific and economic performance in Britain and Japan supports this
judgment. The increased scientific efforts of other countries should be wel-
comed as a potential source-of advances that can be adopted and exploited
by American industry, balancing - the traditional postwar flow of scientific
knowledge from this to other countries. Seeking to restore the scientific
hegemony enjoyed by the United States in the early postwar period would be
prohibitively expensive. Moreover, it would probably be impossible, since
scientific advances tend not to respect naticnal boundaries.  Greater
international scientific cooperation could play an important role in increas-
ing the tempo of scientific progress and boosting the growth prospects of
the world economy. From an economic point of view, the key goal in R&D
policy should not be to reestablish U.S. scientific dominance but rather to

" reestablish the U.S. economy's traditional aggressiveness in commercializing

scientific advances. .
i :

The second major policy issue connected with the role of the scientific
and engineering coramunity concerns the potential discrepancy between
scientific and national goals. Traditionally, the pattern of federal support
for basic research has been greatly influenced by the priorities of the
scientific community. To the Congress and society at large, R&D Is
primarily an investment geod. That is, funding is provided for R&D as a
roundabout route to achieve socially desirable goals, such as the elimination
of disease, increased employment opportunities in nonmenial professions,
the development of safe products and production processes, and so on. For
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the scientific community, however, R&D is generally viewed as a consump-
tion goo 1; that is, the ideal scientist is one who pursues scientific knowledge
for its own sake. This means primarily basic research, which is apractical
".by definizion. Hence, policy makers must recognize that the priorities of the
scientific community are not necessarily identical with the government's
policy goals. 8/ 1t would probably be counterproductive to bureaucratize the
R&D effort, allowing nonspecialists the final say in evaluating and thus
controlling specific scientific projects. It may be just as counterproductive,
however, to assume tha- the specialist community will structure the R&D
effort in order to maximize social, as opposed to parochial, benefits. The
distinction between the consumption and investment aspects of R&D should
be given a prominent.place in assessing the purposes and prospects of the
federal R&D effort.

AGGREGATE PATTERNS OF R&D EXPENDITURES
IN THE UNITED STATES

The final section of this chapter discusses the general features of R&D -
spending in the United States over the past 30 years, emphasizing how
spending patterns refl®-. the division of labor discussed above. It {irst
describes the sources of funds, after which it turns to the performers of
R&D and a more detailed assessment of trends in federal R&D funding. As
much as possible, spending levels are presented in real terms, using the
implicit GNP price deflator to adjust nominal spending levels. 3

Sources of Funds

Figures 1 through J illustrate historical trends in the overall pa:tern of
R&D spending in the United States. Figure I shows that real "R&D

8.. This argument is presented in more depth in B.R. Williams, "The Basis
of Science Policy in Market Economics" in B.R. Williams, ed., Science
and Technology in Economic Growth (New York: John Wiley, 1973).

9. The data used here are drawn from the National Science Foundation,
which is the principal government collector of information relating to
the national R&D effort. It is important to emphasize that these data
are estimates, particularly in regard 'to private-sector R&D funding.
In addition, the GNP price deflator may understate in¢reases in the
cost of carrying out R&D. That, at least, is the conclusion drawn by
several authorities, although there is no consensus about a more
appropriate R&D detflator.

L



Figure 1. 40

Federal, Private, and
Total R&D, 1953-1982

30

Federal

Billions of 1872 Dollars
&

10

0 l!!!llllllllJlllLllllllllIl

1955 1960 1965 1970 1975 1980

Calendar Years

Figure 2. 3.0

R&D as a Percent of 28
GNP, 1953-1982 .

24

22

Percent

2.0
1.8

1.6

14

< .
NS TS IR TE NSNS N .

1955 1360 1965 1970 1975 1980

Calendar Yaucs

SQURCE: National Science Foundation.

\

13




Figure 3.

Total R&D by Type,
1953-1982

Figure 4.
Private R&D by Type,
1953-1982

Figure 5.

Federal R&D by Type,
1953-1982

SOURCE: National Science Foundation.
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expenditures have tended to increase graduzally, if somewhat unevenly, over
this period. Within this general pattern, however, several features stand
out. Overall R&D spending increased at a real annual rate of 8.5 percent
during the 1950s and 1960s (1953-1968). Total spending declined slightly in
rea! terms from 1969 to 1975, and since that year it has increased at a real
- annual rate of 4.% percent.
These aggregate resuits were the product of different sectoral forces.
Through the 1950s and 1963s, the overall growth in real R&D spending was
driven by both government expenditures, which rose at a compound annual
rate of 10.2 percent, and private R&D funding, which increased at a rate of
7.8 percent per year. From 1968 to 1975, declines in federal R&D funding
were only partially offset by private-sector incCreases, leading to the
observed weakening in overall spending.. Finally, both federal and nonfed-
eral spending have increased in real terms since 1975, the latter more
rapidly than the former (6.3 percent vs. 2.8 percent from 1975 to 1982).

Despite the relatively steady growth of R&D spending, its share of
economic activity has been highly variable, rising from a little more than
| percent in the immediate postwar period to a high of almost 3 percent in
the mid-1960s and then declining from the mid-1960s to the late 1970s (see
Figure 2). Shifts in R&D's share of the gross national product (GNP) are
largely caused by changes in the level of federal R&D support. Industry's
proportional commitment to R&D--its "R&D intensity"--has been much
rore stable throughout the postwar period. Over the past 5 years, R&D's
share of GNP has risen at a healthy rate, although it should be pointed out
that this is at least partially due to slow GNP growth.

Figure 3 presents a cumulative breakdown of overall R&D spending,
according to the traditional categories of basic research, applied rescarch,
and development. This figure suggests the extent to which development
activities dominate basic and applied research, an outcome stemming from
the fact that commercialization is generally more expensive than science.
Moreover, such data suggest that development funds have also been more
volatile than funding for research. :

g - .

Constant-dollar R&D expenditures by industry exhibit a relz\latively
smooth upward trend, and the rate of increase is stronger for more market-
oriented activities (see Figure #). Whereas overall industry R&D funding
grew at a compound annual rate of 5.7 percent from 1953 to 1982, the
.comparable figures for industry-funded basic research, applied research, and
development are #%.2 percent, 6.3 percent, and 5.9 percent, respectively.
Real funding for R&D provided by the federal government, on the other

hand, has been characterized by relatively shdrp variations (see Figure 5).
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Real fede-al expenditures for research, both applied and basic, have shown
only a slight upward trend since the mid-1960s after rapid increases in
earlier years. Real federal research funding increased 10.9 percent annually
from 1953 to 1965 and only 1 percent per Year from 1965 to 1982
Govern:nent-funded development activities, on the other hand, have been
highly unstable in real terms, exhibiting no discernible. trend since 1960.
\lost federal development funding is devoted to defense. Volatility in the
federal R&D budget, particularly in develepment, can be linked to the
waxing and waning of major policy issues: the Sputnik challenge in the mid-
1950s, which focused-attention on science issues; the budgetary burdens of
the war in Indochina and the Great Society in the 1960s, neither of which
were defined in technological terms; and finally the efiergy crisis of the
1970s, which renewed interest in the social potential of R&D.

Performers of R&D

A different picture of R&D activities in ‘the United States emerges
from a consideration of R&D penformers rather than the sources of R&D
funding. To a great extent, this is because the federal government, which is
the source of approximately 50 percent of total R&D funds, actually-carries
out a much smaller portion of R&D. Instead, its funds are dispersed among
several/performers, as is shown in Figure 6. In terms of performance,
industry is far and away the dominant agent in the R&D process, accounting
for over 70 percent of total R&D performed in the United States--a share
" that h.;s remained highly stable throughout the postwar era.

Figures 7 through 10 indicate the structure of R&D activities by
perfotmer, broken down according to the -standard categories of basic
reseafch, applied research, and development. It is only when overall
expenditures are disaggregated in this way that the crucial role played by
univgr"s'ities becomes evident. Whereas the contributions of the academic
comiunity are lost when funding aggregates are discussed, its predominance
in-r?search--and especially basic research--is evident when these cate-
gori?s are treated separately: the "nonprofit" category in Figures 6 @hrough
10 primarily refers to academic institutions. By the same token, Figure 10
inditates the importance of industrial performers in the development area.
Thel extent to which universities rely on federal monies for R&D is indicated
in. Figure 11, which describes the sources of university R&D funds. The
government's role as the sponsor of university research may be particularly
important, given the fact that the share of industry R&D funds devoted to
basic research has been declining for the past 20 years--although it might
also be the case that increased federal funding has encouraged industry to
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reduce -its commitment to basic research. / Recently, however, the
private sector has been increasing its financial support for university-based
research, particularly in microelectronics and biotechnology.

Past Trends in Federal R&D Funding

Recent shifts in the federal R&D budget will be discussed in Chap-
ter IV, so that a briefer description of earlier trends will suffice at this
point. On the most general level, Figure 12 shows how federal spendinghas
been allocated among defense, civilian, and space-related functions.
Through the 1950s, federal RXD spending was. dominated by defense_,,
activities, which as late as 1960 claimed-80 percent of the governments
. T [

10.” For a discussion of basic research in industry, see E. Mansheld, "Basic
' Research and Productivity Increase in Manufacturing," Amerlcan Eco-
nomic Review, 70, 5, pp- 863~ 873 (1980)." .
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'Figure 12. - ' :
Federal R&D by Budget Function, 1953-1980
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R&D budget. In the 1950s the federal government also assumed responsi-
bility for funding civilian basic research, through the National Science -
Foundation (NSF) and the National Institutes of Health, but such expendi-
tures were dwarfed by defense funding.

By the early 1960s, this pattern began to shift. First of all, funding
for civilian (nonspace and nondefense) R&D began to increase at a fairly
rapid rate (18 percent per year in real terms from 1961 to 1965), sustained
first by relatively widespread increases (in areas such as medicine, agricul-
ture, and energy) and eventually by the programs more specifically related
to the energy crisis. This trend continued at least until the late 1970s.

The gradual increase in civilian R&D spending was accompanied by a
more drastic decrease in the share of defense R&D in the federal total. The
defense share had fallen to 50 percent by 1965, and it fluctuated around this
level from then until the 1980s. To some extent, the drastic shift in the
defense share from 1960 to 1965 refiected the emergence of the space
program. During that period, the increasing commitment to spate activities
almost exactly offset the declining share of defense-related R&D funding.
Since the mid-1960s, however, the share of space R&D in the federal R&D
budget has fallen gradually, and this, rather than declines in defense per se,
has offset the increased share of civilian R&D funding. These aggregate
trends are also reflected in Figure 13, which describes several past federal
R&D budgets in terms of agency funding. ' '

It is worth reemphasizing that there is inevitably a strong subjective
element in the functional allocation of R&D spending. For example, it
appears that the defense share of federal R&D spending fell rapidly in the
early 1960s, while space R&D increased dramatically. Yet one could argue
that the space program has some military significance, an argument that is
becoming more convincing as the military use of space becomes a more
transparent policy objective. Another example of the subjective element in
these allocations concerns the treatment of basic research, which is
supposed to be divorced from practical applications. On these grounds, a
purist could argue that any effort to allocate basic research spending along
functional lines is inherently contradictory. Such allocation assumes that
the function of research is determined by the departmental source of funds.
If .the Department of Defense funds advanced physics research, this is
characterized as defense-related, while similar projects might be termed
civilian if funded by the Department of Energy. On a more practical level,
however, the definition of basic research often fails to correspond to the
reality, where even very fundamental scientific work is mission-oriented in
a broad sense. C '
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CHAPTER IIIl. R&D AND ECONOMIC PERFORMANCE

The belief ‘that increased government support for R&D will improve
the economy's perforinance is based on several assumptions: first, innova-
tion and economic performance are closely linked; second, R&D causes
superior innovative performance; and third, the government can influence
both the level and efficiency of commercially oriented R&D. This chapter
addresses soine of the questions that underlie these assumptions:

o What evidence is there that the rate of return on R&D invest-
: ments is high enough to justify greater governmental support?

o What is the current sectoral pattern of R&D activity in the
economy, and how is that pattern related to the performance of
different sectors?

o What effect'does current governiment policy have on the techno-
logical performance of different sectors?

o How do R&D activities in the United States -compare with
international norms? '

This chapter begins with a review of the evidenc. linking the return to
R&D expenditures with performance in various industries and the economy
as a whole. The major part of this chapter concentrates on R&D's effects
on one measure of performance, namely, international competitiveness. The
chapter concludes with a comparison of U.S. and foreign R&D spendihg.

N\
MEASURING THE RETURN TO R&D

If R&D is viewed as an investment, it should have a measurable rate of
return that can be evaluated against other investments, for example, capital
equipment or education. An extensive literature has been devoted to
measuring the rate of return to R&D, particularly as it relates to calculated
rates of productivity growth. These studies ar- hased on some form of
"production function," that is, a mathematical fcemula that relates eco- °
nomic output to the inputs to the production process, such as labor, capital, -
and R&D expenditures. Production functions can be used to calculate the
contribution of different inputs to measured increases in output, and this
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contribution can be interpreted to define a rate of return for the corre-
~ sponding input, such as R&D.

Table 1. describes the results of several studies that have sought to
estimate the rate of return to R&D. In addition, the table presents
information on the scope of these studies and the types of assumptions they
make. Although these estimates vary widely, they all suggest that the rate
of return on R&D is higher than the return to most other investments.
Several studies also argue that reduced R&D spending was partially respon-
_sible for declining rates of productivity growth in the U.S. economy during
the 1970s--although estimates of the magnitude of this responsibility vary
widely. 1/ The results of the studies support the view that R&D is a
remuncraiive investment: the benefits of research and development in
terins of increased .output exceed the costs of carrying out the R&D.
Moreover, these studies may understate the rate o‘f\return to R&D since
they do not capture the effects of quality improvements. _ .

Despite the simplified assumptions needed to execute these studies,
‘their results strengthen the case for federal R&D support. If the measured
rate of return to R&D.exceeds the average return to other investments, this
suggests that the private sector underinvests in R&D because of barriers,
such as nonappropriability. In these circumstances, federal funding of R&D
can help to improve economic output and overall economic well-being.

Although increasin.ly sophisticated studies have been devoted to
estimating the =~ »f 1tcturn to R&D, the potential complications -associ-
ated with nece: . ..y simplified assumptions remain unavoidable. While the
studies produce uniformly high estimates of the rate of return to R&D, most
do not clearly demonstrate the economic benefits of government-funded
R&D. 2/ Several factors could contribute to this analytic problem,

1. See Congressional Budget Office, The Productivity Problem: Alterna-
tives for Action (January 1981). .

2. References to this-issue can be found in Z. Griliches, “Returns to
Research and Development Expenditures in the Private Sector" in
Kendrick and Vaccara, eds., New Developments in Productivity Mea-
surement and Analysis, (Chicago: University of Chicago Press,
National Bureau of Economic Research, 1980); N. Terleckyj, "Direct
and I .=~t Effects of Industrial Research and Development in the
Productivity Growth of Industries," ibid.; . W. Leonard, "Research and
Development in Industrial Growth," Journal of Political Economy
(February 1979); and M. Ishaq Nadiri, "Contributions and Determinants
of Research and Development Expenditures in the U.S. Manufacturing

" Industries” in G.M. von Furstenberg, ed., Capital, Efficiency and
Growth (Cambridge, Massachusetts: Ballinger, 1980).

28



TABLE i.  ESTIMATED RETURNS TO R&D EXPENDITURES

Rate of , o ' : /’/
Return to R&D ' . : -
_Expenditures . . Object of - Years .
Author : / “(ln percents) - Study ' Covered : Notes
Mansfield 2/ ' 40-60 Petroleum Industry 1945-1958 ~ Technology change assumed
30 Chemical Industry to be embodied in capital
. 7 Chemica! Industry Technology change assumed
' to be organizational
“Minasian B/ 5% Chemical Industry 1938-1957 ' Gross social return
Fellner €/ : : 31 Macroeronomy . 1953-1966 High-range estimates of
: . ‘R&D costs’
55 Macroeconomy ' Low-range estimates of
’ ’ R&D costs
Griliches 4/ ‘ 93 ' Chemical & Petroleum 1957-1965 Bésed on confidential
25 Metals & Machinery census data
2 Electrical Equipment
23 Motor vehicles
5 Aircraft
17 Manufacturing average
- Terleckyj &/ 29 Macroeconomy - 1948-1966 Return to firm-financed R&D
78 Macroecoﬁomy . " Return to R&D embodied --
in purchased inputs
© Scherer 1/ _ 70-fo4 - Macroeconomy 19731978 Internal process R&D and
, 'irjput-embodied R&D
Nadiri &/ 20 All Manufacturing 1958-1975
. 12 Durables : . .
86 ' Nondurables




TABLE !. (Continued)

Rate of
Return to R&D .
Co Lxpenditures : - Object of Years .
Author ' (In percents) ] - Study Covered Notes
Link h/ 51 Chemical Industry 1975-1979 Rate of return increased
: ' 34 Machinery Industry by roughly 15 to 85 percent
21 Petroleum Industry ‘ ’ if environmentally mandated

R&D is excluded

L]

Edwin Mansfield, "Rates of Return from Industrial Research and Develop.ment,“ American .Economic Review,'

vol. 55(2) (May 1965), pp. 310-322. :

Jora Minasiar, "Research and Development, Production Functions, and Ratps of Return," American Economic
Review, vol. 59(2) (May 1969), pp. 80-85. : .

William Fellner, "Trends in the Activities Generéting Technological Progress," American Economic Review,
vol. 60(1) (March 1970), pp. 1-29.

Zvi Griliches, "Returns to Research and Development Expenditures in the Private Sector" in John W. Kendrick
and Beatrice N. Vaccara, eds., New Developments in_Productivity, Measurement and Analysis, (Chicago:
University of Chicago Press, i980), pp. 419-454. :

Nestor Terleckyj, Effects of R and D on the Productivity Growth of Industriess An Exploratory Study
(Washington, D. C.: National Planning Association, 1974). ' o

F.M. Scherer, "Inter-industry Technology Flows and Productivity Growth," Re%‘iew of Economics and Statistics,'
vol. 64 (November 1982), pp. 627 -34. ‘ . -

M. Ishaq Nadiri, "Contributions and Determinants of Research and Development Expenditures in the U.S.
Manufacturing Industries" in G. von Furstenberg, ed., Capital, Efficiency and Growth (Cainbridge, Massachu-
setts: Ballinger, 1980), pp. 361-92. i ) .

A.N. Link, "Productivity Growth, Environmental Regulations and the Composition of R&™ © The P11 Jonrnal of

Econoinics, vol. 13 (Autumn 1982), pp. 166-69. ' ) 4',’
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including the L%difficulty in measuring the return to R&D in defense and
similar sectors, government spending, or the long-term and indirect effects
" of the greater efficiency of the private sector in generating economic
henefits from R&D. 3/ 'While measuring the rate of return to federal
support of R&D has proven a difficult task, there are still strong theoretical
justifications for a substantial federal role. Furthermore, industry studies
provide many examples of cases in which government funding has improved
the technological performance of specific industries (for 'example, aviation
and semiconductors), although counterexamples (such as housing) can be
found as well. %/ T -

R&D AND ECONOMIC COMPETITIVENESS

An industry's performance can be measured by several criteria:
productivity growth, profitability, sales growth, and so on. This section
focuses on international competitiveness, both because it is relatively easy
to measure and because it is a major policy concern. Industries that are
R&D intensive are. generally effective competitors on the world market.
Moreover, government funding also seems to be closely linked with competi-
tiveness, suggesting that the sectoral pattern of federal R&D support
represents a tacit industrial’policy with significant implications for sectoral
performance. This implies that the pattern of federal R&D" support may
partially determine which U.S. industries do and which do not contribute to
the balance of payments. These relationships seem to hold true for both
direct R&D intensity, which concerns R&D spending within an industry, and
for total R&D intensity, which includes the R&D embodied in purchased
inputs. When input-output relationships are used to calculate total R&D
intensity, it becomes clear that ‘many-basic industries are embedded in a
network of less R&D-intensive industries, so that their own efforts to
increase R&D are weighed down by the fact that they.rely on technologi-
cally unsophisticated inputs from related industries. Although the opposite
condition benefits firms in high-tech . industries, the international competi-.
Ziveness of some U.S. high-tech industries also has been declining. '

) o . ]

This suggests that a general technological weakness, in addition to the
transition from low-tech to high-tech sectors, is at least-partially responsi-

pe

3. See P. Kochanowski and H.,Hertzfeld, "Often Overlooked Factors in
Measucing the Rate of Return to Government R&D E::penditures,"
<PoliLy Analysis (1981). - :

4

4. See R. R. Nelson, ed., Government and Technical Progress:. A Cross-
Industry Analysis (New York: Pergamon, 1982). :
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ble for current U.S. industrial problems. One reason for this might be the
fact that U.S. industries are not aggressive adopters of foreign techrolo-
gies--a problem that resides less in R&D funding than in the rate at which
innovations are diffused through the economy. In addition, some foreign
countries (for example, Japan and West Germany) devote a feater share of -
. their GNP to civilian R&D rather than defense-related R&D, a characteris-
tic that probably improves their competitiveness. Some reorientation of
federal R&D support toward civilian activities, therefore, might improve
the competitiveness of key sectors of the American economy. .

While international competitiveness is an important objective of
government policy, it should be pointed out that not all U.S. industries can
be net exporters. Exports must be balanced by some outflow of dollars,
either as payment for imports or as foreign investments. Export competi-
tiveness in some industries is, therefore, likely to be offset by a lack of
competitiveness in others. Rather than an impossible export, surplus in all
industries, the relevant policy issue in terms of American competitiveness.is
‘the mix of exports and imports: is the current structure of U.S. trade
acceptable in terms of other policy goals (employment, regional performs-
ance, national defense, and so forth)? If not, could changes in government
policy alter the f)}ttern of U.S. trade in positive ways?' The current pattern
of government R&D support by industry may reflect policies that could be
changed to affect the relative competitiveness of different sectors of the
U.S. economy. Even so, feasible shifts in the level and mix of federal R&D
subsidies could still be more than offset by the more powerful forces that
affect trade flows, such as exchange rates and trade barriers.

Lo
-

International Competitiveness and R&D Intensity: The Basic Evidence

Table 2 presents. data on the intensity of R&D funding in various
industries, shown as a percent of net sales. 2] R&D intensity is widely
dispersed. As expected, industries commonly. thought of as high-tech spend

. a large share of net revenues on R&D; this is true,of aircraft and missiles,

scientific instruments, chemicals, and electrical instruments. By the same
token, supposedly low-tech industries devote a relatively paltry share of net
revenues to R&D; this is the case for textiles, primary metals (especially
iron and steel), and fabricated metals. In general, consumer-goods indus-
tries and industries close to raw materials processing tend to be character-
ized by low R&D intensity. '

5. The data in Table 2 are derived from industry responses to surveys
conducted by the National Science Foundation, which are reported
periodically in the series of NSF reports, "Research and Development
in Industry." :
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R&D INTENSITY IN SELECTED INDUSTRIES FOR 1960, 1970, AND 1981

TABLE 2.
(Total R&D funding as a percent of net sales)

. : R&D Intensity -
Industry SIC Code a/ 1960 T1970 98-
Aircraft and Parts’ 12,376 122.5 [ Y) 1,.3 b/
Scientific Measuring
Instruments 381-2 8.6 3. 9.2
Other Instruments 383-7 5.3 6.

Electrical Equipment 36 11.2 7.3 6
Communication equipment )
. and components 366-7, 48 13.1 8. 8.9 b/
Machinery 35 4.7 4.
Office and computing .
‘machinery 357 o/ e/ 1.7
Other machinery 351-6, 358-9 o/ « L.
Mote- Vehicles and Other
Transportation Equipment 371, 373-5, 379 3.0 3.5 4.1 b/
Motor vehicles 371 c/ c/ 4.5
Other transportation .
equipment 373-5, 379 c/ c/ 0.5
Chemicals . 28 4.5 3.9 3.8
industrial chemicals 281-2 5.7 4.2 - 3.5
Drugs 283 4.3 6.7 6.4
Other chemicals 284-9 2.2 1.8 2.1
‘Rubber Products 30 2.0 2.3 ‘2.5
Fabricated Metal Products a5 34 1.3 1.2 1.4
Nonferrous metals ?.' 333-6 1.0 1.0 1.2
Paper and Allied Products 26 0.7 0.9 L1
Lumber, Wood Products, .
Furniture ' : , <24, 25 0.6 0.8 0.9

" Ferrous Metals 331-2, 3393-9 0.6 ‘ 0.7 - 0.8
Petroleum Refining ¢ 29 1.0 1.0 0.7
Textiles and Apparel 22, 23 0.6 0.5 0.4
SOURCE: National Science Foundation.

a. SIC = Standard Industrial,Classiﬁcation. ..
b. Estimated from NSF data.

"c.  Not available.
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Using these same data, R&D intensity can be related to industrial

" performance, which can be measured_in several ways: ‘profitability, growth

_Of some sectors, nonsubsidized sectors inevitably suffer some loss of inter-

\,

\

of sales, trade balance, and so on. The measure used here concerns
international competitiveness and is based on the methodology of D. B.
Keesing, who' linked an industry's R&D intensity (R&D funding as a percent
of net sales) in 1960 to the U.S. share of developed-country exports for the
industry's product in 1962. 6/ The two-year lag, although arbitrary, is used
to reflect the fact that R&D investments have delayed effects. Keesing
found a very close relationship (linear torrelation coefficient of 0.90 and
rank correlation coefficient of 0.92) between R&D spending and inter-
national competitiveness. Moreover, he found that the linear correlation
between international competitiveness and government R&D funding was
higher than the linear correlation between international competitiveness and
private R&D spending. This difference is probably caused by the interaction
of two factors: government spending is highly skewed .toward technology-
intensive industries, and the government has provided most of the funding

térs. Insofar as government R&D subsidies increase the export performance

national competitiveness. Co

Keesing's analysis was based on a very simple model, and its assufp-
tions may be somewhat unrealistic. -Most important, his measure of R&D
intensity is industry-specific rather than product-specific, so that it fails to
take account of product-line diversification by firms. In addition, his
measure of R&D intensity does not include the R&D embodied in purchased
inputs.  Nevertheless, more sophisticated investigations of this issue,
although typically focused on the performance of high-tech industries, have
tended ‘to support Keesing's conclusions. £/ Table 3 presents more recent

‘data showing the relationships between international competitiveness, de-

fined by the U.S. share of developed-country exports, and R&D intensity,
defined as ‘R&D expenditures as a percent of value added. The ‘major

difference between CBO's and Keesing's methodology is that CBO's data are '

6. Donald B.,“\'Kee'sing, "The Impact of Research and Devélopment on
United States Trade," Journal of Political Economy, vol. 75, no. |
(January/February 1967), pp. 38-48. o

7. See for example Michael Boretsky, "Concerns About the Present
American Position in International Trade,” Technology and.lInter-
national Trade, (Washington, D.C.: National Academy of Sciences,

1971); and R. K. Kelly, The Impact of Technology Innovation on Inter--

national Trade Patterns, (Washington, D.C.: Department of Com-
merce, 1977). ‘

"
\,

f;z} several key industries that-are highly successful international competi-



TABLE 3. - R&D INTENSITY AND INTERNATIONAL COMPETlTlVENESS FOR
SELECTED YEARS (Total R&D funding as a percent of valued added)

Average u.S. Average o UsS.

R&D Export ° R&D - Export
NSF Intensity, Share, Intensity Share,
Product Class . 1968-1970 a/ 1971 b/ 1977-1979 a/ o 1980 b/
Electronics and Com- '
munications Equipment 16.2 36.1 18.6 35,4
Aircraft and Parts 21.0 64.7 17.5 " 53,0
Office and Computing -
Equipment 18.9 33.2 14.9 32.4
Engines and Turbines _ 10.2 25.2 9.9 28.2
Drugs and Medicines 3.9 : 13.9 9.4 15.6
Plastics 10.4 1.4 9.0 14.2
Professional and ‘
Scientific Instruments 9.6 21.7 6.9 28.0
Agricultural Chemicals 11.2 18.6 6.2 29.7
- Industrial Chemicals 4.6 20.7 4.1 12.7
Farm Equipment - 0.8 27.8 4.1 27.1
Construction Equipment 3.4 , 25.3 3.6 14.7
Motor Vehicles %.0 *16.5 3.4 ¢/ © 6.8 ¢
» Other Electronics ' 3.7 14.6 ¢ 3.2 18.7-
Electrical Trans- . "\‘ ) . .
‘ mission and Distri-: N .
bution Equipment 3.4 10.8 3.1 © 8.2
Fabricated Metals - 1.9 13.5 2 12.9
. Metalworking Equipment 3.2 . 16l 2.2' 12.8
"Other Transporta- 1 - N
tion Equipment 2.5 . 5.4 2.1 - l6.5
Rubber Products, etc. 2.2 11.5 1.8 10.1
Nonferrous Metals s 0.1 7 N TN
Stone, Clay, and Glass 1.4 ‘ 10.1 1.0 8.0
Ferrous Metals - 1.0 5.6 0.6 » _ 4.7
Textile Mill , .
Products 0.6 5.7 - 0.5 1.2
a Linear Correlation 78 83 "

SOURCE: Product-line R&D data from P{SF'S Industry Studies Group, Division of
- Science Resource Studies. Export data from OECD Trade-by-Commodities
/ o reports. ’ '

a. Average R&D expenditures as a percent of value added.
- * b. U.S. share of total developed-country exports.

&. CBOestimate. . s e e T

. . \
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product-specific while Keesing's are industry-specific. The methodology
used in constructing Table 3 is described in Appendix A. ;

" These data show a high correlation between R&D intensity and
international competitiveness, especially when placed in the context of the
variety of factors that affect trade flows. Table 3 suggests that a strong
R&D effort is characteristic of American industries that are effective
international competitors, while industries with severe competitive prob-
lems invest significantly -less in R&D. Moreover, other empirical studies of
this subject, using alternative measures of competitiveness or R&D inten-
-sity, produce similar results. -

These results are subject to differing interpretations, however. One
‘could argue that low-tech sectors use production processes that have
relatively medger prospects for significant technological progress. Accord-
ing to this view, high R&:D intensity is less a cause than a characteristic of
technological progressiveness, so that government programs to boost the
R&D intensity of sectors that are.inherently low-tech would be a wasted
effort. The principal alternative to this view is that greater R&D intensity
could revitalize low-tech sectors, making this both a realizable and a
wor thwhile policy goal. ‘

The truth probably lies somewhere between -these two extremes. But
Keesing's argument that government R&D spending by industry is closely
cortelated with the U.S. share of world exports suggests that government
R&D support does improve an industry's international performance. Al-
though not enough information is available to test this hypothesis by 'ising
,the product-spefcific data presented in Table 3, Keesing's results are con-
firmed if his irldustry-specific methodology is applied to the period since

- 1960. Moreover) some studies show that federal funding may play a key role

in eliciting complementary funding by private firms and in increasing the
return to privately funded R&D. 8/ 1f this is the case, the government may
actively sHape the technological performance of different industries, at
least in part. Low-tech sectors might; therefore, benefit from increased
federal support in developing their technology base.

8. See Edwin Mansfield, Studies of Federally Funded Research and
Development, Market Structure and International: Technology Trans-
fer: A Final Report (Washington, D.C.:- National Scienge Foundation,
1983); and D. M. Levy and N. E. Terleckyj, "Effects of Government
R&D on Private R&D Investment and Productivity: a Macroeconomic.

Analysis," The Bell Journal of Economics, vol. 14, no. 2 (Autumn 1983).

e
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Table 4 shows how drastically fg(dera! R&D funding is skewed among
industries. The government provides almost half of the R&D funding for the
< aircraft industry and only 8 percent of the R&D expenditures of the
fabricated métals industry. Figure 14 illustrates this point froin a somewhat
different perspective, showing how federal R&D funds are distributed among '
industries. Aerospace {(which includes missiles as well as aircraft) receives
over half of this total, while electrical equipment (primarily communica--
.tions) and machinery (primarily computers) account for almost 30 percent.
The residual--less than 20 percent in 1981--is distributed among all other
industries, from transportation gquipment to steel to textiles. Mo&reover,”a
relatively small number of large’ firms, particularly in defense industries,
receive the bulk of the federal R&D resources that are channelled to the
private sector. Discrepancies of the magnitude described in Table % and
Figure 14 suggest the extent to which a de facto industrial policy--that is,
goverminent prograns that benefit some sectors and not others--ig embed-
ded in the pattern of federal R&D funding, ¢ven though this pattern may be
dictated by other concerns, such as national security.

R&D Intensity and the Balance of High-Tech Trade

The resuits discussed above are based on the intensity of R&D funding
within an industry, a measure that is somewhat incomplete. Besides the
direct R&D intensity measured by the share of an industry's revenues
devoted to R&D, a more comprehensive measure must include the R&D
embodied in the inputs used by an industry. Some industries--ferrous
metals, lumber and wood products, textiles, for example--perform very
little R&D on their own. Nevertheless, such industries can benefit signifi-
cantly from the R&D carried out by equiprnent suppliers, whose new product
innovations serve as process innovations for industries that purchase such
equipment. An industry that relies heavily on innovations generated by
other sectors of the economy can be technologically progressive regardless
of its internal leve: of R&D funding. This section applies the' concept of
total R&D intensity, which relates direct and indirect R&D expenditures to’
total shipments, to supplement the overall analysis of international competi-
tiveness, to assess the competitiveness of technology-intensive sectors and
to suggest some reservations about industry-specific increases in R&D
funding.

The simplest ineans of calculat’l'ng total R&D intensity is to apply:
input-output analysis, weighting an/ industry's inputs by the direct R&D
intensity of the industries that produce the inputs. The U.S. Department of
Commerce has used this approach to develop a comprehensive measure of
R&D intensity, and the results of its 'study are shown in Table 5, which
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| |
TABLE 4. R&D INTENSITY FOR CORPORATE AND GOVERNMENT FUNDING BY INDUSTRY FOR
1960, 1970, AND 1981 (R&D funding by source as a percent of net sales)

190 1970 1981

Industry Corporate Government ~ Corporate ~Covernment  Corporate Covernment
Aircraftand Parts/ b/ b/ 10.3 4 93 8.0
Scientific Measuring
Equipment 4,1 7.7 2.9 0.6 7.0 2.2
Drugs 4.7 0.1 b/ b/ . b/ b/
Machinery 2.7 [.6 3.4 0.6 4.6 0.6
Office and computing .
machinery b/ b/ b/ b/ 10.1 L6
Othet machinery b/ b/ b/ b/ 23 0.2
Chemicals 3.7 0.8 3.9 0.4 3.5 0.3
Electrical Equipment 3.7 1.2 3.4 3.9 4,2 2.6
Rubber Products L4 0.7 [,7 0.6 b/ b/
Motor Vehicles and Other o |
Transportation Equipment 2.4 0.7 2.8 0.7 3.6 0.5
Other Instruments 4.4 2.1 4,7 [.9 6.7 [
Petroleum Refining 1.0 0.1 0.9 0.1 0.6 0.1
Fabricated Metal Products 1.0 0.5 [ 0.1 1.3 0.1
Nonferrous Metals 0.9 0.2 0.9 0.1 0.7 0.5
Paper, etc. 0.7 b b/ - b/ b/
Lumber, etc. 0. 0.1 0.8 0.9
Textiles and Apparel 0.4 0.2 b/ b/ b/ b/
Ferrous Metals 0.6 -- 0.7 0.6 0.2

SOURCE: National Science Foundation.

a. CBO estimate from NSF data on product field. Cohy
b, & * available. \\ :
ERIC
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Figure 14.

Federal R&D Funding
by Industry for 1957,
1969, and 1981

1957

1969

SOURCE: National Science Foundation.
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TABLE 5. TOTAL AND DIRECT R&D INTENSITY FOR THE 1977-1979

PERIOD
Ranking by

: _ Total R&D Direct R&D rR&D Intensity
Industry - Intensity a/ Intensity b/ Total  Direct
Guided Missiles .
and Spacecraft 63.9 48.8 l 1
Communications Equipment F
and Electronic Components 16.0 12.0 2 3
Aircraft and Parts . 15.4 11.8 3 4
Office Computing and
Accounting Machinery 13.6 09.5 4 5
Ordnance and Accessories 13.6 12.2
Drugs and Medicines 08.4 07.1 6 6
Industrial Inorganic )
Chemicals ' 08.2 05.1 7 7
Professional and |
Scientific Instruments 05.7 04.3 , 8 8
Engines, Turbines, -
and Parts 05.5 04.1 9 9
Plastic Materials, etc. 05.4 03.9 10 10
Agricultural Chemicals . 04.2 02.5 11 12
Motor Vehicles
and Equipment 4.1 02.2, 12 14
Electrical Transmission ) N
and Distribution Equipment 03.6 02.3 13 13
Apparata 03.5 . 02.6 \ 14 11
farm Machinery and : \\ .
Equipment 03.2 02.0 \5\ 15
Rubber and Miscellaneous
Plastic Products 02.7 01.0 16 ~_ 23

~ (Continleg)
N
N

\»
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TADLE 5. (Continued)

' Rankirg by
Total R&D Direct R&D R&D Intensity
Industry Intensity a/ Intemsity b/ Total  Direct
Other Electrical Equip- :
ment and Supplies 02.5 0i.5 17 16
Fabricated Metal Products 02.6 01.3 18 19
Other Transportation
Equipment 02.4 01.1 19 22
 Construction, Mining,

Material Handling Equipment  02.4 oL.5 20 18
Textile Mill Products 02.2 00.3 21 29
Metalworking Machinery 02.1 01.5 22 17
Other Mechanical,
Excluding Electrical 02.0 01.2 23 20
Stone, Clay, and Glass 0l.6 00.6 24 25
All Other Manufacturing ~ 01.6 0l.1 25 21
Other Chemicals 0lL.4 00.9 26 24
Nonferrous Metals v > :
and Products 01.3 00.5 27 27
Food and Kindred Products 00.9 00.2 28 30
Petroleum Refining
Products : 00.8 00.5 29 26
Ferrous Metals and :
Products 00.5 00.3 30 - 28

SOURCE: Lester A. Davis, "New Definitions of 'High-Tech' Reveals That
U.S. Competitiveness Has Been Declining," Business America,
October 18, 1982, p. 20.

Direct expenditures for R&D plus R&D expenditures embodied in
purchased inputs as a percent of total sales.

oY)

b. R&D expenditures by the direct producer as a percent of total sales.
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descri%es industries' total and direct R&D intensity .and ranks them accord-
ingly. 2/

Table 5 shows, first of all, that the ranking of industries by direct
R&D intensity is not greatly affected by the inclusion of indirect intensity
data. In other words, industries that perform substantial amounts of R&D
also tend to have technologically sophisticated suppliers. Only a limited
number of industries underzo a shift of more than two places: ordnance
(+3), electrical industrial apparata (-3), rubber and miscellaneous plastic
products (+7), the residual category for transpor tation equipment, excluding
aircraft and motor vehicles {+3), textile mill products (+<;, metalworking
machinery (-5), other nonelectrical machinery (-3), petroleum refining (-3),
and "all other manufacturing" (-4).

Second, Table 5 shows that nine of the ten industries that rank lower
by total R&D intensity than by direct R&D intensity can be described as
traditional manufacturing industries--the exception being the still highly
ranked ordnance industry. This suggests that the performance of traditional
manufacturing firms has been undermined not only by their own lack of
commitment to R&D but also by the lackluster technological performance
of their suppliers (or alternatively, by the fact that traditional manufactur-
ing firms have not sought to adopt more high-tech inputs). These data imply
that even a strong commitment to R&D by a traditional manufacturing firm
may be weighed down or even offset by the low R&D intensity of the
industries on which the firm must rely for inputs.

Third, Table 5 confirms the point that industries with the highest total
R&D int: sty are those with a high degree of government funding.
Measures by total R&D intensity, all of the top five industries  receive
significant government support, especially from the Department of Defense.
This suggests that the sectors that serve the defense establishment benefit
from the high levels of R&D carried out in the sector as a whole,
supplementing their own R&D activities. The -intersectoral effects of R&D
expenditures, through the indirect cornponent of R&D intensity, thus seem
to foster a split in the U.S. economy between high-tech sectors, generally .
characterized by a substantial degree of government R&D support, and more
traditional rmanufacturing industries, which are gradually sinking into a low-
tech status.

9. Lester A. Davis, "New Definitions of 'High-Tech' Reveals That U.S.
Competitiveness Has Been Declining," Business America, October 18,
1982, p. 20. See also F.M. Scherer, "Inter-industry Technology Flows
in the United States," Research Policy, vol\ll, (August, 1982),
pp. 227-245. .
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in terms of internatior:al competitiveness, using total R&D intensity as
a measure does not significantly alter the conclusions that were suggested
by using direct R&XD intensity. The linear correlation between total R&D
intensity in 1977-1979 and the U.S. share of world exports in 1980 is .76,
compared with .83 for direct R&D intensity.

More interestingly, however, investigations based on total R&D inten-
sity indicate that, although the evolving pattern of U.S. trade.is based on a
1U.S. comparative advantage in high-tech products, there may be competi-
tive problems in both high-tech and low-tech sectors. 19/ The boundary
between high-tech and. low-tech is inevitably somewhat arbitrary-. The
Commerce Department study that is the source for Table 5 suggests that
the set of high-tech industries should be demarcated by a substantial
increase in R&D intensity rather than by an arbitrary comparison with
average intensity. On those grounds, "plastic materials, etc." is the last
element in the high-tech set; its total R&D intensity is . more than
25 percent greater than the next most R&D-intensive sector (agricultural
chemicals)--a much greater difference than is found after this break. In the
late 1970s, the ten industries above that line accounted for over 50 percent
of the total R&D embodied in U.S. manufacturing, although their share of
shipments value was only 13 percent.

Using this definition of high tech, Table 6‘supports the view that U.S.
competitiveness has been deteriorating in the high-tech sector. Imports of
high-tech products (defined as above) have been increasing their share of the
U.S. narket over the past decade (from 8.3 percent in 1974 to 11.9 percent
in 1981), which suggests that the extent to which such industries provide a
net benefit to the U.S. balance of payments has declined. = The export
surplus in high-tech products--that is, the extent to which the value of.
expor ts exceeds the value of imports--has been declining as a share of high-
tech exports over the past decade (falling from 55.8 percent in 1974 to
45 percent in 1981). This result implies that the more obvious competitive
difficulties of low-tech sectors cannot be viewed as mierely the adjustment
costs of the transition from a low-tech to a high-tech economy. The
deteriorating export competitiveness of high-tech secrors, which predates
the post-1980 appreciation of the dollar, suggests general weaknesses in the
technological performance of the U.S. economy, a problem that is likely to
increase insofar as other countries target high-tech industries for develop-
ment.

10. For an alternative view, see R. Lawrence, "Is Trade Deindustrializing
America? A Medium Term Perspective," The Brookings Panel on
Economic Activity, (Washington, D.C.: The Brookings Institution),
April 14 and 15, 1983.
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TABLE 6. HIGH TECHNOLOGY SHARE OF U.S. MANUFACTURING
- SHIPMENTS AND EXPORTS, EXPORT SURPLUS SHARE OF
EXPORTS, AND IMPORT SHARE OF APPARENT CONSUMP-
TION, 197%-1981 (In percents) 8/ : ' '

High Technology Manufacturing

’ - Share of Total Export Surplus Import Share
Manufacturing - as a Share of Apparent
Year Shipments Exports  Imports of Exports Consumption b/
1974 13.2 29.3 13.0 55.8 8.3
1975 12.5 28.3 14.0 59.6 8.0
1976 12.5 28.9 "16.2 49.8 9.5
1977 12.4 29.3 15.8 45.7 9.5
1978 12.8 30.3 16.5 42.0 10.9 .
1979 13.3 30.0 ~ 16.3 47.7 10.5
- 1980 14.2 31.5 17.5 50.3 11.2
9 32.2 18.8 - 45.0 11.9

1981 3.

SOURCE: Lester A. Davis, "New Definition of 'High-Te(‘;h"Reveals That
U. S. Competitiveness in This Area Hzs Been Declining," Busi-
ness America, October 18, 1982, p. 22. s

a. Based on trade data reported on a Standard Industrial Classification
"basis rather than a Standard International Trade Classification basis.

b. ' Ratio of imports to shipments, less exports, plus imports.

U.S. R&D EXPENDITURES WITHIN AN INTERNATIONAL CONTEXT

 Itis difficult to assess the adequacy of the U.S. R&D effort, described
in the preceding sections, without some standard by which this performance
can be judged. Estimates of the rate of return to R&D and the R&D
contribution to productivity growth provjde a rough indication of whether
R&D expenditures in the U.S. are optimal, but such estimates are either too
crude or too dependent on restrictive assumptions to have much policy
significance. Measures of-international performance shed some light on the
importance of R&D, but trade flows are affected by many other factors as
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well. International comparisons of R&D spendin%’f)rovide another means for
evaluating the adequacy of the U.S. R&D effort. 11y

Figure 15 des:ribes estimated R&D expenditures, in 1972 dollars, in
France, Japan, the United Kingdom, the United States, and West Germany.
As these data show, total R&D expenditures in the United States far exceed
those in other countries. Care should be taken in reading too much into this
fact, however, since it largely stems from the greater size of the U.S.
economy. Moreover, absolute comparisons of this type are inevitably
affect- 1 by exchange rate fluctuations as well as by the general caveats
that . late to R&D statistics. Nevertheless, the data presented in this
figure are stitl useful if one assumes that there are economies of scale in
R&D at the national level.” Given such an assumption, the greater size of
the U.5. economy is irrelevant, so that higher absolute levels of R&D
spending represent an advantase for the U.S. economy. At the same time,
however, the discrepancy has narrowed during the postwar period, so that
the U.S. share of all R&D expenditures by these countries has fallen from
82 percent in 1965 to 65 percent in 19%0.

Other measures may be more illuminating, however. International
comparisons in the R&D area are most frequently based on the ratio of R&D
expenditures to GNP, a measure of R&D intensity. This ratio describes the
share of aggregate net income devoted to R&D, discounting the effect of
differences in the size of national economies. Figure 16 shows the percent-
age share of R&D expenditures in the GNP of the same five countries
portrayed in Figure 15. A very different picture emerges. In particular, the
U.S. advantage narrows greatly or even disappears. The data indicate that
West Gerrnany, the United Kingdom, and the United States have- all .
cominitted about the same share (roughly 2.3 percent) of GNP to research :
and devélopment activities over the past decade. Japan and France have
historically tended to spend & somewhat smaller share of GNP on R&D. '
9 -

More importantly, the discrepancy between the United States and the
other countries in terms of aggregate R&D intensity has narrowed consider-
ably in the past two decades--although all of the countries concerned main-
tained a more or less flat trend in this ratio during the 1970s. For the
postwar period as a whole, then, other countries have been catching up with

3

11. The Congressional Research Service reguldrly reports on international
trends in R&D spending. See, for example, W.C. Boesman, "U.S.
Civilian and Defense Research and Development Funding: Some
Trends and Comparisons with Selected Industrialized Nations" CRS
Report No. 83-1835PR, August 29, 1983.]

»
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Figure 15.

Real R&D Funding in Selected Countries, 1961-1980

Calendar Years

SOURCE: Nationa! Science Foundation.
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the United States in terms of the portion of their resources they devote to
R&D.

As is the case for absolute comparisons of R&D funding, however, one
must be careful not to read too much into these trends. The relative
standing of different countries in terms of this ratio is directly significant
only to the extent that there are no macroeconomic economies of scale in
R&D. If there were such economies of scale, a large economy, like that of
the United States, could devote a lower share of its GNP to R&D than a
smaller economy and still generate a greater stream of scientific and
technical discoveries--both absolutely and relatively. Moreover, compari-
sons of this type are relevant only insofar as the price of R&D inputs
relative to other goods is the same across countries. The share of GNP
devoted to R&D may be most significant in terrns of its status as a proxy for
other variables--the general level of scientific and technicai skills in the
labor force, for instance. In and of itself, however, aggregate R&D
intensity is only one of several measures that can be used to compare R&D
performance internationally. ~

Further insight into the relative standing of the United States in terms
of world standards for R&D can be gleaned from a disaggregation of the
data presented in Figure 16. This country devotes a large portion of its
R&D effort to noncivilian technologies, that is, to defense and space. Other
countries place a greater emphasis on civilian technologies, as is shown in
Figure 17, which describes the share of GNP devoted to civilian R&D. Here
the U.S. performance has been near the bottom (among the countries
compared) since at least the mid-1960s. This comparison is subject to the
same caveats as the data presented in Figure 15: share-of-GNP rankings are
valid only to the extent that aggregate economies of scale are limited.
Nevertheless, several studies suggest that the benefits of noncivilian R&D
for international competitiveness are limited. 12/ 1t may not be surprising,
therefore, that Japan and West Germany, the two countries that have
competed most successfully against U.S. manufacturing industries, both
devote a significantly greater share of their GNP to civilian R&D.

Finally, it is worth recalling that technology and international com-
petitiveness are linked most directly by the productive use of new products
and processes, not by spending on R&D. A country may boost the impact of
a given level of R&D funding by aggressively adopting the advances
generated by foreign R&D. Thus, the pattern of international technology

12. See, for example, William N. Leo_ﬁard, "Research and Development- in
Industrial Growth," Journal of Political Economy, vol. 79, no. 2,
(March-April, 1971), pp. 232-256.
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Figure 17.
Civilian R&D as a Percent

of GNP in Selected Countries, 1961-1980
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Figure 18.

U.S. Trade in Licenses
and Fees, 1967-19822

SOURCE: M.L. Kroner, “U.S. Investment
Transactions in FHoyalties and Fees,’
U.S. C.nartment of Commerce, Sur-
vey of Current Business {January,
1982) and Survey of Current Busi-
ness {various issues).

3 These data include only transactions
with “unaffiliated’”” foreign parties—
that is, payments that are not made to
or received from foreign subsidiaries.
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sales and purchases is relevant to an evaluation of a country's R&D effort,
and this can be measured through trends in the royalties and fees paid for
other countries' innovations. While such transactions do not completely
describe technology transfers, they are revealing enough to provide some
inferences about the comparative efiectiveness of the U.S. R&D effort. 13y
Figure 18 shows the trend (in current dollars) in U.S. receipts and payments
of fees and rovalties with "unaffiliated" foreign parties--that is, payments
that are not made to or received from foreign subsidiaries. As these data
show, the U.S. retains a significant baiance of payments surplus in such
technology transfers. '

A more interesting feature of these data, however, is the fact that
U.S. payments to nonaffiliated firms for technologies developed abroad have
failed to increase significantly over the past 20 years. Since the mid-1960s,
the United States gradually has lost the technological preeminence it
enjoyed . in the first two decades atter World War IL 1%/ Moreover, the
ongoing integration of the world economy has made it more important for
U.S. firms to adopt capital- and-energy-saving technologies, in addition to
the labor-saving technologies that have characterized American manufac-
turing since the 19th century. Many other developed countries’ have
traditionally suffered relative scarcities of capital, energy, or raw materi-
als, so that they have sought technologies to conserve these inputs. The
data in Figure 18 show no trend towards an accelerated purchase of such
technologies by U.S. firms.

13. The data presented in Figure 13 are merely indicative; @ more compre-
hensive analysis of this issue would require some discussion of prob-
lems in the data and their applicability. See M. F. Teplin, "U.S.
International Transactions in Royalties and Fees: Their Relationship
to the Transfer of Technology," U.S. Department of Commerce,
Survey of Current Business (December 1973); and M. L. Kroner, "U.S.
International Iransactions in Royalties and Fees, 1967-78," Survey of
Current Business (January, 1380).

14. Measures of productivity improvement show faster growth outside the
United States for most of the post-war period. In the steel industry,
for instance, the Japanese required over 35 manhours to produce a ton
of cold-roiled sheet in 1958, versus 11.6 in the U.S. By 1980, this had
been reduzed to 5.8 manhours for the Japanese and.7.2 for the U.S.
Sece D.F. Barnett and L. Schorsch, Steel: Upheaval in a Basic
Industry (Cambridge: Ballinger, 1983), p. 119.
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[nsofar as the United States has failed to boost its imports of
zechnology, its iechnological base has been largely defined by -the R&D
undertaken domestically. Countries that seck out foreign technologies in
effect supplement their own R&D activities by drawing on the innovations
produced by R&D carried out elsewhere. I other countries are more active
acquirers of foreign techrologies than the U.S., they probably can maintain
a given rate of technological progress with a lower investment in R&D. 13/

by

Finally, a comparison of Figure 18 with Tebles 3 and 6 suggests that
the volume of sale of lLicsrses to unaZfiliated subsidiaries is increasing at the
same time that U.3. competitiveness in many product markets is deteri-
orating.  this comparioon highlights the distinction between R&D and
innovation. While increazac EAD might raise U.S. sales of new technologies
(through licenses and so fe:th), it would not necessarily boost the competi~
tiveness of U.S. products if other countries are more aggressive in trans-
forming such R&D into news products and processes that are widely diffused
throughout their economies.

'15.  This argument is m’ade very forcefully in Raymond Vernon, "Gone Are
the Cash Cows of Yesteryear," Harvard Business Review (November-
December, 1980), pp. 150-155. '
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CHAPTER V. CURRENT TRENDS IN R&D SPENDING

Direc.t funding is the most visible and arguably the most crucial form
of govern:nent R&D support. 17 1tis also the form over which the Congress
has the ost immediate cc..crol. This chapter presents an overview of
current t °nds in R%D spending, especially by the federal government. It
concentrates on a general description of federal R&D funding, based on the
budgets of government agencies that are major sponsors of R&D. In
addition, it discusses alternative approaches to constructing federal R&D
budgets, based on the type of work carried cut rather than the source of
funding. A companion CBO report presents a detailed evaluation of the
R&D programs in the Administration's budget request for fiscal year
1935. £/ Rather than duplicate the material vresented thzre, this chapter
concentrates on the pattern of R&D spending between 1980 and 1984. For
1984, budget data are presented for both the original Adrninistration request
and the estimated funding levels authorized by the Congress.

OVERVIEW
3

The Administratiq@ bases its R&D policy on the public goods and
pipeline rationales discu$sed ‘n Chapter ll: government funding should focus
on public goods, especially defense, and on activities that the market is
unlikely to support, especially basic research, leaving applied research and
development to the private sector. One of the major trends in recent
civilian R&D budgets, therelore, is a fairly sharp shift away from develop-
ment and toward basic research. Moreover, civilian R&D funding has not
been exempt from the general budgetary pressures on rnondefense activities,

-

1. Other forms of government support of R&D and innovation are
discussed in Chapter V.
v o
2. Congressional Budget Office, Research and Development in_the Pro-

posed Fiscal Year 1985 Budget (March 1984).
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so that civilian -R&D support fas been subject to close scrutiny. 3/ In
addition, defense increasingly dominates the federal R&D effort. Defense-
related R&D accounts for almost 70 percent of total federal R&D spending
in the budget request for fiscal year 1985--the highest defense share since
1962. :

Applied research is the orphan category in the Administration's R&D '
budgets. Development spending has risen because of the defense buildup,
while the Administration has now reaffirmed governmental responsibility for
funding hasic research. The applied category has lost the most ground in
terms of its share of federal R&D funds, despite the fact that applied
research may be the key link in determining the rate at which laboratory
research is transformed into commercial products or processes. :

Since the late 1970s, the private sector has boosted its real R&D
expenditures at a rate exceeding the postwar norm. Greater private
commitment to R&D predates recent changes in macroeconomic policy, so
that its underlying causes probably stem frore such factors as increased
international competition and greater recognition of the, importance of R&D
for dynamic competitiveness. Increased business support for R&D is
particularly important in light of reduced federal support for civilian applied
research and development. - '

Table 7 presents total R&D budgets for fiscal years 1980, 1982, and
1984. The first set of columns relating to 1934 refers to the Administra-
tion's budget request, presented to the Congress\in January 1983, while the
second set of columns refers to the funding levels authorized by the
Congress. The data presented in Table 7 are divided according to whether
the R&D is oriented toward defense or nondefense applications. The table
also describes the percent shares of basic, applied, and development’

3. See, for instance, G. Keyworth, "Federal R&D: "Not An Entitlement,"
~ Science, vol..219 (February 18, 1983), p. 80l. Keyworth is Science
Adviser to the President and Director of the Office of Science and
Technology Policy; and G.J. Knezo, Science Policy and Funding in the

‘Reagan Administration, Congressional Research Service Issue Brief
No. 1882108 (updated January 6,:1984). '
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TABLE 7. NOMINAL AND REAL PATTERNS OF R&D SPENDING BY TYPE AND CATEGO[{IY, FISCAL YEARS
1980, 1982, AND 1984 (In} billions of dollars in budget authority and percents)
. - . "‘/

\ |

1980 2/ 1982 8/ 1984 b/ _i9su g/

T).'pe and Current 1982  Percent Current Percent Current 1982 Percent Current 1982 Percent
Category Dollars  Dollars Share Dollars Share Doilars Dollars Share Dollars Dollars Share
All R&D : - . |

Basic 4.7 5.5 14.9 5.4 15.1 6.6 6.1 .5 - 7.2 6.6 6.1
Applied 6.9 8.1 21.8 7.4 20.5 8.0 7.3 17.5/" - 8.4 7.7 18.9
Development 20.0 23.5 63.2  23.3 64.5  31.2 28.7 68.1/ 29.0 26.6 65.0

Total 31.6 37.1 | ——- 36.1 o] 45.8 W21 - W45 409 -
Defense 9/ ,"J - : -

Basic 0.6 0.6 - 3.7 0.7 3.2 0.9 0.3 2.7 0.3 0.3 2.9
‘Applied 1.9 2.2 12.7 2.4 11,0 2.9 2.6 9.0 2.8 2.6 9.6
Development 12.5 4.7 83.7 18.9 85.8 28.2 25.9 83.3. 25.6 23.5 87.0
" Total 14.9 17.6 | 47.3 22.1 61.1 32.0 29.4 69.8 29.3 26.9 65.8
Nondefense o ' /" ,f o '

Basic ' 4.2 4.9 25.1 4.7 33.7 5.7 5.3  J4l.5 6.3 5.8 41.6
Applied. 5.0 . 5.9 30.1 5.0 B5.3 5.1 4.7  37.0 5.6 5.1 36.6
"~ Development 7.3 3.8 44.9 4.4 j31.0 3.0 2.7 | 21.5 3.3 3.1 21.9
.. Total 16.6 19.5 52.7 14.1 38.9 13.8 12.7 ,/ 30.2 15.2 4.0 34.2

I AR . /’J

/ : :
SOURCE: .Congressional Budget O“ffice from data prO\Jided by the Office of Management and Budget.

|

Actual. * : - . /

Budget request. "

Estirnate (after Congressional action). -

Comprises R&D spending by Department of Defense and military programs in the Department of Energy.

an e




|
activitiesnin total funding as well as real spending levels in 1982 dollars,
using CBO éf\nmates of the GNP implicit price deflator. %/

As can be seen from Table 7, the pattern of R&D funding is shaped by
the same pressures that mold the overall federa!l budget. This means, first
of all, that R&D funding has been highly volatile in recent years. Aggregate
R&D spending has increased during the present Administration, although
real spending was cut in the first full budget submitted by the Administra-
tion. Subsequent budgets have increasingly favored R&D spending, so that
the request for fiscal year 1984 represented an increase of 45 percent over
1980 levels in current dollars--or a projected real increase of about
13 percent.  Congressional action reduced 1984 R&D funding 3 percent
below the, level requested by the President, so that estimated 1984 funding
is currently 41 percent above the 1980 level (an increase of 10 percent in
real terms). )

The Administration's R&D budgets reflect a consistent application of
the traditional rationale for government R&D funding. To a great extent,
an effort has been made to limit government funding to missions that are
clearly the responsibility of government, especially the provision of public
goods. Defense is the best example of this trend and increasingly dominates
aggregate federal R&D funding. In addition, after cutting civilian basic
research funding in fiscal years 1981 and 1982, the Administration has
embraced the traditional view that basic research is a governmental
responsibility, while the more market-oriented activities of applied research
and development should be left to the private sector. In short, the
Administration's policy for civilian R&D is based on the pipeline concept
described in Chapter 1L 3/ A strong emphasis on defense-and an effort to
rely as much as possible on the market are the most significant trends in.
current R&D budgets. ' '

4. Estimating the impact of infiation is not an exact science, and this
' caveat obviously applies with even greater force to projected rates of
inflation. As was pointed out in Chapter II, the deflator used

throughout this report is the GNP implicit price deflator, although
there are some arguments that would favor the use of a more complex
price index, oriented specifically towards the price. changes in R&D
inputs. Such R&D price deflators generally suggest a higher rate of
inflation for R&D activities than in the-economy as a ‘whole. e

S, See G. Keyworth, "Federal R&D and Industrial Policy," Science,
vol. 220 (June 10, 1983), pp. 1122-25.

54



Defense-related R&D has grown with the defense budget. Including
Department of Energy (DOE) defense-related spending, R&D for defense
grew from 48 percent of .the R&D budget in 1980 to 70 percent in the
Administration's fiscal year 1984 budget request. The Congress has autho-
rized sinaller increases in defense R&D, so that the current estimate of the
defense share for 1984 is 66 percent. Nevertheless, the overall trend
reflects the Administration's emphasis on such activities. Compared with
1980, the fiscal year 1984 budget includes a 96 percent increase in defense-
related R&D spending (from $14.9 billion in fiscal year 1980 to $29.3 billion
in the budget for fiscal year 1984), or an estimated real increase of
53 percent. By a small margin, the nominal increase in DoD R&D spending
has been even greater, and its rate of growth--98 percent-:exceeds the
growth in the overall DoD budget, which increased 81 percent from 1980 to
1984 (in current dollars). : : ‘ \

|

Defense R&D is heavily oriented toward development activities,
particularly the construction and testing of prototypes for advanced wea-
" ponry. Of all the major government agencies that fund significant amounts
of R&D, 6/ DoD spends by far the smallest proportion on basic and applied
research. Moréover, the predorn’nance of development within the defense
R&D budget has been increasing. Whereas development activities absorbed .
84 percent of the defense-related R&D budget in fiscal year 1980, they
account for 88 percent in fiscal year 1984, Thus, the emphasis on defense
spending entails a corresponding shift in the aggregate R&D budget,
" favoring development over basic and applied research. Leaving out defense- -
related development -funding, real R&D funding in the fiscal year 1984
‘budget is only 78 percent of the 1980 level~-representing a decline in
current dollars from $19.1 billion in 1980 to $18.9 billion in 1984,

To some extent, the Administration has Compgnsa‘éed for the defense-
based boost in development through increased funding for basic research in
most departmental budgets in its 1983 and 1984 budget requests. Even
though basic research makes up a declining share of the defense R&D
budget, the fiscal year 1984 DoD budget request for basic research included
a real increase of 23 percent above the 1980 level. In 198%, the Congress
provided 97 percent of requested DoD basic research funds. :

For all basic research, both d°e,fense and civilian, the Administration
request for 1984 represented a real increase of 10 percent over the 1980
level (from $4.7 billion to $6.6 billion .in current dollars). The Congress has

6. NASA, NSF, EPA, and the Departments of Defense, Agriculture,
Health .and Human Services, Energy, Interior, Transportation, and
., ‘Commerce.
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provided even more funding. The current estirate for all 1984 basic
research funding is $7.2 billion, representing a real increase of 19 percent
compared with 1980. Real funding for civilian basic research also has been
increased 19 percent over the same period and 8 percent from 1983 to 1984,
reflecting current-dollar funding levels of $4.2 billion in 1980 and an
estimated $5.6 billion in 1983 and $6.3 billion in 1984. The only agency that
showed a significant decrease in requested funding for basic research has
been NASA, although the share of basic research in NASA's total R&D
budget showed a significant increase. This reported shift in NASA funding is
misleading, however, because of the above-mentioned reallocation of -shuttle
expenditures from R&D to operations.

R&D SPENDING BY AGENCY

Federal spending for research and development is embedded in the
separate budgets of numerous departinents and agencies, so that an R&D
budget must be constructed from ‘the information provided by many govern-
ment agencies. The budgets of most federal agencies are organized in terms
of mission-oriented programs, of. which R&D activities are only one part.
The National Science Foundation (NSF) and the National Aeronautics and
Space Administration (NASA) are the only major government agencies that
support researctand development as their primary mission.’ The NSF is also
one of two government agencies that compiles a consolidated R&D budget--
the other being the Office of Management and Budget (OMB).  The
American Association for the Advancement of Science (AAAS) also prepares
a federal R&D budget that is, in many ways, the most comprehensive and
sophisticated of the three. Like the NSF R&D budget, however, it is based
on material provided to OMB by the various government agencies. 7/

- The fact that total R&D spending mus} be culled from many separate
agency budgets introduces some arbitrariness into the specification of
federal R&D support. Individual agencies make their own judgments about

7. Each March, AAAS publishes a compilation of proposed federal R&D
funding for the next fiscal year. These reports contain detailed
evaluations of trends in agency R&D funding. OMB's compilation of
R&D funding is currently presented in "Special Analysis K" accom-. '
panying the President's annual budget submission. In addition, the
Congressional Researc Service tracks R&D spending throughout’ the
budget process; see, for example,. Congressional Research Service,
Federal Funding for Research and Development in Major Departments
and Agencies, Fiscal Year 1984, Issue Brief Number 1283057 (updated
January 6, 1984). . . :

56



allocating R&D funding among the categories of 'basic research, applied
research, and. development, and about separating R&D expenses from
operating costs. - Decisions to revise program allocations can upset the
analysis of data collected over a number of years. This was the case, for
instance, with the basic resecarch budget of the Environmental Protection
Agency (EPA), which increased from $t1 million in fiscal year 1981 to
333 million in 1982 as a result of recategorizing programs. Similar
difficulties are now reflected in the NASA budget, which reallocated space
shuttle spending from R&D to operations as of the fiscal year 1984 budget
(retroactive to 1982), on the grounds that NASA plans to operate the shuttle
as a conmercial venture. While such reallocations show up as significant
shifts in departmental R&D spending, they need not reflect similar changes-
in the kinds of work the governiment supports. ’

As one would expect considering the recent volatility in the federal
budget as a whole, agency R&D budgets have been subject to very diverse
pressures and trends since 1980. -Overall, the pattern of agency R&D
funding reflects the general trends discussed in the preceding section. .Sc{ne
agencies (Defense, Transportation and the National Science Foundatiocn)
have experienced healthy increases in their R&D budgets, even in real
terms. These agencies carry out R&D activities for which, in the Admini-\
stration's eyes, ‘the governinent should be responsible. Other agencies 3
(Agriculture and Health and Human Services) have shown nominal gains but  *
real declines. R&D spending at the Department of Energy has been . °
approximately stable in current dollar terms, reflecting a significant decline:

'in real terms--especially in nondefense:activities. Finally, there are some
agencies whose R&D budgets have been cut in both real and nominal terms:
NASA, Interior, EPA, and Commerce.  The details of current agency R&D
budgets are discussed in CBO's Research and Funding in_the Proposed Fiscal
Year 1985 Budget; only their most significant features are presented here.

Department of Defense. As was suggested in the previous’ section,
R&D funding by the Department of Defense has enjoyed substantial ,and.
across-the-board increases, so that DoD. now sperds seme 327 billion (in
1984 budget authority) on R&D. The increases in defense-related R&D have
been so substantial that all types have enjoyed real increases. Abstracting
from branch-of-service spending, DoD breaks down its R&D budget into the
following categories, with their share of total DoD R&D budget authority
for fiscal year 1984 in parentheses: '

o Technology base (1l percent);
' - o Advanced technology development (5 per.f:.ent);

o Strategic programs (29 pe.rcen't);
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o Tactical programs (29 percent);

o Intelligence and communications (12 percent); @

0 Program management and support (12 percent); and
o Other {2 percent).

Between 1980 and 1984, the categories that enjoyed the most signifi-
cant growth were strategic programs (up 360 percent) and intelligence and
communications (up 300 percent). Strategic programs comprise  the MX
Peacekeeper and Trident missile programs, advanced bombers (Bl .and
Stealth), and the space-based antiballistic missile system proposed in the
1985 budget, which will significantly boost DoD R&D spending in the
" future. 8/ Funding for tactical programs, by contrast, has grown more
slowly--51 percent since 1980. The technology base category has grown the
least--34 perceat since 1980. This category contains most DoD basic
research as well as most of the applied programs (such as research in very
high-speed integrated circuits, artificial intelligence, and super computers)
that affect directly the performance of the civilian economy. Related
development projects are found in the advanced technology development
category. In recent years technology-base programs have typically been
reduced when the Congress has sought to cut defense spending below the
levels requested by the Administration. . : :

Department of Transportation (DOT). About 55 percent of the DOT
R&D ‘budget (a toral of $0.45 billion for fiscal year 1984) is devoted to
Federal Aviation Administration (FAA) activities, and FAA R&D far out-
weighs the R&D sponsored by other DOT departments. Higher R&D funding
for FAA programs is based on the same public-goods rationale that underlies
federal defense-related R&D support. Most of the FAA R&D is devoted to
the_,devélopmerit of improved air traffic control systems, and these costs are
eventually recouped through a trust fund supported by_fees and taxes on the
users of FAA services. g B T

National Science Foundation. NSF R&D funding ($1.2 billion in fiscal
year 1984 budget authority) is devoted almost exclusively {over 95 percent)
to the support of basic research in academic institutions. Although real
spending for NSF was cut in the first years of the current Administration,
NSF's budget. now seems relatively secure. at least in the aggregate.

3. See R.J. Smith, "The Search for a Nuclear Sanctuary," a two-part:
article published in Science, vol. 221 (July 1, 1983 and July 8, 1983),
pp. 30-32 and pp. 133-38. : ‘ _

b
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Nevertheless, the volatile pattern of NSF funding since 1980 rnay have
disrupted long-term research efforts. Moreover, as will be' discussed in the
next section of this chapter, some fields of research have been less favored
and have shown real declines in funding. -

Department of Health and Human Services. The clearest case of
disagreement between the Administration and the Congress over R&D
funding is the National Institutes of Health (NIH), which account for over
85 percent of the total R&D budget of the Department of Health and Human
Services (HHS). Other health agencies within this department (the Center
for Disease Control, the Food and Drug Administration, and the Alcohol,
Drug Abuse and Mental Health Administration) are also major funders of

R&D, while human services activities account for only about | percent of
HHS R&D. The Administration's 1984 requést included $4.4 billion in budget - - -

authority for HHS R&D (32 percent of total civilian R&D funding). The
Congress provided $4.8 billion for these activities.

The Congress has traditionally been a strong supporter of health
research and the NIH, and basic medical research has enjoyed a special
status outside the NSF framework. Nevertheless, the expense of health-
related R&D (HHS spends more on.civilian research than any other agency)
has made it a target for cost-reduction efforts. The Administration has
sought to reduce funding for new research grants, either by limiting new
projects below the Carter Administration's annual target of 5,000 or by
providing partial funding for a larger number of grants. The Congress has
restored HHS funding, so that R&D funding by this agency shows only a
slight real reduction compared with 1980. :

Department of Agriculture. As js the case with HHS, relatively
constant real spending levels for R&D are also evident at the Department of
Agriculture (USDA). The Administration requested $850 million for USDA
"R&D in fiscal year 1984, and the Congress increased this figure to
$870 million; 1984 R&D at the USDA js still 2 percent below the 1980 level
in real terr: .. however. Largely through the ‘Agricultural Research Service
and the Cooperative State Research Service, the federal government has
provided technological support to the agricultural sector since the 19th
century. Although there are few a priori grounds for supporting civilian
R&D in this sector and not in others, these programs' long tradition, their
generally recognized success, and the political strength of the farm sector
~ have made thern léss vulnerable to budgetary pressures.

. National Aeronautics and Space Administration. NASA spending has
‘also. been flat, despite. the fact that reported R&D funding shows a
spectacular decrease, from $5.1 billion in fiscal year 1980 t0,52.9 billion in
1984 (up from an original Administration request of $2.5 billion). This is a

\4
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statistical artifact, reflecting the partial reallocation of space shuttle
funding from R&D to operations. Before the fiscal year 1984 budget
request, all NASA funding was treated as R&D. Since NASA's total budget
request for fiscal year 1984 called for $6.7 billion in obligations, this should
be compared with total NASA obligations of $5.8 billion in 1980, suggesting
a real decline of 10 percent. Thereallocation of shuttle funding reflects the
Administration's desire to commercialize and potentially privatize rnany
aspects ‘of the shuttle program. " Without another major commitment,
possibly the rnanned space station proposed in the fiscal year 1985 budget,
NASA R&D funding will tend to decrease..

Since at least the late, 1970s, shuttle activities have provided the .
impetus for the NASA budget. The high priority given to the shuttle has
reduced the funds available for other programs, such as Landsat (which has
been transferred to the Department of Commerce), planetary exploration.
and aeronautics R&D. The pressure on these programs has abated somewh:
since the shuttle has become operational, and new projects are now being,
funded on a limited scale. Moreover, despite earlier efforts to cut civilian-
oriented aeronautical R&D, the Administration now supports it. 2/ As with
agricultural programs, the favored treatment of aeronautics may reflect the
fact that these programs have a long tradition, dating to NASA's predeces-
sor agency, the National Advisory Committee on Aeronautics.

Department of Energy. The largest cuts in civilian R&D have been at
the Department of Energ "(DOE). The fiscal year 1984 budget request for
DCE R&D amounted to $4.7 billion, $3.3 billion of which was for civilian
activities. The Congress, as it has in past years, restored funding for many
civilian energy technologies (such as solar and fossil:€nergy sources) while
providing less . funding for nuclear technologies than the Administration
requested. This pattern was particularly evident in 1984, when the Congress
eliminated funding for the Clinch River Breeder Reactor. Nevertheless,
overall funding for DOE R&D has reflected the Administration's budget
priorities: increased defense spending and reductions in civilian develop-
ment. '

Compared with 1980, the overall DOE R&D bt:iget has fallen 21 per-
cent in real terms, while real civilian R&D has dropped 36 percent. To a
large extent, these trends stem from the Administration's unwillingness to
support cominercially oriented R&D, so that budget requests have included

9.  Executive Office of the President, Office of Science and Technology
Policy, Aeronautical Research and Techrology Policy (November
1982). . ‘
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major cuts in civilian development funding (down 70 percent in real ter:ms),
particularly in nonnuclear technologies. :

While major cuts were made in DOE energy development funding, real
funding for both basic and applied research increased over 1980 levels. As a:
result, the DOE R&D budget stands out as the clearest exainple of the
Administration's efforts to restrict government R&D funding to activities
the market is unlikely to support. .Major cuts in development projects, many
of which have failed to attract financial commitiments from private firms,
have enabled the Administration to reduce DOE spending while increasing
support for basic and applied research.

Department of Commerce. The Department of Commerce funds a
significant amount of R&D through the National Oceanic and Atmospheric
Administration (NOAA) and the National Bureau of Standards (NBS), which
account f8r almost 95 percent of Commerce's total R&D spending. These
agencies, especially NOAA, have been-under severe budgetary pressure; the
Administration requested $240 million for Department of Comimerce R&D in
fiscal year 1984, down from actual funding of $324 million in 1983. The
Congress has restored the department's R&D funding to some extent, so thai
estitnated 1984 funding is now $352 million. Real R&D funding by the
Department of Commerce in fiscal year 1984 is three-quarters the 1980
level. Funding cuts may be particularly significant in the NBS case, since
the Bureau is the sole government agency with a mission to provide industry
with broad-based technological support, particularly in applied research.

Other. Finally, severe proportional cuts in funding have been made in
the R&D budgets of several agencies that are’'relatively minor sources of
civilian R&D support, such as the Department of Interior and the Environ-
mental Protection Agency. For 1984, R&D funding at the Department of
Interior amounts to $388 million (compared with a 1984 request of $334 mil-
lion), down from $404 million in 1980. This represents a real decline of
25 percent since 1980. At the EPA, R&D funding is $248 million in 1984
(compared with a request for $207 million)--more than 40 percent below the
1980 leve!l in real terms. For a more comprehensive discussion of agency
R&D budgets, readers should consult Research and Development Funding in
the Proposed Fiscal Year 1985 Budget.

o

OUTPUT-BASED DESCRIPTIONS OF FEDERAL R&D SPENDING

.Government agencies are required to report R&D spending by type
(basic, applied, development)-to the Office of Management and Budget, so
that this information is readily available. Insofar as increased innovation is
an explicit policy goal, however, it may also be appropriate to describe

it
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‘managerial practices may distort this principle in practice.

federal spending patterns according to alternative criteria, especially in
terms of the character of the work performed (the output) rather than the
source of funding (the input). In principle, the source of funding within the
government is irrelevant to the economic impact of R&D, although different

)

Federal Funding of Scientific Disciplines

For basic (and some gpplied) research, an output-orierited R&D budget
is based on the-field of science. The National Science Foundation maintains
records of federal research spending in terms of scientific field, largely
because its principal consiituency, the ac‘ademic community, is organized
along these lines.  Once R&D has reached the cevelopment stage, it
typically combines the sQills and insights of a variety of disciplines.
Moreover, development is ¢haracteristically funded for commercial reasons
and carried out by industry rather than by the academic community. For
these reasons, it is impossible to disaggregate development funding (and
even some =pplied research) along the . charactetistic lines of ‘academic
departments or scientific disciplines. : '

Figure 19 shows the pattern of current-dollar research funding by field
of science for the fiscal year 1984 budget>request. The shares shown in.
these graphs have remained relatively constant over time, as has the overall
level of.real spending. Data confirming this are presented in Table 8. Since
the mid-1960s, biomedical research (including psychology) has increased its .
share, largely at the expense of engineering. Mathematics and computer
sciences have also gained, while the social science share has fallen.

The distribution of funding has also remained fairly consistent on a
more disaggregated level, as is-shown in the second part of Table &. The
most significant trend in current field-of-science funding, however, is a
reemphasis of the "hard" sciences (such.as physics), reflecting their impor-
tance for defense.. Social and environmental sciences have been cut sharply
since 1980, both in real terms and as a percent of field-of-science funding.
Even .within the hard-science category of the physical sciences, the distribu-
tion of funding has shifted more sharply since 1980 than in the preceding

15 years. Physics received 58 percent of the total in 1967, 59 percent in ~

1980, and a requested 65 percent in 1984. Chemistry's share, which held
roughly constant from 1967 (24 percent) to 1980 (23 percent), is projected to
fall to 17 percent in fiscal year 1984, :

Although the data for fiscal year 1984 are estimated, they buttress the

observation that federal R&D spending is currently undergoing a reorienta-
tion that is significant by historical standards. Moreover, they reflect the
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TABLE 8. FEDERAL BASIC AND APPLIED RESEARCH FUNDIN.G," BY
FIELD OF SCIENCE FOR CALENDAR YEARS 1967, 1980, AND
1984 (In percent shares and total funding in current and 1981

dollars)
Field , L 1967-a/. .~ 1980 a/ 1984 b/
-~ Major Fields
Biology, Medicine, Psychology 31.4 37.9 237.7
Physical Sciences 20.3 17.3 21.7
Mathematics and Computer Sciences 2.8 2.1 3.3
Environmental Sciences 3.2 10.9 8.1
Social Sciences ‘ 4.1 4.5 2.9
Engineering ' " 30.8 244 23.8
Other 2.5 3.0 2.5
Total o 100.0 100.0 100.0
Addendum: Total Dollar Funding ' ‘
In billions of current dollars ~ 4.6 11.6 14.7. ‘
In billions of 1981 dollars 11.5 12.7 12.6
Selected Fields
Physical Séiences
Physics 58.2 59.1 65.4
Chemistry ’ 24.1 22.7 16.6
Astronomy 12.8 14.3 10.6
Other 4.9 3.9 7.3
Total : . 100.0 100.0 ~ 100.0
Addendum: Total Dollar Funding
In billions of current dollars 0.9 - 2.0 3.2
In billions of 1981 dollars 2.3 2.2 2.7
i STt

: AN (Continued)
SOURCE: National Science Foundation. ’ .

NOTE: Percent shares may not add to 100 percent because of rounding.
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TABLE 8. (Continued) ‘ - : . /
| \

Ay . B

Field , . 1967 af 1980 a/ . 1984 b/

Selected Fields -

-~

. 7
Social Sriences _
Eccnorics 36,5 36.9 . 39.8
Socialoqy 25.4 13.6 13.7
Anthroapalogy 5.8 3.3 4.6
Tatlitical Science - 2.3 1.6
. Other 32.3 44.0 40.5
Total . ' 100.0 100.0 . 100.0
Addendum: Total Dollar Funding
In billions of curreni dollars ' 0.2 G.5 0.4
In billicns of 1981 dollars - 0.5 - 0.6 0.4
Engineering ' /
Aerospace . 38.8 35.7 33,1
_ Electrical T 18.5 18.3 19.6
Materials ~, 8.5 8.3 . 10.3
Mechanical 3.0 7.3 5.8
Civil 3.0 5.6 5.0
Other 23.1 24.7 26. 1
" Total 100.0 100.0 100.0
Addendum: Total Dollar ¥unding '
. In billions of current doliars 1.4 2.8 3.5
In billions of 1981 dollars 3.5 3.1 3.0
a. Actual.
b. Estimated. . J
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reemphasis of defense that is evident in the agency-specific depiction of the
federal R&D budget. When contrasted with the rnore stable historical
patterns, current field-of-science data also illustrate the uncertainty about
future budgets that has concerned some members of the research communi-

ty.

Federal Funding of Specific Technologies

Field-of-science funding ccncerns research, especially basic research,
and there is no assurance that increzsed basic research leads automatically
to increased innovation. Innovation depends more critically on applied
research and development and the subsequent diffusion of technical knowl-
edge, for which the relevant outputs are technologies rather than scientific
fields. A number of. agencies typically provide funds for any given
technology. R&D in advanced electronics, the most .. vious example, is
funded as part of the mission of several agencies: Defense, Energy, NASA,
the Nationai Bureau of Standards, and so on. A techrology-based R&D
budget is therefore the deveiopmental complement to a field-of-science
budget for research. More important, it is well-suited to evaluating the

economic impact of federal R&D funding.

v

Unfort. iately, no compréhensive, technology-based evaluation of the
federal R&D budget is available; in itself, this fact suggests that the

- government as a whole has not sought to promote technological progress for
its own sake. By default, technological innovation is almost universally
treated as a by-product oi the mission-oriented activities of federal agen-
cjes.” - »

Table 9 presents a partial depiction of agency funding in particular.
technology areas: computer science, materials science, engineering, and
bioenginc2ring. In order to suggest the trends operating in these areas,.
furding levels are shown for fiscal years 1980 and 1983. The technologies
listed in these tables were selected to reflect a broad range of activities
with significant economic potential. While most of these technologies would
~.commonly be referred to “as "high-tech," the list includes fields (for
example, metallurgy) that are relevant to more traditional manufacturing
sectors, which still far outweigh high-tech sectors in terms of their .
economic impact (jobs, value added, and so forth).

The data presented in Table 9 should be used with some care. They
are estimates provided by the budget offices of the agencies concerned, and
since no agency regularly collects or maintains data on funding by tech-
noiogy, these data represent approximate figures, pieced together from

- information collected in a different, morge mission-oriented format. Most
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ABLE9. TSTIMATED FEDERAL FUNDING OF SPECIFIC TECHNOLOGIES BY MAJOR RED AGENCIES, FISCAL YEARS 1980 AND
1983 (I millions of current dollass) &/ O ;

'
\

RS \

\

; National Total

. Nationg] National Aeronautics National Depart- Depart- for
Science Bureau of and Space Institutes inent of ment of Listed
Foundation Standards  Administration __of Health Agriculture Energy __ Agencies

_vechnology %0 1983 1980 1983 1980 1983 1980 1983 1980 1983 1980 1983 1980 1983

Computer Science : ; \ ' '
Theory 27 g2 20 22 00 19 NA NA 0.0 0.0 NANA NA - NJA
Hardware 3.0 31 27 26 23 18 NA N/A\\ 0.0 00 NA NA NA NA
Sof tware Cu6l 36 35 36 kS NA O NAL 0.0 0.0 NA - NA NJA. N/A
Other 62 17 00 0.0 00 0.0 NA NAL B .0 NA  NA NA NA
Total B om0 83 &4 59 186 70 B0l 00 00 30 83 AT

a \

\aterials Science A |
Solidsae 128 1. 08 LD Lk 08 0000 0.0 0.0 NA NA - NA NA
Metatbirgy (s 79 0.6 L0 105 1.0 00 00 00 00 NA ONA O NA O NA
Ceramics v b5 03 L7 76 k0 0.0 00 00 00 NA - NA - NA N/A
Compesie NA - NA 01 0.6 109 1000 0.0 0.0 0.0 0.0 NA ONA O NANA
Other Be o sy 00 00 00 00 00 00 00 0.0 NA NA  NA NP
Total @7 W4 L w3 WA 3 00 0.0 00 00 %0 1DI B 2322

: |

Engineering , \

Robotics no 183 00 32 20 32 0.0 0.0 NA - NA NA - NA  NA NA
CAD/CAMY/ ¢f ol 02 02 08 00 0.0 NA NA NA NA  NA NA
Chernical and N | '\
racess o 23 23 k2 00 00 00 0.0 NA - NANA N/A - NIA N

~ Other P 0.2 00 00 0000 00 0 NA  NA NA NA - NN
' Total i3 24 76 22 ko 00 00087 "\ 0,3 193.0 7.0 283.0 5997

Bioengineering ~ 40.8  47.b 0.9 20 0.0 0.0 1700 #%8.0 20.2 \\\ 12,9 0.0 0.0 3.9 3803
SOURCL: IVata provided by agency budget effices. | ' | \
NOTE: N/A = not available. ; |

2. The Department of Defense is unable to break out its R&D funding according to specific te(ihnologies and, therefore, is not included

in this table. g
b, NSF does not disaggregate these categories. |
CADJCAM = computer aided design and computer aided manufacturings

S
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significar.tly, the absence of data from the Department of Defense seriously
compromises the analytical usefulness of Table 9. The enormous size of the
NDoD R&D budget complicates any effort to disaggregate it in novel ways
and thus prohibits the inclusion of informatior on oD funding of specific
technologies. DoD funds for R&D swamp the R&D support provided by
other agencies. For example, in fiscal year 1983. DoD's R&D budget was
almost twice the size of the combined nondefense R&D budgcts of the
agencies included in Table 9.

Because of ‘these ‘limitations, the data presented in Table9 are
illustrative rather than comprehensive. Nevertheless, they suggest several
points that can be made about the pattern of federal support 7or specific
technologies and about the prospects for developing a technology-based
R&D budget. ’ :

First, a technology-based approach to constructing an R&D budget
must confront the problem of applying consistent definitions of the tech-
nologies being monitored.  This is particularly true of more generic
technologies. Computers, for instance; have extremely broad technological
applications, so that it is very difficult to allocate more basic computer
research among the various technologies of robotics, computer aided design
and computer aided manufacturing (CAD/CAM), and so on. -In principle,
allocating R&D activities by technology is not qualitatively inore difficult
than allocating funds according to the standard paradigm of basic research,
applied research, and development. Since no agency collects technology-
based data, however, technology definitions are not standardized. More-
over, even with standardized technology definitions, the problem of tying
basic scientific research to specific technological applications will remain.

_Because of the organizational structure of universities, data on R&D funding

by field of science is relatively easy tc collect. Unfortunately, no
corresponding institutional pattern simplifies the problem of identifying
speinding programs by technology.

Second, the difficulty of tracking technology-based spending patterrs
suggests that there ray be a substantial amount of duplicated effcrt in
federa! programs. At the very izast, there is no institutional mechanism for
avoiding interagency duplication. Safegur s gainst duplication are in-
forral, and in some’instances rely on contractors--whether in-industry or in
the acadetnic community-~to stay abreast of ongoing .work in the field
concerned. It could be argued, however, that some amount of duplication is
beneficial, since it diversifies the risk inherent in pursuing technological
advances.

As was pointed out in the previous chapter, the mission orientation of
federal agencies shapes the pzttern of the RxD support they provide to
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industry, and the sarne point applies to the support of specific technologies.
This is suggested in Table 9 by the discrepancy between the funding provided
by NASA and that provided by the National Bureau of Standards (NBS). The
Rureay, whose rission revolves around measurement issues, is the govern-
ment institution with the broadest responsibility for supporting civilian
technology (although this responsibil’ty is still much less explicit than the
NSF role in the basic research area). Yet its funding is, in many areas,
much less than the funding available irom an R&D agency with a more
specific mission, 3u<h as NASA. In materials, for instance, the NASA
budget is more than 15 times as great as the NBS budget. This means that a
certain type of mater:als R&D--namely, that relevant to aerospace tech-
nologies--is st .rted to a far greater extent than other t es. The NASA
metallurgy R&i) budget, for instance. is almost 20 tiiaes as great as the NBS
metallurgy budget, so that the governm=nt funds R&D in the exotic alloys
used in the acrospace indusiry to a far gre-ter exteni “han it funds R&D in

“carbon steelmaking. This inference, which car be g:zaned from Tabie 9,

corroborates in technclogy terms the industry .attern of federal R&D
funding discussed in the preceding chapter.

RECENT TRENDS IN PRI‘VATE R&D SPENDING

Data on private R&D spending are generally less reliable than data on
federal programs, and private reporting is also less timely than is the case
for the federal budget. Wrile official date on private R&D spending a‘e
eventually collected by NSF, rhe earliest estimates of private R&D spending
are pubiished by the business press. Business Week estimates are presented
in Table 10.

It should be stresscd at the outset that these data are not directly
comparable to the information presented in Chapter lll. Business Week
industry defi:ritions ore similar but not icentical to NSF definitions, cover-
age may change frcin year io year. and companies with several lines of
buciness (and theseforse with R&D in  :veral areas) are assigned to the
industry that repreze. - their principal business activity. The data pre-
sented in Table 11 sheuld, therefore, be viewed as indicative of trends in
orivate R&D support rather than as an extension ol or substitute for NSF
data.

With chese caveats in niind, Table 10 strongly suggests that private
firms are gererally increasing their commitment to R&D. This trend has
been largely - istained even through the extremely severe recession of 1982,
although the data on R&D interisity for 1952 may be inflated by the
interaction of declining sales due to the recession and the fact that 1982



TABLE 10. ESTIMATED PRIVATE R&D SPENDING AS A PERCENT OF
SALES, CALENDAR YEARS 1379-1982 i
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SOURCE: .Business Week, (Jijly?, 198(5, “July 6,' 1981, July 5, 1982, and
June 20, 1983). . '

R&D, spending levels were frequently set refore the depth of the recession
became apnarent. Nevertheless, the private sector appears to be com:.itted
to increasing its R&D spending, pe.naps because of the challenge of
heightened international competition. ir a period when the government is
reducing its support for nonbasic civilizn T&D, greater private fundin: is.an
encouraging and much needed development. The next chapter discusses
current nonspending policies designed to boost private R&D and innovation.

(o]
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CHAPTER V. GOVERNMENT ENCOURAGEMENT OF
INNOVATION: TAX AND OTHER POLICIES

Besides its direct funding of R&D, the government also influences the
technological performance of ihe economy through programs that encourage
greater private commitment to R&D and innovation. Tax incentives can be
used to reduce the cost of R&D activities to firms, thereby making such
activities more attracti~2. Antitrust and patent policies can help lower
some of the barriers to private innovation and R&D. Govarnment procure-
ment provides a large market that can influence the development of
desirable technologies. In fact, few government actions--from environmen-
tal regulations to minimum-wage legislation to trade agreements--do not in
some way affect innovative activity.

The most potent factors that affect private innovation decisions ire
probably beyand the reach of specific R&D policies. Expectations about
macroeconomic conditions and the intensity of .competition {ov rivalry)
within an industry may be the most significant determinants of its techno-
logical performance. I/ In a strong economy, firms have the funds 2d the
market prospects to justify increased commitments to R&D. Robust
markets may have a counteracting effect, however, since they lessen the
urgency to pursue new products and processes. This implies that private

innovation is likely to be strongest under the dual conditions of a healthy

macroeconomy and strong sectoral competition. - .

Fiseal and monetary policies therefore have a significant impact on
orivate R&D. Genera! tax policies affect corporate cash flow and thus the
funds available to fund R&D internallv. General investinent incentives, such
as accelerated depreciation allowances and investment tax credits, also tend
to boost innovation and R&D. Policies affecting competition--antitrust
enforcement, for example--are also important. Actions that weaken
competitive forces, such as trade barriers, are likely to reduce the. incein-
tives for private R&D. Such indirect effects are ra-ely considered, but they

L. Anecdotal evidence supporting this view can be found in a recent
Business Week article (December 12, 1983, pp. 76-86) describing major
increases in R&D funding by the Allied Corporation. No - ention is
made of increased governmental incentives among the fe..ors that
encouraged. Ailied to reorient its corpoiate strategy toward R&D and
innovation.
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may be more crucial deterrinants of technological performance than
policies that explicitly target aid to R&D.

Compared with rnacroeconomic ~programs and policies that affect
competitive conditions, specific federal R&D incentives, other than direct
funding, are probably of secondary importance. Section 174 of the Internal
Revenue Code, which allows firins to "expense"” R&D costs, has been in
effect for 30 years. 2/ According to estimates of the Congressional Joint
Cominittee on Taxation (JCT}, Section 174 will lower Treasury revenues by
about $2.2 billion in fiscal year 1984. The revenue effect of more recent
R&D tax incentives, such as the incremental R&D tax credit, is much
smaller. Moreover, the specific features of ‘the credit weaken its incentive
eifects.

This chapter concentrates on tax incentives, since these, like direct
funding, have an immcdiate budgetary impact. The tax section is followed
by a short discussion of two regulatory areas that significantly affect the
overall innovative performance of the economy: antitrust enforcement and
patent policies. The chapter closes with a brief discussion of the effects of
government procurement on R&D.

TAX POLICIES

" General tax policies halp shape the incentives that govern private-
sector activities, including R&D investinents and innovation. From an
e “nomic perspective, R&D is an investment--that is, R&D comnprises
c...ent expenditures that are undertaken to provide future rather than
current benefits. Since 1954, however, Section 174 of the Internal Revenue
Code has granted firms the option of expensing "qualified" R&D expendi-
tures, definec as labor and materials costs. In eftect, Section 174 places
R&D investments on the same footing as production costs: R&D labor and
materials costs can be deducted from taxable income in the same year that
the costs are incurred, while R&D plant and equipinent must be depreciated
over a number of years. Section 174 thus offers a tax incentive for firms to
invest in R&D activities.

Recent changes in the tax laws, especially through the Econromic
Recovery Tex Act of 1981 (ERTA), have increased tne general attrac tive-
- ass of inw- ,tments in plant and equipment. Presumably, this should have a

2. Expensing means that fiyms can deduct the full cost of qualified R&D
expenditures in the year that 1 = expenditures are made rather than
depreciating them over a number of years. ‘
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positive effect on innovation. ERTA's immpact on R&D, however, Is
complicated by the fact that its general irvestrnent incentives dilat. the
benefits of existing R&D incentives such as the expensing option. ERTA
also rucludes specific R&D incentives, especially an incrementai R&D tax
~redit, hut the effects of such programs may not be great. Assessinents of
how the tax systern affects R&D and innovation must consider the inter-
action of a w ‘de range of rax provisions rather than specific R&D incentives
alone.

General Tax Policies

Three basic arguments have been cited to support the view that
cffective rmacroeconomic policies, of which tax programs are a partg,
encourage innovation:

o  First, economic expansion raises expected. private returns to R&D
and increases the cash flow available to firms for supporting R&D
activities.

o Second, the increased investinent in plant and equipment associ-
ated with econornic growth typically implies that innovations are
diffused more rapidly throughout the economy, since new ma-
rhirery is likely to embody improved technology. Thus, even if no
new R&D is undertaken, the fruits of pravious R&D efforts may
becom~ nore widespread. ' ' :

o  Third, high rates of investinent tend to -encourage innovations in
capital-goods industries by increasing the demand for machinery
and other equipinent.

The first of these arguments hinges on the extent to which R&D is like
other in. estments in following GNP trends. R&D spending may be governed
by factors different from those that determine overall investinent. Some
economists have suggested that R&D is so much riskier than other forms of
investinent that firms are loathe to rely on borrowing for R&D. This
suggests that R&D spending will be high when increased profitability
generates strong cash flow, a condition that is characteristic of the early
stages of a recovery. 3/ Alternatively, some believe that market downturns

3. Studies of ihe cash-flow model are summarized in M. Kamien and
N. Schwartz, Market Structure_and Innovation (Cainbridge;, England:
Cambridge University Press, 1982), pp. 95-98.

73



aiaw o pressure on firms 10 reduce their costs and therefore 1> seek new
ost-saving technological processes. This would 'ead to an increase in
innovation, if not in R&D, when the overall eccnomy is stagnant or
declining. 2/ :

The historical relaticnship between private R&D spending and macro-
economic performance supports the former view. This is shown in Fig-
ure 20, which relates the real rate of change in private R&D to the real rate

Figure 20.
Real GNP and Real Private R&D, 1961-1981 (In percents)
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of GNP growth in the U. S. economy from 1956 to 1981. It shouid be pointed
out that this figure shows nothing about the mix of R&D or its effective-
ness. It does show that R&D spending has been strong despite slow GNP
growth since the late 1970s. (This break with past patterns predates

4. his is one of the underlying argum. . ¢l long-wave theorists of
eccnomic growth. Sn~e N. Kamrany and R. [Lay, eds., Economic Issues
of the Eighties (Baiimore, Md.: Johns Hopkins Press:. 1979) and. G.
Mensch, Stalemate in Technoiogy (Ballinger: Cambridge, 1979).

-
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changes in the tax laws, *» that it must be ascribed to other facters, for
exa:nple, heightened intern=tronal comperition.) Neverthzless, the evidence

suggasts that R&D spending is sositively correlated with economic growth.

Poiicies that boost investment have more specific effects on R&D and
innovation Presumably they increase expenditures for R&D plant and
equipment, speed the diffusion of innovations embodied in new equipment,
and raise the expected return to R&D expenditures in capital-goods indus-
ries. Two aspects of the tax system are particularly relevant to investment
decisions:

o The investinent tax credit (ITC), an incentive that decreases the
cost of investment in new plant and equipment by some percent-
age, now 6 or 10 percent; and

o The depreciaticn schedule, which determines the rate at which
firms can recoup investment expenditures through the tax system.

The ITC is designed to reduce the relative price of plant and
ecuipment, thus encouraging more capital investments. A depreciation
« “edule with shorter write-off periods encourages investinent because it
speeds the rate at which businesses can deduct expenditures on plant and
equipment from taxable income and reduces the uncertainty connected with
forecasting long-terin trénds in markets ard in technology. 7The benefits oi
shorter as opposed tc longer depreciation periods are greatly 1ncreased
during inflationary periods, since depreciation decuctions are based on
historical cost rather than replacement cost. Studies of the effects of tax
policies on investmen: show that a higher ITC and/or accelerated depreci-
ation increase investi~=nt. The mapgnitude of this effect is disputed,
although the ITC seei.s to be moré  significant than the depreciation
scheduie. 2/ '

The Economic Recovery Tax Act (ERTA) of 1981 instituted major
changes in the nation's tax system. In regard to investment incentives,
ERTA's rnost important provision was the institution of an accelerated
capital recovery system (ACRS). Soine of ERTA's investment incentives,
such as safe-harbor leasing;, were limited by the Tax Equity and Fiscal
Responsibility Act (TEFRA) of 1982. Nevertheless, the net consequence of
these two pieces of legislation was the implernentation of significant
increases in tax-based investment incentives relative to the pre-ERTA

—— N\

3. The controversy over the impact of tax incentives on investiment and
R&D-is summarized at several points in National Science-Foundation,
Tax Policv and Investment in Innovation: A Colloguium (1983).
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system. OCne would therefcre expect these gencral changes in the tax laws

10 have the positive effects on innovation that were cited earlier in this
section.

Nevertheless, a complete assessmeni <i the R%D effects of SRTA/
TEFRA must be bas=d on changes in the overali structure of tax incentives.
On these grounds, tie incentives Ior R&D may not have been greatly
increased by general tax reforms. To the extent that R&I> and other
investments are substitutes, ACRS increases the incentives for ...} forms of

investment and thus weak* the relative imnportance of the RXD tax
incentives that were in p prior to ERTA. While the scale effect of
ACRS on R&D may be posit: . the substitution eifect is negative. In other

words, relative to the pre-ERTA system, ACRS tends to increase invest-
ment, including expenditures for R&D plant and equipment.- At the same
ti:ne, however, it also terds to -shift business spending toward nvestment
(for example, the purchase of a new piece of equipm=nt) and away from
operating expenses (for instance, hiring more workers). Since Section 174

treats R&D iabor and materials costs as operating expenses, the relative

inpact of this incentive on R&D is diminished by ACRS.

Moreover, the negative substitution -2ffect is strengthened by the fact
that ACRS places R&D plant and equipient in the three-year depreciation
category, which qualifies for a 6 percent rather than a 10 percent ITC.
Under ERTA, the advantage of a shorter depreciation period was offset by
the disadvariage of a smaller ITC. As 2 resuly, according to -ne estimate,
the net impact on R&D of the ACRS in ERTA wis negative. The passage of

TEFRA, however, weakened the relative_disineontive effects of ACRS, so
that the net effect of ACRS on R&D investments now appears to be

positive. 6/ Regardless of these consideratioris, however, ACRS is likely to.
improve the economy's technological performance by speeding the diffusion

of new process technologies and by encouraging innovation in capital-goods
sectors. _ -

SpeciZic Tzx Incentives for Innovation

Until the recent changes in the tax laws, the majof incentives that
specifically targeted R&D ware the following:

/
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6. See J.Barth, J. Cordes, and G. Tassey, "The Impact of Recent
Changes in Tax Policy on Innovation and R&D" in Bozman, Crow, and
Link, eds., Strategic Management of Industrial R&D (Lexington,
Massachusetts: Lexington Heath, forthcoming).
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Since 1956, firms have been able to chcose between immediate
expensing of R&D costs, 2xCluding capital equipment, and Gépre-
ciating those cos's over five years. = This option is based on
Section 17% of the Int2rnal Revenue Code. T-
Since the 1930s, .irmms have been ab:e to deduct contributions to
nonprofit establishrents for the conduct of scientific work.

Since 1954, income derived from patents, has been taxed at the
lower rate associated with capital gains rather than as ordinary ‘
incoine. : .-

in addition, tax incentives {>r small Susinesses are frequently justified on
the arounds that small businesses are particularly innovative, although there
s little evidence to support such a generalizarion. i -,

ERTA introduced several changes in the tax treatment of R&D: e

O
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R&D plant and equipment were pldced in the shortest deprecia-
tion category, three ‘yea.s. As.a result, they qualify for a -
¢ percent investinent tax credit rzther than the 10 percent
‘available for invesiments given a longer asset life. As men-
tioned above, the combinaticn of these facters appears 1o have
produced a net disincentive for R&D investments under ERTA
and a net incentive under TEFRA.

The incentives for donating equipment tc univers.des were
increased. Prior to ERTA, donating companies received a
deductior equal to the equipment's original production -cost.
Companies can now deduct the production cost plus one-half the
difference between production cost ard the current market price
so long as thel totai deduction does not excee: twice the
production ceut.! B '

Treasury regulatioﬁ"jl.Sél-S,'which required firms to charge a
portion of R&D, costs against foreign incorne, was suspended.
This regulation, lwhich was instituted in 1977, raised the effec-
tive tax rate of multinationa! firms and, some argued, encourag-
ed the transfer of R&D tn foreign countries. JCT estimates of
Treasury losses as a result of this suspension were $55 million for
fiscal year 1982; $120 millien for fiscal year 1783, and $6C mil-
Lion for fiscal year 1984. aereafter, its expected effects are

" mini nal.

\

‘ An incremental !?\&D tax credi: was instituted.
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The most unporiant ci these measures .5 the incremental R&D tax
credit, which amounts 1o 25 percent of "cualified” R&D expenditures in
excess of expendiwires in z preceding base perioc. Qualified expenditures
~oro defined as in the expensing option of Section i74--that is, capital
eypenditures were excluded. Rase-perjod expenditures were defined on a
comnany-specific basis, and the base period itself varied from the last six
months of 198G for expenditures in 1931 {when cnly R&D expenditures after
Jun= 20 could qualify for the credit) to an average of the preceding three
years for expenditures in 1933 1ic 1985, after which the ‘incentive is
sched-:led to expire. The 25_percent credit for incremental R&D expendi-
tures is also subject to a cap; base-period expenditures can never be below
5¢ percent of the Qqualified expenditures for the year for- which the
deduction is claimed. Finally, 65 percent of R&D that is contracted out can
be treated as gualified expenditures. for ths purpose of “calculating the
‘:redit‘ . i !

N Because of its incremental character, the 25 percent: tax credit for
R D is designed to be especially cost-effective, since it targets changes in
firms' behavibr. Whereas a nonincremental credit would reward firms for
their existing level of R&D expenditures, an incremental credit encourages
increased R&D funding, since only the increase ~ver base qua'ifies for the
credit. Such a program is not perfect, since it may reward firms that
plenned to'tincrease’ their R&D expenditures even without the credit.
Nevertheless, the incremental tax credit does represent an effort to
encourage greatar R&D activities in the private sector without causing
significant revenue losses.for the governnent. :

, The relevant issue in =valuating the incremental credit corcerns ther
- relztionship between the revenue losses it generates and the additional R&D
it encourages. The Joint Committee on Taxation has estimated that the
revenue losses ars roughly one-third those associated with thie R&D expens-

ing nptior, {Section 174). The estimates for the increaental R&D tax credit

are presented in Table 11, which shows some Icsses for years after/the
demise of the credit because of the overlap of fiscai and calendar year{'and

_the carryover of credits to 1987 and 1982, Estimates of tne benefits of the
incremental R&D credii--namely, the additional R&D it encourages-tend

to be lower than the estimated Treasury losses. ~One study, for iaptance,
suggests that the additional R&D generated by the incremental credit lies
somewhere between $227 million .nd 5638 million for 1983, compyred te

- estimnated Treasury-losses-of $645 million. In addition, some portion of the -
expenditures that qualify for the.credit may represent a redisiribution or
redefinition of existing activities rather than additional RA&D, further
diluting the ber=tits of the pregram.  Finaily, analyses of “similar tax
incentives in other countries suggest the same result: tax credits for PXD
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TABLE 11. ESTIMATED TAX REVENUES FOREGONE BECAUSE OF THE
INCREMENTAL R&D TAX CREDIT (By fiscal year, in millions
of current dollars)

Fiscal . .
Year Corporate . Individual T:tal
: - .
1982 , 375 15 390
1983 ' 615 30 645
1984 650 35 685
1985 ' 660 40 . 700
1986 3'_(()5 30 ‘ 335
. 1987 | 65 5 70
1988 25 -— 25
SOURCE: Joint Committee on Taxation estimates.

do not appear to be a particularly cost-effective mechanisn for increasing
R&D activity. 2/ .

Although the U.S. effects of an incremental R&D tax credi: are not
definitive, increased R&D does remain a policy goai, and extending the
increinental R&D tax credit enjoys significant support. Its benefits may be
diluted by the way its provisions interact, so that some reformulation of the

[~

e et o e e

Z.' These are the conclusions of & preliminary ‘report funded by NSF.
Edwin Mansfield, Public Policy Toward Industrial Innovation: An
% International Study of R and.D Tax Credits (NSF, 1983).
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credit may be worth considering if it is to be extended. 8/ Several features
of the program are particularly significant in this regard, namely:

o The program provides a credit against tax liabilities;

o Expenditures are measured in nominal terms;

) The base period is varied;

0 A cap is placed on the magnitude of the credit available for thé

full value of the deduction;
o Only certain expenditures qualify for the credit; and
0 The credit is due to expire in 1985 (a sunset provision). 9/

Together these features may limit the effectiveness of the incremental tax
credit in increasing R&D. - ’

- First, the credit can only be claimed if a firm has tax liabilities; for
the large number of firms without tax liabilities, the potential credit
provides no benefits. This is a particularly relevant point considering the
depth of tiic 1981-1982 recession, when many firms were unable to use the
credit. In fact, the provisions of the incentive may have a perverse effect
on the R&D efforts of firms that have no tax liabilities, since under these
circumstances increased R&D expenditures bring no credit but raise the
base against which future expenditures are compared to calculate ‘the
increment. The potentially negative impact of this provision is offset to
some extent by the fact that the credit can be carried over for 15 years,
although its benefits diminish as the carry-over period increases.

__ 8. The following discussion is based largely on Eileen Collins, An Early

TR Assessment of Three R&D Tax Incentives Provided by the Economic
Recovery Tax Act of 1931 (NSF, April 1983), a summary of research
funded by NSF; R. Eisner, S. Albert, and M. Sullivan, Tax Incentives
and R&D Expenditures (North}frestern University, September 1983), the
most recent product of tV/ NSF research program; and J. Barth, J.
Cordes, and G. Tassey, "'The Recent Changes in Tax Policy on
Innovation and R&D." See also Jane Gravelle, Congressicna! Research
Service, "A Brief Assessment of S. 2165, The High Technology Re-
search and Scientific Education Act of 1983," January 31, 1984.

9. The Senate Finance Committee has approved a bill making the R&D
tax credit permanent, with some alterations in the definition of
qualified expenditures. N

20
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Second, R&D expenditures are mmeasured in current dollars for the
purpose of determining the cradit. Depending on the rate of inflation, an
R&D tax credit could be earned regardless of whether real R&D expendi-
tures were increasing, constant, or decreasing. Insofar as the intent of the
law is to increase real R&D spending in the private sector, the use of
nominal magnitudes in defining qualified expenditures could be misleading.
To the extent that inflation naturally tends to raise the cost of carrying out
a given level of R&D, this tends automatically to push firins toward the cap
above which the incentives for increased R&D are diminished.

Third, the interaction hetween the calculation of the base periocd and
the limit on increases in R&D spending that qualify for the full credit could
produce perverse results. A firm that increases R&D spending by more than
100 percent would find that a dollar spent on R&D beyond the 100 percent
limit effectively counts as 50 cents in terms of calculating the R&D cgedit,
since the base increases automatically to ensure that the 100 percent limit
is not exceeded. Thus the extra dollar beyond 100 percent would earn a

" credit of 12.5 percent rather than the full 25 percent. The law, however,

does not correspondingly reduce the impact of expenditures above the
100 percent lini% on the base with which expenditures in later years are
compared. “Under certain circuinstances, the incentive to lower: the base in
order to boost future tax benefits inight exceed the incentive to increase
R&D spending in a given year. The net result would be that the interaction
of these factors might tend. to reduce R&D spending rathe: than to increase
1t.

Fourth, qualified expenditures are defined in the same terms as for
Section 17/#--that is, only operating expenses, rather than capital costs,
qualify for the credit. As currently implemented, the credit provides an
incentive for firms to redefine other activities as R&D. Such behavior
might lead to an increase in measured R&D ecxpendifures without an
equivalent increase in innovative activity. ‘_5

Fifth, the sunset provision of the incremental tax incentive might shift
spending toward 1985 at the cxpense of later years--presuming that firms
expect the prograrn to lapse. Currently, the chief effect of this provision is
to eliminate by 1985 any consideration about the effect of 1985 expendi-
tures on the base-period against which future tax credits will be calculated.
In carlier years, the current tax benefits of increased R&D spending are
offset to some extent by the fact that thesc expenditures raise”’the base for
future years and thus lower the tax benefits generated by a given level of
R&D spending. This base-period disincentive disappecars in 1985, the final
year of the program. Extending the incremental R&D tax in¢entive beyond
1985 would geintroduce  this disincentive and thus tend to reduce R&D
spending in 1985.

31



These considerations suggest that the incremental R&D tax credit is
designed in such a way that its incentive effects are reduced, particularly by
the interaction of the 100 percent cap and the method used to <alculate
base-period expenditures. The consequences of this credit can be sum-
marized as follows: '

0 For tnost firms, the value of the credit will be less than 25
percent through most of the life of the program. Even for firms,
that do not exceed the 100 percent limit, the effect of increased
R&D spending on the base serves to reduce the tax benefits
available for a given level of R&D spending in future years.
Nevertheless, the incremental R&D tax credit is a net incentive
for most firms throughout the life of the program. ’

0 As with any investrgent tax credit, the incremental R&D credit
provides no incentives to firms that have no tax liabilities, either
because of cyclical unprofitability or because they are new firms
that are still developing their markets. For such firms, the
program may actually provide a disincentive for R&D spending
hecause of the potential advantages of reducing - base-period
expenditures. 10/

0 Firms that are rapidly increasing their R&D expenditures imay
also find that the current incremental tax credit acts as a
disincentive. This is because very large increases (exceeding
100 percent) do not qualify for the full incentive, since they
automatically boost the base. At the same time, these expendi-
tures have their full impact on the base for future years.

0 The temporary character of the credit is likely to affect the
- timing of increases in R&D spending, with the maximurn incen-
tive occurring in 1985.

For most of the American economy, then, the incremental R&D tax
credit does provide an incentive for increased R&D, although the incentive
is likely to be less than the statutory limit. For firms in more extreme
circumstances--those that have no tax liabilities in a given year and those
that are rapidly increasing R&D spending--the impact of this program is
limited or even negative. The number of firms that fall into categories for
which the incremental tax credit may act as a disincentive is large; in one
survey, for instance, 32 percent of total measured R&D expenditures in 1982

10. Leasing of unused tax Benefits to firms which can make use of them
' could alter this judgment. '

-~
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were carried out by firms that paid no federal income taxes and could thus
claim ro credit. 11/ One would expect, however, that the impact of the
credit would increase from 1983 to 1985, so long as the sunset provision
rerains in effect, since expenditures in later years have a diminishing (and
by 1985 ronexistent) base-period effect and since economic recovery will
Sring more firms into the tax system. :

Finally, the incremental R&D tax credit is not expected to have a
significant effect on government revenues. The revenue losses associated
with the long-standing expensing option (Section 174) are more than three
times as great as the highest level of revenue losses resulting from the
incremental credit (see Table 11). 12/

ANTITRUST POLICY

Traditionally, two conflicting perspectives have been presented to
describe the link between antitrust regulations and innovation. Bigness
appears conducive to innovation because it allows the diversification of risk
and the realization of scale economies. These factors increase the:
prospects that innovating firms will be able to capture a larger share of the
social return. On the other hand, competition is a spur to technological
innovation in unregulated industries, and bigness may be associated with
rnarket concentration and therefore diminished incentives for innovation. No
a priori basis exists for weighing the relative merits of these conflicting
viewpoints. The evidence varies from industry to industry, often depending
on the relative maturity of the technology involved. Regardless of the size
of firms, however, it seems undeniable that ‘rivalry over markets--whether
among a few large firms or many small ones, whether among domestic {irms

or internationally--is a strong incentive to R&D and innovation.

" With the increased importance of international competition to the U.S.
economy, some reconsideration of the principles applied in antitrust cases
rmay be in order, especially in regard to joint R&D activities. R&D joint
ventures allow the firms within an industry to fund and carry out activities
as a group that would allegedly be too expensive or too risky for individual
firms to undertake. Such joint ventures are not expressly prohibited by the
antitrust laws, and the Administration has indicated support for such

<

11. Eisner et al., "Tax Incentives and R&D Expenditures," p. 26.

12. Congressional Budget Office, Tax Expenditures: Budget Control
Options and Five-Year Budget Projections for Fiscal Years 1983-1987
(November 1982), p. 52. -

83

1Go

O

ERIC

Aruitoxt provided by Eic:



~initiatives. Nevertheless, such joint projects remain a grey area in the law,
and they are potentially subject to private antitrust suits under current
laws. R&D joint:ventures typically invoive firms' commitments to contrib-
ute funds to a separate R&D entity to carry out research--particularly basic
research--of general interest to their industry. VYarious arrangements are
used. The R&D joint venture of the sericonductoi industry, the Semicon-
ductor Research Corporation, for example, typically funds university re-
search. In the computer industry, the Microelectronics and Computer
Technology Corporation plans to carry out much of its research in-house,
using personnel assigned by the companies involved.

R&D joint ventures can also be linked with the venture-capital
provisions of the tax system 10 create R&D limited partnerships, a device
that is being heavily promoted by the Commerce Department. 13/ "Such
schemes rely on limnited partners, who receive the favorable tax treatment
given venture capital firms, to provide funding to0 an R&D enterprise that is
set up by the firms likely to use the results provided by the research. This
saves the eventual users the expense of carrying out the R&D, although they
define the goals of the R&D effort and purchase any commercial results
through licensing arrangements. In essence, such a device makes it possible
for established firms in mature industries to tap the venture-capital market
to fund their research. R&D limited partnerships are subject to the same
antitrust considerations associated with R&D joint ventures, depending on
the nature <f the link between the user companies and the research
enterprise.

Several bills relaxing antitryst restrictions for R&D joint ventures are
now pending in the Congress. 14/ These bills typically include some
safeguards against potential anticompetitive consequences. They also tend-
to ameliorate the potential penalties should an R&D jeint venture violate
the antitrust statutes; specifically, the treble damages normally levied in
antitrust suits are reduced to single damnages in cases involving R&D joint
ventures. - '

Legislation may encourage the continued formation of R&D joint
ventures, but the potential of this device is still unclear. Private firms are

-

13. See R. Corrigan, "Administration Pushes R&D Pooling to Maintain U.S.
- Lead in High Tech," National Journal (October 1, 1983), pp. 1992-~
1996. ‘ ;

14. For a summary, see M. Wines, "The Administration, in High-Tech's
Name, Takes Aim at Antitrust Laws," The National Journal (May 14,
1983), pp. 1000-1004.
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understandably wary of the pendulum reversing itself 'on antitrust policy,
especially since an R&D joint venture involves a long-term commitment.
Even if pending legislation is passed, such ventures could be subject to
Srivate antitrust suits, although the incentives for such suits are reduced.
Finally, and most importantly, it remains to be seer: whether companies will
he able to cooperate successfully in privately sponsored R&D. R&D joint
ventures require firms to suppress their competitive instincts in that area
and frequently to provide qualified scientific and technical personnel to the
collective entity. Similar doubts apply to the financial potential of R&D
liznited partnerships. Whether such arrangements are viable is still an open
question.

Regardless of the specific policy changes that are undertaken concern-
ing antitrust, greater attention to technological issues in antitrust enforce-
ment could play a role in encouraging innovation and R&D. This is
especially true for interfirm cooperaticn in basic research. Fundamental

trends in the American economy--especially the intensity of international

cornpetition--seem to justify a reexamination of antitrust activities. Some
relaxation of antitrust strictures may be particularly appropriate for R&D,
given the barriers limiting the R&D that an individual firm is likely to
support and given the fact that government spending for civilian R&D is
being cut back. Nevertheless, the importance of competition for fostering
technological progressiveness cannot be overstressed. '

PATENT POLICY

By granting-patents, the government provides an innovator some
monopoly status in order to preserve the incentives for invention. As is the
case for the R&D effects of antitrust regulations, effective patent policy
inust balance two conflicting considerations. Inventions must be protected
from irmitation lest the reward to the innovator be undermined, but society
also has a stake in the rapid diffusion of new processes and products, and
patents may act as a barrier to such diffusion.

The U.S. patent laws provide for a patent lasting 17 years--an
inevitably arbitrary period--from the time of filing. The duration of patent
protection has rarely been discussed as a policy issue. The drug industry,
however, has argued that the 17-year period should begin from the time new
drugs are approved by the FDA, since government testing of such products
can absorb a substantial portion of the period in which the patent can be
enforced. The Senate has passed a law extending patent coverage by seven
years in such cases, and a similar bill is pending in the House.
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The most controversial area of patent policy concerns the pateni-
ability of inventions that ire discovered by private researchers whose
projects are funded, in whole or in part, by the governnent. Traditionally,
the government has retained the patent rights to federally funded research.
Some observers argue, on equity grounds, that if the general taxpayer .funds
R&D, private parties should not be able to appropriate the results without
providing some compensation. The counterargument reflects’the perspec-
tive that the economic and social benefits of government-funded R&D are
maximized if the results of such activity are rapidly -adopted and commer-
cialized by private firms. If government retention of the rights to
inventions it funds is an obstacle to the diffusion of new technologies, the
overriding goals of technological progressiveness and economic growth argue
for a more liberal policy stance.

Most studies of this issue have found that government retention of
rights to the results of government-funded R&D has limited the cominercial
application of such results. 12/ The level of private licensing of government
patents is quite low. Recognition of this fact led to 1080 legislatfon easing
the cost of private use of government-funded inventions by small businesses
and universities. Efforts to extend this treatment to large businesses have

met soine Congressional resistance.

Presidential action, howevery; may have rendered the issue moot. Last

" March, President Reagan instructed federal agencies to allow all businesses

to retain rights to federally funded research, insofar as current law
permitted this.  This Presidential initiative rmay remove many of the
obstacles that formerly confronted private firms seeking to patent the
results of research funded by the government. Some safeguards have been
maintained, however. An impact study must be conducted before private
patent rights are granted, exceptions (especially for defense work) are
provided for, and the governinent will retain so-called "march-in" rights
(allowing it to retrieve patents transferred to private parties) if private
firms are not vigorous enough in pursuing the commercialization of R&D
funded by the governmment.

PROCUREMENT POLICIES

The federal government purchases a wide variety of commodities. By
advertising. its interest in certain products and by specifying the product

15. See Howard Bremer, "P:tent Policies for Government-Sponsored Re-
search (USA)" and Carole Ganz, "United States Patent Policies for
Governiment-Supported Research" in A. Gerstenfeld, ed., Science Poli-’
cy Perspectives: USA-Japan (New York: Academic Press, 1982).

.
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AhMaracteristics it seeks, the governinent could =licit and shape private R&D
activities without significant increas:s in the federal budget. This sugzests
that goveriinent procurement could be used to influence the pattern and
pace of innovation and technical advance. Governinent precurement ciearly
olays a significant role in shaping innovation in defense and related (for
example, asrospace) ind.stries. DoD demand for serniconductors, for
“instance, played a crucial role in attracting investinent during the early
growth of what is row primarily a nondefense industry. This model has
attracted interest in the potential of governinent procurement to influence

" technology and R&D outside the defense sector.

Governinent purchases gan provide a large and stable market, thus
reducing the ris<s of comritting R&D funds to innovative projects. Coordi-.
nating governinent procureinént 2nd incorporating technclogical concerns
into procurement decisions could encourage private-sector R&D activities in
civilian as well as defense sectors. Nevertheless, there is little evidence
that procurement could play a inajor role in boosting the technological
performnance &f civilian industries. Despite large purchases of vehicles,
office equiprnent, and so on, the government will never dominata the .market
for such products, as it does in defense areas. Moreover, one should not
underestiate the difficulty of reshaping the procedures and priorities that
now deterrnine federal procurement outside defense. Insofar as technologi-
cal considerations could be introduced into government procurement deci-
sions, this could encourage more rapid innovation in the private sector.
Nevertheless, procurement policies are unlikely to be more than a comple-
inent to specific R&D policies in the other areas discussed in this report. 16y

L

16. See the discussion in Richard Nelson, "Government Stirnulus of Tech-
nological Progress: Lessons from American gHistory," in Richard
Nelson, ed., Governiment and Technical Progress; A Cross-Industry

Analysis (New York: Pergamon Press, 1982).
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C'HAPTER VL IMPROVING FEDERAL SUPPORT
FOR R&D AND INNOVATION

.

A variety of approaches have been proposed 1o improve federal
support for R&D and innovation. These include changes in the pattern of
federal financial sypport, relaxed antitrust enforcement for joint R&D
ventures, the extension of R&D tax benefits, the use of R&D limited
partnerships to tap the pool of venture capital, and governrment encourage-
ment of closer relations between industry and academia. Some policy-
makers have also called for more fundamental institutional reforms, includ-
ing the establishment of technology utilization centers or a National .
Technology Foundation. '

. <
Policymakers' attitudes toward these proposals largely depend on their’
conception of the federal role in innovation. Unless this underlying issue Is
explicitly addressed, specific programs a7~ likely to be less effective than
they could be. This chapter begins with a discussion of alternative views of
the federal role and then turns to different options for implementing them.

e
L

WHAT ROLE FOR GOVERNMENT? .
The governmeﬁt's rolé in R&D and innovation can be discussed .on

several levels:

o - First, the government has a relatively clear responsibility for
funding the R&D that is needed t¢ provide public goods such as
defense. In such® cases, the government is the sole or prime
purchaser of the technology and defines the product requirements
that must-be met. \ ’ '

o Second, the government funds university-based research. This has
several justifications: the cultural value of science, national
prestige, educational support, and the maintenance of the scienti-
fic pool that i< the ultimate source of innovation. '

o Third, the government pursues a variety of social and eccnomic
goals, most of which can be identified with the mission of a
. particular government a\a’gency. Insofar as new technologies can
help fulfill these agencies' missions, the government typically
provides some funding for related R&D.
/
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o Finally, the government has some responsibility for the overall
technological performance of the economy. At the very least,
this involves maintaining a supportive macroeconomic environ-
ment. It may also involve more active government intervention,
for example, funding industrial R&D, providing private firms with
information concerning technical devélopments, acting as a bro-
ker between industry and academia, and so on.

There is little dispute about the first two areas of governmental
responsibility, although the level and composition of such funding can be
controversial. The most difficult issues in innovation policy concern the
government's role in supporting mission-orientcd civilian R&D  through
agency budgets and in supporting innovation in the economy as a whole.
Succinctly stated, this issue revolves around where one defines the boundary

between public responsibility and private initiative. If the government funds

"R&D that might otherwise be carried out by the private sector, this

squanders government revenues and may misdirect technicai resources. This
danger is particularly relevant to mission-oriented R&D, such as the funding
that has been provided for energy technologies since the energy crisis. At
+he same time, however, there is widespread agreement that the private
sector will underinvest in certain types of research, suggesting that the
economy's technological performance could be significantly diminished if
the governme‘nt defines its responsibilities too narrowly.

Cne's definition of the government's responsibilities for the overall
technological performance of the economy depends on one's view of the
innovation process and the role of R&D in that process. The model
underlying U.S. innovation policy since World War II has been referred to in
this report as the pipeline concept. In practice, this view of the innovation
process tends to limit the governmental role to support for basic research,
although the urgency of other social goals, such as energy independence, has
frequently led to substantial federal support for civilian development.
According to the pipeline view, the private sector can be relied upon to use
the knowledge developed throUgh basic research when market congitions are
ripe. While the pipeline concept does not rule out government support for
practically oriented research or government efforts to promote new tech-
nologies (the kinds of activities carried out by the Agricultural Research
Service, for instance), neither has it endorsed government responsibility in
such areas. As a result, the pipeline concept offers little guidance
concerning the government's role in regard 1o activities that are more
practical than basic research but less commercial than development. ~ Such
activities are generally referred to as applied research; the related concept
of “"generic technology" is used to denote a technology, such as improved
\Y/elding techniques, that is likely to find applications across several indus-

Id

J/
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tries. This type of research is clearly of more immediate interest to private
husinesses than is basic research, yet it shares with basic research many of
the characteristics that are cited 10 justify federal support.

During the past 1) years, a variety of programs have been developed
to deal with the kinds of general innovaticn issues that are left unaddressed
by the pipeline view: how deeply should the government be involved in
applied research, -wigt are the industry-specific consequences of ‘govern-
mental innovation policies, Haw active should the government be in promot-
ing business innovation, and so on. Some of thzse programs are listed below:
o The Research Applied t0 Ndtional Needs (RANN) program was

estanlished during the Nixon Administration to target NSF pro-

jects to explicit national goals, mainly of a noncommerciai nature
.t - (for example, earthquake research).

5> The New Technology Opportunities Program (NTOP), also a pro-

duct of the Nixon Administration, called for a comprehensive

governinent <ffort to accelerate innovation. NTOP originally
included tax- incentives, greater funding for applied civilian re-
search, changes in antitrust enforcement, and institutional re-
forms. This program was never fully implemented, however.

o The Experimenta} Technology Incentives Program (ETIP), first
' imptemented during the Ford Administration, was designed to
. influence-. governrﬁen\t'agencies, to be more conscious of the
impact their polici€s (regulation, -procurement, and so forth)

might have on innovation.

o Centers of Generic Technology (COGENT) were established by the
Stevenson-Wydler Technelogy Innovation Act of 1980. These
centers, op'erated through the Commerce Department, were de-
signed to identify promising generic technologies that were under-
funded and to match private funding for R&D in such technolo-
gies. The centers were plarined to be self-supporting (through the
sale of patents and -licenses, for instance) after an undefined
period. " e . :

This is not an exhaustive list. 1/ Nevertheless, tit indicates the

bipartisan history of recent government efforts to influence the overall pace

. . N ,
|.  For a discussion of such programs, S€€ H. Fusfeld, R. Langlois, and R.
Nelson, The Changing Tide: Federal Support of Civilian-Sector R&D

(New York: New York University School of Business Administration,

v

November 1, 1981). -
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of innovation through programs that go beyond basic research ‘funding. The
curreni Administration has generally sought to reverse the trend toward
greater government involvement in commercial R&D. The pipeline view has.
been invoked to justify the restriction of government funding to basic
research, and government activities in nontraditional areas have been

“severely reduced in the Administrations' budget requests.. The COGENT

program, for instance, was halted before it had really begun, and real

civilian de.elppment spending has been cut to one-third the 1980 level. The

predominance of defense in federal R&D budgets is being reestablished. The
Administration now supports increases in civilian basic-research funding on
the grounds that such activities are ". . . key to ... the long-term competi-

. tiveness of the U.S. economy ..." 2/ Certainly, such research advances

scientific frontiers. But there is little evidence that government-funded
civilian basic research generates commercial products and-processes that
enhance the competitiveness of American industries. lndeéq, some have
argued that increased U.S. basic research may enhance the competitiveness
of other countries, such as Japan, that may be more adept at transforming
scientific’findings into products. : .

The withdrawal of government funding from commercially oriented
R&D need not weaken the technological performance of the economy--so
long as the private sector provides adequate support to applied research and
development. The Administration has linked its commitment tc basic
research with increased incentives for private R&D activities, for example,
the incremental R&D tax credit. In addition, it has sought to encourage
R&D joint ventures and limited partnerships, which may remove some of the

_barriers to private support for long-term research. The ‘Administration has

also expressed its support for encouraging greater cooperation between
industry and the basic-research community, especially at universities. 3/
- . - _
Current policy therefore reflects a relatively clear view of the
innovation process and the government's role in it, namely, reliance on the
private sector for activities other than basic research. In practice, current
policy ~accepts little government responsibility for altering the mix of
private-sector R&D, shaping innovation policies according to the needs of

“specific industries, or generally’ supporting applied commercial research.
Policymakers who do. not share the Administration's views support innova-

2. Budget of the United States Government, Fiscal ‘Year 1984, “Special
Analysis," p. K-2. ' T

3.  See, for instance, G. Key.\:yorth, "Federal R&D and Industrial Policy,"
Science, vol. 220 (June 10, 1983), p. 1122-25. °

92

! 103



tion policies that focus more explicitly on the linkages between basic
" research and the technological performance of the Arerican economy. How
to resolve this difference in perspective is the most critical issue facing
innovation policy. ' : :

POLICY OPTIONS

A wide variety of government policies, not all of which have been
discussed in this report, affect the economy's technological performance.

The remainder of this chapter presents proposals for irnproving the govérn- ... -

ment's R&D and innovation policies in four broad areas: R&D funding,
taxation, regulation, and institutional arrangements.

Funding

Several measures could be considered to increase the effectivehess of
the large sums the government now spends on R&D. Improved technological
performance in the.economy as a whole is not necessarily contingent on

large additional R&D expenditures. Improvements in the efficiency with

which government R&D funds are used could be gained by placing more
emphasis on such issues as the reliability and mix of funding.

Stability of Funding. Attention is often paid to the aggregate level of
R&D allocations, especially in terms of R&D spending as a percent of GNP.
There is no basis for defining an optimum level of R&D spending in "such
terms, however. The stability and mix of funding are at least as important,
and they are particularly worthy of attention in a period of increasing
budgetary constraints. Research projects are inherently long-lasting, with
no immediate  payback. As a result, volatile funding levels--even if they
generate a secular increase--are highly disruptive of research. This point
nas long been recognized; it was the first of the "five fundamentals" that
were proposed as the basis for federal science policy in Vannevar Bush's
Science: The Endless Frontier, the World War 1l blueprint for postwar R&D ~
activities. ¥/ Nevertheless, this principle is frequently ignored, as was the
case in the Administration's first budget proposals. '

4, Vannevar Bush, Science: The Endless Frontier;; A .Report to the
President on a Program for Postwar Scientific Research (New York:
Arno Press, 1980), p. 33. This work was originally published as a
government report in 1945. The other four of the "five fundamentals”
were the control of science policy by qualified personnel, the grant
system, the peer-review system, and ultimate accountability to the
President and the Congress.
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Current R&D budgets show a strong growth trend for ‘basic research,
and Administration statements suggest that this commitment will persist.
Nevertheless, even stable aggregates can mask volatile patterns of spending

in specifig technologies or sciences. The continuity <of funding should -

therefore be evaluated on a fairly . disaggregated level. The increased

efficiency that is likely to be associated with long-term stability in R&D

.funding suggests that policymakers might wish to consider defining disaggre-

gated R&D budget allocations on a longer-term basis, for example, using
two-year appropriations. - ”

The Mix of Funding (Basic, Applied, Development). The mix\%'f
federal R&D funding can be evaluated along several dimensions, the most
common of which involves the distinctions among basic research, applied
research, aid development. As ‘mentioned in Chapter 1V, current trends in
R&D spending raise questions about the adequacy of federal support for

applied research. It is in this category that the overall pressures on the

.budget are felt in terms of R&D funding, since applied makes up a.relatively

small (and declining) part of the defense budget and since it generally falls
outside the Administration's demarcation .of the ‘acceptable terrain for
governmental support of civilian R&D. ' '

The Congress may wish to consider this polic'y issue, especially insofar

as economic performance is the principal reason for Congressional interest
in R&D. The long-term, noncommercial character of basic research

suggests that increased spending on basic research will contribute little to

improved economic performance through the rest of this decade. More

.ominously, while increases in basic research will raise the level of American
‘science, there is no guarantee whatsoever that this will boost the competi-

tiveness of American industry. Scientific advances are rarely restrained by

national boundaries. Furthermore, the border ‘between applied research and
basic research.may have little to do with the divisidh between activities

which the market will and wil] not support. If federal R&D spending’seeks

to foster innovation and thus improve economic performance, applied

research, which links the laboratory and the production line, may be the
activity most deserving of support. This issue is clearly tied to how one
defines the appropriate governmental role in encouraging innovation.

The -rationale for federal funding of civilian deveTop;hent projects is

much rhore dubious, and funding for such projects has been cut substantially
in recent years. Development activities are generally- far more expensive
than research, so that reduced development funding could lower government
expenditures as well as free resources for research, both basic and applied.
If private investors are unwilling to fund a development project, this may
indicate that the technology involved has poor commercial prospects.
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v R&D Support for Industry. Current patterns of federal R&D funding
by industry reflect the paradigm that underlies government R&D activities.
Government funding is heavily skewed towards defense industries and othur
industrics that provide public goods. Although the causal linkage is unclear,
government R&D funding by industry seems correlated with the sectoral
pattern of international competitiveness. Increased government funding of
research (both basic and applied) relevant to nondefense industries--particu-
larly those basic industries that are hard-pressed by international competi-
tion--could restore some measure of neutrality to the sectoral targeting
inherent in current R&D funding. Such government expenditures could be
reduced by linking federal funding to some sort of matching funding by
industry. Provided incentives were maintained for private parties (through
government waiver of patent rights, for instance), such a matching principle
would increase the likelihood that government funding would lead to
commercial applications as rapidly as possible.

: . ()
In addition, the current emphasis on defense raises the question of
whether R&D resources, particularly skilled personnel, are being diverted

from civilian R&D. Should this be the case, the current pattern of R&D

spending may undermine the competitiveness of American industries until
the supply of scientists and engineers increases--a degelopment that is
likely to require several years. Spending for civilian technologies should be
considered against this batkground. Policies in areas such as education
could be used to increase the supply of qualified scientists and engineers for
both the civilian and defense sectors. ’

Funding for Science. As the costs of basic research increase, espe-
cially in areas such as particle physics and space exploration, greater efforts
could be made to reduce costs through international cooperation. The unit
cost for the next generation of particle accelerators, for instance, is
currently estimated at between $2 billion and $3 billion. 2/ Funding for
international scientific projects has been reduced by the current Admini-
stration, and policymakers often have an understandable tendency to 'view
science as an international competition that the United States should seek
to win. Such an effort would prove extremely expensive, however, and it
would mean little in terms of the economic competitiveness of American
industries. Greater commitment to international scientific efforts could
expand the pool of knowledgé from which innovations are drawn; reducing
expenditures by the U.S. government and increasing the prospects for
worldwide economic growth. Provided U.S. industry is an aggressive adopter

5.  See W. J.Broad, "Physicists Compete for the Biggest Project of AllL"
° The New York Times, September 20, 1983, page C-1. I
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of new techniques, greater international cooperation in basic science need
have no negative effect on U.S. economic performance.

Taxation ~
\

Tax policies are a significant policy tool influencing overall private.
R&D expenditures. Nevertheless, it is extremely difficult to track the
impact of tax policies on private decisions, sincg tax rates are only one of
the factors that shape those decisions. If private R&D expenditures rise
following the enactment of an R&D tax incentive, this may imply a causal
relationship.. One does not know the quantitative impact of such an
incentive, however; expenditures might have risen anyway because of other
factors (cofnpetitive pressures, macroeconomic conditions, and so forth).
Abstracting frfom the impact of nontax conditions, changes in the tax code
affect economic behavior by altering the structure of relative incentives.

Despite the inclusion of specific R&D incentives in recent changes in"

the tax laws, the overall impact of these changes on R&D activities per se
does not seem to be large. (Indirect benefits in innovation, induced by
increased demand for capital equipment. and the diffusion of new echnolo-
gies, are likely to be more substantial.) 1f the Congress wishes to use the
tax system to shift resources toward R&D, stronger measures could be
considered. Full expensing of R&D costs (that is, extéending’ the expensing
option to plant and equipment as well as to labor and materials) is one such
measure, although this might encounter problems in allocating expenditures -
for plant and equipment that are used for several purposes, only one of
which is R&D. An increase in the R&D investment tax credit (ITC) from the
current 6 percent is another option. Refundabilify of the ITC and/or the
incremental tax  credit would cnsure that even less profitaple firms (for
instance, start-up companies establishing their markets) would obtain .the
“full value of.the credit without having to carry over the credit to future
+ears. Such measures would, of course, be more costly than current policy,
.:t they would also be more likely to make a direct difference in private
irms' commitment to R&D than do most ERTA/TEFRA reforms.

[ 3

Changes in the structure of the incremental tax credit, which is due to
~ expire at the end ‘of 1985, could increase the incentive effects® of that
program. Such changes might-include the following measures:

o Incréase the amount of the credit, currently 25 percenﬂ

o Attempt to calculate the base in real terms, ensuring that
inflation does 1ot dissipate the incentive effects of the credit.
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o Eliminate the cap on chargeable increases. Alternatively, the
disincentive effects of the cap could be reduced by not counting
expenditures in excess of the cap in the base period for later
years.

o] Calculate the base expenditure on an industry-specific rather than
compahy-specific basis.

o Tighten the definition of qualified expenditures to increase the
likelihood that the funding increases claimed under the credit
represent actual increases in Ré&D. .

o Finally, extend the credit beyond 1985. As presently formulated,

‘ however, the sunset provision reduces the disincentives associated
with the calculation of the base for 1984 and 1985. Extension of
this incentive should therefore be considered in conjunction with
refinements such as those mentioned above. ‘

In general, the incentives for increased R&D provided by recent
changes in the tax system .appear to be relatively minor: Given the fact
that current spending policies rely heavily on the private sector to fill in the .
gap left by the withdrawal of federal funding from civilian applied research
and development, policymakers might consider strengthening the incentives
for private R&D. At the same timne, studies of the costs and benefits of
R&D tax incentives raise doubts about the efficiency of this- approach,
although more investigation of this issue is needed. These studies do
suggest, however, that targeted programs designed to boost private commit-

_ment to basic and applied research—-activitiec that are more vulnerable to
market failures than is development--might be especially worthy of consid-

eration.

.‘ Regulations

Regulatory policies, particularly in the antitrust area, could play a:
significant role in removing some. of the barriers to private R&D activities,
particularly. in less commercial research. As with tax” policies, altered
regulatory policies might be particularly important in terms of potentially
offsetting reduced government funding of civilian R&D. Relaxed antitrust
restrictions for R&D joint ventures (including tax-based limited partner-
sHips) are currently attracting Congressional interest as well as Administra-
tion support. ~So long as competitive pressures are - maintained, joint
ventures could be a potent means for carrying out the sort of fupdamental

3



research that is frequently unattractive for individual firms. Moreover,
such institutions increase the likelihood that research results would be
rapidly transformed into commercial products and processcs, since private
firms would be involved from the inception of research projects. These
arguments.underlie the various legislative proposals that remove some of
the antitrust barriers to R&D joint ventures.

Enthusiasm for relaxing antitrust enforcement could be carried too
far, however. The spur of competition is almost & prerequisite for
innovative activity. Changes in antitrust enforcement should be carefully
evaluated, therefore, to determine their effects on competition, effects
that are likely to vary by industry. ‘

In other areas of regulatcry policy, the Congress could act to ensure
that technological impact is considered when regulations are Reing formu- -
lated. For instance, if environmental policies might draw'R% resources
away from productivity-enhancing activities in a given industry,some effort
could be made to mitigate this effect or to offset it through spending or tax
policies. The Experimental Technology Incentives Program (ETIP) was
designed to monitor and influence such relatioriships. :

Finally, the Congress could consider supporting the Admihistration's

efforts to grant patent. rights to the firms tht e " +m government-
sponsored R&D. Evidence suggests that - : " a of rights.
<arves to retard innovation rather than to . - SNIen . evenues.

Institutional Arrangements

_ Insofar as the government assumes some responsibility for the overall
technological performance of the economy, it might be worthwhile to
evaluate new institutional arrangements for devising and implementing
innovation policy. Policies based on a more active government role in
facilitating improved technological performance should have some- institu-
tional foundation. Although the: Administration is generally opposed to -
governmental activism in regard to commercially oriented activities, it has
proposed some limited institutional improvements. The Administration's
enthusiasm for R&D joint ventures represents support for new private
institutions. In addition, the Administration has sought to foster university-
industry cooperation; this was the rationale used to" justify the proposed -
National Materials Laboratory at Berkeley. The Congress did not fund this
project fully, however, because it had not undergone the conventional
review process and because it provoked. strong resistance from materials

scientists--even those who support closer relations between science and

I}
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industry--who deemed the program ill-conceived. 6/ The Congress did
provide funding for a technical review of this project, however.

Several arguments could be cited to justify stronger institutional
initiatives than those favored by the Administration. First, an institutional
apparatus might be necded to tailor the government's innovation policies to
the industry-specific factors that affect technological performance. Sec-
ond, an institution charged with fostering innovation in the economy as a
whole could ensure that government funding is available for applied research
projects that are likely to be underfunded by the private sector, supplement- - L
ing the basic research funded by NSF, NIH, the DoD, and other agencies.
Finally, an institution whose primary mission concerns technological per-
formance could be a source of expertise for private firms and for other
government agencies, making the technological implications of government
policies more transparent. '

\4

Such arguments find their strongest expression in calls for a "National
Technology Foundation," akin to NSF. Such a foundation has been proposed
for several years, especially by the engineering community. Its proponents
argue that science and technology represent related but distinct activities.
In the past,.the responsibility for ¢verseeing government activities in both
areas--at least as far as the civilian economy is concerned--has devolved
primarily on” NSF. = Yet NSE serves the university community, which is
primarily interested in. basic research. Because of this, efforts to imple-
ment more cornmercial applications have little institutional support within
NSF. In recent years, the Commerce Department has also assumed ‘greater
responsibility for fostering technology. Here as well, however, technologi-
cal performance is not the primary concern of the department. Proponents
of a National Technology Foundation argue that the policy goal of improved
technological performance is important enough to warrant an independent
institution. . '

Most proposals for a National Technology Foundation (NTF) call for an
institution drawing on existing governmental operations: the National
Bureau of Standards, the NSF's engineering programs, the Patent and
Trademark Office, and some Commerce Department activities. One exam-

. 6. See G. Keyworth, "Federal R&D and Industrial Policy," p. 1425 and A.
Robinson, "Berkeley Advanced Materials Center OK'd," Science,
vol. 220 (February 18, 1983), pp. 827-28, On the general issue of
government encouragement of university-industry cooperation, see the
recent report by the Government Accounting Office, The Federal Role

in Fostering University-Industry Cooperation; GAO/PAD-83-22 (1983).
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ple of such a foundation is described ‘in the National Tzchnology Foundation
Act of 1983 (H. R. 481), introduced by Congressman Brown of California.

Advocates of a separate technology foundation must confront several
criticisms, even granting the underlying point that the government should
play a more active role in the applied research arca. First, the establish-
ment of a new agency would represent a major policy initiative, a step that
might lead to large additional outlays. Second, there is no guarantee that an -
NTF would prove significantly more adept at supporting civilian technolo-
gies than the current institutional structure of federal R&D support. Third,
it could be argued that the institutional separation of basic from applied
research would be counterproductive, in effect introducing a crack in the
pipeline. This consideration argues for linking technology support more
closely to NSF and other government agencies, such as NIH and DoD, that
fund basic research. Finally, it is not clear that industry --which is the key
player in the innovaticn process-—is~enthusiastic about a National Tech-~-
nology Foundation. : ‘

Another proposal, the Advanced Technology Foundation Act (H. R.
4361), introduced by Congressman LaFalce, also calls for the establishment
of a new agency, in this case an Advanced Technology Foundation. This
foundation would be empowered to provide grants and loan guarantees. to
research . organizations for carrying out applied research, particularly in
generic technologies. In addition, it would foster the diffusion of new
technologies and collect information on the technological status of different
industries. Finally, the foundation would establish an Industrial Extension
Service, modeled after the Agricultural Extension Service and designed to
provide private manufacturers with technological support. -

Policymakers could also consider institutional initiatives that entail
greater governmental activism than do the Administration's proposals. but
fall short of a National Technology Foundation. The Manufacturing Science
and Technology Research and Development Act (S. 1286 and H. R. 4155),
introduced by Senator Gorton and Representative Fuqua, is one such
proposal. Rather than establish” a separate technology agency, this bill

would” direct the Secretary of Commerce to -support research in key

‘manufacturing technologies by funding basic research in such areas and by

matching private funding for more applied research at so-called "Centers
for Manufacturing Research and Technology Utilization." In addition, the
bill calls for combining R&D in advanced manufacturing technologies with
worker retraining and for investigating the long-term competitive implica-

tions of technological performance in key industries.
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Each of these bills calls for the establishment of new institutions to
assist private firins to develop and apply new technologies. Moreover, these
institutions are designed to do more than fund applied or generic research;
they also focus on information gathering and dissemination ard advisury
activities. Such institutional solutions reflect the view-~contrary to current

policy--that "the government's responsibility for the economy's overall

technological performance extends beyond the provision of funds for basic
research and the estabiishment of incentives for private-sector activities.
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APPENDIX A. R&D INTENSITY AND INTERNATIONAL COMPETITIVE-
NESS: METHODOLOGY .

Table 3 in Chapter Il presents estimates of product-specific, direct
R&D intensity ratios and of the U. 5. share of total exports by product class
by members of the Organization- for Economic Cooperation and Develop-

ment.

_ R&D intensity estimmates are based on average values for 1968 and
1970 and for 1977 and 1979, respectively. R&D expenditures were taken
frorn National Science Foundation data on "Applied R&D Expenditures by
Product Field." The U.5. Bureau of the Census also uses these product
categories in The Annual Survey of Manufactures, ‘'which is the source for
‘data concerning the value added by proc:=t class. As used in Table 3, direct
R&D intensity is the ratio of R&D expenditures over the value added for
each product area. . -

<

To obtain the U.S. percentage share of exports by the same product
classes, .it was necessary to translate the U.S. SIC codes ipnjo the Inter-
national Standard Industrial Trade Classification (SITC),codes produced by
the United Nations. For 1971, this transiation process used the key provided
by Regina Kelly. 1/ In 1978, however, these codes were updated and it was
therefore necessary to redo the translation for 1980 exports, Table A-1
provides the key that was used for that yearybased oni CBO estimates.

1. Regifa Kelly, The Impact of Technological Innovation on International
Trade Patterns, U.S. Department of Commerce (1977).
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TABLE A-1. PRODUCT FIELD CATEGORIES, U.S. SIC CODES AND’SITC
CODES: 1980 : .

SIC " SITC
Product Field Code Code
Textile Mill Products . 22 65 (-658)
Chermicals (except drugs ‘
and medicines) 28 (-283) 5
" Industrial organic and A
inorganic chemicals <281, 286 51, 52, 531, 532
551, 533
f\gricultural.chemicals 287 56, 591
Plastic materials
dnd synthetics 282 58
Drugs and Medicines 283 S4
Rubber and Miscellaneous :
Plastic Producté 30 62, 893
Stone, Clay, and o
Glass Products 32 66 (-667)
Ferrous Metais N - '
and Products 331-32, 3398-99 67, 333
Nonferrous Metals o~
and Products 333-36 68
Fabricated Metal -
Products ’ 34 (-348) 69, 711, 81
Machinery 35
Engines and turbines 351 712, 713, 714,
' 716, 718
Farm machinery and ’
equipment 352 721, 722
Construction mining and
materials handling machinery 353 723, 728, 744,
- 782
Metalworking machinery
and equipment 354 73
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TABLE A-1. (Continued)

Other Transportation
Equipment

Aircraft and Parts

Professional, Scientific,

. é/ SIC . SITC -
Product/Field Code Code -
Nifice, computing, and :
accounting machines 357 . 75
Electrical Equipment 36 {-365-37),
except Communication 3825
Electric transmission and : ' )
distribution equipment 361, 3825, 362 - 773, 771
Other electrical equip- _ : .
ment and supplies 363-64, 369 775, 778, 774
Radio TV Receiving "
Equipment, Communication
Equipment, and .
Electironic Components 365-67 76, 772, 776
_Motor Vehicles and Equipment 371 781

- 373-75, 379 791,78 (-782, 781) 793
372 792 .

and Measuring Equipment, including -

Optical, Medical, Photographic,
and Chronometric '

38 (-3825) | 87, 88




