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SUMMARY

Current economic problems have drawn attention to the potential
ber.ef its that increased innovation, the introduction of new products and
rapid rates of innovation
processes, could bring to the U.S. economy.
could boost produqtivity growth, improve the international competitiveness
of,American industry, and provide the nev; industries needed to offset the
.nor growth
prospects of mature sectors.

THE GOVERNMENT'S ROLE IN IMPROVING INNOVATION

The innovation process is too complex to be amenable to direct
government action. Instead, the govern;nerit seeks to foster innovation by
establishing conditions conducive to''innovative _activity, an effort that
combines two aspects:
The government funds roughly half of the research and devalopmen-t (R&D) that is carried out in the United States. Although not
identical with innovation, R&D provides the scientific and technical advances needed to sustain rapid rates of innovation.
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 shapes the environment in which the private
sector makes decisions about its own R&D and about the innovations it will pursue. This environment comprises overall macroeconomic conditions as well as the specific programs affecting

private-sector innovation, such as tax incentives, antitrust restrictions, and so on.
7

The Government's Role in Funding R&D
and develThe substaritial government subsidies provided for research
should
support
grounds
that
the
government
opment are justified on the
funded
desirable
but
that
are
unlikely
to
be
R&D projects that are socially
defense
is
the
outstanding
by private firms. The R&D needed for national
As a
example of activities for which the government assumes responsibility.federal
of the
result, defense accounts for a large and increasing (hare
funding
of defenseSince
the
rationale
for
government
research budget.
related R&D is relatively unproblematic (although the level and composition

xi

of such funding may be controversial), 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

f whether the market provides adequate 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 defines the boundary between private and publiC responsibility
shapes one's attitude toward policy proposals aimed at fostering innovation.

Traditionally, 1.-he 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 development. 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, am 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.

o

Applied research denotes scientific activities that are undertaken
to address practical pcoblems 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 solv' e the techni-'
`cal problems involved in bringing a new product or process into
production. Engineering, rather than scientific activities, typically predominate in development.

-

As conventiona'Ay interpreted, these categories make up a linear
process that runs from basic research through applied research to development. 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 Lommercialized through development. The pipeline
concept 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 ren;oved from commercial consideratibhs to receive adequate corporate support. According to the

xii
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pipeline concept, getvernment funding of basic research eventually leads to
the commercial innovations that underlie 'improved economic performance.
Despite the 'widespread acceptance of the pipeline concept, the
federal government has frequently funded civilian development activities,
thus
such as the projects designed to develop alternative energy sources and
received
Although
such
activities
have
contribute to energy independence.
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
government's role in
private roles offer little guidance concerning theresearch
to development
applied research. Some observers compare.applied
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.
one of the
How to define the go'vernment's role in applied research is
increase
the
seeking to
most significant questions facing policymakers
Those
who
support
a
strong
return on government-funded civilian R&D.
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 commerce..
The Government's Role in Shaping the
Environment for Innovation

Regardless of the level of government R&D funding, the technological
and adopts
performance of the economy--the rate at which it develops
The
government
private
firms.
innovationsdepends on the actions of
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.
inMacroeconomic policies. In a growing economy,-firms have
o
about
creased cash flow to invest in R&D and greater confidence
the expected return to long-term and uncertain R&D projects.
Macroeconomic policies that boost investment are particularly
important in diffusing the innovations embodied in new capital
equipment and increasing the incentives for innovation in capital.

good§ industries.

)
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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

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 innovation.
Regulatory policies. Government regulation's can affect 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 governmentfunded 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 facilitating 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

The 1970s. The declining competitiveness of major
innovation has slowed
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
competitors internationally, while firms that are strongly committed to
R&D tend to be highly competitive in global markets. This relationship can
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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 international competitivenes5 make it difficult to focus federal R&D policies to
deal with the challenge of intensified international competition.
Government R&D spending by industry is also closely correlated with
pattern
an industry's international competitiveness, which indicates that the
of
different
industries.
of-government spending helps to shape the prospects
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 a

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 technological performance of key sectors of the U.S. economy could potentially alter
the sectoral structure of the U.S. balance of payments. It should be pointed
would be
out, however, that reductions in the net imports of some sectors
offset by countervailing shifts in the trade balance of other sectors.

Government efforts to improve the economy's technological performance should recognize, that general conceptions of the innovation process
be the most
fail to capture its industry-specific characteristics, which may
In
some cases,
technological
performance.
significant factors determining
have
outstanding
records
of innovalarge firms in concentrated industries
associated with relative
tion, while in others the same features are
In
many
emerging
industries,
small firms are the
technological stagnation.
to show
source of rapid rates of innovation. In general, the record seemsinvest
in

that innovation will be greatest when firms have the funds to

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
the extent to
affect the technological prospects of specific industries: metallurgy
for
in
related
areas
(in
ferrous
which basic science is carried out
capital-intensity
the
size
of
the
market,
the
steel production, for instance),
of the industry, and the extent of technological competition in the industry.
The interaction of these factors can determine the effectiveness of governFor example, tax incentives that increase
ment innovation policies.
innovation in one industry may have little effect in an industry that lacks
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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

significant changes have occurred in the pattern of
government R&D spending, as the Administration has reaffirmed the traditional 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
Since

1980,

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 investment,
and this should speA 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 unprofitability or start-up status) or because the increases in their expenditures
exceed the cap included in the program. The option of "expensing" labor and
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material costs for R&D, which has been in effect since 1954, is a more
significant incentive than the incremental credit. _Id
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 ventures.

POLICY OPTIONS

Policyrnakers' 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. Clarifying this underlying issue could place specific R&D policies on a clearer and
more coherent foundation. Some specific options for improving federal
R&D and innovation policies are discussed below.

R&D Funding. The effectiveness of governmental R&D funding depends on several factors: the stability of funding, the mix of R&D funding
b" 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, shortterm volatility in funding undermines the effectiveness of such
projects.

G~ rater attention could be paid to the mix of spending by type
a/A pacticulally to the adequacy of funding for civilian applied
Some of the savings from reductions in civilian
projects could be devoted to increased 'basic and
.

r'u1

o

1.

ch.

of federal R&D support by industry could be made
tf.:plicit, so that the Congress could better decide whether
adequate funding is available across the economy. Savings could
he 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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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
Some
to this end would be to extend the incremental R&D tax credit.
the amount of
increase
its
incentive
effects:
changes in this program could
be calculated in real
the credit could be raised, the base expenditure could
eliminated
or made less
allowable
increase
could
be
terms, the cap on the
effectiveness
of the
concerning the
strict, and so on The evidence
extension
may
incremental R&D tax credit is mixed, however, so that its
not generate the benefits its proponents seek.
for competition
Antitrust Policies. So long as adequate safeguards
joint
ventures could
R&D
remain in place, relaxing antitrust restrictions forInitiatives
such
as this may
encourage greater private support for research.
applied
research
be particularly important if government funding for civilian
o

Major

continues to be reduced. ^

the AdminiPatent Policies. The Congress could consider supporting
governstration's efforts to grant patent rights to the firms that perform
retention
of
Evidence
suggests
that
government
ment-sponsored R&D.
increase government

rights serves to retard innovation rather than to
revenues.

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

CHAPTER I.

INTRODUCTION

Current interest in innovation and in research and development (R&D)
to help
reflects their potential for providing technological improvements
since
the
early
solve the problems that have plagued the U.S. economy
includes
over
the
past
decade
The economy's poor performance
1970s.
inflation,
relatively slow rates of growth, high rates of unemployment and industries.
competitiveness
in
some
key
and deteriorating international
and a less
More fundamental trends, such as lagging productivity growth
of
fluid pattern of industrial output, have been cited as underlying causes
increased
more evident economic problems..1/ Against this background, revitalizainnovation stands out as a promising means of contributing to the
tion of the economy.
THE POTENTIAL FOR INCREASED INNOVATION
Innovation represents the introduction, of new products and processes,
in
and it can rill the gamut from the developMent of minor refinements
initiate
breakthrOughs
in
.technology
that
traditional products to the seminal
expensive
new industries. In some cases, innovations are the product of
in
scienti'
rely
on
large
numbers
of
long-lasting, and risky projects that
engineers, as did the Manhattan project. Private industry relies i icreasir_61y
to innovation; the scientific and technical expertise
on a siVilar appro,
popular contemmarshalled by semiconductor and bioengineering firms are
the
only path to
not
is
This
this
phenomenon.
porary examples of
such
as
the introducinnovation, however. Highly significant innovations,
managerial

tion of the assembly line,' can result from organizational or
changes.

The factors that affect the rate of innovation are both highly complex
still unexplained
and inadequately understood; innovation is rooted in the
and perinspiration,
scientific
discovery,
relationships among intellectual
technological
change
ceptions of market opportunity. For economic theory, One can measure the
treated
as
a
"black
box."
and innovation have been
processes that
inputs into the process and identify the new products and
black.
box remains
result from innovation, but what happens inside the
1.

Problem: AlternaSee Congressional Budget Office, The Productivity
1981); and The Industrial Policy Debate

tives for Action (January
(Dece'rnber

1983).

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 definiti,fely 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.
murky.

Once innovations are, disseminited throughout the economy, they
provide three main benefits:
o

o

o

Innovation increases productivity. New processes--such as continuous casting in steelmaking or numerical control in metalworkMoreover, productivity
ingdirectly increase productivity.
growth tends to be most rapid for new products, which characteristically become cheaper and better designed as they experience
rapid market growth.
Innovation boosts the international competitiveness of American
industry. The comparative advantage of U.S. firm:, increasingly
,lies in their ability .to remain near the cutting edge of new
technology. Industries that are technologically intensive, such as
data proc-ssing, still enjoy a significant trade surplus, while
industries that invest relatively little in new technologies, for
example, steel, are less competitive internationally.

Innovation provides the foundation for emerging industries. Because 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 employment. New industries, many of which will use new technologies, are needed to provide employment and income, compensating for the poor growth prospects of mature sectors.

Innovation is not a panacea, however. The introduction of new..
technologies inevitably involves some adjtiSirrient 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 higher living standards and improvements in the qualit',
of work.
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THE GOVERNMENT ROLE: R&D INVESTMENTS
AND PRIVATE- SECTOR INCE.NTWES

Because innovation itself is difficult to measure, 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
probfactors that affect innovation. Nevertheless, R&D data are less
relatively

'Moreover, R&D spending is
amenable to government 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 not synonymous with innovation,
however; and policymakers cannot assume that increased R&D spending wl
,iulogical perfor minevitably lead to increased innovation or rimprov. d
whole..
ance in the economy as a
the
'R&D is a relatively recent label for an 'ancient activity:
purposeful expansion of knowledge and its application to commercial pursuits. 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

lematic than other measures.
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for
that investment. There are ,reasons other than economic benefits
of
an
national
prestige,
the
maintenance
governmental support of R&D:
While
such
security,
and
so
on.
outstanding educational system, national

goals are worthwhile, the focus of this report is the economic importance pf
R&D and innovation.

For various reasons, private firms are likely to underinvest in R&D,

immediate
especially in R&D activities that dd not have a clear andinvestment
is
The
government
can
ensure
that
R&D
commercial potential.
beneficial
activities
that
the
market
is
adequate by directly funding socially
unlikely to support.
In addition, the government has the more diffuse responsibility of
ensuring that the economic environment is conducive to private-sector
The rate of

investment in R&D and, more generally, to innovation itself.
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"tions, 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 privatesector innovation are the two main elements of federal innovation policy.
Many other federal programs also affect the technological performance of
influence the
the economy, however. Education policies, for instance,
the
ease
with which
availability of qualified scientists and engineers,
social
labor
force,
and
the
overall
innovations will be adopted by the
attitude towards science and technology.
PLAN OF THE REPORT

Thi:,: report is designed to provide a background against which the
A

Congress can evaluate specific policy initiatives in the innovation area.
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. Chapand economic
ter III presents evidence on the relationship between R&DChapter
IV preperformance, emphasizing international competitiveness.
Chapter
V
discusses
sents an overview of current trends in R&D funding.
government incentives (other than direct funding) for private-sector innovation, 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.

2.

Congressional Budget Office, Research and Develoarpentfunding in
the Proposed Fiscal Year 1985 Budget (March 1984).
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CHAPTER II.

UNDERSTANDING INNOVATION AND R&D:
AND PRIVATE ROLES

THE PUBLIC

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 economic
understanding the role of
growth. This chapter provides a background for
participants
in
the R&D processgovR&D and the responsibilities of the
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,

sector.
which are then commercialized through several steps by the private
the
For
example,
There are exceptions to this pattern, of course.
in
agriculgovernment funds a great deal of practically oriented research
ture, for which there is along history of federal R&D support. NevertheRbcf)
less, the pipeline concept has helped shape the pattern of civilian in
the
will
be
shown
in
the
data
presented
activity in postwar America, as
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
should be more
current R&D policies. In particular, the following points
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.
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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

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.

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

INNOVATION AND R&D: A COMPLEX RELATIONSHIP

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

The traditional analysis of technological progress, first suggested by
invention, innovation, and
Joseph Schumpeter, identifies three steps:
discovery
of
'a new process or product
imitation. 1/ Invention denotes the
and the resolution of associated technical problems. Innovation refers to
process or
the transformation of invention ,into a commercially usableImitation
de.market
research
and
promotion.
salable product, including
industry
or,
notes the process whereby an innovation is diffused through an
technology
like
computers,
through
many
in the case of a breakthrough
industries. Such diffusion has a dual aspect: other producers can replicate
that
an innovation, and more users can adopt it. It is important to recognize
,technological
sense
has
even an innovation that is highly significant in a
fairly
imitation
or
diffusion
process
is
limited economic impact until the
advanced.

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

I

1.

Joseph A. Schumpeter, Business Cycles (New York:
1939), especially Chapter III.

McGraw-Hill,
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research and commercial resultsP 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;
3.
The assessment of technical feasibility;
Applied research;
4.
The preparation of product specifications;
5.
Construction of a prototype or pilot plant;
6.
Toolihg and construction of manufacturing facilities;
7.
Initial manufacturing and marketing;
8.
Reassessment of commercial potential; and
9.
10. Licensing and so forth, leading to widespread imitation. ?/
1.

2.

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 entrepreneurial profits is the principal glue holding this sequence together. Conversely, conditions that undermine this incentive--from insurmountable
technical problems . to poor market prospects to inadvertent government
interference--can weaken, or even atrophy, the links between R&D and the
market. Although RbcD 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 econ2mic environment. 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, aPpplied
research, and development. These categories have played a major role in
determinieg government ;R&D policy for the past 35 years. NSF efines
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).
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o

/

o

o

universities and
Basic research. For the federal government,basic
research is
institutions,
colleges', and other nonprofit
with "... a
directed toward increases of knowledge in scienceunder
study,
fuller knowledge or understanding of the subject
of
application
thereof."
To
take
account
rather than a practical
an individual profit - making company'S commercial goals',-----the
definition for industry funding is modified to indicate that basic'
for the
research projects represent": . original investigations
do,
not
have
spe:
ific knowledge ... which
advancement of
be
in
fields
of
cific comrnercla. ,oicctives, although they may
company."
present or potential interest to the reporting
"Applied research is
Applied research. The NSF states:
application
ofknowledge." Here
directed toward practical
industry
survey
through which NSF
again, the definition for the
takes
account
of
the characteristiccs
collects private-sector data
projects..
It
covers
"...
research
of induStrial organizaUons.
directed
to
discovery
of new
which represent investigations
objechave
specific
commercial
scientific knowledge and which
tives with re,spect to either products or processes,"
used in the NSF
Development. The concept of development
systematic,
use of the
survey may he :ii.Irni-n,.;rized as "...the
directed
toknowledge or understanding gained from research
qr
ward the ,production of useful materials, devices, systemsand
and
development
of
prototypes
methods, including design
Vrocesses."

basic research,- apAS this breakdown is conventionally interpreted,
continuum
of activities that
plied research, and development represent a
Within
this channel,: or
stretch between pty±- science and the market.
science, while the
is
practically
identical
with
pure
pipeline, basic research
projects are hardly distinmost short-term. and incremental development
of techniques that
refinement
and
improvement
guishable from the constant
Since
R&D
activities
can be located
characterize any production process.
the
market,
an implicit
along this continuum according to their proximity to sectors emerges from
division of labor between the public and the private
those activities farthest
the pipeline concept, with the government funding
three categories also
from the market. The breakdown of R&D into these
functional
mix of programs
can be used to provide a rough indication of the
3.

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

_

receiving governmental support. For these reasons, this categorization of
R&D has sunk deep roots 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

from 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 allocatio- n of specific projects between
basic and applied research or between applied research and development is a
highly subjective judgment. As a result, applied research is inevitably a
problematic category.
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
Categories are much more interactive wad fluid. Insofar as the distinctions
among these- categories become instik:Itionalized, the conventional breakdown of R&D may well be counti4roductive, artificially restricting the
practical applications of scientific research as well as depriving scientists of
the feedback that can provide a foundation for inductive theoretical
advances. !L/ 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 emphasizes the synergy, between a project's basic and applied
aspects-may be worthwhile alternatives to the rigid structure of an R&D
continuum. 2/

4.

Researchers at Bell Labs, for instance, cite that institution's grounding
in practical problems as a principal reason for its outstanding performance in fundamental science. See "Bell Labs; Threatened Star of U. S.
Research," Business Week, -:July 5, 1982, p. 48. Medical research,
Which typically links fundamental scientific work with practical goals,
is another provocative example.

5.

See Done ld Stakes, "Perceptions of the Nature.of Basic and Applied
Science ih the United States," in A. Gerstenfeld, ed., Science Policy
Perspectives: USA-Japan (New York: Academic Press, 1982).

funding without
While it is impossible to evaluate patterns of R&D
developreference to the categories of basic reset, ch, applied research, and
crude--not
are
ment, it is important to emphasize that these distinctions
the
dubious linear
overlap
but
also
because
of
just because of definitional
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
governmental support for applied research.

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

the
One of the reasons- for the pipeline concept's durability--despite
process--is
fact that it oversimplifies the role of R&D in the innovation
of
the proper
relatively
clearcut
definition
that it can be used to provide a
Once
a
project
has
in
the
R&D
process.
roles for the different actors
product or
commercialization
(whether
of
a
new
reached the actual stage of

plays the major role. Similarly,
a new process), the private sector
can be left to
development activities that are closely related to the market
there
is reason to
the private sector. Earlier in the process, however,adequately
and that
believe that the market will fail to support R&D
government should compensate for this failure.

Government.:' The Justification for Public Supvirt.

funded about 45 to
In recent years, the federal government has
Federal commitStates.
carried
out
in
the
United
50 percent of the R&D

'4984--are justiments of this magnitude--almost $45 billion in fiscal year
The less
failures.
distinct
types
of
market
fied by reference to two
of
which
the
problematic concerns "public goods"--those technologies
favoring
government is the, principal purchaser. The second argument
governmental funding of R&D is based on the alleged inadequacy of the
private businesses
R&D ,carried out by the private sector, mainly because
benefits
of the R&D that
are generally unable to retain all the economic
inability
to
keep
all
the benefits of
they fund. (in economic jargon, this
R&D is called "nonapprobriability.")

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

ID-
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Defense is the archetypal public good. When the government contracts 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
government, as sole or principal purchaser, specifies the desired properties
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 understanding to do so. This has been true not only in the defense industry but in other
area .-.s well--for example, space exploration.

Federally funded R&D targeted toward public goods has generated
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 government may require product characteristics that differ from those preferred

by civilian consumers, it may be difficult for government contractors to
commercialize 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

marketing 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 underinvests 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
for "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

innovator's profits. An autohas exhausted its potential for generating
significant market for more fuel maker, for instance, might recognize a
in b-.:sic or applied research
efficient engines yet still not invest large sums
makes
are likely to be copied
because it also believes that any advances it research would be inadequate.
by its competitors, so that the returns to such
the social return, which
Innovator's profits, however, are only part of
the
gains that consumers
also includes additional imitators' profits and
This implies that
enjoy, per dollar spent, as a result of the innovation.
support
for
R&D projects
social welfare will be increased by government While this discrepancy is
with low private returns and high social returns. for activities that are only
difficult to quantify, it is likely to be greatest generate results which are
tenuously connected to the market and that
especially
easily imitated by competing firms. These characteristics are

relevant to basic research.

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

The private sector is the key actor in the work that is a necessary
Businesses carry out most of the development Even large amounts, of
research.
complement to government-supported
worthwhile
civilian research projects will have
government money spent on
commercial
inn' -ations by private
no impact unless their results lead to
Cc,nmercialization, ire
used.
companies and unless these innovations are of an innovation's potential
turn, depends on private firms' assessment
profitability in the face of uncertain technological and marketing prospects.
6.

from
Edwin Mansfield, et al., "Social and Private Rates of Return
91(2)
(May,
Industrial Investment," Quarterly Journal of Economics,
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 dynamic, 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 b2 noncontroversial: a growing economy, for instance, encourages R&D and speeds the
diffusion process. Macroeconomic policies, which are discussed in Chapter 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

by large firms, are more likely to have the financial resources, the
exi.,-rtise, and the strategic perspective needed to suppoi-t 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. AT&T, 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 performance, 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 industries such as computer software, in which competition ensures that successful 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 fear 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 may be needed to encourage
innovation by the private sector (for example, diversity in antitrust enforcement or in the use of tax incentives).
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innovation has been studied
The effect of various market structures on or disprove either of the
Economists
have
failed
to
prove
extensively.
of innovation is
conflicting hypotheses, suggesting that the actual process
market
structure
or one
too complex to allow analysts to determine that one
Instead,
a
more
ZI
firm size is generally more conducive to innovation.
that
innovation
to suggest
complicated pattern emerges. The results seemof
several relatively large
in
an
industry
made
up
is likely to be strong
he resources to
firms, so that two conditions are met: firms have both interfirm rivalry.
innovate
because
of
to
carry out RD and the incentive
be
fostered
by a market structure that avoids the
Thus, innovation seems to
extremes of monopoly and atomistic competition.
however, is the
The most important implication of this research,
industry-specific,
so
are
understanding that the factors affecting innovation than
ones
adapted
to
the
that general policies are likely to be less effective
the
characteristics of a given industry. The potential for innovation--and
factors
such
as:
obstacles to the realization of that potential--depend on
The absolute size of the potential market;
o
o
o
o

o
o

The potential of the technology itself;
The vitality of the scientific disciplines that provide the foundation for the industry's R&D effort;
in plant and
The extent to which the innovation is embodied
domestic
or foreign
be
purchased
by
equipment, so that it can
competitors;
The extent to which technological competition has traditionally
characterized the industry; and
The vulnerability of the market to international competition.

influence the potential effectiveness
These different characteristics
Broad-based
tax incentives, for instance,
of different government policies.
in an industry that suffers
may not generate significant innovative activity
7.

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

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. As a 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 nonpr:of it 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 engineering 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 implies 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 a?so an aspect of the government's educational responsibilities. While industrial laboratorie-s 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, government and industry are unlikely to find
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the qualified scientists and engineers needed to undertake R&D outside the
academic environment.
scientific and
'in terms of R&D itself, the role played by the
The
other
issues
that
deserve
mention.
engineering community raises two
viewed
within
a
which
scientific
research
can
be
first concerns the extent to
the
strictly national context. A unique set of circumstances -- particularly the
intellectual diaspora provoked by fascism and war in Europe -- allowed it
as
United States to dominate the world of science after 1945, just
problem
International
competition
is
now
a
dominated the world economy.
for many U.S. industries that once had a competitive advantage, and policy
initiatives - - including increased R&D support- -are being considered to reestablish the competitive prowess of American :manufacturing. An analogous goal is often stressed for science, so that the increased scientific
capabilities of Europe and Japan are viewed as a challenge.
Economic performance and technological
progressiveness are determined not by the quality of a nations' science but
This

is a false analogy.

advances are
by the rapidity and sophistication with which scientific
The contrast between

transformed into commercial products and processes.
this
scientific and economic performance in Britain and Japan supports welbe
judgment. The increased scientific efforts of other countries shouldexploited
advances
that
can
be
adopted
and
comed as a potential source of
by American industry, balancing the traditional postwar flow of scientific
knowledge from this to other countries. Seeking to restore the scientific
be
hegemony enjoyed by the United States in the early postwar period would
since
Moreover,
it
would
probably
be
impossible,
prohibitively expensive.
scientific advances tend not to respect national boundaries. Greater
international scientific cooperation could pia), an important role in increasof
ing the tempo of scientific progress and boosting the growth prospects
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.
The second major policy issue connected with the role of the scientific
and engineering community concerns the potential discrepancy between
federal support
scientific and national goals. Traditionally, the pattern ofpriorities
of the

for basic research has been greatly influenced by the large, R&D is
scientific community. To the Congress and society at

R&D as a
primarily an investment good. That is, funding is provided for elimination
desirable
goals,
such
as
the
roundabout route to achieve socially
opportunities in nonmenial professions,
of disease, increased employmentand
production processes, and so on. For
the development of safe products
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viewed as a consumpthe scientific community, however, R&D is generally scientific knowledge
tion goo I; that is, the ideal scientist is one who pursues which is apractical
for its own sake. This means primarily basic research,
that the priorities of the
to?- def:nizion. Hence, policy makers must recognize
necessarily
identical
with the government's
scientific community are not
counterproductive to bureaucratize the
policy goals. _8/ It would probably be
and thus
R&D effort, allowing nonspecialists the final say in evaluating
counterproductive,
controlling specific scientifiC projects. It may be just as
the R&D
however, to assume th3.' the specialist community will structure
The
benefits.
effort in order to maximize social, as opposed to parochial, of R&D should
and
investment
aspects
distinction between the consumption
and prospects of the
be given a prominent- place in assessing the purposes
federal R&D effort.
AGGREGATE PATTERNS OF R&D EXPENDITURES
IN THE UNITED STATES

features of R&D
The final section of this chapter discusses the generalemphasizing
how
spending in the United States over the past 30 years,
It
first
the division of labor discussed above.
spending patterns refV
performers of
describes the sources of. funds, after which it turns to the funding. As
R&D
R&D and a more detailed assessment of trends in federal
real
terms, using the
levels
are
presented
in
much as possible, spending
levels.
2/
implicit GNP price deflator to adjust nominal spending
Sources of Funds

pa,tern of
Figures 1 through 5 illustrate historical trends in the overall real
R&D
R&D spending in the United States. Figure 1 shows that
8.

9.

"The Basis
This argument is presented in more depth in B.R. Williams,ed.,
Science
of Science Policy in Market Economics" in B.R. Williams,
19731.

and Technology in Economic Growth (New York: John Wiley,
The data used here are drawn from the National Science Foundation,

relating to
which is the principal government collector of information
that
these data
emphasize
the national R&D effort. It is important to
private-sector R&D funding.
particularly
in
regard
to
are estimates,
increases in the
In addition, the GNP price deflator may understate
conclusion
drawn by
cost of carrying out R&D. That, at least, is the
about a more

several authorities, although there is no consensus
appropriate R&D deflator.
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1980

expenditures have tended to increase gradually, 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
real terms from 1969 to 1975, and since that year it has increased at a real
percent.
annual rate of
These aggregate resu;ts were the product of different sectoral forces.
Through the 1950s and 1960s, 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 increases, 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
1 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
more 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 research,
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.
Constant-dollar R&D expenditures by industry exhibit a relatively
smooth upward trend, and the rate of increase is stronger for mere market oriented activities (see Figure 4). 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 4.2 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 shirp variations (see Figure 5).
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have shown
Real federal expenditures for research, both applied and basic-,increases
in
rapid
only a slight upward trend since the mid-1960s after10.9
percent
annually
earlier years. Real federal research funding increased

from 1965 to 1982.
from 1953 to 1965 and only 1 percent per year
the other hand, have been

Govern:nent-funded development activities, on
since 1960.
highly unstable in real terms, exhibiting no discernible. trend
Volatility in the
is
devoted
to
defense.
Most federal development funding
federal R&D budget, particularly in development, can be linked to the

the midwaxing and waning of major policy issues: the Sputnik challenge in
burdens
of
1950s, which focused-attention on science issues; the budgetary
neither
of
which
1960s,
the war in Indochina and the Great Society in the the
energy crisis of the
technological
terms;
and
finally
were defined in
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
of R&D
from a consideration of It&D pettformers rather than the sources which is
funding. To a great extent, this is because the federal government,
actually-carries

funds,
the source of approximately 50 percent of total R&D
funds
are dispersed among
portion
of
R&D.
Instead,
its
out a much smaller
In
terms
of performance,
6.
several/performers, as is shown in Figure
accounting
dominant
agent
in
the
R&D
process,
industry is far and away the
United
States--a
share
R&D
performed
in
the
for ov r 70 percent of total
throughout
the
postwar
era.
that h s remained highly stable

R&D activities by
-igures 7 through 10 indicate the structure of categories
of basic
perfo mer, broken down according to the -standard
only
when
overall
is
It
resea ch, applied research, and development.
crucial
role
played
by
expenditures are disaggregated in this way that the
the
academic
Whereas
the
contributions
of
univer-sities becomes evident.
its predominance
comrinunity are lost when funding aggregates are discussed,when
these catein- researchand especially basic research--is evident in Figures 6 through
category
gories are treated separately: the "nonprofit" By
the same token, Figure 10
10 primarily refers to academic institutions.
area.
indicates the importance of industrial performers in the development
R&D
is
indicated
The extent to which universities rely on federal monies for R&D funds. The
in Figure 11, which describes the sources of university
be particularly
government's role as the sponsor of university research mayfunds
devoted to
R&D
important, given the fact that the share of industryyears--although
it might
basic research has been declining for the past 20 encouraged industry to
increased federal funding has
also be the case that
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reduce -its commitment to basic research. 122/ 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 spending has
been allocated among defense, civilian, and space-related functions.

1950s, federal R&D spending was, dominated by defense
activities, which as late as 1960 claimed-80 percent of the government's

Through the

10.)

For a discussion of basic research in industry, see E. Mansfield, "Basic
Research and ProduCtivity. Increase in Manufacturing," American Economic 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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In the 1950s the federal government also assumed responsibility for funding civilian basic research, through the National Science
Foundation (NSF) and the National Institutes of Health, but such expenditures were dwarfed by defense funding.
R&D budget.

By the early 1960s, this pattern began to shift. First of all, funding
fairly
for civilian (nonspace and nondefense) R&D began to increase at a
1965),
sustained
terms
from
1961
to
rapid rate (18 percent per year in real
medicine, agriculfirst by relatively widespread increases (in areas such asspecifically
related
ture, and energy) and eventually by the programs more
late 1970s.
trend
continued
at
least
until
the
to the energy crisis. This
by a
The gradual increase in civilian R&D spending was accompanied
federal
total.
The
more drastic decrease in the share of defense R&D in 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 reflected the emergence of the space
activities
program. During that period, the increasing commitment to spate
R&D funding.
declining
share
of
defense-related
almost exactly offset the
federal R&D
Since the mid-1960s, however, the share of space R&D in the
defense
per se,
budget has fallen gradually, and this, rather than declines in
These
aggregate
has offset the increased share of civilian R&D funding.
trends are also reflected in Figure 13, which describes several past federal
R&D budgets in terms of agency funding.
subjective
It is worth reemphasizing that there is inevitably a strong
For
example,
it
of
R&D
spending.
element in the functional allocation
fell
rapidly
in
the
share
of
federal
R&D
spending
appears that the defense
argue
early 1960s, while space R&D increased dramatically. Yet one could that
is
military
significance,
an
argument
that the space program has some
a more
becoming more convincing as the military use of space becomes
element in
Another
example
of
the
subjective
transparent policy objective.
is
these allocations concerns the treatment of basic research, which
On
these
grounds,
a
supposed to be divorced from practical applications.
purist could argue that any effort to allocate basic research spending along
that
functional lines is inherently contradictory. Such allocation assumes
of funds.
determined
by
the
departmental
source
the function of research is
research, this is
If the Department of Defense funds advanced physics,
be termed
while
similar
projects
might
characterized as defense-related,
practical
level,
Department
of
Energy.
On
a
more
civilian if funded by the
to the
research
often
fails
to
correspond
however, the definition of basic
reality, where even very fundamental scientific work is mission-oriented in
a broad sense.

25

CHAPTER III.

R&D AND ECONOMIC PERFORMANCE

The belief that increased government support for R&D will improve

the economy's performance is based on several assumptions: first, innovation 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 some of the questions that underlie these assumptions:
o

What evidence is there that the rate of return on R&D invest-

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?

ments is high enough to justify greater governmental support?

o

What effect 'does current government policy have on the technological 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 evidence; 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 spending.
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 based on some form of
"production function," that is, a mathematical fc,cmula that relates economic 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 inpufS to measured increases in output, and this
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contribution, can be interpreted to define a rate of return for the corresponding 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 responsible for declining rates of productivity growth in the U.S. economy during
of this responsibility vary
the 1970s-- although estimates of the magnitude the
view that R&D is a

widely.1/ The results of the studies support
development in
remunc-ra0ve investment: the benefits of research and
terms of increased output exceed the costs of carrying out the R&D.
Moreover, these studies may understate the rate cif 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
this
rate of return to R&D exceeds the average return to other investments,
barriers,
underinvests
in
R&D
because
of
suggests that the private sector
funding of R&D
such as nonappropriability. In these circumstances, federal
economic
well-being.
economic
output
and
overall
can help to improve

Although increasin,iy sophisticated studies have been devoted to
3f IL turn to R&D, the potential complications associestimating the
While the
ated with nece: .Lly simplified assumptions remain unavoidable.R&D,
most
studies produce uniformly high estimates of the rate of return to
economic
benefits
of
government-funded
do not clearly demonstrate the
analytic problem,
R&D. Z./ Several factors could contribute to this
1.

2.

See Congressional Budget Office, The Productivity Problem: Alterna-

tives for Action (January 1981).
References to this issue can be found in Z. Griliches, "Returns to
in
Research and Development Expenditures in the Private Sector"
Kendrick and Vaccara, eds., New Developments in Productivity MeaUniversity of Chicago Press,
surement and Analysis, (Chicago:
National Bureau of Economic Research, 1980); N. Terleckyj, "Direct
the
and 1 ,. -t Effects of Industrial Research and Development in
and
ibid.;
W.
Leonard,
"Research
ProduL_ tivity Growth of Industries,"

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, 1986).
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TABLE I.

ESTIMATED RETURNS TO R&D EXPENDITURES

Rate of
Return to R&D

Author
Mansfield 2/

'Minasian
Feltner C./

Griliches Si/

/

Expenditures
(In percents)

40-60
'30

Nadiri g/

Petroleum Industry
Chemical Industry

Years
Covered

Notes

1945-1958

Technology change assumed

to be embodied in capital
Technology change assumed

Chemical Industry

54

Chemical Industry

1938-1957

Gross social return

31

Macroeconomy

1953-1966

High-range estimates of
R&D costs

55

Macroeconomy

93
25

Chemical & Petroleum
Metals & Machinery
Electrical Equipment
Motor vehicles

5

Scherer 1.1

Study

7

2
23

Terlecky j .q/

Object of

to be organizational

Low-range estimates of
R&D costs
1957-1965

Aircraft

17

Manufacturing average

29

Macroeconomy

78

Macroeconomy

70 -104

Macroeconomy

1973-1978

All Manufacturing

1958-1975

20
12
86

Based on confidential
census data

1948-1966

Return to firm-financed R&D
Return to R&D embodied -in purchased inputs
Internal process R&D and
input-embodied R&D

Durables
Nondurables

(Continued)
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TABLE 1.

(Continued)

Rate of
Return to R&D
Author

Expenditures
(In percents)

Link hi

51

34
21

a.

Object of
Study

Chemical Industry
Machinery Industry
Petroleum Industry

Years
Covered
1975-1979

Notes

Rate of return increased
by roughly 15 to 85 percent
if environmentally mandated
R&D is excluded

Edwin Mansfield, "Rates of Return from Industrial Research and Development," American ,Economic Review,
vol. 55(2) (May 1965), pp. 310-322.

b.

c.

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

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

d.

e.

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, 1980), pp. 419-454.

Nestor Terleckyj, Effects of R and D on the Productivity Growth of Industries:

An Exploratory Study

(Washington, D. C.: National Planning Association, 1974).
f.

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

g.

h.

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 (Cambridge, Massachusetts: Ballinger, 1980), pp: 361-92.
A.N. Link, "Productivity Growth, Environmental Regulations and the Composition of
Economics, vol. 13 (Autumn 1982), pp. 166-69.

4./

"

7--11 Journal of

defense and
including the tdifficulty in measuring the return to R&D in
indirect effects

similar sectors, government spending, or the long-term and
of the private sector in generating economic

of the greater efficiency
to 'federal
benefits from R&D. 2/ While measuring the rate of return theoretical

support of R&D has proven a difficult task, there are still strong
justifications for a substantial federal role. Furthermore, industry studies
funding has improved
provide many examples of cases in which government
(for
example, aviation
the technological performance of specific industries
(such
as
housing) can be
and semiconductors), although counterexamples
found as well. 4/
R&D AND ECONOMIC COMPETITIVENESS

criteria:
An industry's performance can be measured by several
This
section
productivity growth, profitability, sales growth, and so on.
is relatively easy
focuses on international competitiveness, both because itIndustries that are
it
is
a
major
policy
concern.
to measure and because
the world market.
R&D intensive are, generally effective competitors onlinked
with competiMoreover, government funding also seems to be closelyfederal R&D
support
tiveness, suggesting that the sectoral pattern ofimplications for sectoral
represents a tacit industriarpolicy with significant
of federal R&D' support may
performance. This implies that the pattern
do not contribute to
partially determine which U.S. industries db and which hold true for both

the balance of payments. These relationships seem to
within an industry, and
direct R&D intensity, which concerns R&D spendingembodied
in purchased
which
includes
the
R&D
for total R&D intensity,
calculate total R&D
When
input-output
relationships
are
used
to
inputs.
embedded in a
intensity, it becomes clear that many basic industries are
their own efforts to
network of less R&D-intensive industries, so that
they,rely
on technologiincrease R&D are weighed down by the fact that
Although
the opposite
cally unsophisticated inputs from related industries.
competi7
condition benefits firms in high-tech industries, the international
tiveness of some U.S. high-tech industries also has been declining.

addition to the

This suggests that a general technological weakness, in
transition from low-tech to high-tech sectors, is at least-partially responsi-:
3.

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

4.

Progress:, A CrossSee R. R. Nelson, ed., Government and Technical
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:technologiesa 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 f -eater share of
their GNP to civilian R&D rather than defense-related R&D, a characteristic 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 but that not all U.S. industries can
be net exporters. Exports must be balanced by some outflow of dollars,
eithe'r 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 perform;

ance, national defense, and so forth)? If not, could changes in government
policy alter the pattern 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.
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 industries and industrie'g 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 DeN%elopment
in Industry.
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TABLE 2.

AND 1981
R&D INTENSITY IN SELECTED INDUSTRIES FOR 1960, 1970,
(Total R&D funding as a percent of net sales)

R&D Intensity

SIC Code a/

Industry

Aircraft and Parts
Scientific Measuring
Instruments
Other Instruments
Electrical Equipment
Communication equipment
and components

Office and computing
machinery
Other machinery
Moto- Vehicles and Other
Transportation Equipment
Motor vehicles
Other transportation
equipment
Chemicals
Industrial chemicals

b.

c.

i ).3 b/
9.2

11.2

366-7, 48

13.1

8.2

8.9 b/

35

4.7

4.0

5.2

357

c/

c/

!1.7

351-6, 358-9

.-/

(

....5

3.0

3.5

4.1 b/

371

c/

c/

4.5

.3/3-), 379

c/

c/

0.5'

4.5

3.9
4.2
6.7

3.8
3.5
6.4

1.8
2.3
1.2

2.5

381-2
383-7

8.6
5.3

36

371, 373-5, 379

28

281-2

5.7

30

4.8
2.2
2.0

34

1.3

333-6

LO

26

0.7

24, 25
331-2, 3398-9

0.6
0.6

29

1.0

22, 23

0.6

283

284-9

Other chemicals
Rubber Products
Fabricated Metal Products ''''
Nonferrous metals "r
6
Paper and Allied Products

a.

b/

1981

3.5
6.6
7.3

Drugs

Lumber, Wood Products,
Furniture
Ferrous Metals
Petroleum Refining 4
Textiles and Apparel

1970

22.5

/2,

Machinery

SOURCE:

1960

National Science Foundation.

SIC = Standard Industrial,Classification.
Estimated from NSF data.
Not available.
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1.0
0.9

0.8
0.7
1.0
0.5

7.8
6.8

2.1

1.4
1.2
1.1

0.9
0.8
0.7
0.4

Using these same data, R&D intensity can be related to industrial

performance, which can be measured.inseveral ways: profitability, growth

The measure used here concerns
international competitiveness and is based on the methodology of D. B.

of sales, trade balance, and so on.

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..§_/ 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 Correlation coefficient of 0.90 and

rank correlation coefficient of 0.92) between R&D spending and international 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 technologyintensive industries, and the government has provided most of the funding
fo several key industries that' are highly successful international competit rs. Insofar as government R&D subsidies increase the export performance
,of some sectors, nonsubsidized sectors inevitably suffer, some loss of inter,
national competitiveness.
Keesing's analysis was based on a very simple model, and its assuenpmeasure of R&D
tions may be somewhat unrealistic. Most important,
product-specific,
so that it fails to
intensity is industry-specific rather than'
tae account of product-line diversification by firms. In addition, his
measure of R&D intensity does not include the R&D embodied in purchased
Nevertheless, more sophisticated investigations of this issue,
inputs.
althoUgh typically focused on the performance of high-tech industries, have
tended `to support Keesing's conclusions. Z./ Table 3 presents more recent
data showing the relationships between international competitiveness, defined 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

i

6.

Donald B. 'Keesing, "The Impact of Research and Development on
United States Trade," Journal of Political Economy, vol. 75, no. 1

(January/February 1967), pp. 38-48.
7.

Boretsky, "Concerns About the Present
International
Trade," Technology and . InterAmerican Position in
national Trade, (Washington, D.C.: National Academy of Sciences,

see for example

Michael.

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

national Trade Patterns, (Washington, D.C.:
,

merce, 1977).

34

Department of Com-

TABLE 3.

COMPETITIVENESS

R&D INTENSITY AND INTERNATIONAL
SELECTED YEARS (Total R&D funding as a percent of valued added)

1968-1970

Product Class

Electronics and Cornmunications Equipment
Aircraft and Parts
Office and Computing
Equipment
Engines and Turbines
Drugs and Medicines
Plastics
Professional and
Scientific Instruments
Agricultural Chemicals
Industrial Chemicals
Farm Equipment
Construction Equipment
Motor Vehicles

Other Electronics
Electrical Transmission and Distribution Equipment
Fabricated Metals
Metalwor,ting Equipment

Other Transportation Equipment
Rubber Products, etc.
Nonferrous Metals
Stone, Clay, and Glass
Ferrous Metals
Textile Mill
Products
Linear Correlation

SOURCE:

a.
b.

e.

a/

Export
Share,
1980 b/

R&D

Export
Share,
1971 .b/

R&D

Intensity,

NSF

U.S.

Average

U.S.

Average

FOR

Intensity
1977-1979 a/
.

16.2
21.0

36.1
64.7

18.6
17.5

35.4
53.0

18.9
10.2

33.2
25.2
13.9
11.4

14.9

32.4
28.2

8.9
10.4

9.9
9.4

9.0
6.9
6.2
4.1
4.1
3.6

21.7
18.6
20.7
27.8

9.6
11.2

4.6
0.8
3.4
°6.0

25.5
16.5

3,7

14.6
"4.

15.6
14.2

r

28.0
29.7
12.7
27.1
14.7

.

3.4 c/

6.8

3.2

18.7.

3.4
1.9
3.2

10.8
13.5

3.1

8.2

2.5

16.1

2.21

12.9
12.8

2.5

5.4
11.5

2.1
1.8

10.1

14'

10.1

1.0

1..0

5.6

0.6

8.0
4.7

0.6

5.7

0.5

1.2

2.2
1.5_
1.4

....

s

16.5
10.1
14.0

.83

.78

Group, Division of
Product-line R&D data from 14.SF's Industry Studies
Trade-by-Commodities
Export
data
from
OECD
Science Resource Studies.
reports.

Average R&D expenditures as a percent of value added.
U.S. share of total developed-country exports.
CEO estimate.
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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 intensity, produce similar results.

These results are subject to differing' interpretations, however. One
could argue that low-tech sectors use production processes that have

relatively meager prospects for significant technological progress. According 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
worthwhile policy goal.

The truth probably lies somewhere between these two extremes. But
Keesing's argument that government R&D spending by industry is closely
correlated with the U.S. share of world exports suggests that government
R&D support does improve an industry's international performance. Although not enou h information is available to test this hypothesis by wising
ific data presented in Table 3, Keesing's results are con. the product-spe
firmed if his i dustry-specific methodology is applied to the period since
1960. Moreover, some studies show that federal funding may play a key role

in eliciting co pleinentary funding by private firms and in increasing the
If this is the case, the government may
return to pr. ately funded R&D.
actively s ape 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-.
ler: A Final Report (Washington, D.C.: National Science Foundation,
1983); and D. M. Levy and N. E. Terieckyj, "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).
O
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Table 4 shows how drastically federal R&D funding is skewed among
for the
industries. The government provides almost half of the R&D funding of the

aircraft industry and only 8 percent of the R&D expenditures

fabricated maals industry. Figure 14 illustrates this point from 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-,
percent.
tions) and machinery (primarily computers) account for almost 30 all
other
The residual--less than 20 percent in 1981--is distributed among
Moreover,'
a
industries, from transportation equipment to steel to textiles.
particularly
in
defense
industries,
relatively small number of large firms,
receive the bulk of the federal R&D resources that are channelled to the
described in Table 4 and
private sector. Discrepancies of the magnitude
facto
industrial
policy--that is,
Figure 14 suggest the extent to which a de
othersis
embedgovernment programs that benefit some sectors and not
pattern may be
R&D
funding,
even
though
this
ded in the pattern of federal
dictated by other concerns, such as national security.
R&D Intensity and the Balance of High-Tech Trade
funding
The results discussed above are based on the intensity of R&D
Besides
the
is somewhat incomplete.

within an industry, a measure that
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
benefit signifilittle R&D on their own. Nevertheless, such industries can
whose
new product
cantly from the R&D carried out by equipment suppliers,
purchase such
innovations
for
industries
that
innovations serve as process
innovations generated by
equipment. /?ri industry that relies heavily on
be
technologically
progressive regardless
other sectors of the economy can
the concept of
of its internal !eve: of R&D funding. This section applies
R&D
expenditures
to
total R&D intensity, which relates direct and indirect
competitotal shipments, to supplement the overall analysis of international
and
tiveness, to assess the competitiveness of technology-intensive sectors
in
R&D
increases
to suggest some reservations about industry-specific
funding.

The simplest means of calculating 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
of
Commerce has used this appriach to develop a comprehensive measure
Table
5,
which
R&D intensity, and the results of its study are shown in
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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)

Industry

1960

1970

Corporate Government

Corporate Government

1.981

.

Corporate Government

b/

b/

10.3

12.4

9.5

8.0

0.6

2.2

b/

b!

7.0
b/

Machinery

2.7

7.7
0.1
1.6

2.9

Drugs

4.1
4.7

3.4

0.6

4.6

b/
0.6

b/
3/
0.8
7.2
0.7

b/
b/

bit

10.1

1.6

5/

2.3

0.2

3.5
3.4

0.4
3.9

3.5
4.2

1.7

0.6

b/

0.3
2.6
b/

2.8
4.7
0.9

0.7

0.5

1.9

3.6
6.7

0.1

0.6

0.1

1.1

0.1

1.3

0.9

0.1

0.7

0.1
0.5

b/
0.8

b/

b/
0.9
b/
0.6

Aircraft and Parts ./
Scientific Measuring
Equipment

Office and computing
machinery

Other machinery

.

b/
b/

Chemicals

3.7

Electrical Equipment
Rubber Products
Motor Vehicles and Other
Transportation Equipment
Other Instruments
Petroleum Refining

3.7

2.4
4.4
1.0

0.7

Fabricated Metal Products
Nonferrous Metals
Paper, etc.
Lumber, etc.
Textiles and Apparel
Ferrous Metals

1.0
0.9

0.5
0.2

0.7

.....

0.5
0.4
0.6

0.1
0.2

1.4

.......,.1.

2.1
0.1

....

- --

b/

b/
0.7.

SOURCE: National Science Foundation..
a.

CBO estimate from NSF data on product field.

b.

Not available.

5J

1.1

b/
Pb ..

b/
0.2

Figure 14.

Federal R&D Funding

by Industry for 1957,
1969, and 1981
1957

Machinery (3.1%)

Electrical Equipment
(28 3%)

1969

Machinery (4.5%)

1981

I

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

and Spacecraft
Communications Equipment
and Electronic Components
Aircraft and Parts
Office Computing and
Accounting Machinery
Ordnance and Accessories

63.9

48.8

Drugs and Medicines
Industrial Inorganic
Chemicals
Professional and

Industry
Guided Missiles

Scientific Instruments
Engines, Turbines,

and Parts
Plastic Materials, etc.
Agricultural Chemicals
Motor Vehicles
and Equipment
Electrical Transmission
and. Distribution Equipment
Apparata
Farm Machinery and
Equipment
Rubber and Miscellaneous
Plastic Products

Intensity a/

Intensity b/

1t 8cD Intensity

Direct

Total

1

1

r

16.0
15.4

12.0
11.8

2
3

4

13.6
13.6

4

5

5

2

08.4

09.5
12.2
07.1

6

6

08.2

05.1

7

05.7

04.3

8

8

05.5
05.4
04.2

04.1
03.9
02.5

9

9

10

10

11

12

04.1

02.2\

12

14

03.6
03.5

02.3
02.6

13

13

14

11

03.2

02.0

\J5

15

02.7

01.0

16

\

\

23

(Continued)
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TABLE 5.

(Continued)

Total R&D

Direct R&D

02.6
02.6

01.5
01.3

17

16

18

19

02.4

01.1

19

22

02.4
02.2
02.1

01.5
00.3
01.5

20

18

21

29

22

17

02.0
01.6
01.6
01.4

01.2
00.6
01.1
00.9

23

20

24

25

25

21

26

24

01.3
00.9

00.5
00.2

27

27

28

30

00.8

00.5

29

26

00.5

00.3

30

28

Industry

Other Electrical Equipment and Supplies
Fabricated Metal Products
Other Transportation
Equipment
Construction, Mining,
Material Handling Equipment
Textile Mill Products
Metalworking Machinery
Other Mechanical,
Excluding Electrical
Stone, Clay, and Glass
All Other Manufacturing
Other Chemicals
Nonferrous Metals
and Products
Food and Kindred Products
Petroleum Refining
Products
Ferrous Metals and
Products

Intensity a/

Intensity b/

b.

Total

Direct

5

That
Lester A. Davis, "New Definitions of 'High-Tech' Reveals
America,
U.S. Competitiveness Has Been Declining," Business
October 18,1982, p. 20.
embodied in
Direct expenditures for R&D plus R&D expenditures
purchased inputs as a percent of total sales.
R&D expenditures by the direct producer as a percent of total sales.

SOURCE:

a.

Ranking by
R&D Intensity

41

56

describes industries' total and direct R&D intensity .and ranks them accordingly. 2/
Table 5 shows, first of all, that the ranking of industries by direct
R&D intensity is not greatly affected by the irzclusion 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 undergo a shift of more than two places: ordnance
(+3), electrical industrial apparata (-3), rubber and miscellaneous plastic
products (+7), the residual category for transportation equipment, excluding
aircraft and motor vehicles (+3), textile mill products (+,:q, 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 manufacturing 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

are those with a high degree of government funding.
Measure.:: by total .R&D intensity, all of the top five industries receive

R&D int---;414:y

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 component 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 manufacturing industries, which are gradually sinking into a lowtech 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. \1l, (August, 1982),
pp. 227-245.
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as
In terms of internatior:al competitiveness, using total R&D intensity
suggested
a measure does not significantly alter the conclusions that were total R&D
by using direct R&D intensity. The linear correlation between
intensity in 1977-1979 and the U.S. share of world exports in 1980 is .76,
compared with .83 for direct R&D intensity.

intenMore interestingly, however, investigations based on total R&D
based
on a
sity indicate that, although the evolving pattern of U.S. trade.isbe competiU.S. comparative advantage in high-tech products, there may

tive problems in both high-tech and low-tech sectors. 10/ 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
is the last
average intensity. On those grounds, "plastic materials, etc."
more than
is
R&D intensity
element in the high-tech set; its total
R&D-intensive
sector
(agricultural
25 percent greater than the next most
chemicals)--a much greater difference than is found after this break. In the
percent
late 1970s, the ten industries above that line accounted for over 50share
of
U.S.
manufacturing,
although
their
of the total R&D embodied in
shipments value was only 13 percent.

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

Year

HIGH TECHNOLOGY SHARE OF U.S. MANUFACTURING

SHIPMENTS AND EXPORTS, EXPORT SURPLUS SHARE OF
EXPORTS, AND IMPORT SHARE OF APPARENT CONSUMPTION, 1974-1981 (In percents) _41

High Technology Manufacturing
Export Surplus Import Share
Share of Total
of Apparent
as a Share
Manufacturing
Consumption b/
of Exports
Imports
Exports
Shipments
13.2
12.5
12.5
12.4
12.8
13.3
14.2
13.9

1974
1975
1976
1977
1978
1979
1980
1981

SOURCE:

29.3
28.3
28.9
29.3
30.3
30.0
31.5
32.2

13.0
14.0
16.2
15.8
16.5
16.3
17.5
18.8

55.8
59.6
49.8
45.7
42.0
47.7
50.3
45.0

8.3
8.0
9.5
9.5
10.9
10.5
11.2
11.9

Lester A. Davis, "New Definition of 'High-Tech' Reveals That
U. S. Competitiveness in This Area Has Been Declining," Business America, October 18,1982, p. 22.

a-

Based on trade data reported on a Standard Industrial Classification

b.

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

basis rather than a Standard International Trade Classification basis.

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

It is 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 prov,ide 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 spending provide another means for
evaluating the adequacy of the U.S. R&D effort. IL/
Figure 15 describes 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
this
those in other countries. Care should be taken in reading too much into U.S.

fact, however, since it largely stems from the greater size of the
Moreover, absolute comparisons of this type are inevitably
economy.
as well as by the general caveats
affect' by exchange rate fluctuations
Nevertheless,
the data presented in this
that Lite to R&D statistics.
figure are still 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
of R&D
the U.S. economy is irrelevant, so that higher absolute levels
spending represent an advantage for the U.S. economy. At the same time,
that
however, the discrepancy has narrowed during the postwar period, so from
expenditures
by
these
countries
has
fallen
the U.S. share of all R&D
,

82 percent in 1965 to 65 percent in 1980.

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 percentGNP of the same five countries
age share of R&D expenditures in the picture
emerges. In particular, the
portrayed in Figure 15. A very different
disappears.
The data indicate that
U.S. advantage narrows greatly or even
States have all
United
Kingdom,
and
the
United
West Germany,' the
(roughly
2.3
percent)
of
GNP
to research
committed about the same share
and development activities over the past decade. Japan and France have
historically tended to spend a somewhat smaller share of GNP on R&D.

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

The Congressional Research Service regula-rly reports on international
"U.S.
trends in R&D spending. See, for example, W.C. Boesman, Some
Civilian and Defense Research and Development Funding:
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
Billions of 1972 Dollars
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Figure 16.

R&D as a Percent of GNP in Selected Countries, 1961-1980
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t

It'

1973

1975

t

1

1977

1

I

1979

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
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

must be careful not to read too much into these trends.

smaller economy and still generate a greater stream of scientific and

technical discoveries--both absolutely and relatively. Moreover, compariof R&D inputs
sons of this type are relevant only insofar as the price
The
share of GNP
countries.
relative to other goods is the same across
of
its
status
as a proxy for
devoted to R&D may be most significant in terms
scientific
and
technical
skills in the
other variables--the general level of
itself,
however,
aggregate
R&D
In
and
of
labor force, for instance.
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. i2./ It 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 competitiveness 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. Leonard, "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
Percent
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Figure 18.

U.S. Trade in Licenses
and Fees, 1967-1982a

1. 0.8
0.6

SOURCE: M.L. Kroner, "U.S. Investment
Transactions in Royalties and Fees,"

U.S. i.....nartment of Commerce, Survey of Current Business (January,
1982) and Survey of Current Business (various issues).

a 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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6

1977

1979

1981

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

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

technologies by U.S. firms.

13.

The data presented in Figure 18 are merely indicative; a more comprehensive analysis of this issue would require some discussion of probF. Teplin, "U.S.
lems in the data and their applicability. See M.Their
Relationship
and
Fees:
International Transactions in Royalties
to

14.

the Transfer of Technology," U.S. Department of Commerce,
"U.S.

Survey of Current Business (December 1973); and M. I.. Kroner,
International Transactions in Royalties and Fees, 1967-78," Survey of
Current Business (January, 1980).
Measures of productivity improvement show faster growth outside the
United States for most of the post-war period. In the steel industry,
produce a ton
for instance, the Japanese required over 35 manhours to 1980,
this had
of cold-toiled sheet in 1958, versus 11.6 in the U.S. By
U.S.
the
Japanese
and
7.2
for
the.
been redu.:ed to 5.8 manhours for
Upheaval
in
a
Basic
Schorsch,
Steel:
See D.F. Barnett and L.
Industry (Cambridge: Ballinger, 1983), p. 119.
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Insofar as the United States has failed to boost its imports

of

technology, its technological base has been largely defined by the R&D
undertaken domestically. Countries that seek out foreign technologies in
effect supplement their own R&D activities by drawing on the innovations
produced by R&D carried out elsewhere. If other countries are more active
acquirers of foreign technologies than the U.S., they probably can maintain
a given rate of technological progress with a lower investment in R&D. 1.2/

Finally, a comparison of Figure 18 with Tables 3 and 6 suggests that
the volume of sale of tic.,F-nses to unaffiliated subsidiaries is increasing at the
markets is deterisame time that U.3, .c:-.;rri:.:-etitiveness in many productbetween
R&D and
con-ipa.:':ari
highlights
the
distinction
orating. This
innovation. While increa.i:ect. a&D might raise U.S. sales of new technologies
(through licenses and so fc,,th), it would not necessarily boost the competitiveness of U.S. products if other countries are more aggressive in transforming such R&D into new products and processes that are widely diffused
throughout their economies.

15.

This argument is made very forcefully in Raymond Vernon, "Gone Are
the Cash Cows of Yesteryear," Harvard Business Review (NovemberDecember, 1980), pp. 150-155.
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CHAPTER IV.

CURRENT TRENDS IN R&D SPENDING

Direct funding is the most visible and arguably the most crucial form
of govern:nent R&D suppo:t. 1/ It is also the form over which the Congress

has the -cost immediate co.,::rol. This chapter presents an overview of
current t- 7nds 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. Ln
addition, it discusses alternative approaches to constructing federal R&D
budgets, based on the type of work carried out rather than the source of
funding. A companion CBO report presents a detailed evaluation of the
R&D programs in the Administration's bueget request for fiscal year
1985.../ Rather than duplicate the material presented there, this chapter
concentrates on the pattern of R&D spending between 1980 and 1984. For
1984, budget data are presented for both the original Administration request
and the estimated funding levels authorized by the Congress.
OVERVIEW

The Administration bases its R&D policy on the public goods and

pipeline rationales discui-sed 'n Chapter II: government funding should focus
on public goods, especially defense, and on activities that the market is
unlikely to support, especially basic ;re-search, leaving applied research and
,

development to the private

One of the major trends in recent

"vector.

civilian R&D budgets, therefore, is a fairly sharp shift away from development and toward basic research. Moreover, civilian R&D funding has not
been exempt from the general budgetary pressures on nondefense activities,

1.

Other forms of government support of R&D and innovation are
discussed in Chapter V.

2.

Congressional Budget Office, Research and Develo ment in the Proposed Fiscal Year 1985 Budget (March 1984).
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scrutiny. 2/ In
so that civilian -R&D support has been subject to closeeffort.
Defenseaddition, defense increasingly dominates the federal R&D
R&D
spending
related R&D accounts for almost 79 percent of total federal
1985--the
highest
defense
share
since
in the budget request for fiscal year
1962.

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

its real R&D
Since the late 1970s, the private sector has boosted
Greater
private
norm.
expenditures at a rate exceeding the postwar macroeconomic
policy,
so
commitment to R&D predates recent changes in
increased
that its underlying causes probably stern from such factors as

of R&D
international competition and greater recognition of the, importance R&D
is
for
for dynamic competitiveness. Increased business support
civilian
applied
particularly important in light of reduced federal support for
research and development.
Table 7 presents total R&D budgets for fiscal years 1980, 1982, and
1984 refers to the Administra1984. The first set of columns relating to
the
Congress\,in
January 1983, while the
tion's budget request, presented to
the
funding
levels
authorized by the
second set of columns refers to
whether
Congress. The data presented in Table 7 are divided according toThe table
applications.
the R&D is oriented toward defense or nondefense
applied, and development
also

3.

describes the percent shares of basic,

An Entitlement,"
See, for instance, G. Keyworth, "Federal R&D: Not
Keyworth
is Science
18,
1983),
p.
801.
Science, vol. 219 (February
Science
and
of the Office of
Adviser to the Preident and Director
Technology Policy; and G.J. Knezo, Science Policy and Funding in the
Issue Brief
Reagan Administration, Congressional Research Service
No. IB82108 (updated January 6,1984).
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TABLE 7.

CATEGORY, FISCAL YEARS
NOMINAL AND REAL PATTERNS OF R&D SPENDING BY TYPE AND
in
budget
authority
and
percents)
1980, 1982, AND 1984 (In billions of dollars
1982

1980 _4/

Type and

Category

All R&D
Basic

Applied
Development

Total
Defense .C.1/

Basic

Applied
Development

Total
Nondefense
Basic

Applied.
Development

Total

Current
Dollars

1982

Percent Current

'Dollars

Percent Current

5.5
8.1
23.5

31.6

37.1

0.6
1.9
12.5

0.6
2.2
14.7

14.9

17.6

1982

Percent Current

1982

Percent

Dollars Share

Share

Dollars

Share

Dollars

Dollars

Share

Dollars

14.9
21.8
63.2

5.4
7.4
23.3

15.1

6..6

6.1

14.5

20.5
64.5,

8.0

7.3

17.5 /

7.7,

18.9

31.2

28.7

68.11

---I

45.8

42.1

26.6
40.9

65.0

36.1

7.2
8.4
29.0
44.5

3.Z

0.8
2.6

2.7

25.9

2.9
9.6
87.5
65.8

.

4.7
6.9
20.0

1984 Si

1984 b/

a/

12.7

0.7
2.4

11.10

83.7

18.9

85.8

0.9
2.9
28.2

47.3

22.1

61'.1

32.0

29.4

5.7

5.3
4.7
2.7

3.7

6.6

16.1

9.0
88.3
69.8

0.8
2.8

0.8
2.6

25.6

23.5

29.3

26.9

41.5
37.0
21.5

6.3
5.6
3.3

.5.1
3.1

41.6
36.6
21.9

30.2

15.2

14.0

34.2

/

4.2
5.0
7.5

4.9
5.9
8.8

16.6

19.5

1

25.1
30.1
44.9

4.7
5.0
4.4

33.7
35.3
31.0

5.1

3.0

,

i

/

52.7

14.1

38.9

13.8

12.7

/

5-.8

and Budget.
SOURCE: ,Congressional Budget Office from data pro ided by the Office of Management
a.
b.
c.
d.

Actual.
Budget request.
Estimate (after Congressional action).
in the Department of Energy.
Comprises R&D spending by Department of Defen e and military programs

activities \in total funding as well as real spending levels in 1982 dollars,
using CBO timates of the GNP implicit price deflator. 4/
As can be seen from Table 7, the pattern of R&D funding is shaped by
the same pressures that mold the overall federal 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 Administration. Subsequent budgets have increasingly favored R&D spending, so :hat
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 marVet-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 II. 2/ 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 inflation is not an exact science, and this
caveat obviously applies with even greater force to projected rates of
As was pointed out in Chapter II, the deflator used
inflation.
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.

5.

See G. Keyworth, "Federal R&D and Industrial Policy," Science,
vol. 220 (June 10, 1983), pp. 1122-25.
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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 authorized smaller 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 defenserelated 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 weaponry. Of all the major government agencies that fund significant amounts
of R&D, .§./ DoD spends by far the smallest proportion on basic and applied
research. Moreover, the predomlnance 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 compensated for the defensebased 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 defense 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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for all 1984 basic
provided even more funding. The current estimate
increase
of 19 percent
real
research funding is $7.2 billion, representing a basic
research
also has been
compared with 1980. Real funding for civilian
1983 to 1984,
increased 19 percent over the same period and 8 percent from 1980 and an
in
of $4.2 billion
reflecting current-dollar funding levels
1983
and
$6.3
billion
in 1984. The only agency that
estimated $5.6 billion in
funding
for basic research has
showed a significant decrease in requested
in NASA's total R&D
been NASA, although the share of basic research shift in NASA funding is
budget showed a significant increase. This reported reallocation of shuttle
the above-mentioned
misleading, however, because of
expenditures from R&D to operations.
R&D SPENDING BY AGENCY

embedded in the
Federal spending for research and development is
so that an R&D
separate budgets of numerous departThents and agencies,
provided
by many governbudget must be constructed from the information
agencies
are
organized
in terms
ment agencies. The budgets of most federal
only
one
part.
are
of mission-oriented programs, of which R&D activities
National
Aeronautics
and
The National Science Foundation (NSF) and the government agencies that
major
Space Administration (NASA) are the onlyprimary
mission.' The NSF is also
researat-and
development
as
their
support
R&D budget- compiles
a
consolidated
one of two goVernment agencies that
The
and
Budget
(OMB).
the other being the Office of Management Science (AAAS) also preparesA.
American Association for the Advancement of
the most comprehensive and
a federal R&D budget that is, in many ways,
R&D
budget, however, it is based
sophisticated of the three. Like the NSF
7../
on material provided to OMB by the various government agencies.
culled from many separate
The fact that total R&D spending mus3 be
into the specification of
agency budgets introduces some arbitrariness their own judgments about
federal R&D support. Individual agencies make
7.

proposed federal R&D
Each March, AAAS publishes a compilation of
These
reports
contain detailed
funding for the next fiscal year.
compilation of
evaluations of trends in agency R&D funding. OMB's
Analysis K" accom -.
presented
in
"Special
R&D funding is currently
In addition, the
panying the President's annual budget submission.
throughout the
Congressional Research Service tracks R&D spending
Research
Service,
budget process; see, f6r example,. Congressional
Departments
in Major
Federal Funding for Research and Development
Number 1B83057 (updated
Year
1984,
Issue
Brief
and Agencies, Fiscal
January 6, 1984).
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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 bask: research budget of the Environmental Protection
Agency (EPA), which increased from $11 million in fiscal year 1981 to

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 commercial 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 government supports.

__$33 million in

As one would expect considering the recent volatility in the federal
subject to very diverse
budget as a whole, agency R&D budgets have
pressures and trends since 1980. Overall, the pattern of agency R&D
funding reflects the general trends discussed in the preceding section. ,Score
agencies (Defense, Transportation and the National Science Foundatidn,)
have experienced healthy increases in their R&D budgets, even in real.
terms. These agencies carry out R&D activities for which, in the Administration's eyes, the government should be responsible. Other agencies \
(Agriculture and Health and Human Services) have shown nominal gains but
R&D spending at the Department of Energy has been
real declines.
approximately stable in current dollar terms, reflecting a significant declinein 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 030'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 hand.
across-the-board increases, so that DoD now spends .some $27 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 (11 percent);

o

Advanced technology development (5 percent);

o

Strategic programs (29 percent);
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o

Tactical programs (29 percent);

o

Intelligence and communications (12 percent);

o

Program management and support (12 percent); and

o

Other (2 percent).

Between 1980 and 1984, the categories that enjoyed the most significant 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 (B1 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. §./ Funding for tactical programs, by contrast, has grown more
slowly --51 percent since 1980. The technology base category has grown the
least--34 percent 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
been
category. In recent years technology-base programs have typically
below
the
cut
defense
spending
reduced when the Congress has sought to
levels requested by the Administration.
the DOT
Department of Transportation (DOT). About 55 percent ofdevoted
to
R&D 'budget (a toal of $0.45 billion for fiscal year 1984) is
(FAA)
activities,
and
FAA
R&D
far
outFederal Av,iation Administration
weighs the R&D sponsored by other DOT departments. Higher R&D funding
underlies
for FAA programs is based on the same public -goods rationale thatdevoted
to
Most
of
the
FAA
R&D
is
federal defense-related R&D support.
these
costs
are
traffic
control
systems,
and
the development of improved air
eventually recouped through a trust fund supported by ,fees and taxes on the
users of FAA services.
billion in fiscal
National Science Foundation. NSF R&D funding ($1.2
(over
95 percent)
year 1984 budget authority) is devoted almost exclusively
Although
real
to the support, of basic research in academic institutions. Administration,
spending for NSF was cut in the first years of the current

NSF's budget now seems relatively secure, at least in the aggregate.

See R.J. Smith, "The Search for a Nuclear Sanctuary," a two-part
1983),
article published in Science, vol. 221 (July 1, 1983 and July 8,
pp. 30-32 and pp. 133-38.
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Nevertheless, the volatile pattern of NSF funding since 1980 may 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 Healtn 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 1 percent of
HHS R&D. The Administration's 1984 request 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 healthrelated 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.
As is 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 is still 2 percent below the 1980 level
in real tern: 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

Department of Agriculture.

have made them less 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 tc02.9 billion in
1984 (up from an original Administration request bf $2.5 billion). This is a
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reallocation of space shuttle
statistical artifact, reflecting the partial
Before the fiscal year 1984 budget
funding from R&D to operations.

NASA's total budget
request, all NASA funding was treated as R&D. Since
obligations,
this should
request for fiscal year 1984 called for $6.7 billion in
in
1980,
suggesting
billion
be compared with total NASA obligations of $5.8
the
of
shuttle
funding
reflects
a real decline of 10 percent. The reallocation
privatize
many
Administration's desire to commercialize and potentially commitment,
aspects of the shuttle program. Without another major 1985 budget,
possibly the manned space station proposed in the fiscal year
NASA R&D funding will tend to decrease.
the
Since at least the late 1970s, shuttle activities havetheprovided
shuttle
has
to
impetus for the NASA budget. The high priority given Landsat
(which has
other
programs,
such
as
reduced the funds available for
exploration.
been transferred to the Department of Commerce), planetary
has abated somewhP
and aeronautics R&D. The pressure on these programs
projects
are now being:,
since the shuttle has become operational, and new efforts to cut civilianfunded on a limited scale. Moreover, despite earlier supports it. 2/ As with
oriented aeronautical R&D, the Administration now
may reflect the
agricultural programs, the favored treatment of aeronautics
dating
to
NASA's
predecesfact that these programs have a long tradition, Aeronautics.
sor agency, the National Advisory Committee on
R&D have been at
Department of Energy. The largest cuts in civilian
1984
budget request for
the Department of Energy (DOE). The fiscal year which was for civilian
$4.7
billion,
$3.3
billion
of
DOE R&D amounted to
funding for many
activities. The Congress, as it has in past years, restored
sources) while
civilian energy technologies (such as solar and fossil,energy
the
Administration
providing less funding for nuclear technologies than when the Congress
requested. This pattern was particularly evident in 1984,
Nevertheless,
eliminated funding for the Clinch River Breeder Reactor.
Administration's
budget
overall funding for DOE R&D has reflected the
civilian
developand
reductions
in
priorities: increased defense spending
ment.
perCompared with 1980, the overall DOE R&D bt.ilget has fallen 21 To
a
has dropped 36 percent.
cent in real terms, while real civilian R&DAdministration's
unwillingness
to
large extent, these trends stem from the
requests have included
support commercially oriented R&D, so that budget
9.

and Technology
Executive Office of the President, Office of Science
Policy
(November
Policy, Aeronautical Research and Technology
1982).
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major cuts in civilian development funding (down 70 percent in real terms),
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 example 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 commitments 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 Vir 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 Commerce 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 that
estimated 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 Environmental Protection'Agency. For 1984, R&D funding at the Department of
Interior amounts to $388 million (compared with a 1984 request of $334 million), 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 level 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.
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
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criteria, especially in
federal spending patterns according to alternative
(the
output)
rather than the
terms of the character of the work performed
funding
within the
of
source of funding (the input). In principle, the source
R&D,
although
different
government is irrelevant to the economic impact of
this
principle
in
practice.
managerial practices may distort
Federal Funding of Scientific Disciplines
R&D budget
For basic (and some applied) research, an output-oriented
science. The National Science Foundation maintains

is based on thefield of
field, largely
records of federal research spending in terms of scientific is organized
because its principal constituency, the academic community,
Once\ R&D has reached the development stage, it
along these lines.
of disciplines.
typically combines the skills and insights of a variety
commercial
reasons
Moreover, development is characteristically funded for
For
academic
community.
and carried out by industry rather than by the development funding (and
these reasons, it is impossible to disaggregate
lines of academic
even some ipplied research) along the charactelistic
departments or scientific disciplines.
by field
Figure 19 shows the pattern of current-dollar research funding
The
shares
shown
in
of science for the fiscal year 1984 budge't' request. time, as has the overall
these graphs have remained relatively constant over
presented in Table 8. Since
level of.real spending. Data confirming this are psychology)
has increased its
the mid-1960s, biomedical research (including Mathematics and computer
share, largely at the expense of engineering.
share has fallen.
sciences have also gained, while the social science

fairly consistent on a
The distribution of funding has also remained
second
part of Table 8. The
more disaggregated level, as is -shown in the
funding,
however, is a
most significant trend in current field-of-science
physics), reflecting their imporreemphasis of the "hard" sciences (such as sciences have been cut sharply
tance for defense. Social and environmental
funding.
since 1980, both in real terms and as a percent of field-of-science
the
distribusciences,
Even within the hard-science category of the physical
1980
than
in
the
preceding
tion of funding has shifted more sharply since
of the total in 1967, 59 percent in
15 years. Physics received 58 percent
Chemistry's share, which held
1980, and a requested 65 percent in 1984.
percent), is projected to
roughly constant from 1967 (24 percent) to 1980 (23
fall to 17 percent in fiscal year 1984.
buttress the
Although the data for fiscal year 1984 are estimated, they reorientaspending
is
currently
undergoing
a
observation that federal ,R&D
Moreover, they reflect the
tion that is signifi,_.;nt by historical standards.
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other

1.ire 19.

(2.5%)

:ederal-Funding by

=i0 of Science,

'

1984

\\

\\\\

\\,\.Engineering

TOTAL

\\\
Mathematics and Computers

Environments

(3.3%) .

Sciences

(8.1%)

Social Sciences

(2.9%)

Physical Sciences

Social Science
Anthropology
(4.8%)

Political Science
(1.6%)

SOURCE: National Science Foundation.
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32-924 0' - 84 - 6

RESEARCH FUNDING, BY
TABLE 8. FEDERAL BASIC AND APPLIED
CALENDAR
YEARS 1967, 1980, AND
FIELD OF SCIENCE FOR

1984 (In percent shares and total funding in current and 1981

dollars)
1967, a

Field

1984 b/

1980 a/
Major Fields

Biology, Medicine, Psychology
Physical Sciences
Mathematics and Computer Sciences
Environmental Sciences
Social Sciences
Engineering
Other

Total

31.4
20.3
2.8
8.2
4.1
30.8

37.9
17.3
2.1
10.9

2.5

24:4
3.0

100.0

100.0

4.6

11.6
12.7

Addendum: Total Dollar Funding
In billions of current dollars
In billions of 1981 dollars

11.5

21.7
3.3
8.1
2.9
23.8

2.5
100.0

14.7.
12.6

Selected Fields
Physical Sciences
Physics
Chemistry
Astronomy
Other

Total

58.2

59.1

65.4
16.6
10:6

4.9

22.7
14.3
3.9

100.0

100.0

100.0

0.9
2.3

2.0
2.2

3.2
2.7

24.1
12.8

Addendum: Total Dollar Funding
In billions of current dollars
In billions of 1981 dollars

7.3

(Continued)

SOURCE: National Science Foundation.
NOTE: Percent shares may not add to 100 percent because of rounding..
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TABLE 8.

(Continued)

1980

.1967 a/

Field

I.

1984

b/

Selected Fields
Social Sciences

25.4
5.8
--32.3

Sociolof;v

Anthrogy

39.813.7

4.6

-2.3

1.6

44.0

40.5

100.0

100.0

100.0

0.2
0.5

0.5
0.6

0.4
0.4

38.8
18.5
8.5
8.0
3.0
23.1

35.7
18.3
8.3
7.3
5.6
24.7

33.1
19.6
10.3
5.8
5.0
26.1

100.0

100.0

100.0

In billions of current dollars

1.4

2.8
3.1

3.5
3.0

In billions of 1981 dollars

3.5

1,litical Science
.

36.9
13.6
3.3

36.5-

Eccnomics

Other
Total

Addendum: Total Dollar Funding
In billions of curren;' dollars

In billions of 1981 dollars

;

Engineering

Aerospace
Electrical

Materials

Mechanical
Civil

Other
Total

Addendum: Total Dollar Funding

a.

Actual.

13,.

Estimated.
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reerpphasis of defense that is evident in the agency-specific depiction of the

federal R&D budget. When contrasted with the more stable historical
patterns, current field-of-science data also illustrate the uncertainty about

future budgets that ha.- concerned some members of the research community.
Federal Funding of Specific Technologies

Field-of-science funding ccncerns research, especially basic research,
and there is no assurance that incre7.i.icd basic research leads automatically

Innovation depends more critically on applied
research and development and the subsequent diffusion of technical knowledge, for which the relevant outputs are technologies rather than scientific
A number of: agencies typically Provide fends for any given
fields.
vious example, is
technology. R&D in advanced electronics, the most
Defense,
Energy, NASA,
agencies:
funded as part of the mission of several
the Nationai Bureau of Standards, and so on. A technology-based R&D
budget is therefore the developmental 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.
Unforts.!:Aely, no comprehensive, technology-based evaluation of the
federal R&D budget is available; in itself, this fact suggests that the
for
government as a whole has not sought to proMote technological progress
is
almost
universally
innovation
its own sake. By default, technological
treated as a by-product of the mission-oriented activities of federal agento increased innovation.

,

cies.'

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

.The data presented in Table 9 should he used with some care. They
agencies concerned, and
are estimates provided by the budget offices of the
collects
or
maintains
data
on funding by techsince no agency regularly
nology, these data represent approximate figures, pieced together from
information collected in a different, more mission-oriented format. Most
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1%\i3LE 9. ESTIMATED FEDERAL FUNDING OF SPECIFIC

TECHNOLOGIES BY MAJOR R&D AGENCIES, FISCAL YEARS 1980 AND

1983 (In millions of current dollars) ii/

Total

National

Depart-

for

ment of

ment of

Listed

4ricultu7e

Enema

Agencies

Depart-

National

National

National

Aeronautics

Science

Bureau of

and Space

Institutes

Foundation

Standards

Administration

of Health

1983

1980

1983

1980

1983

1980

1980

1983

1983

1980

1980

1983

1983

1980

2.9

N/A

N/A

2.3

10.8

NA

0.0

N/A

NIA

2.6

NIA

2.7

N/A

3.1

N/A\

Hardware

3.2

0.0
0.0

0.0

Theory

0.0

N/A

2.2

N/A

2.0

N/A

6.2

N/A

L.,

3.5

3.6

4.9

N/A

0.0

N/A

0.0

0.0

0.0

N/A

0.0

N/A

N/A

0.0

N/A

13.7

N/A

6.2

0.0

Other

NA \
N/A \

N/A,

3.6

NIA

6.1

N/A

6.4

0.0

Software

8.4

5.9

18.6

78.0

85.01

0.0

8.3

113.7

149.'1

8.3

3.0

29.1

0.0

18.5

1.4

0.9

0.0

0.0

N/A

N/A

1.0

N/A

0.8

N/A

17.1

0.0

: 12,8

\ 0.0

Solid state

1.0

10.5

12.0

0.0

0.0

0.0

N/A

N/A

0.6

N/A

7.9

N/A

6.9

0.0

Metallurgy

4.0

0.0

0.0

'0.0

00

N/A

Ceramics,

7.6

N/A

0.3

1.7

N/A

4.5

N/A

3.6

10.9

10.0

0,0

0.0

0.0

N/A

NA

;,ornposite

0.6

N/A

0.1

N/A

N/A

0.0

NIA

0,0

0.0

0.0

0.0

0.0

0.0

N/A

N/A

NP

Other

0.0

N/A

51.3

0.0

45.4

30.4

26.9

0.0

0.0

0,0

96.0

196.9

232.2

1.8

4.3

120.2

80.8

0.0

68.7

1.0

3,2

0.0

0.0

N/A

N/A

N/A

N/A

N/A

3.2

N/A

0.0

0.2

0.8

0.0

0.0

N/A'

N/A

NIA

N/A

N/A

0.2

N/A

0.1

0.0

0.0

0.0

0.0

N/A

N/A

N/A

N/A

4,2

N/A

2.3

N/A

22.3

0.0

0.0

0.0

0.0

N/A

NA

N/A

N/A

0.0

NIA

0.0

N/A

60.2

2.2

4,0

0.0

0.0

8.7

193.1

477.0

599.7

7.6

283.0

2,4

10.3

100.8

0.0

0.0

170.0

498.0

20,2

32,9

0.0

580.3

2.0

231.9

0.9

0.0

47.4

echnology

.

Computer Science

Total
Materials Science

total
Engineering

Robotics

11.0

18.3

CAD/CAM 1.)/

Chemical and
process

16.0

Other

Total

Bioengineering

40.8

i

,

SOUR(1 Data provided by agency budget offices.
NOTE: N/A = not available.
a.

teiihnologies and, therefore, is not included
R&D funding according to specific
The Department of Defense is unable to break out its

in this table.
b.

NSF does not disaggregate these categories.
aided manufacturing.
CAD/CAM = computer aided design and' computer

significantly, the absence of data from the Department of Defense seriously
compromises the analytical usefulness of Table 9. The enormous size of the
DoD -R&D budget cornplir:ates any effort to disaggregate it in novel ways
and thus prohibits the inclusion of information, on EoD funding of specific
technologies. DoD funds for R6cD 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 budgets of the
agencies included in Table 9.

Because of these limitations, the data presented in Table 9 are

illustrative rather than comprehensive. Nevertheless, they suggest several
points that can be made about the pattern of federal support or specific
technologies and about the prospects for developing a technology-based
R&D budget.

First, a technology-based approach to constructing ar. R&D budget
must confront the problem of applying consistent definitions of the technologies 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 more difficult
than allocating funds according to the standard paradigm of basic research,
applied research, and development. Since no agency collects technologybased data, however, technology definitions are not standardized. Moreover, 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
Unfortunately, no
by field of science is relatively easy to collect.
problem
of identifying
corresponding institutional pattern simplifies the
spending programs by technology.

Second, the difficulty of tracking techriology-based spending patterns

duplicated effo:.t in
suggests that there may be a substantial amount
federal programs. At the very least, there is no institutional mecha'nism for
avoiding interagency duplication. Safeguz is 'gainst duplication are in-

formal, and in some'instances rely on contractors--whether in-industrY or in
the academic community--to stay abreast of ongoing 1.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 pattern of the R&D support they provide to
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industry, and the same 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
Rum eau, whose mission revolves around measurement issues, is the govern-

ment institution with the broadest responsibility for supporting civilian
technology (although this responsibiFty 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 from an R&D agency with a more
specific mission, such 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 materials R&D--namely, that relevant to aerospace techted to a far greater extent than other t, es. The NASA
nologies--is
metallurgy R&D budget, for instance, is almost 20 times as_great as the NBS
metallurgy budget, so that the governm-,nt funds R&D in the exotic alloys
used in the aerospace industry to a far greter extc_nt than it funds R&D in
carbon steelmaking. This inerence, which can 1)e gieaned from Tabie 9,
federal R&D
corroborates in technology terms the industry ;.attern of
funding discussed in the preceding chapter.

RECENT TRENDS IN PRIVATE 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. While official data on private R&D spending a'e
eventually collected by NSF, the earliest estimates of private R&D spending
are published by the business press. Business Week estimates are presented
in Table 10.

It should be stressed at the outset that these data are not directly
comparable to the information presented in Chapter III. Business Week
industry defiAtions !ra similar but not identical to NSF definitions, coveryear and companies with several lines of
age may change frern. year
business (and the(efoi.e with R&D in ,veral areas) are assigned to the
their principal business activity. The data pre-.
industry that repre:e.
sented in Table li) s,-.ould, therefore, be viewed as indicative of trends in
private R&D support rather than as an extension of oi- substitute for NSF
data.
With tl-.es!.: caveat, in mind, Table 10 strongly suggests that private

firms are generally increasing their commitment to R&D. This trend. has
been largely istained even through the extremely severe recession of 1982,
although the data or, R&D int--,.risi/:y for 9:.;2 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 1979-1982

Industry

Aerospace
Automobiles
Chemicals
Drugs

Electrical
Electronics
Petroleum
Computers and Peripherals
Office Equipment
Instruments
Machinery
Nonferrous Metals
Semiconductors

Steel
Telecommunications
Textiles
Tire and Rubber

1979

1980

4.2

4. `.i.

3.2
2.3
4.8
2.8
2.5
0.4
6.1
4.2
3.9
1.6
0.5
5.7
0.6
1.0
0.6

4.0
2.4
4.9
2.8
2.9
0.4
6.3
4.3
4.2

1.7

1.8

1981

1982

4.8
3.7
2.5
5.3
2.9

5.1

3.1

0.5
6.4
5.0
4.6

4.0
2.9
6.0
2.8
5.3
0.5
6.8
5.1

0.6

5.2
2.6
1.2
7.8
0.7

i .0

1.2

1.3

0.5

0.4
2.0

0.6
2.3

1.6
0.9

6.0
0.6

1.9
1.1
7.1

SOURCE: Business Week, (July 7, 1980, July 6, 1981, July 5, 1982, and
June 20, 1983).

R&D spending levels were frequently set before the depth of the recession
became a7parent. Nevertheless, the private sector appears to be comi.litted
to increasing its R&D spending, pe.:laps because of the challenge of
heightened international competition. 1 a period when the government is
greater private fundir;,r is an
reducing its support for nonbasic
encouraging and much needed developmtnt. The next chapter discusses
current non ;pending policies designed to boost private R&D and innovation.
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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 the 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 attractr.e. Antitrust and patent policies can help lower
some of the barriers to private innovation and R&D. Government procurement provides a large market that can influence the development of
desirable technologies. In fact, few government actions - -from environmental 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 .:.re
probably beyond the reach of specific R&D policies. Expectations about
macroeconomic conditions and the intensity of competition (oi- rivalry)

within an industry may be the most significant determinants of its technological performance.1./ In a strong economy, firms have the funds --Id the
market prospects to justify increased commitments to R&D. Robust
markets may have a counteracting effect, however, since they lessen the
urgency to pur5'Je 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.
and monetary policies therefore have a significant impact on
private R&D. General tax policies affect corporate cash flow and thus the
funds available to fund R&D internal!,/. General investment 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 incentives for private R&D. Such indirect effects are rarely considered, but they
1.

Anecdotal evidence supporting this view can be found in a recent
Business Week article (December 12,1933, pp. 76-86) describing major
increases in R&D funding by the Allied Corporation. No ention is
made of increased governmental incentives among the L.. _.ors that
encouraged. Allied to reorient its corporate stra,r-gy toward R&D and
innovation.

7!

may be more crucial determinants of technological performance than
policies that explicitly target aid to R&D.

Compared with macroeconomic 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 firms to "expense" R&D costs, has been in
effect for 30 years. ZI According to estimates of the Congressional Joint
Committee 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
effects.
This chapter concentrates on tax incentives, since these, like direct
funding, have an immediate 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 help shape the incentives that govern privateFrom an
sector activities, including R&D investments and innovation.
R&D
comprises
e, gnomic perspective, R&D is an investmentthat is,
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 expenditures, definer.; as labor and materials costs. In effect, 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 equiphient 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 Economic
Recovery Tax Act of 1981 (ERTA), have increased the general attr:-.e:ive..ss of in, :tments in plant and equipment. Presumably, this should have a
2.

Expensing means that firms can deduct the full cost o`. qualified R&D
expenditures in the year that I '; expenditures arp made rather than
depreciating them over a ; :umher of years.
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positive effect on innovation. ERTA's impact on R&D, however, is
complicated by the fact that its general investment incentives dilut,- the

benefits of existing R&D incentives such as the expensing option. ERTA
a:so ri,:ludQs specific R&D incentives, especially an incremental R&D tax
credit, but the effects of such programs may not be great. Assessments of
how the tax system affects R&D and innovation must consider the interact:ion of a w de range of tax provisions rather than specific R&D incentives
alone.

General Tax Policies

Three basic arguments have been cited to support the view that
effective macroeconomic policies, of which tax programs are a "part,
encourage innovation:

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

Second, the increased investment in plant and equipment associated with economic growth typically implies that innovations are
diffused more rapidly throughout the economy, since new machinery is likely to embody improved technology. Thus, even if no
new R&D is undertaken, the fruits of pr,rivious R&D efforts may
becornr. :fore widespread.

o

Third; high rates of investment tend to encourage innovations in
capital- -goods industries by increasing the demand for machinery
and other equipment.

The first of these arguments hinges on the extent to which R&D is like
other in. estrnents in following GNP trends. R&D spending may be governed
`)y factors different from those that determine overall investment. Some
economists have suggested that R&D is so much riskier than other forms of
investment 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. 21 Alternatively, some believe that market downturns
3.

Studies of the 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

p;es'5ure on firms to reduce their costs and therefore to seek new
:,:ost-saying technological processes. This would !ead to an increase in
innovation, if not in R&D, when, the overall economy is stagnant or
declining. L+./

The historical relationship between private R&D spending and macroeconomic performance supports the former view. This is shown. in Figure 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)
Annual Percent Rate cf Change
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of GNP growth in the U. S. economy from 1956 to 1981. it should be pointed
out that this figure shows nothing about the mix of R&D or its effectiveslow GNP
ness. It does show that R&D spending has been strong despite predates
(This
break
with
past
patterns
growth since the late 1970s.
4.

This is one of the underlying argum.

f long-wave theorists of

economic growth. S se N. Kamrany and R. IThy, eds., Economic Issues
G.
of the Eighties (Bay. more, Md.: Johns Hopkins Press, 1979) and.
Mensch, Stalemate in Technology (Ballinger: Cambridge, 1979).
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that it must be ascribed to other factors, for

changes in the tax laws,

evidence
example, heightened international competition.) Nevertheless, the growth.
spending
is
positively
correlated
with
economic
suggests that
Policies that boost investment have inore specific effects on R&D and

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 industries. Two aspects of.the tax system are particularly relevant to investment
innovation

decisions:

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

The depreciation 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
eciiipment, thus encouraging more capital investments. A depreciation
it
'iedule with shorter write-off periods encourages investment becauseand
speeds the rate at which businesses can deduct expenditures on plant
equipment from taxable income and reduces the uncertainty connected with
forecasting long-term trends in markets and in technology. The benefits of
shorter as opposed to longer depreciation periods are greatly increased
during inflationary periods, since depreciation deductions 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 depreciis disputed,
ation increase investr- °rit. The magnitude of this effect
the
depreciation
than
to
be
more'
significant
although the ITC seer,Li
schedule. 2/

The Economic Recovery Tax Act (ERTA) of 1981 instituted major
changes in the nation's tax system. In regard to investment incentives,
ERTI\ic most important provision was the institution of an accelerated
capital recovery system (ACRS). Some 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
the implementation of significant
these two pieces of legislation was
incentives
relative to the pre-ERTA
increases in tax-based investment
5.

The controversy over the impact of tak incentives on investment and
R &D- is summarized at several points in National ScienceFoundation,
Tax Policy and Investment in Innovation: A Colloquium (1983).

A
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system. One would therefore expect these general changes in the tax laws
to have the positive effects on innovation that were cited earlier in this
section.

Nevertheless, a complete assessment of the R&D effects of ERTA/
TEFRA must be based on changes in the overall structure of tax incen:ives.
On these grounds, t:'e incentives for R&D may not have been greatly
increased by general tax reforms. To the extent that R&I) and other
forms of
investments are substitutes, ACRS increases the incentives for

investment and thus weakincentives that were in p

the relative importance of the R&D tax
prior to ERTA. While the scalc effect of

the substitution effect is negative. In other
words, relative to the pre-ER TA system, ACRS tends to increase investment, including expenditures for R&D plant and equipment. At the same
time, however, it also tends to -shift business spending toward investment
(for example, the purchase of a new piece of equipment) and away from
operating expenses (for instance, hiring more workers). Since Section 174
treats R&D labor and materials costs as operatinc expenses, the relative
ACRS on R&D may be posit:

impact of this inceritive on R&D is diminished by ACRS.

Moreover, the negative substitution effect is strengthened by the fact
that ACRS places R&D plant and equipment 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 a result, according to one estimate,
negative. The passage of
the net impact on R&D of the ACRS in ERTA
TEFRA, however, weakened the relative_disint,;:ntive effects of ACRS, so
that the net effect of ACRS on R&D investments now appears to be

positive. ..6g Regardless of these considerations, 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.
Sped: is Tax Incentives for Innovation

Until the recent changes in the tax laws, the major incentives that
specifically targeted R&D wr2re the following:

6.

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).

See J. Barth,
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Since 1954, firms have been aYe to choose between immediate

expensing of R&D costs, excluding capital equipment, and depi-e-

ciating those costs over five years. This option is based on
Section 174 of the Internal Revenue Code.

Since the 1930s, .irms have been ab;e to deduct contribu'tions to
nonprofit establishments for the conduct of scientific work.
o

Since 1954, income derived from patent, has seen taxed at
lower rate associated with capital gains rather than as ordinary

:1

income.

In addition, tax incentives [Dr small businesses are frequently ju-stified,on
the grounds that small businesses are particularly innovative, although there
_
is little evidence to support such a generalizaiion.
ERTA introduced several changes in the tax treatment of R&D:
o

R&D plant and equipment were plat -.4 in the shortest deprecia-

tion category, three lyea;s. As a result, they qualify for a
6 percent investment tax credit ra thee than the 10 percent
available for investments given a longer asset life. As mentioned above, the combination of these factors appears to have
produced a net disincentive for R&D investments under ERTA
and a net incentive under TEFRA.

o

The incentives for donating equipment to univers:cies were
Prior to ERTA, donating companies received a
increased.
deductio:i equal to the equipment's original production .cost.
Companies can now deduct the production cost plus one-half the
difference between production cost and the current market price
so long as they totai deduction does not excee(- twice the
production ct.;,t.'

o

Treasury regulation 1.861-8, which required firms to charge a
portion of R&D: costs against foreign income, was suspended.
This regulation, 'which was instituted in 1977, raised the effective tax rate of Multinational firtns and, some argued, encouraged the-transfer of R&D to foreign countries. JCI'estimates of

Treasury losses as a result of this suspension were $55 million for
fiscal year 1982; $120 million for fiscal year 1)83, and $60 mil-

oereaf ter, its expected effects are

lion for fiscal year 1984.
mini nal.

An incremental TAD tax credit was instituted.
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he most important ci these measures Ls the incremental R&D tax
credit, which amounts to 25 percent- of "qualified" R&D expenditures in
a preceding base period. Qualified expenditures
excess of expendivures
expensing
option of Section i74- -that is, capital
.vere defined as in the
Base-period
expenditures were defined on a
expenditures were excluded.
company-specific basis, and the base period itself varied from the last six
months of 1980 for expenditures in 1531 (when only R&D expenditures after
_tune 10 could qualify for the credit) to an average of the preceding three
1985, after which the incentive is
years for expenditures in 1983 to credit
for incremental R&D expendischeduled to expire. The 25_percent
base-period
expenditures
can never bebelow
tures is also subject to a cap;
the
year
for which the
expenditures
for
50 percent of the qualified

deduction is claimed. Finally, 65 per-Cent of R&D that is contracted out can
be treated as qualified expenditures. for the purpose of -Calculating the
credit.

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
would reward firms for
firms' behaviOr. Whereas a nonincremental credit
encourages
their existing level of R&D expenditures; an incremental credit
qua!ifies
for the
only
the
increase
..:ver
base
increased R&D funding, since
it
may
reward
firms
that
credit. Such. a program is not perfect, since
without
the
credit.
planner' to'-iincrease" their R&D expenditures even
an effort to
Nevertheless, the incremental tax credit does representwithout
causing
encourage greater R&D activities in the private sector
significant revenue losses -for the government.

concerns the,
The relevant issue in evaluating .the incremental credit
additional
R&D
relationship between the revenue losses it generates and the
that the
it encourages. The Joint Committee on Taxation has estimated
the
R&D
expensone-third
those
associated
with
revenue tosses are roughly
incre.e.ntal
R&D
tax
credit
ing option (Section 174). The estimates for the losses for years after the
:Shows some
are presented in Table 11, whichthe
overlap of fiscai and calendar year and
demise of the credit because of
the
the carryover of credits to ;9537 and 1988. Estimates of the benefits a-tend
the
additional
R&D
it
encourages
iticr,:mental R&D creditnamely,
losses. 7-One study, for in tance,
to be lower than the estimated Treasury
generated
by the incremental cre it lies
suggests that the additional ;R&D
.nd
$638
million
for 1983, compTed to
Somewhere between $227 million
estimated Treasury-losses of $645 million. In Addition, some portion of the
or
expenditures that qualify for the.credit may represent a redistribution
R&D,
further
rather
than
additional
redefinition of existing activities

diluting, the berefits of the program.

Finaiiy, analyses or similar ta:

incepti\ires in other countries suggest the same result: tax credits for

78

90

F.&D

BECAUSE OF THE
TABLE 11. ESTIMATED TAX REVENUES FOREGONE
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

305

30

335

.1987

65

5

70

1988

25

SOURCE.:

25

Joint Committee on Taxation estimates.

do not appear to be a particularly cost-effective mechanism for increasing
R&D activity. 7../

.

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

7.

These are the conclusions of a preliminary report funded by NSF.
An
Edwin Mansfield, Public Policy Toward Industrial Innovation:
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. ?../ Several features
of the program are particularly significant in this regard, namely:
The program provides a credit against tax liabilities;
o
o

Expenditures are measured in nominal terms;

o

The base period is varied;

o

A cap is placed on the magnitude of the credit available for the
full value of the deduction;

o

Only certain expenditures qualify for the credit; and

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
o

the potential credit
the large number of firms without tax liabilities,
relevatt point considering the

i a particularly
provides no benefits. This is
recession,
when many firms were unable to use the
depth of the 1931-1982
may have a perverse effect
credit. In fact, the provisions of the incentiveliabilities,
since under these
have no tax
on the R&D efforts of firms that
expenditures
bring
no
credit
but raise the
circumstances increased R&D

are compared to calculate the
base against which future expenditures
of this provision is offset to
increment. The potentially negative impact he
carried over for 15 years,
some extent by the fact that the credit can
although its benefits diminish as the carry-over period increases.
8.

Collins, An Early
The following discussion is based largely on Eileen
Assessment of Three R&D Tax Incentives Provided by the Economic
of research
Recovery Tax Act of 1981 (NSF, April 1983), a summary
Tax
Incentives
S.
Albert,
and
M.
Sullivan,
funded by NSF; R. Eisner,
1983), the
(Nortestern
University,
September
and R&D Expenditures
J.
Barth, J.
most recent product of t NSF research program; and

on
Cordes, and G. Tassey, "The Recent Changes in Tax Policy
Research

9.

Innovation and R&D." See also Jane Grave Ile, Congressional.
Technology ReService, "A Brief Assessment of .S. 2165, The High 31,
1984.
search and Scientific Education Act of 1983," January
making the R&D
The Senate Finance Committee has approved a bill the
definition of

tax credit ,permanent, with some alterations
qualified expenditurg.
80
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in

Second, R&D expenditures are measured in current dollars for the
purpose of determining the credit. Depending on the rate of inflation, an
R&D tax credit could be earned regardless of whether real R&D expendiof the
tures were increasing, constant, or decreasing. Insofar as the intent
the
use
of
in the private sector,
law is to increase real R&D spending expenditures
could
be
misleading.
nominal magnitudes in defining qualified
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 firms toward the cap
above which the incentives for increased R&D are diminished.
Third, the interaction between the calculation of the base period 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 credit,
limit
since the base increases automatically to ensure that the 100 percent
would
earn
a
is not exceeded. Thus the extra dollar beyond 100 percent
The
law,
however,
credit of 12.5 percent rather than the full 25 percent.
does not correspondingly reduce the impact of expenditures abov. the
on the base with which expenditures in later years are
100 percent
base in
compared. 'Under certain circumstances, the incentive to lower: theincrease
order to boost future tax benefits might exceed the incentive to
R&D spending in a 0r en year. The net result would be that the interaction
of these factors might tend to reduce R&D spending rather than to increase
i t.

Fourth, qualified expenditures are defined in the same terms as for
capital costs,
Section 174--that is, only operating expenses, rather than
credit
provides an
As
currently
implemented,
the
qualify for the credit.
Such
behavior
incentive for firms to redefine other activities as R&D.
without
an
might lead to an increase in measured R&D expenditUres
equivalent increase in innovative activity.
Fifth, the sunset provision of the incremental tax incentive might shift
spending toward 1985 at the expense of later years presuming that firms
expect the program to lapse. Currently, the chief effect of this provision is
of 1985 expendito eliminate by 1985 any consideration about the effect will
he calcu-lated.
tures on the base-period against which future tax credits
benefits
of
increased
R&D
spending are
In earlier years, the current tax
base for
that
these
expenditures
raise'the
9f fset to some extent by the fact
of
benefits
generated
by
a
given
level
future years and thus lower the tax
1985, the final
R&D spending. This base-period disincentive disappears in
incentive
beyond
Extending
the
incremental
R&D
tax
year of the program.
1985 would r,eintroduce- this disincentive and thus tend to reduce R&D
spending in 1985.
foo
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R&D tax credit is

These considerations suggest that the incremental
particularly by
designed in such a way that its incentive effects are reduced,
and the method used to calculate
the interaction of the 100 percent cap
this credit can be sumbase-period expenditures. The consequences of
marized as follows:

be less than 25
For most firms, the value of the credit will Even for firms,
percent through most of the life of the program.

o

effect of increased
that do not exceed the 100 percent limit, the the tax benefits
R&D spZTiding on the base serves to reduce in future years.
available for a given level of R&D spending
incentive
Nevertheless, the incremental R&D tax credit is a net
for most firms throughout the life of the program.
R&D credit
As with any investrqent tax credit, the inrernental
liabilities, either
firms
that
have
no
tax
provides no incentives to
they are new firms
because of cyclical unprofitability or because
For such firms, the
that are still developing their markets.
disincentive
for R&D spending
program may actually provide a
base-period
because of the potential advantages of reducing
expenditures. II/
their R&D expenditures may
Firms that are rapidly increasing
incremental
tax credit acts as a
also find that the current
large increases (exceeding
disincentive. This is because very
incentive, since they
100 percent) do not qualify for the full
automatically boost the base. At the same time, these expendifor future years.
tures have their full impact on the base

o

o

likely to affect the

The temporary character of the credit is the maximum incentiming of increases in R&D spending, with
tive occurring in 1985.
the incremental R&D tax
For most of the American economy, then,
R&D, although the incentive
credit does provide an incentive for increased For firms ha more extreme
is likely to be less than the statutory limit.
in a given year and those
circumstances--those that have no tax liabilities impact of this program is
that are rapidly increasing R&D spending--thethat fall into categories for
limited or even negative. The number of firms disincentive is large; in one
as a
which the incremental tax credit may act
measured R&D expenditures in 1982
32
percent
of
total
survey, for instance,
o

10.

make use of them
Leasing of unused tax benefits to firms which can
could alter this judgment.
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were carried out by firms that paid no federal income taxes and could thus
claim no credit. 11/ One would expect, however, that the impact of the
credit would increase from 1983 to 1985, so long as the sunset provision
remains in effect, since expenditures in later years haVe a diminishing (and
by 1985 nonexistent) base-period effect and since economic recovery will
5ring 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 0-,e lon,j-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). 124/
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
the
and the realization of scale economies. These factors increase
of
prospects that innovating firms will be able to capture a larger share the
social return. On the other hand, competition is a spur to technological
innovation in unregulated industries, and bigness may be associated with
market 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 firms
or internationally--is a strong incentive to R&D and innovation.
With the increased importance of international competition to the U.S.
cases
economy, some reconsideration of the principles applied in antitrust
R&D
joint
activities.
may be in order, especially in regard to joint R&D
activities
industry
to
fund
and
carry
out
ventures allow the firms within an
or too risky for individual
as a group that would allegedly be too expensive
not
expressly
prohibited by the
firms to undertake. Such joint ventures are
indicated
support
for such
antitrust laws, and the Administration has
11.
12.

Eisner et al., "Tax Incentives and R&D Expenditures," p. 26.
Congressional Budget Office, Tax Expenditures: Budget Control
Options and Five-Year Budget Projections for Fiscal Years 1983-1987
(November 1982), p. 52.
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remain a grey area in the law,
initiatives. Nevertheless, such joint projects antitrust suits under current
and they are potentially subject to privatefirMs' commitments to contriblaws. R&D joint ventures typically involve
research -- particularly basic
ute funds to a separate R&D entity to carry out Various arrangements are
research--of genera! interest to their industry.
industry, the Semiconused. The. R&D joint venture of the semiconductor
typically
funds university reductor Research Corporation, for example,
and Computer
the
Microelectronics
search. In the computer industry,
in-house,
Technology Corporation plans to carry out much of its research
using personnel assigned by the companies involved.

the venture-capital
R&D joint ventures can also be linked withpartnerships,
a device
provisions of the tax system to create R&D limited Department. 1_:_11 Such
that is being heavily promoted by the Commerce favorable tax treatment

schemes rely on limited partners, who receive the R&D enterprise that is
to an
given venture capital firms, to provide funding
provided by the research. This
firms
likely
to
use
the
results
set up by the
although they
saves the eventual users the expense of carrying out the R&D,
commercial
results
define the goals of the R&D effort and purchase any makes it possible
In
essence,
such
a
device
through licensing arrangements.
to tap the venture-capitalthemarket
for established firms in mature industries
same
partnerships are subject to
to fund their research. R&D limited
joint ventures, depending on
antitrust considerations associated with R&D companies and the research

the nature c,f the link between the user
enterprise.

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

of R&D joint
Legislation may encourage the continued formation
Private
firms are
ventures, but the potential of this device is still unclear.
13.

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

14.

Administration, in High-Tech's
For a summary, see M. Wines, "The
National Journal (May 14,

Name, Takes Aim at Antitrust Laws," The
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
private antitrust suits, although the incentives for such suits are reduced.
Finally, and most importantly, it remains to be seen 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
limited partnerships. Whether such arrangements are viable is still an open
question.

Regardless of the specific policy changes that are undertaken concerning antitrust, greater attention to technological issues in antitrust enforcement could play a role in encouraging innovation and R&D. This is
especially true for interfirm cooperation in basic research. Fundamental
trends in the American economy--especially the intensity of international
competition- -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
must balance two conflicting considerations. Inventions must be protected
from imitation 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 Tf 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 patentThe most controversial area of patent policy concerns
researchers whose
are
discovered
by
private
ability of inventions that
Traditionally,
projects are funded, in whole or in part, by the government.
federally
funded
research.
the government has retained the patent rights to
taxpayer.funds
Some observers argue, on equity grounds, that if the general
the results without
R&D, private parties should not be able to appropriatereflectsthe
perspecproviding some compensation. The counterargument
government-funded
R&D are
tive that the economic and social benefits of
adopted
and
commermaximized if the results of such activity are rapidly
to
rights
the
of
cialized by private firms. If government retention technologies, the
inventions it funds is an obstacle to the diffusion of new
growth argue
overriding goals of technological progressiveness and economic
for a more liberal policy stance.

retention of
Most studies of this issue have found that government
limited the co-tmnercial
rights to the results of government-funded R&D has
of government
results.5/
The
level
of
private
licensing
application of such
inn
legislation
easing
led to
patents is quite low. Recognition of this fact inventions
by
small
businesses
the cost of private use of government-funded
to large businesses have
and universities. Efforts to extend this treatment
met some Congressional resistance.

issue moot. Last
Presidential action, however, may have rendered the
allow
all businesses
to
\larch, President Reagan instructed federal agenciesinsofar
as
current law
to retain rights to federally funded research,
remove many of the
permitted this. This Presidential initiative may seeking to patent the
obstacles that formerly confronted private f.irms
Some safeguards have been
results of research funded by the government. he conducted before private
An
impact
study
must
maintained, however.
work) are
patent rights are granted, exceptions (especially for defense
"march -in" rights

provided for, and the government will retain so-called parties) if private
(allowing it to retrieve patents transferred to private
commercialization of R&D
firms are not vigorous enough in pursuing the
funded by the government.
PROCUREMENT POLICIES

of commodities. By
The federal government purchases a wide variety
specifying
the product
advertising its interest in certain products and by
15.

ReSee Howard Bremer, "R tent Policies for Government-Sponsored
States
Patent
Policies
for
search (USA)" and Carole Ganz, "United
Science
PoliGovernment-Supported Research" in A. Gerstenfeld, ed.,
1982).
cy Perspectives: USA-Japan (New York: Academic Press,
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it seeks, the government could elicit and shape private R&D
activities -,.-ithout significant increases in the federal budget. This suggests
that government procurement could he used to influence the pattern and
pace of innovation and technical advance. Government procurement clearly
plays a significant role in shaping innovation in defense and related.(for
for
example, aerospace) industries. DoD demand for semiconductors,early
attracting
investment
during
the
'instance, played a crucial role in
growth of what is now primarily a nondefense industry. This model has
attracted interest in the potential of government procurement to influence
technology and R&D outside the defense sector.
Government purchases ,,,can provide a large and stable market, thus
reducing the risks of comrnittifig R&D funds to innovative projects. Coordinating government procurement end incorporating technological 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 major role in boosting .the technological
performance vif civilian industries. Despite large purchases of vehicles,
office equipment, and so on, the government will never dominate the .market
for such products, as it does in defense areas. Moreover, one should not
underestimate the difficulty of reshaping the procedures and priorities that
now determine federal procurement outside defense. Insofar as technologidecical considerations could be introduced into government procurementsector.
rapid
innovation
in
the
private
sions, this could encourage more
Nevertheless, procurement policies are unlikely to be more than a complement to specific R&D policies in the other areas discussed in this report.

r.

16.

of TechSee the discussion in Richard Nelson, "Government Stimulus
in
Richard
Lessons
from
American
*History,"
nological Progress:
Technical
Progress;
A
Cross-Industry
Nelson, ed., Government and
Analysis (New York: Pergamon Press, 1982)..
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CHAPTER VL

IMPROVING FEDERAL SUPPORT
FOR R&D AND INNOVATION

A variety of approaches have been proposed to improve federal
support for R&D and innovation. These include changes in the pattern of
joint R&D
federal financial support, relaxed antitrust enforcement forR&D
limited
R&D
tax
benefits,
the
use
of
ventures, the extension of

partnqrships to tap the pool of venture capital, and government encourageacademia. Some policyment of closer relations betWeen industry and
institutional
reforms, includmakers have also called for more fundamental
utilization
centers
or a National
ing the establishment, of technology
Technology Foundation.

Policy makers' attitudes toward these proposals largely depend on their
conception of the .federal role in innovation. Unless this underlying issue is
explicitly addressed, specific programs a likely to be less effective than
of
they could be. This chapter begins with a discussion of alternative views
them.
the federal role and then turns to different options for implementing
WHAY ROLE FOR GOVERNMENT?

The government's role in R&D and innovation can be discussed on
several levels:
o

o

o

First, the government has a relatively clear responsibility for
funding the R&D that is needed to 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.
Second, the gcivernment funds university-bad research. This has
several justifications: the cultural value of science, national
prestige, educational support, and the maintenance of the scientific pool that if the ultimate source of innovation.

Third, the government pursues a variety of social and economic
goals, most of Which can be identified with the mission of a
particular government agency. Insofar as new technologies can
help fulfill these agencies' missions, the government typically
provides some funding for related R&D.

1
.1 0 o

Finally, the government has some responsibility for the overall
least,
technological performance of the etbnorny. At the very
environsupportive
macroeconomic
this involves maintaining a
ment. It may also involve more active government intervention,
providing private firms with
for example, funding industrial R&D,
developments,
acting as a broinformation concerning technical
.

o

ker between industry and academia, and so on.

governmental

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

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

may misdirect technical resources.
squanders government revenues and
mission-oriented
R&D, such as the funding
danger is particularly relevant to
technologies
since
the energy crisis. At
that has been provided for energy

that the private
the same time, however, there is widespread agreement
suggesting
that the
sector will underinvest in certain types of research,
significantly
diminished
if
economy's technological performance could be
the government defines its responsibilities too narrowly.

One's definition of the government's responsibilities for the overall
of the
technological performance of the economy depends on one's view
The
model
of
R&D
in
that
process.
innovation process and the role
been
referred
to in
policy
since
World
War
II
has
underlying U.S. innovation
innovation
In
practice,
this
view
of
the
this report as the pipeline concept.
basic research,
process tends to limit the governmental role to support for
independence, has
social
goals,
such
as
energy
although the urgency of other
development.
frequently led to substantial federal support for civilian
relied upon to use
the
private
sector
can
be
According to the pipeline view,

market conditions are
the knowledge developed throl-igh basic research when
support for
ripe. While the pipeline concept does not rule out government
proMote
new techpractically oriented research or government efforts to
Research
nologies (the kinds of activities carried out by the Agricultural
responsibility
in
Service, for instance), neither has it endorsed government
little
guidance
offers
such areas. As a result, the pipeline concept

that are mofe

concerning the government's role in regard to activities
than development. Such
practical than basic research but less commercial
applied
research;
the related concept
activities are generally referred to as
technology, such as improved
is
used
to
denote
a
of "generic technology"
welding techniques, that is likely to find applications across several indus-
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to private
tries. This type of research is clearly of more immediate interest
research
many of
.it
shares
with
basic
businesses than is basic research, yet
the 'characteristicthat are cited to justify federal support.
developed
During the past IS years, a variety of programs have beenunaddressed
to deal with the kinds of general innovation issues that are left
be involved in
by the pipeline viev-': how deeply should the government
of .governapplied research, -v.oat are the industry-specific consequences
be
in promot11&%,y active should the government
mental innovation policies,
ing business innovation, and so on. Some of these programs are listed below:
o,

--

was
The Research Applied to National Needs (RANI) program
NSF
proAdminist-ation
to
target
established during the Nixon
jects to explicit national goals, mainly of a noncommerciai.nature
(for example, earthquake research).
also a proThe New Technology Opportunities Program (NTOP),
comprehensive
Administration,
called
for
a
duct of the 'Nixon
NTOP originally
government =effort to accelerate innovation.
funding
for
applied
civilian reincluded tax incentives, greater
enforcement,
and
institutional
research, changes in antitrust

forms. This program was never fully implemented, however.
Incentives Progra.m (ETIP), first
The Experimental Technology Administration,
was designed to
implemented during rtne Ford
be
more
conscious
of the
influence governMerit -agencies. to
forth)

impact their policis (regulation, -procurement, and so

o

might have on innovation.
the
Centers of Generic Tectinol9gy (COGENT) were established by
These
Innovation'
Act
of
1980.
Stevenson-Wydler Technology
decenters, operated through the Commerce Department, were
undergeneric
technologies
that
were
signed to identify promising
technolofunded and to match private funding for R&D in such
(through
the
planned
to
be
self-supporting
gies. The centers were
undefined
sale of patents and licenses, for instance) after an
period.

This is

the
not an exhaustive list.1/ Nevertheless, :it indicates
overall pace

bipartisan history of recent goyernment efforts to influence the
1.

and R.
For a discussion of such programs, see H. Fusfeld, R. "Langlois,
R&D
Nelson, The Changing Tide: Federal Support of Civilian-Sector
AdMinistration,School
of
BUsiness
(New York:- New York University
November 1, 1981).
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'funding. The
of innovation through programs that go beyond basic research trend toward
generally
sought
to
reverse
the
current Administration has
The pipeline view has.
greater government involvemerit in commercial R&D.
restriction
of
government
funding to basic
been invoked to justify the
nontraditional
areas
have been
research, and government activities in
The
COGENT
severely reduced in the Administrations' budget requests..
real

and
program, for instance, was halted before it had really begun,level.
The
been
cut
to
one-third
the
1980
civilian de. elopment spending has

predominance of defense in federal R&D budgets is being reestablished. The
Administration now supports increases in civilian basic-research funding on
long-term competithe grounds that such activities are "... key to ... the
Certainly,
such
research
advances
tiveness of the U.S. economy
government-funded
little
evidence
that
scientific frontiers. But there is
that
civilian basic research generates commercial products and ,processes
enhance the competitiveness of American industries. Indeed, 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
-so
R&D need not weaken the technological performance of the economy - and
long as the private sector provides adequate support to applied research
its commitment to basic
development. The Administration has linked
for
private
R&D
activities, for example,
research with increased incentives
it
has
sought to encourage
the incremental R&D tax credit. In addition,
partnerships,
which
may
remove some of the
R&D joint ventures and limited
The
Administration has
long-term
research.
barriers to private support for
cooperation between
for
encouraging
greater
also expressed its support,
2/
industry and the basic:research community,` especially at universities.

Current policy therefore reflects a relatively clear view of the
the
innovation process and the government's role in it, namely, reliance on
In
practice,
current
private sector for activities other than basic research.
mix of
policy:-accepts little government responsibility, for altering theneeds
of

private-sector R&D, shAping innovation policies according to the
specific industries, or generally supporting applied commercial research.
Policymakers who do not share the Administration's views support innova2.

3.

Budget of the United States Government, Fiscal Year 1984, "Special
Analysis," p. K-2.
See, for instance, G. Key:worth, "Federal R&D and Industrial Policy,"
Science, vol. 220 (June 10, 1983), p. 1122-25.
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tion policies that focus more explicitly on the linkages between basic
research and the technological performance of the American 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
dOcussed in this report, affect the economy's technological performance.
The remainder of this chapter presents proposals for improving the government's R&D and innovation policies in four broad areas: R&D funding,
taxation, regulation, and institutional arrangements.
Fundin

Several measures could be considered to increase the effectiveness of
the large sums the government now spends on R&D. Improved technological
on
performance in the economy as a whole is not necessarily contingentwith
Improvements
in
the
efficiency
large additional R&D expenditures.
which government R&D funds are used could be gained by placing more
emphasis on such issues as the reliability and mix of funding.
level of
Stability of Funding. Attention is often paid to the aggregate of GNP.
R&D allocations, especially in terms of R&D spending as a percent in such
There is no basis for defining an optimum level of R&D spending
least as important,
terms, however. The stability and mix of funding are atperiod
of increasing
and they are particularly worthy of attention in a
long-lasting, with
Research
projects
are
inherently
budgetary constraints.
levels--even if they
no immediate payback. As a result, volatile funding
This point
of
research.
increase--are
highly
disruptive
generate a secular
fundamentals"
that
"five
has long been recognized; it was the first of thepolicy
in
Vannevar
Bush's
were proposed as the basis for federal science
II blueprint for postwar R&D
Science:' The Endless Frontier, the World War
frequently
ignored, as was the
Nevertheless, this principle is
activities.
case in the Administration's first budget proposals.
4.

to the
Vannevar Bush, Science: The Endless Frontier; A .Report
(New
York:
Postwar
Scientific
Research
President on a Program for
published
as a
This
work
was
originally
Arno Press, 1980), p. 33.
fundamentals"
1945.
The
other
four
of
the
"five
government report in
personnel, the grant
were the control of science policy by qualified accountability
to the
system, the peer-review system, and ultimate
President and the Congress.
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Current R&D budgets show a strong growth trend for -basic research,
this commitment will persist.
and Administration stMernents suggest that
.pending
Nevertheless, even stable aggregates can mask volatile patterns of should
The
continuity
of
funding
in specific; technologies or sciences.
level. The increased
therefore be evaluated on a fairly disaggregated
long-term
stability in R&D
efficiency that is likely to be associated with
disaggrewish
to
consider
defining
funding suggests that policy makers might
example, using
longer-term
basis,
for
gated R&D bLidget allocations on a
two-year appropriations.
The mix'Nci
The Mix of Funding (Basic, Applied, Development).
dimensions,
the moat
federal R&D funding can be evaluated along severalbasic research, applied
common of which involves the distinctions among
IV, current trends in
research, and development. As mentioned in Chapterof federal support for
R&D spending raise questions about the adequacy
the overall pressures on the
applied research. It is in this category that
makes up a.relatively
budget are felt in terms of R&D funding, since applied
and
since
it generally falls
small (and declining) part of the defense budget
terrain for
demarcation
of
the
'acceptable
outside the Administration's
governmental support of civilian R&D.
The Congress may wish to consider this poliCy issue, especially insofar
for Congressional interest
as economic performance is the principal reason
character of basic research

in R&D.

The long-term, noncommercial

will contribute little to
suggests that increased spending on basic research
decade. More
improved economic performance through the rest of this
level
of American
ominously, while increases in basic research will raise thebdost the competiscience, there is no guarantee whatsoever that this will
rarely restrained by
tiveness of American industry. Scientific advances are applied
research and
national boundaries. Furthermore, the border'between
divisidn
between
activities
basic research may have little to do with the
spending'seeks
If
federal
R&D
which the market will and will not support.
improve economic performance, applied
to foster innovation and thus

line, may be the
research, which links the laboratory and the production
tied to how one
activity most deserving of support. This issue is clearly
innovation.
defines the appropriate governmental role in encouraging
development projects is
The rationale for federal funding of civilian
has been cut substantially
much more dubious, and funding for such projects
generallyfar more expensive
in recent years. Development activities are
could
lower government
than research, so that reduced development ,funding
and applied.
basic,
forresearch,
both
expenditures as well as free resources
development
project,
this may
If private investors are unwilling to fund a
prospects.
involved
has
poor
commercial
indicate that the technology
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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 other
industries 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 industriesparticularly those basic industries that are hard-pressed by international competitioncould 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 Americ,an industries until
is
the supply of scientists and engineers increases - -a deJelopment that
civilian
technologies
should
be
likely to require several years. Spending for
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, especially 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
Funding for
currently estimated at between $2 billion and $3
international scientific projects has been reduced by the current Administration, 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 knowledge 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. 3. Broad, "Physicists Compete for the Biggest Project of Al!,"
The New York Times, September 20, 1983, page C-1.
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in basic science need
of new techniques, greater international cooperation
have no negative effect on U.S. economic performance.

Taxation

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

incentives in recent changes in
Despite the inclusion of specific R&D
changes
on R&D activities per se
the tax laws, the overall impact of these
in innovation, induced by
does not seem to be large. (Indirect benefits diffusion
of new 'echnoloincreased demand for capital equipment and the
to use the
If
the
Congress
wishes
gies, are likely to be more substantial.)
could be
.R&D,
stronger
measures
tax system to shift resources toward
(that is, extendingthe expensing
considered. Full expensing of R&D costs labor and materials) is one such
to
option to plant and equipment as well as problems
in allocating expenditures
this
might
encounter
measure, although
several
purposes, only one of
for plant and equipment that are used for
from the
investment tax credit (ITC)
which is R&D. An increase in the R&DRefundability
and/or
the
of the ITC
current 6 percent is another option.
(for
less
profital)le
firms
incremental tax I credit would ensure that even
their markets) would obtain the
instance, start-up companies establishing
over the credit to future
full value of , the credit without having to carry costly
than current policy,
:ears. Such measures would, of course, be more
difference
in private
they would also be more likely to make a direct
ERTA/TEFRA
reforms.
Firms' commitment to R&D than do most
credit, which is due to
Changes in the structure of the incremental tax
incentive
effects' of that
expire at the end of 1985, could increase the
program. Such changes might-include the following measures:
Increase the amount of the credit, currently 25 percent.
o

o

ensuring that
Attempt to calculate the base in real terms,
of the credit.
inflation does not dissipate the incentive effects
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o

Alternatively, the
Eliminate the cap on chargeable increases.
could
be
reduced
by not counting
disincentive effects of the cap
in
the
base
period
for later
expenditures in excess of the cap
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 R&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.

by recent
In general, the incentives for increased R&D provided
Given
the fact
changes in the tax system ,appear to be relatively minor:
rely heavily on the private sector to fill in qie

that current spending policies
research
gap left by the withdrawal of federal funding from civilian applied
the
incentives
and development, policymakers might consider strengthening
benefits of
for private R&D. At the same time, studies of the costs and
thisapproach,
R&D tax incentives raise doubts about the efficiency of
These
studies
do
although more investigation of this issue is needed.
boost
private
commitsuggest, however, that targeted programs designed to
vulnerable to
ment to basic and applied researchactivitie, that are more
of considmarket failures than is development--might be especially worthy
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,
altered
particularly in less commercial research. As with tai" policies,
of
potentially
particularly
important
in
terms
regulatory policies might be
antitrust
offsetting reduced government funding of civilian R&D. Relaxed
(including
tax-based
limited
partnerrestrictions for R&D joint ventures
AdministraCongressional
interest
as
well
as
ships) are currently attracting
pressures are maintained, joint
tion support. So long as competitive
for
carrying
out the sort of fundamental
ventures could be a potent means
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firms. Moreover,
research that is frequently unattractive for individual
research results would be
the
likelihood
that
such institutions increase
since private
rapidly transformed into commercial products and processes,
These
firms would be involved from the inception of research projects.
of
arguments.under lie the various legislative proposals that remove some
the antitrust barriers to R&D joint ventures.
Enthusiasm for relaxing antitrust enforcement could be carried too
The spur of competition is almost a prerequisite for
far, however.
should be carefully
innovative activity. Changes in antitrust enforcementcompetition, effects
determine
their
effects
on
evaluated, therefore, to
that are likely to vary by industry.
ensure
In other areas of regulatory policy, the Congress could act to
are
eing
formuthat technological impact is considered when regulations
policies might draw R D resources
lated. For instance, if environmental
given industry, ome effort
away from productivity-enhancing activities in a
it through spending or tax
could be made to mitigate this effect or to offset
Incentives
Program (ETIP) was
The Experimental Technology
policies.

designed to monitor and influence such relationships.

Finally, the Congress could consider supporting the Administration's
m governmentefforts to grant patent rights to the firms th t nt
,) of rights.
sponsored R&D. Evidence suggests that
evenues.
T1111
c(-rves to retard innovation rather than to
Institutional Arrangements

for the overall
Insofar as the government assumes some responsibility

technological per formance of the economy, it might be worthwhile to
and implementing
evaluate new institutional arrangements for devisinggovernment
role in
on a more active
innovation policy. Policies based performance
institushould
have
some
facilitating improved technological
is generally opposed to
tional foundation. Although the;, Administration
commercially
oriented
activities, it has
governmental activism in regard to
The Administration's
proposed some limited institutional improvements.
for new private
ventures
represents
support
enthusiasm for R&D joint
to foster universityinstitutions. In addition, the Administration has sought justify
the proposed
industry cooperation; this was the rationale used to
Berkeley.
The
Congress
did
not fund this
National Materials Laboratory at
undergone
the
conventional
project fully, however, because it had not
from materials
review process and because it provoked strong resistance
science and
closer
relations
between
scientists--even those who support
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industry- -who ,deemed the program ill-conceived. _4/ 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

policies to
apparatus might be needed to tailor the government's innovation
Secperformance.
affect technological
the industry-specific factors that fostering
as a
innovation
in
the
economy
ond, an institution charged with
research
funding
'is
available
for
applied
whole could ensure that government
projects that are likely to be underfunded by the private sector, supplementother agencies.ing the basic research funded by NSF, NIH, the DoD, and
mission
concerns
technological
perFinally, an institution whose primary

formance could be a source of expertise for private firms and for other
government agencies, making the technological implications of government
policies more transparent.

Such arguments find their strongest expression in calls for a "National
Technology Foundation," akin to NSF. Such a foundation has been proposed
Its proponents
for several years, especially by the engineering community.
but
distinct
activities..
argue that science and technology represent related
in both
viarseeing
government
activities
In the past,..the responsibility for t,
devolved
civilian
economy
is
concerned--has
areas--at least as far as the

primarily on NSF. Yet NSF serves the university community, which is
priMarily interested in basic research. Because of this, efforts to imple -.
support within
ment more commercial applications have little institutional
:greater

In recent years, the Commerce Department has also assumed
responsibility for fostering technology. Here as well, however, technological performance is not the primary concern of the department. Proponents
of improved
of a National Technology Foundation argue that the policy goal independent
technological per'formance is important enough to warrant an
NSF.

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 engineerA programs, the Patent and
Trademark Office, and some Commerce DefYiriment activities. One exam6.

142; and A.
See G. Keyworth, "Federal R&D and Industrial Policy," p.
OK'd,"
Science,
Center
Robinson, Berkeley Advanced Materials
On
the
general
issue of
vol. 220 (February 18, 1983), pp. 827-28.
see the
government encouragement of university-industry cooperation,
Federal
Role
Government
Accounting
Office,
The
recent report by the
(1983).
Cooperation,
GAO/PAD-83-22
in Fostering University-Industry
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Technology Foundation
pie of such a foundation is described in the NationalBrown
of California.
Act of 1983 (H. R. 481), introduced by Congressman
Advocates of a separate technology foundation must confront several
government should
criticisms, even granting the underlying point that the First,
the establishplay a more active role in the applied research ar,:,a. initiative,
a step that
ment of a new agency would represent a major policy
that an
might lead to large additional outlays. Second, there is no guaranteetechnoloNTF would prove significantly more adept at supporting civilian
Third,
gies than the current institutional structure of federal R&D support.
from
applied
institutional
separation
of
basic
it could be argued that the
crack in the
research would be counterproductive, in effect introducing a
linking
technology
support
more
pipeline. This consideration argues for
that
agencies,
such
as
NIH
and
DoD,
closely to NSF and other government
industry--which
is
the
key
fund basic research. Finally, it is not clear that
Tech-

player in the innovation process--is enthusiastic about a National
nology Foundation.

Act (H. R.
Another proposal, the Advanced Technology Foundation
establishment
4361), introduced by Congressman LaFalce, also calls for the

This

of a new agency, in this case an Advanced Technology Foundation.
guarantees to
foundation would be empowered to provide grants and loan particularly
in
research organizations for carrying out applied research,
of
new
generic technologies. In addition, it would foster the diffusion
C

different
technologies and collect information on the technological status ofExtension
establish
an
Industrial
industries. Finally, the foundation would
Service, modeled after the Agricultural Extension Service and designed to
provide private manufacturers with technological support.
Policymakers could also consider institutional initiatives that entail
Administration's proposals. but
greater governmental activism than do the
Manufacturing Science
fall short of a National Technology Foundation. The
(S.
1286 and H. R. 4155),
Act
and Technology Research and Development
Fuqua, is one such
introduced by Senator Gorton and Representative
technology
agency, this bill
proposal. Rather than establish a separate to support research in key
Commerce
would' direct the Secretary offunding
basic research in such areas and by
manufacturing technologies by
applied
research at so-called "Centers
matching private funding for more
In addition, the
for Manufacturing Research and Technology Utilization." technologies with
bill calls for combining R&D in advanced manufacturing
worker retraining and for investigating the long-term competitive implications of technological performance in key industries.
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Each of these bills calls for the establishment of new institutions to
assist private firms 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 ar,d advisory
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 estatAshment of incentives for, private-sector activities.
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APPENDIX

1E1

APPENDIX A. R&D INTENSITY AND INTERNATIONAL COMPETITIVENESS: METHODOLOGY

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

R&D intensity estimates' are based on average values for 1968 and
1970 and for 1977 and 1979, respectively: R&D expenditures were taken
by
from National Science Foundation data on "Applied R&D Expenditures
these
product
Product Field." The U.S. Bureau of the Census also uses
categories in The Annual Survey of Manufactures, 'which is the source for
data concerning the value added by prod:.--: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
codes imp the Interclasses, it was necessary to translate the U.S. SIC
(SITC),codeS
produced by
national Standard Industrial Trade Classification
the
key
provided
the United Nations. For 1971, this translation process usedupdated and
it was
In 1978, however, these codes were
by Regina Kell),.
Table
A-1
therefore necessary to redo the translation for 1980 exports.,
that
year;
based
on
CBO
estimates.
provides the key that was used for

1.

Regiria 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
SITC

SIC

Product Field

Code

Code

65 ( -658)

22

Textile Mill Products
Chemicals (except drugs
and medicines)
Industrial organic and
inorganic chemicals

28 (-283)

5

51, 52, 531, 532

'281, 286

Agricultural.chemicals
Plastic materials
and synthetics

287

551, 533
56, 591

282

58

Drugs and Medicirtes
Rubber and Miscellaneous

283

54

30

62, 893

32

66 (-667)

Plastic Products
Stone, Clay, and
Glass Products
Ferrous Metals
and Products

t:!.

331-32, 3398-99

67, 333
14.4det-

Nonferrou's Metals
and Products

333-36

Fabricated Metal
Products

34 (-348)

Machinery

Engines and turbines

Farm machinery and
equipment
Construction mining and
Materials handling machinery
Metalworking machinery
and equipment

68

69, 711, 81

35
351

712, 713, 714,

352

721, 722

353

723, 728, 744,

354

73

716, 718

782

(Continued)
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TABLE A-1. (Continued)

SIC
Code

Product/Field

Office, computing, and
accounting machines

Electrical Equipment
except Communication
Electric transmission and
distribution equipment
Other electrical equip-

-

SITC
Code

75

357

36 (-365-37),
3825,

361, 3825, 362

ment and supplies

363-64, 369

773, 771

775, 778,

774

Radio TV Receiving
Equipment, Communication

Equipment, and
Electronic Components
Motor Vehicles and Equipment
Other Transportation
Equipment

365-67

76, 772, 776

371

781

373-75, 379

791, 78 (-782, 781) 793
792

372

Aircraft and Parts
rrofessional, Scientific,

and Measuring Equipment, including
Optical, Medical, Photographic,
and Chronometric

38 (-3825)

107

0

122

87, 88

