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The United States of America (U.S.) has been heralded as the world’s premier engine of
technological advance. However, recent criticisms suggest that its technological advance may
slow relative to other nations. This entry describes the U.S. national innovation system, how it is
evolving, and factors that threaten or reinforce its ability to generate technological innovations.

1. Nature and Development of the U.S. National Innovation System

The primary philosophy supporting innovation in the U.S. has been to establish
conditions that let innovation flourish on its own. While particular institutions contribute to the
flow of innovation, any analysis of the U.S. innovation system must begin with underlying
conditions that aid innovative progress.

1.1. Underlying Conditions for Innovation

The preconditions for U.S. innovative success are many, and identification of the most
important factors is a subject of ongoing research. Nonetheless, it seems safe to identify, albeit
crudely, four cornerstones of U.S. success at innovation.

1.1.a. Incentives. One cornerstone of U.S. success at innovation is incentives. Businesses
and entrepreneurs in the U.S. have, to a reasonable extent, the right incentives to propel
innovation. The incentives include intellectual property rights and, typically more importantly,
other means to capture monetary returns from invention.

Intellectual property rights are enshrined in the U.S. constitution, written in 1787, which
gives the U.S. Congress the power “To promote the progress of science and useful arts, by
securing for limited times to authors and inventors the exclusive right to their respective writings
and discoveries.” Current U.S. law grants patents for a period of (generally) 20 years from date
of filing. It grants copyrights for the author’s life plus 70 years, for work by an identified non-
hired author, or the shorter of 95 years from publication or 120 years from creation, for other
works. Both patent and copyright laws have changed over time, with some changes described
below.

Nevertheless, corporate technology managers report that they rely mainly on mechanisms
other than patents in order to protect the potential profits of their technology. More often used
mechanisms of protection include lead time in innovation, steadily decreasing production costs,
secrecy, and sales or service efforts.” In contrast, patents often fail to protect ideas because
competitors can readily “patent around” them by developing and patenting modified
technologies that achieve the same purpose, or because existing legal systems and competitive
business practices make it impractical to enforce patent rights. Additionally, “thickets” of large
numbers of patents may provide their owners with the ability to participate in an industry by
reaching cross-licensing agreements when single patents do not provide this ability.

' Acknowledgement: The authors thank Zenu Sharma for assistance with university patent data.
? Levin et al. (1987, pp. 794-795).



Hence U.S. success at innovation is aided by a patent (and copyright) system that allows
inventors to gain limited protection. In practice, the benefits of patents are greatest in particular
industries, and the uses and effects of patents are sometimes more subtle than would be expected
from the idealized myth of how patents should work. Indeed it is important that patents are not
too easily obtained and too strong, for large numbers of trivial but easily-defended patents would
create immense transaction costs that might bring innovation to a standstill. More generally,
other incentives that increase the financial returns to research and development (R&D) and
innovation, or decrease the costs, are likely to spur greater R&D and innovation, as long as they
do not create transaction costs or other disadvantages that outweigh the benefits.

One such incentive is the corporate R&D tax credit, which in most years since 1981 has
allowed deduction from U.S. federal taxes of a modest portion of research and experimentation
expenses above a previous norm for the firm. On average this has allowed companies using the
credit to deduct close to 6% of the cost of R&D before federal taxes are calculated.® State R&D
tax credits in most U.S. states may double the savings to firms. Recent careful studies of the
effects of R&D tax credits suggest that they spur as much extra research as they cost
governments,”® and since the social benefits to R&D are typically at least several times the private
(company) benefits, this suggests that R&D tax credits are highly worthwhile. R&D tax credits
are larger and more sustained in many nations other than the U.S., helping to attract firms and
their R&D away from the U.S.’

1.1.b. Government Support. A second cornerstone of U.S. success at innovation has been
its government support. Inventors almost never capture the full monetary value of their
inventions, so without public funding, inventors’ limited incentives would yield less invention
than is socially optimal. The solution is to support basic and applied R&D activities through
appropriately disbursed government funds. Federal R&D funds, including for government
laboratories, constituted 27.7% of U.S. R&D in 2006 ($92.4bn of $340.4bn).

At least as important as the amount of federal funding is the means by which federal
funding is disbursed. Publicly transparent, merit-based proposal systems open to all areas of
technology would seem to yield the greatest potential for advance. Merit-based systems are used
by agencies such as the National Science Foundation and the National Institutes of Health, but in
other agencies including the Department of Defense funding is driven by more complex
procurement decision processes. The U.S., like many governments, has targeted billions of
dollars to particular technological projects such as supersonic passenger aircraft, light water
civilian nuclear reactors, synthetic fuels, the Superconducting Super Collider, and, recently,
hydrogen fuel cells.’ The high rate at which giant targeted government projects have failed has
led to critique of such projects, with problems (beyond ordinary new venture risks) said to
include poor assessments of technological potential, politicking for allocation of funds, and mid-
stream project cancellations given alternative interests of successive government administrations.
Nonetheless, even for targeted projects and defense technology procurement, Congressional and

’ The almost 6% figure comes from a potentially biased source, the R&D Credit Coalition,
http://www.investinamericasfuture.org/PDFs/Coaliiton_Interntl RD tax 5-18-07.pdf.

* Cf. Bloom et al. (2002).

> Wilson (forthcoming) analyzes inter-state competition for R&D within the U.S., and the
relatively low R&D tax credits in the U.S. relative to other nations have been emphasized by
trade associations that seek a more technology-friendly and consistent U.S. policy.

® The first three of these examples are discussed by Lambright et al. in Roessner (1988).



other oversight tends to ensure substantial evaluation of costs and benefits of national R&D
funding and to select, albeit imperfectly, more rather than less worthwhile R&D spending
priorities.

1.1.c. Mix of Entrepreneurial and Large Firm Capitalism. A third cornerstone of U.S.
success at innovation has been its mix of entrepreneurial and large firm capitalism. While
evidence is still lacking on the extent to which major inventions are best generated by
entrepreneurial start-ups and independent inventors, it is clear that small new ventures or
independent inventors often develop new technologies that apparently would emerge much less
readily from major firms. At the same time, large established firms have often developed and
commercialized major new technologies, and moreover they have carried out the extensive
product and process improvements that refined new technologies to the point at which they
become widely used. One example is penicillin, discovered by an individual, Alexander Fleming,
but made a practical product by several large U.S. firms (notably Merck, Squibb, and Pfizer) as a
World War II priority. Depending on the circumstances and technologies, it would appear that
entrepreneurs and large established firms are at different times best placed to deliver new
technology. U.S. government funding is in part reserved for small businesses, under the Small
Business Innovation Research program, and legislation generally has not impeded small business
formation (although there are recent concerns, for example, with the Sarbanes-Oxley Act, which
deters new business ventures from raising funds through stock offers because of high accounting
costs for public companies).

1.1.d. Societal Institutions. A fourth cornerstone of U.S. success at innovation is well-
functioning legal, social, and infrastructure systems that do not impede business formation,
layoffs, and operation; that maintain reasonably stable regulations that are not too burdensome;
that provide appropriate educational opportunity; and that maintain a culture in which R&D and
innovation are appreciated and respected. Only a few of these broad requirements of a well-
functioning economy are addressed in this entry. Education, immigration, and social attitudes
have been important in recent policy formulation and will be discussed in the context of policy
proposals.

1.2. Breadth of Technology

The U.S.’s technological base is broad, with U.S. firms and universities having leading-
edge expertise in nearly every broad area of technology. This expertise does not always hold for
narrowly-defined areas of technology relating to details of specific products and their methods of
production: in many industries, such as manufacture of televisions and other consumer
electronics products, U.S. firms did not manage to sustain the pace of product and process
innovation kept up by their foreign competitors and consequently lost control of the industry, in
many cases with every U.S. company exiting a specific product market. Nonetheless, within
broad technology classes the U.S. retains the ability to generate novel kinds of products and to
keep up with the scientific state of the art. Despite this, U.S. producers do not retain market
dominance of every industry.

1.3. Institutions

U.S. R&D occurs in, and is funded by, companies, universities, government agencies and
laboratories, and non-profit organizations. Companies performed 71.8% of R&D (by dollar
value) in 2006, compared to only 16.0% in universities, 7.2% in government settings, and 5.0%
in non-profits. Of course, the federal government funds much of this activity, with the



Figure 1: Overall Trend in U.S. Research and Development Expenditures (in 2000 $bn)
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Source: National Science Board (2008, volume 2, based on data in tables 4-8, 4-12, and 4-16, pp.
A4-13/14, A4-21/22, and A4-29/30)

government being the ultimate source of 27.7% of R&D expenditures in 2006. Although
industry’s role has long been important, the federal government’s share of funding has fallen
dramatically, from 53.9% of R&D funding in 1953. Federal funding has increased by less than
half since the late 1960s, while industry funding grew more than five-fold.

Universities have long been an important source of talent for companies and have also
been a source of basic technologies. Flow of inventions from universities to industry has been
encouraged by the Bayh-Dole Act of 1980, which allowed universities to retain patent rights
from federally funded R&D. The Act has greatly increased commercial licensing from
universities, and has encouraged more applied instead of basic research. At the same time,
university technology transfer offices face new challenges trying to earn money from licensing,
and most actually lose money. This is perhaps due to too great an emphasis on trying to extract
the full value of inventions causing many firms to abandon attempts to work with them.

2. Trends in R&D and R&D Output

Research and development takes place on a huge scale in the U.S. The level of national
investment in R&D is larger than that of all other OECD countries combined and rests on the
three pillars of industry, universities, and federal government. The roles of these three sectors
have changed substantially over time.

2.1. R&D Expenditures
In general, U.S. research and development expenditures, adjusted for inflation, show a
ten-fold increase from 1953 to 2006 (Figure 1). Basic research has grown the most over the



Table 1: Federal R&D by Agency, 2007

($ mil) Percent
Defense (DOD) 79,009 54.9%
Health & Human Services (HHS) 29,621 20.6%
NASA 11,582 8.0%
Energy (DOE) 9,035 6.3%
National Science Foundation (NSF) 4,440 3.1%
Agriculture (USDA) 2,275 1.6%
Other 1,113 0.8%
Commerce 1,073 0.7%
Homeland Security (DHS) 996 0.7%
Veteran Affairs (VA) 819 0.6%
Transportation (DOT) 767 0.5%
Interior 647 0.4%
Environmental Protection Agency (EPA) 557 0.4%

Source: American Association for the Advancement of Science (2008, table I-1)

period, from $2.5bn in 1953 to $53.0bn in 2006 (in 2000 dollars). However, the largest
proportion of funding is attributed to development. In particular, R&D spending on
“infratechnology” — technologies that facilitate technological infrastructure for R&D, production,
and marketing in industries, such as for calibration equipment or production control equipment —
has an important impact on innovation, and both federal laboratories and manufacturing industry
have made significant investments in this area. In 1990, for example, 37.6% of federal and
16.3% of manufacturing R&D investments were dedicated to infratechnology.’

The U.S. spends about 2.6% of its GDP on research and development. Since the 1960s,
U.S. expenditure on R&D has been consistently between 2.0-3.0% of the GDP, and it was a little
lower in the 1950s. Over the last two decades, the U.S. proportion of GDP spent on R&D has
been comparable with countries like Japan, Germany, the U.K., and France, although Japan has
dedicated more than 3.0% of its GDP on R&D in the last decade or so, and the UK a little less
than 2.0%. In contrast, countries like Russia, Italy, and Canada typically dedicate only about 1.0-
2.0% of their GDP towards R&D." Hence U.S. R&D relative to GDP has been typical of the
highly developed economies.

2.1.a. Defense and Civilian Programs. Federal research programs in the U.S. have
historically been strongly tied to national defense. Navy sponsored research programs, for
example, date back to 1789. Since World War I, direct government support of R&D increased in
response to military needs. For example, total R&D expenditure increased by a factor of 15 from
1940 to 1945 and military services have dominated the federal R&D budget for decades.’

The majority of federal R&D is spent on defense, although this proportion has decreased
dramatically since the post-World War II era. The 1960s saw an increase in spending on R&D
for space programs. R&D for civilian programs increased somewhat during the 1970s but has
been relatively stable as a proportion of spending since World War II. By 2007, the largest

7 Source: Leyden & Link, 1992.
8 National Science Board (2008, volume 2, table 4-35, p. A4-61).
? Source: Mowery & Rosenberg, 1993.



Table 2: U.S. R&D Expenditure by Performing Sector (in constant 2000 $mil)

Year Federal Industry University Non-Profit
1953 5,563 19,896 2,212 611
1958 7,350 40,925 3,934 1,039
1963 11,738 57,946 8,064 2,629
1968 14,037 69,959 11,677 3,335
1973 15,186 66,719 11,913 3,366
1978 15,216 72,785 14,790 3,685
1983 16,608 100,094 17,010 4,234
1988 18,948 128,167 24,838 4,917
1993 18,704 132,835 29,166 6,808
1998 17,997 175,367 32,889 8,484
2003 21,383 190,954 44,883 14,410
2006 21,025 210,666 46,828 14,735

Source: National Science Board (2008, volume 2, table 4-4, pp. A4-5/6)
Note: Industry, University, and Non-Profit figures include federally funded research and
development centers (FFRDC).

proportion of federal R&D expenditures remained allocated for defense, which accounted for
$79.0bn and 54.9% of the entire budget.'” Health and human sciences accounted for 20.6%
($29.6bn), and the National Aeronautics and Space Administration (NASA) as well as the
Department of Energy and the National Science Foundation accounted for significant
proportions of federal R&D expenditure (Table 1).

2.1.b. Industry, Government, Universities, and Non-Profits. Industry has performed
(though not always paid for) 67.6% to 78.0% of U.S. R&D, by value, during each year 1953-
2006. Industry R&D rose ten-fold from $19.9bn in 1953 to $210.6bn in 2006 (in year 2000
constant dollars, Table 2). The proportion of R&D performed by the federal government
decreased substantially over the time period. In 1953, the federal sector performed 20.1% of all
(excluding non-profit) R&D, and by 2006 its share had fallen to 7.2%. Significant growth
occurred in the university and non-profit sectors; both performing sectors increased R&D
expenditures by a factor of 20 since 1953. In 1979, the university sector overtook the federal
sector. By 2006, the federal sector performed 7.1% of R&D, universities 16.0%, and non-profit
organizations 5.0%. Companies dominated R&D performance with 71.8%.

While industry is the largest spender of R&D, it was not always the largest source of
funding. In 1953, federal sources accounted for 53.9% of R&D expenditure. The proportion of
R&D funding from federal sources increased steadily up to 66.8% in 1964. This year appears to
have been a turning point at which industry sources of R&D expenditure represented a low of
30.8% of the total. Industry sources of funding increased steadily and federal sources stagnated
until, in 1980, industry became the largest source of R&D funding. Funding from industry
continued to strengthen to 69.6% of R&D expenditure in 2000, while federal sources fell to a
low of 24.8%. After 2000, the proportion of R&D expenditure from federal sources rose again to

' War-related supplemental funds to be enacted in late 2008 were expected to further increase
federal R&D for 2008 and 2009, according to a report of the American Association for the
Advancement of Science (2008) published shortly before this article was completed. Total
defense R&D, including supplemental funds, is anticipated to reach $84.5bn in 20009.



Table 3: U.S. R&D Expenditure by Source of Funds (in constant 2000 $mil)

Year Federal Industry University Non-Profit

1953 15,251 12,313 200 301
1958 34,023 18,084 271 520
1963 53,429 25,030 440 904
1968 60,066 36,156 885 1,162
1973 52,081 41,756 1,077 1,323
1978 53,355 49,078 1,484 1,589
1983 63,568 69,416 2,080 1,872
1988 79,438 89,805 3,338 2,750
1993 68,482 109,243 4,196 3,833
1998 68,803 153,252 5,351 5,288
2003 78,565 174,969 7,188 8,334
2006 81,160 192,417 8,009 9,034

Source: National Science Board (2008, volume 2, table 4-6, pp. A4-9/10)
Note: Data exclude “other nonfederal” source of funding.

Table 4: R&D Expenditure by Source of Funds (2006 $mil)

Federal & Universities Non-Profit
Type of R&D Government  Industry & Colle o izati Total
Labs ges rganizations
Basic R&D 36,161 10,568 6,415 6,266 | 59,410
Applied research 24,892 43,960 2,363 2,660 | 73,875
Development 33,164 168,843 519 1,561 | 204,087
Total 94,217 223,371 9,297 10,487 | 338,320

Source: National Science Board (2008, volume 2, based on tables 4-13, 4-15, and 4-17, pp. A4-
23/24, A4-27/28, and A4-31/32)

Note: Data exclude “other nonfederal” sources of funding, therefore the total figures are less than
totals in Table 5 which includes all R&D expenditure

Table 5: R&D Expenditure by Performing Sector (2006 $mil)

Federal & Universities Non-Profit
Type of R&D Government Industry & Colle o izati Total
Labs ges rganizations
Basic R&D 4,938 9,395 38,498 8,688 61,519
Applied research 7,750 49,923 11,855 5125 74,653
Development 11,720 185,237 4,008 3,293 204,257
Total 24,408 244,555 54,361 17,106 340,429

Source: National Science Board (2008, volume 2, based on tables 4-7, 4-9, and 4-11, pp. A4-
11/12, A4-15/16, and A4-19/20)

29.6% in 2004, dropping to 27.7% in 2006. Industry remains the largest source of R&D
expenditure at 65.6%, but the amounts contributed by universities and non-profit organizations,
while small in comparison, have grown the most since 1953 (Table 3).

The nature of R&D differs across organizational types. Organizations’ funding of 2006
R&D appears in Table 4, while organizations’ performance of 2006 R&D appears in Table 5,
both of which delineate basic R&D versus applied research or development. Federal agencies
funded more basic R&D than applied or development work, but federal agencies’ in-house R&D



was largely development work. Universities and non-profit organizations largely focused on
basic R&D. Industry focused overwhelmingly on development.

The sources of funding differ for each of the sectors in industry, universities, or non-
profit organizations. The majority of R&D expenditure in industry is funded by industry itself.
This has changed over time; federal funding of R&D was dominant for industry during the 1950s
and 1960s. For universities, in contrast, federal funding represents the largest source of R&D
funds. Increasingly, universities and colleges are contributing to their own R&D funding.

2.1.c. R&D by Industry. R&D expenditure by industry (from all sources of funding)
appears in Table 6. Some figures are unavailable because the National Science Foundation
suppresses data on particular industries to avoid disclosing confidential information.
Nevertheless, available data on R&D expenditure are revealing. Overall, manufacturing
industries have higher expenditure on R&D than nonmanufacturing industries. Among the
industries for which information is available, the largest expenditure takes place in chemicals
(19.0%), computer/electronics (19.4%), transportation equipment (15.8%), and professional,
scientific and technical services sectors (14.2%)."" The fastest rate of increase in R&D was in the
beverage and tobacco industry.'

Most of the funding for R&D in industry comes from nonfederal sources, but federal
sources are important for some sectors. The construction industry, for instance, has the highest
funding share from federal sources (23.7%), although the total amount of R&D is small in this
sector. Other industries with substantial federal R&D funding include computers/electronics
(16.7%),l ;[ransportation equipment (18.9%) and professional, scientific and technical services
(18.2%).

R&D expenditure per thousand employees in 2005 was highest in the chemicals industry,
which spent twice as much on R&D per employee as any other industry. The chemicals industry
also had the highest R&D per scientist and engineer. The food industry, miscellaneous
manufacturing, and health care services also spent substantial amounts on R&D per scientist and
engineer, with over $200mil per thousand scientists and engineers."

2.1.d. R&D by Firm Size. R&D performed by industry during 2005 totaled $226.2bn, of
which 37.6% was performed by companies with more than 25,000 employees. Small companies
had the highest R&D per scientist and engineer, whereas the largest companies had the highest
R&D per employee. The largest percentage growth of R&D from 1999 to 2005, 99.7%, was for
companies with 25 to 49 employees."” Companies largely relied on non-federal sources of

' R&D expenditure for computers/electronics and transportation equipment is calculated from
2003 figures, since 2005 data were not available.

12 Based on 2001-2005 figures because data for 1999 were not available.

1 Figures for computers/electronics, transportation equipment, and construction were calculated
based on 2003 figures, since 2005 data were not available.

'“ Data on employees and funding by industry for 2005 came from Wolfe, R.M., 2007,
“Expenditures for U.S. Industrial R&D Continue to Increase in 2005; R&D Performance
Geographically Concentrated,” Info Brief (October), NSF 07-335.

'* Data from the U.S. Census Bureau and the U.S. Small Business Administration suggest that
the number of companies with 20-99 employees grew by 3.8% from 1999-2005. Thus the
increase in R&D for companies with 25-49 employees does not appear to be a result of overall
growth in this sector.






