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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.2 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. 
                                                 
1 Acknowledgement: The authors thank Zenu Sharma for assistance with university patent data. 
2 Levin et al. (1987, pp. 794-795). 
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 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.3 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,4 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.5 
 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.6 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 

                                                 
3 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. 
4 Cf. Bloom et al. (2002). 
5 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. 
6 The first three of these examples are discussed by Lambright et al. in Roessner (1988). 



3 

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  
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Figure 1: Overall Trend in U.S. Research and Development Expenditures (in 2000 $bn) 

 
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  
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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.7 

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.8 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 II, 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.9 

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). 
9 Source: Mowery & Rosenberg, 1993. 
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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.10 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  
 

                                                 
10 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 2009. 
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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) 

Type of R&D 
 

Federal & 
Government 

Labs 
Industry Universities 

& Colleges 
Non-Profit 

Organizations Total 

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) 
 
Type of R&D 
 

Federal & 
Government 

Labs 
Industry Universities 

& Colleges 
Non-Profit 

Organizations Total 

Basic R&D 4,938 9,395 38,498 8,688 61,519 
Applied research 7,750 49,923 11,855 5,125 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 
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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%).11 The fastest rate of increase in R&D was in the 
beverage and tobacco industry.12  

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%), transportation equipment (18.9%) and professional, scientific and technical services 
(18.2%).13 

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.14  

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.15 Companies largely relied on non-federal sources of  
 

                                                 
11 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. 
13 Figures for computers/electronics, transportation equipment, and construction were calculated 
based on 2003 figures, since 2005 data were not available. 
14 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. 
15 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. 
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Table 6: U.S. R&D by Industry 

INDUSTRY 1999 2001 2003 2005 % of total 
R&D 

% of R&D  
from federal 

funding 

 R&D as 
% of 
sales 

R&D ($mil)/ 
employees 

(thou) 

R&D ($mil)/  
scientists & 
engineers 

(thou) 

Change in 
R&D 1999-

2005 

ALL INDUSTRIES 184,129 202,017 200,724 226,159   9.7%  3.7% 14.1 206.03 22.8%   
Manufacturing industries  118,339 124,217 120,858 158,190 69.9%   9.9%   4.0% 16.76 227.35 33.7%   
Food 1,132 1,819  2,716 1.2%  0.2%  0.7% 2.73 230.17 139.9%   
Beverage and tobacco products   152 173 539 0.2%  0.0%     254.6% ** 
Textiles, apparel, and leather  334   816 0.4%  0.6%  1.6% 4.00 104.62 144.3%   
Wood products  70 182    0.1% * 0.0%     160.0% ** 
Paper, printing, and support activities                 
Petroleum and coal products  615     0.3% *         
Chemicals 20,246 17,892 23,001 42,995 19.0%  0.4%  6.9% 40.03 364.36 112.4%   
Plastics and rubber products  1,785  1,764 1,760 0.8%  0.7%  2.0% 4.67 160.00 -1.4%   
Nonmetallic mineral products   990 474 894 0.4%  0.7%     -9.7% ** 
Primary metals  470 485 530 631 0.3%  3.5%     34.3%   
Fabricated metal products 1,655 1,599 1,374 1,375 0.6%  3.8%  0.8% 2.20 82.34 -16.9%   
Machinery 6,057 6,404 6,304 8,531 3.8%  1.3%  3.7% 10.25 143.14 40.8%   
Computer and electronic products  37,350 50,591 39,001   19.4% * 16.7% *  0.00 0.00 4.4% ** 
Electrical equipment, appliances, and components   4,980 2,073 2,424 1.1%  4.2%  2.4% 7.55 135.42 -51.3% ** 
Transportation equipment  33,965 25,965 31,747   15.8% * 18.9% *    -6.5% ** 
Furniture and related products  248 301  400 0.2%       61.3%   
Miscellaneous manufacturing  3,851 6,606 7,455 5,143 2.3%  1.6%  6.2% 15.22 237.00 33.5%   
Nonmanufacturing industries  65,790 77,799 79,866 67,969 30.1%   9.2%   3.2% 10.30 169.12 3.3%   
Utilities 421 133  210 0.1%  14.3%     -50.1%   
Construction 691 320 333   0.2% * 23.7% *    -51.8% ** 
Wholesale trade    25,092   12.5% * 0.5% *       
Retail trade     1,488   0.7% * 1.7% *       
Transportation and warehousing 460 1,848 272   0.1% *      -40.9% ** 
Information (publishing, broadcast, telecom, internet) 15,389   23,836 10.5%  0.9%  5.4% 15.97 177.62 54.9%   
Finance, insurance, and real estate    1,455 3,030 1.3%  0.0%  0.5% 2.40 100.33 108.2% ** 
Professional, scientific, and technical services 18,994 27,704 27,967 32,021 14.2%  18.2%  12.2% 27.09 187.70 68.6%   
Management of companies and enterprises   381 67   0.0% * 0.0% *    -82.4% ** 
Health care services 642 1,149 717 989 0.4%  0.7%  3.9% 10.63 210.43 54.0%   
Other nonmanufacturing    1,259 1,679 2,137 0.9%   4.2%         69.7% ** 

Sources: National Science Board (2008, volume 2, table 4-19, pp. A4-35/36), National Science Foundation (2007, NSF 07-335, tables 2 and 3). 
Notes: Blank cells are data suppressed by the NSF to avoid disclosure of confidential information, or represent unavailable data (wholesale and retail trade in 
1999 and 2001, “management of companies and enterprises” in 2005). “Mining, extracting and support” industry is excluded because all data were suppressed. 
* Percentages calculated from latest available year if 2005 data are unavailable 
** Change in R&D calculated for available years if 1999 and 2005 data are unavailable 
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Table 7: Top Ten States’ R&D Intensity in 2005 
Rank State R&D Intensity 

1 Michigan 4.50 
2 Massachusetts 4.20 
3 Connecticut 4.08 
4 Washington 3.56 
5 Rhode Island 3.22 
6 New Jersey 3.11 
7 California 3.10 
8 Minnesota 2.73 
9 New Hampshire 2.68 

10 Delaware 2.64 
Sources: National Science Board & Bureau of Economic Analysis 
 
Table 8: States with Largest Federal R&D Funding in 2005 

Rank State R&D Intensity % Federal 
1 Alabama 0.94 50.7% 
2 D.C. 0.20 44.0% 
3 Virginia 1.25 38.7% 
4 Maryland 1.52 33.8% 
5 New Mexico 0.59 31.6% 
6 Florida 0.62 28.6% 
7 Hawaii 0.31 27.4% 
8 Mississippi 0.24 24.2% 
9 Massachusetts 4.20 19.1% 

10 Connecticut 4.08 18.3% 
Sources: National Science Board & Bureau of Economic Analysis 
 
 
funding to perform R&D: only 9.7% of company-performed R&D came from federal sources. 
Firms with more than 25,000 employees enjoyed the largest share of federal R&D funding, 
60.9%. Companies with 5 to 24 employees received only 3.3% of R&D funding, and relied more 
heavily on federal sources (14.6% of their R&D funding came from federal sources).  

2.1.e. R&D by State. R&D funding has been affected not only by national policy, but also 
by individual U.S. states. National industrial policy has rarely been closely tied to innovation 
issues, in contrast to the strategic design more common in Europe and Japan. State policy in 
many ways has done more to set up industry-targeted innovation programs, perhaps because 
some state governments have been relatively willing to influence directly their educational, 
industrial, and financial sectors.16  

R&D expenditures vary significantly across individual states. In 2005, Michigan had the 
largest R&D intensity (state R&D expenditure divided by gross state product) of all U.S. states, 
as Table 7 shows. Although California’s R&D expenditure is more than double that of Michigan, 
it places fifth in terms of intensity. Nearly all R&D funding (98.8%) in Michigan comes from 
nonfederal sources. In contrast, Massachusetts, the second most R&D intensive state, receives 
about 19.1% of its R&D expenditure from federal sources. Federal funding, as Table 8 shows, is 
particularly important for states with low R&D intensity, such as Alabama, Virginia, Maryland, 
                                                 
16 See the chapter by Lindsey in Roessner (1988). 
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and New Mexico, plus Washington, D.C. For these states, federal sources account for over 30% 
of total R&D expenditure.  

These state R&D patterns have many causes, but a role of technological investments is 
apparent from comparison of California and Massachusetts to Michigan. Both California and 
Massachusetts benefited from several private sector innovation initiatives, stimulated by federal 
R&D programs that date back to World War II. These efforts contributed to innovative industrial 
growth areas such as Silicon Valley and the Boston area’s Route 128. Early developments were 
spurred by the creation of specialized organizations including the Massachusetts Technology 
Development Corporation in 1978 and the California Commission on Industrial Innovation in 
1981. California and Massachusetts also received the largest share of venture capital funding in 
2006 and 2007; both states also had the highest venture capital per dollar of gross state product.17 
Michigan, in comparison, has traditionally had a strong industrial base in automobiles and not in 
industries with high federal R&D funding. The state has tried to reverse this trend, for example 
by establishing a task force on high technology in 1981 to guide Michigan toward leadership in 
robotics, molecular biology, and related fields. Michigan’s Industrial Technology Institute, 
established in 1982, and Molecular Biology Institute, established in 1983, combined public and 
private funds to aid Michigan firms in computer-based production and biotechnology 
respectively. 

2.2. R&D Workforce  
The U.S. workforce in science and engineering (S&E) grew tremendously over the last 

half of the twentieth century, at an average annual growth rate of 6.4% (National Science Board, 
2008). The proportion of S&E jobs grew from 2.6% in 1983 to 4.2% in 2006. In conjunction, 
degrees in science and engineering at bachelors, masters, and doctoral levels also increased 
steadily from 1950 to 2000. In spite of the growth in the number of researchers employed in the 
U.S., the level of growth is still a third less than that of other OECD countries. 

There is high and growing demand for S&E skills in the U.S. labor force. The S&E 
demand extends to occupations not directly related to science and engineering; during 2003, 66% 
of S&E degree holders who held non-S&E jobs, such as positions in management or marketing, 
indicated that their degree was related to their job. The supply of potential S&E workers 
tightened from 1993 to 2003, judging from median salaries. Median salaries increased more 
rapidly in those years for S&E bachelor’s degree holders than for persons with non-S&E 
bachelor’s degrees. The largest increases were for those who held degrees in engineering 
(34.1%), computer and mathematical sciences (28.0%), and life sciences (24.5%). Gaps in 
median salary increases were less at the master’s level and negligible at the doctoral degree level. 

Foreign-born scientists and engineers are becoming increasingly important to U.S. S&E 
enterprises, and their presence continues to grow. As of 2003, 25% of all college educated 
workers and 40% of doctoral degree holders in S&E occupations were foreign born. Areas in 
which foreign-born doctorate holders dominate in the U.S. include computer science, electrical 
engineering, civil engineering, and mechanical engineering. The U.S. has undoubtedly benefited 
from the inflow of international knowledge and personnel, but competition for skilled labor is 
intensifying as other countries are increasing their investments in research and making high-
skilled migration part of their economic strategy. Nations such as Germany, Canada, and Japan 
have changed immigration laws accordingly. The U.S. provides temporary work visas, typically 

                                                 
17 Table 19 below and National Science Board (2008, volume 1, table 8-45, p. 8-97). 
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in the form of H-1B visas. During 2001, it was estimated that the majority of these visas went to 
S&E related occupations, particularly in computing (57.8%).  

A massive drop in the annual cap on the number of H-1B visas granted, from 195,000 in 
2003 to 65,000 in 2004, occurred when the federal government allowed relevant legislation to 
expire. Consequently, on October 1, 2004, the U.S. Citizenship and Immigration Services Bureau 
announced that the ceiling of H-1B visa applications had already been reached for 2005, on the 
first day of the fiscal year to which the quota applied.18 Some U.S. Senators have proposed an 
increase of the cap, but as of mid-June 2008, such legislation has yet to be passed by Congress. 

2.3. R&D Output as Indicated by Patents 
Patents are indicative measures of R&D and innovation output. The U.S. Patent and 

Trademark Office (USPTO) tracks various types of patents applied for and granted. A patent of 
invention, called a “utility” patent under U.S. law, is a patent issued for the “invention of a new 
and useful process, machine, manufacture, or composition of matter, or a new and useful 
improvement thereof.”  

2.3.a. Long-term U.S. Patent Trend. In 1790, three U.S. utility patents were granted. This 
number has grown tremendously to more than 170,000 utility patents granted in 2006 (Figure 2), 
with more than twice that number of applications. The enormous surge in patenting in the 1980s 
through 2006 corresponds to the establishment of the Court of Appeals for the Federal Circuit, 
which made patents easier to get and easier to defend in court, and to shifts in practices at the 
USPTO that have been claimed to make the office more beholden to applicants’ interests (Jaffe 
and Lerner, 2004). 

2.3.b. Internationalization of U.S. Patent Ownership. In 1963, the majority of utility 
patents granted were to U.S. inventors or organizations. However, with increasing 
internationalization of business in recent decades, the proportion of utility patents granted to U.S. 
inventors or organizations fell, as Figure 3 shows, to just over half in 2005. The overall number 
of utility patents to U.S. inventors or organizations increased 142% from 1963 to 2006. 

2.3.c. Organization Types of U.S. Patent Assignees. Historically, only a small percentage 
of patents granted have been assigned to universities and government organizations, although 
this has been changing (Table 9). Corporations in 2004 received 73.5% of patents. Individual 
inventors account for 17.0% of patents in 2004, and the frequency with which individuals are 
assignees has declined over much of the 1900s, although it rose from 2001 to 2004. The 
contribution of government has been decreasing steadily, while patents granted to universities 
are becoming more common. 

There has been a tremendous growth in academic patenting and licensing since 1991, as 
Table 10 shows. The number of U.S. patents granted to major universities was 2,944 in 2005,  
 

                                                 
18 Academic institutions are exempt from the ceiling and exemptions also apply to students with 
master’s or doctoral degrees received at U.S. schools. Alternative visa options do exist for 
scientists and engineers (L-1), high-skilled workers under the North American Free Trade 
Agreement (TN-1), individuals with outstanding abilities (O-1), and other programs. Students 
may additionally apply for F-1 or J-1 visas.  
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Figure 2: Utility Patents Granted in the U.S. 1790-2006 

 
Source: U.S. Patent and Trademark Office (USPTO), U.S. Patent Statistics Report, U.S. Patent 
and Trademark Office (USPTO), Patent Technology Monitoring Team, and the USPTO TAF 
database; older statistics from the Technology Assessment and Forecast Seventh Report, March 
1977, U.S. Patent and Trademark Office 
 
Figure 3: Proportion of Utility Patents Granted (U.S. versus Foreign) 1963-2006 

 
Source: USPTO, TAF database 
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Table 9: Percent of U.S. Utility Patents Granted to Corporations, Government, Individuals and 
Universities (1993-2005) 
  Corporation Government University Individual 
1993 74.2% 1.9% 2.5% 21.4% 
1994 75.1% 1.5% 2.5% 21.0% 
1995 77.9% 1.4% 2.2% 18.6% 
1996 77.9% 1.1% 2.6% 18.4% 
1997 79.1% 1.0% 2.5% 17.4% 
1998 79.3% 1.0% 3.3% 16.5% 
1999 80.2% 0.8% 3.3% 15.6% 
2000 81.2% 0.9% 3.0% 14.9% 
2001 82.0% 1.0% 3.2% 13.9% 
2002 80.7% 0.9% 3.6% 14.8% 
2003 78.5% 0.9% 4.8% 15.7% 
2004 73.5% 0.9% 8.6% 17.0% 

Source: USPTO, TAF database 
 
Table 10: Academic Patenting & Licensing 1991-2005 
 1991 1993 1995 1997 1999 2001 2003 2005 
No. institutions reporting (98) (117) (127) (132) (139) (139) (165) (158) 
 Millions of dollars  
Net royalties n/a 195 239.1 391.1 583 753.9 866.8 1,588.1 
Gross royalties 130 242.3 299.1 482.8 675.5 868.3 1,033.6 1,775.0 
Royalties paid to others n/a 19.5 25.6 36.2 34.5 41 65.5 67.8 
Unreimbursed legal fees 

expended  19.3 27.8 34.4 55.5 58 73.4 101.3 119.1 

 Number  
Invention disclosures 

received 4,880 6,598 7,427 9,051 10,052 11,259 13,718 15,371 

New U.S. patent 
applications filed 1,335 1,993 2,373 3,644 4,871 5,784 7,203 9,306 

U.S. patents granted n/a 1,307 1,550 2,239 3,079 3,179 3,450 2,944 
Startup companies formed n/a n/a 169 258 275 402 348 418 
Revenue-generating 

licenses/options 2,210 3,413 4,272 5,659 6,663 7,715 11,118 10,251 

New licenses/options 
executed* 1,079 1,737 2,142 2,707 3,295 3,300 3,855 4,201 

Equity licenses/options n/a n/a 99 203 181 328 316 278 
* Note: Data prior to 2004 may not be comparable with data for 2004 and beyond due to change 
in survey wording. 
Source: National Science Board (2008, volume 2, table 5-42, p. A5-81) 
 
 
compared to 1,307 in 1993, a growth of 125%.19 Increases also occurred in receipt of royalties 
and in new research funding received as a result of licenses. The number of start-up companies 
formed from universities increased from 169 in 1995 to 348 in 2003.  

                                                 
19 The figures reported here are close approximations because the data in Table 10 are for AUTM 
members, and new (generally less technologically active) universities joined AUTM over time. 
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Table 11: Top Ten Technology Classes among U.S.-Owned Utility Patents Granted in 2006 
Technology Class U.S. Owned 

Patents 2006 
Drug, Bio-Affecting and Body Treating Compositions 3,262 
Multiplex Communications 2,297 
Semiconductor Device Manufacturing: Process 2,067 
Telecommunications 1,958 
Chemistry: Molecular Biology and Microbiology 1,920 
Multi-computer Data Transferring (Electrical Computers and Digital Processing 
Systems) 1,780 
Active Solid-State Devices (e.g., Transistors, Solid-State Diodes) 1,699 
DP: Database and File Management or Data Structures (Data Processing) 1,437 
Communications: Electrical 1,432 

Source: USPTO, TAF database; patent counts based on original and cross-reference 
classifications with duplicate patents eliminated within classes 
 
 

2.3.d. Top Patenting Corporations. As of 2006, IBM was the U.S. corporation with the 
most U.S. utility patents granted with 3,621 patents. Hewlett-Packard came in second place with 
2,099 patents and Intel occupied the third spot with 1,959. IBM has not always held the first 
place slot; in 1969, for example, GE held the number one spot, followed by AT&T and DuPont. 
Nevertheless, IBM has long remained strong in patenting, occupying fourth place in 1969. While 
strong, the top ten U.S. corporations do not dominate relative to international firms in the number 
of utility patents granted by the USPTO. For example, Hewlett-Packard ranks second in the US, 
but fifth overall. Foreign firms Samsung, Canon, and Matsushita ranked second, third, and fourth 
respectively in 2006 utility patents granted.  

2.3.e. Technology Classes. Although rankings of the most active technology classes of 
U.S. firms depend on the class definitions, the rankings indicate at least some of the most 
actively researched types of technology. Patenting by U.S. firms in the leading classes in 2006 is 
shown in Table 11. The most utility patents granted to U.S. owners were within the “drug, bio-
affecting and body treating compositions” class (USPTO Class 514), which had 3,262 patents in 
2006. Other areas of high utility patenting include multiplex communications, semiconductor 
device manufacturing, telecommunications, molecular and micro-biology, multi-computer data 
transfer, solid state devices, database management, and electrical communications.  

2.3.f. State Differences. California was the largest producer of utility patents in 2006, 
with 24.3% of all U.S. patents being granted in the state, followed by Texas (6.9%) and New 
York (6.1%). Historically, California has dominated utility patents in the U.S. (Table 12). 
However, during 1963-2006 the fastest growing state in terms of utility patents granted was 
Idaho which grew 31-fold and ranked 18th in 2006, followed by a 14-fold growth of Vermont 
(ranked 32nd in 2006).  

                                                                                                                                                             
Perhaps one tenth of the growth from 1993 to 2001 for statistics reported in Table 10 results 
from increases in AUTM members. This figure results by using USPTO data that indicate 1,610 
university patents in 1993 and 3,423 in 2001, implying that the AUTM data capture 81% of 
university patents in 1993 versus 91% in 2001. This implies a corrected estimate for the true 
growth g from 1993 to 2001 in any statistic n used in the Table of about g = 
((100/91)*n2001)/((100/81)*n1993) = 0.89*(n2001/n1993), yielding the one-tenth rule mentioned here.  
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Table 12: Top Ten States, 2006 Utility Patents 
State 1963 1968 1973 1978 1983 1988 1993 1998 2003 2006 
California 4,357 5,637 7,040 5,504 4,427 6,070 8,165 15,790 19,688 22,275 
Texas 1,340 1,772 2,080 1,930 1,873 2,388 3,389 5,576 6,029 6,308 
New York 4,437 4,956 5,413 3,921 2,731 3,315 4,692 6,319 6,234 5,627 
Massachusetts 1,647 1,910 2,203 1,732 1,321 1,622 2,207 3,413 3,908 4,011 
Michigan 2,347 2,816 2,923 2,348 1,677 2,196 2,873 3,506 3,857 3,758 
Illinois 3,288 3,713 4,073 3,109 2,139 2,369 2,846 3,725 3,296 3,294 
Washington 337 395 508 495 450 654 896 1,774 2,285 3,286 
New Jersey 2,847 3,769 4,129 3,452 2,632 2,619 2,912 3,767 3,522 3,172 
Minnesota 710 881 973 831 776 1,075 1,547 2,473 2,953 2,957 
Pennsylvania 2,752 3,379 3,658 2,900 2,172 2,426 2,677 3,370 3,182 2,842 
Ohio 2,917 3,207 3,328 2,568 1,905 2,142 2,531 3,272 3,183 2,630 

Source: USPTO, TAF database 
 
Table 13: Share of Science & Engineering Article Output 
Region 1995 1997 1999 2001 2003 2005 
Europe 37.0% 38.0% 38.2% 37.7% 36.8% 36.2% 
U.S. & Canada 38.4% 36.1% 34.4% 33.8% 33.2% 32.6% 
Asia 13.6% 15.0% 16.4% 17.7% 19.1% 20.6% 
Central/South America 1.7% 2.0% 2.3% 2.6% 2.8% 2.9% 
Australia/New Zealand 2.8% 2.8% 2.8% 2.8% 2.7% 2.7% 
Africa/Middle East 2.4% 2.4% 2.4% 2.4% 2.5% 2.5% 

Source: National Science Board (2008, volume 2, table 5-34, pp. A5-57-59), with data cited from 
Thomson ISI, Science Citation Index and Social Sciences Citation Index 
 
 

2.4. R&D Output as Indicated by Publications 
Publications are an alternative measure of R&D output. In 2005, the U.S. held about 

28.9% of the world’s science and engineering article output by publishing country. By 
comparison, as Table 13 indicates, European nations together produced about 36.2% of 
publications in 2005. The largest portion of U.S.-originated articles were in the medical and 
biological sciences fields, as Table 14 shows, and the strongest growth from 1995 to 2005 was in 
other life sciences (57.0%), followed by computer sciences (24.9%) and mathematics (22.9%). 

3. Technology Commercialization in Small Businesses 
Technology commercialization patterns and policy have been evident above, but relevant 

programs affecting small businesses remain to be discussed. 
In 1982, the Small Business Innovation Research (SBIR) program was established under 

the Small Business Innovation Development Act, which was reauthorized until 2008. The 
program mandates that federal agencies with extramural R&D budgets over $100mil must 
administer SBIR programs and set aside 2.5% of their budget for innovative research to be 
conducted at small companies. As of January 2007, $12bn was awarded to small businesses 
through SBIR. Eleven federal agencies participate in the SBIR program: the Departments of 
Health and Human Services (DHHS), Agriculture, Commerce, Defense (DOD), Education, 
Energy (DOE), Homeland Security, and Transportation; the Environmental Protection Agency; 
NASA; and the National Science Foundation (NSF).  
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Table 14: U.S. Science & Engineering Article Output, by Field 
 1995 1997 1999 2001 2003 2005 
Medical sciences 26.7% 27.5% 27.6% 27.7% 27.7% 28.0% 
Biological sciences 27.8% 27.3% 27.0% 27.3% 26.2% 25.9% 
Physics 10.1% 9.5% 9.5% 9.0% 9.2% 9.6% 
Chemistry 7.7% 7.6% 7.6% 7.4% 7.8% 8.0% 
Engineering 6.5% 6.2% 6.5% 6.5% 6.7% 6.7% 
Geosciences 5.1% 4.9% 5.2% 5.2% 5.7% 5.2% 
Social sciences 5.0% 5.2% 5.1% 5.2% 5.2% 5.0% 
Psychology 4.0% 4.3% 4.1% 4.0% 3.9% 4.0% 
Mathematics 1.6% 1.6% 1.9% 1.9% 1.9% 1.8% 
Other life sciences 1.2% 1.6% 1.5% 1.6% 1.5% 1.7% 
Agricultural sciences 1.9% 1.9% 1.5% 1.7% 1.9% 1.7% 
Astronomy 1.3% 1.3% 1.5% 1.4% 1.3% 1.3% 
Computer sciences 1.0% 1.0% 1.1% 1.1% 1.1% 1.1% 

Source: National Science Board (2008, volume 2, table 5-36, pp. A5-63-65), with data cited from 
Thomson ISI, Science Citation Index and Social Sciences Citation Index 
 
 

A second program, Small Business Technology Transfer (STTR), supports joint R&D of 
small businesses with non-commercial research institutions. In this program, federal agencies 
with extramural R&D budgets over $1bn are mandated to set aside 0.3% of their budget to 
administer STTR programs. Five agencies participate in this program: DOD, DOE, DHHS, 
NASA, and NSF. The program was established in 1992 by the Small Business Technology 
Transfer Act and was reauthorized until 2009.  

The objective of these programs is to stimulate technological innovation in small 
businesses and their participation in meeting federal R&D needs. In addition, an important aspect 
of the program is to increase commercialization of innovations within the private sector. The 
programs are structured in three phases in which the first phase is to establish technical merit and 
feasibility and potential of commercialization of the proposed R&D efforts. If successful, the 
project proceeds to a second stage in which more money is awarded toward commercialization. 
In the final phase, the business pursues non-SBIR/STTR funds to achieve its commercialization 
objectives. Within the SBIR program, the research must be based at a small business concern in 
order to receive the award. Within the STTR program, research partners at universities and non-
profit institutions must have formal collaborative relationships with small businesses.  

4. National Innovation Policy 
Elements of a national innovation policy are rooted in the U.S. constitution. As early as 

1790, the Patent Act was established, acknowledging that inventions had value and granting 
inventors temporary monopoly control over their ideas. There are two major government policy 
instruments that support innovation: antitrust statutes and the role of military R&D and 
procurement. The U.S. Navy, for instance, sponsored research programs as far back as 1789, and 
the U.S. Department of Agriculture has been involved in the land-grant college system since the 
mid-1800s. In fact, the Hatch Act of 1887 focused on the development and widespread use of 
new seeds, equipment, fertilizers, and farm practices. An important early development to 
establish the private property rights of plant varieties was the Plant Patent Act of 1930. Living 
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organism patent rights were extended to engineered organisms by a 1980 U.S. Supreme Court 
decision in Diamond vs. Chakrabarty.20 

World War II brought an extra emphasis on federally funded R&D, and the National 
Science Foundation Act of 1947 focused on basic and applied R&D. Total R&D expenditure 
rose from $1.0 bn in 1940 to $15.8 bn in 1945 (in 2006 dollars). The Manhattan Project created a 
research and weapons production complex. The Office of Scientific Research and Development 
(OSRD), which entered into contracts with the private sector and relied on universities to do 
research, was another legacy of the war. After World War II, the innovation policy emphasis 
shifted and instruments were established specifically to protect small businesses and 
entrepreneurs with the Small Business Act of 1953. New firms and small start-ups were 
particularly important in microelectronics, computer hardware and software, robotics, and 
biotechnology. Several policy initiatives have changed the relationship between military and 
civilian technologies. They include the National Center for Manufacturing Sciences, the Defense 
Advanced Research Projects Agency, and Sematech.21 

4.1. Programs and Policies 
While most of the innovation in the U.S. takes place in the private sector, it is clear that 

national programs and institutions play an important role, as do individual state programs. The 
Internal Revenue Code in 1954 allowed businesses to treat R&D expenditures as current 
expenses for tax purposes. The Bayh-Dole Act of 1980 created a uniform patent policy enabling 
small businesses, non-profit organizations, and universities to retain title to inventions made 
under federally-funded research programs. Other direct government involvement includes the 
Economic Tax Recovery Act (1981), the National Cooperative Research Act (1984), the 
Technology Transfer Act (1986), the Omnibus Trade and Competitiveness Act (1988), plus 
programs discussed above including R&D tax credits and the SBIR.  

Nevertheless, the U.S. national innovation policy is not based on any one economic 
strategy. Instead, the structure of R&D programs, financing, and administration to stimulate 
innovation is fragmented, diverse, and often issue-oriented. For example, The National Advisory 
Committee on Aeronautics, founded in 1915, invested in engineering and innovation in 
commercial aviation. The National Cancer Institute began in the 1930s with federal investment 
in biomedical research. A Civilian Industrial Technology Program (CITP), proposed in 1964 by 
the Kennedy administration amid signs of lagging innovation in the U.S., would have supported 
industrial research at universities and provided incentives for industry to take on costly and risky 
R&D initiatives; although it was defeated, the CITP reflected ongoing consideration of a 
government funding for nonmilitary industrial R&D. The National Cooperative Research Act in 
1984 strengthened enforcement of intellectual property protection and reduced anti-trust 
restrictions on research collaborations.  

                                                 
20 Diamond vs. Chakrabarty pertained to an oil-eating bacterium (used to clean oil spills) created 
by modifying a preexisting bacterium with new genetic mechanisms. This helped pave the way 
for the USPTO’s later decision to grant gene patents. 
21 Sematech was an industry-government program to strengthen the U.S. semiconductor industry. 
The program aimed to leverage resources and share risks of both government and non-
government semiconductor technologies because foreign control of essential computing 
resources threatened military and economic security. It has since expanded into an international 
body to include non-U.S. firms cooperating on standards and specifications. 
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A New Technologies Opportunity Program (NTOP), set up in 1971, considered tax 
incentives for private R&D and changes in antitrust laws. It also suggested large increases in 
federal spending for applied civilian research. Often too, the plug was pulled on such national 
program initiatives. Congress, for example, approved only a portion of the CITP program but 
later eliminated funding, and funds for NTOP were impounded. R&D and innovation issues were 
reverted to the Office of Science & Technology and later, under the Carter Administration, to the 
Domestic Policy Review (1978). Following that, in 1983, under President Reagan, the 
Commission on Industrial Competitiveness was charged with reviewing federal R&D and 
innovation policies.  

4.2. State Programs 
Without a strong cohesive national innovation policy, much of the emphasis on 

innovation in the U.S. has been in state-level programs, with the exception of national defense 
and space programs. In the 1960s, state level programs were implemented to influence decisions 
of private firms to relocate plants, to attract venture capital, and to direct R&D results from 
government research labs to universities. Governors of all states are directly concerned with 
technological innovation.22 States have the potential to affect several components of society, 
including educational institutions, industrial firms, financial firms, and other private sectors. 
Strong state-level innovation initiatives exist particularly in California, Massachusetts, and 
Michigan (see Section II). North Carolina and Connecticut also have strong programs. North 
Carolina, for example, created in the 1950s the Research Triangle Park that has attracted more 
than 50 major federal and private R&D facilities and over $150mil in funding between 1977 and 
1988. The Connecticut Product Development Corporation, established in 1973, later transitioned 
into Connecticut Innovations, which operated much like a venture capital fund and as of 2008 
had received more than $1bn in private equity investments.  

4.3. 2004-2007 Policy Initiatives 
More recently, new innovation policies have been considered. In 2004, the Bush 

Administration proposed a program with three major public policy initiatives, focused on 
hydrogen fuel technology, healthcare information technology, and broadband technology. In 
2005 federal R&D investment reached a record $132bn, doubling the funding for 
nanotechnology to $1bn and increasing information technology funding to $2bn. However, the 
Administration also proposed to cut science funding for 21 of 24 agencies.  

A National Innovation Act was proposed in 2005 by senators John Ensign and Joseph 
Lieberman. The proposal would have established a President’s Council on Innovation as well as 
an Innovation Acceleration Grants Program. It sought to nearly double the NSF research funding 
level by 2011 and expand graduate research, fellowship, and trainee programs, to require that the 
National Institute of Standards and Technology support research for advanced manufacturing 
systems to enhance productivity and efficiency, and to make permanent the research and 
experimentation credit for qualified expenses. Furthermore, a goal of the program was to 
mandate that the Department of Defense allocate at least 3% of its budget towards science and 
technology, with at least 20% going to basic research. This Act was introduced to the House of 
Representatives in January 2006, but not enacted. 

                                                 
22 See Lindsey in Roessner (1988). 
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Table 15: U.S. Advanced Technology Products: Import to Export Ratio 
Industry 2003 2004 2005 2006 2007* 
Opto Electronics 2.13 2.22 2.63 3.87 4.33 
Info/Communication 2.07 2.24 2.30 2.32 2.40 
Nuclear Technology 1.74 1.44 2.44 1.85 1.78 
Life Science 2.38 2.26 1.84 1.80 1.73 
Advanced Materials 1.46 1.58 1.56 1.55 1.42 
Biotech 0.76 0.53 0.92 0.94 0.89 
Flexible Manufacturing 0.75 0.58 0.75 0.70 0.71 
Electronics 0.54 0.57 0.56 0.52 0.54 
Weapons 0.32 0.29 0.42 0.37 0.41 
Aerospace 0.46 0.44 0.41 0.34 0.37 

* 2007 data are Jan-Oct only 
Source: U.S. Census Bureau, U.S. Trade in Advanced Technology Products 
 
 

Congress and President Bush did, however, enact in 2007 the American Competitiveness 
Initiative, as the America COMPETES Act. The goals of the initiative were to double, over ten 
years, funding for innovation-enabling research at federal agencies, modernize research and 
experimentation tax credits, strengthen K-12 math and science education, reform the workforce 
training system, and reform immigration in order to retain highly skilled foreign workers in the 
U.S. The legislation retained the massive increase in NSF funding of the National Innovation 
Act. However, the American Competitiveness Initiative was enabling legislation that allowed but 
did not provide funding. The federal budget approved in December 2007 failed to allocate more 
than a minor fraction of the intended funds for the American Competitiveness Initiative. 

5. Technological Strengths and Weaknesses 
To assess the relative strengths or weaknesses of U.S. innovation, Table 15 shows import 

to export ratios of advanced technology (AT) products. The U.S. is a major exporter of aerospace 
technology, weapons and electronics. It also exports more flexible manufacturing technology and 
biotechnology than it imports. In contrast, over the five years 2003-2007, the U.S. increasingly 
imported optoelectronics and to a lesser extent information/communication technology. The U.S. 
is also predominantly an importer of nuclear technology, life science, and advanced materials. 

The bulk of advanced technology product exports during January to October 2007, 
totaling more than half of all AT product exports, was composed of weapons (33.6%) and 
information/communication technology (27.2%) (Table 16, Figure 4). Electronics is a significant 
export industry within AT products at 18.6% of all AT product exports (Figure 4). The 
information/communication technology sector nevertheless also represents the largest proportion 
of total AT product imports, with 54.7% during 2007 (Figure 5).  

6. Innovation 
Innovation costs money, so one way to assess trends in innovation is to examine funding 

flows to new businesses. Venture capital has a minority role, but information on venture capital 
allocations are readily available, so figures for venture capital help provide clues to innovation 
trends. Table 17 shows the relative contribution of venture capital compared to other funding  
 



21 

Table 16: U.S. Exports and Imports in Advanced Technology Products Jan-Oct 2007 

Industry 
Exports 

($bn) 
Imports 

($bn) 
Biotech 6.48 5.78 
Life Science 17.56 30.32 
Opto Electronics 4.56 19.77 
Information/Communication 61.28 147.27 
Electronics 41.91 22.56 
Flexible Manufacturing 12.49 8.90 
Advanced Materials 1.38 1.96 
Aerospace 75.69 28.27 
Weapons 1.53 0.63 
Nuclear Technology 2.21 3.94 

Source: U.S. Census Bureau, U.S. Trade in Advanced Technology Products 
 
Figure 4: U.S. Exports of Advanced Technology Products 2007 

 
Source: U.S. Census Bureau, U.S. Trade in Advanced Technology Products 
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Figure 5: U.S. Imports of Advanced Technology Products 2007 

 
Source: U.S. Census Bureau, U.S. Trade in Advanced Technology Products 
 
Table 17: Total New Capital Commitments in the U.S. by Type of Institution 
Type of Funding 
 

# firms 
 

# funds 
 

Total capital 
($bn) 

Average capital 
($ mil) 

Private Partnerships 3,644 9,273 1,828.5 197.20 
Investment Banks 398 1,225 375.9 306.90 
Fund of Funds and Sec. 317 900 247.7 275.20 
Other Financial Institutions 574 1,314 178.1 135.60 
Corporate (Venture Capital) 263 448 48.0 107.20 
Advisors Non FOF 27 58 11.6 199.30 
Corporate (Direct) 84 113 7.8 68.90 
Government programs 53 75 5.3 70.30 
Public Venture Funds 33 42 4.6 108.60 
Individuals 34 49 2.9 59.00 
SBICs 29 36 2.1 58.90 
Development Programs 43 69 1.8 26.20 
Universities 18 22 0.9 39.40 
Pension Funds 7 9 0.6 67.80 
Endowments/Foundations 2 2 0.1 49.80 
Other 4 4 0.3 65.90 

Source: Thomson Financial, VentureXpert 
 
 
sources. Private partnerships form the largest proportion of all new capital commitments made in 
the U.S. in terms of number of firms, funds, and total capital provided. However, the average 
(mean) capital provided per fund is highest for investment banks ($306.9mil).  
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Figure 6: Historical Trend in U.S. Venture Capital Funds 

 
*Note: 2007 data are up to October, 2007. 
Source: Private Equity Week, 2007, Volume 14(41) 
 
 

In the U.S., venture capital peaked in the year 2000 with $105.8bn of new capital 
committed to the industry. Since then, the amount of new capital committed to venture capital 
has been greatly reduced, although estimates of the amount of available funding range 
enormously from $3.8bn to $37.9bn during 2001-2007.23 Nevertheless, capital committed to new 
ventures appears to be rising and the number of new funds created each year has been steady 
during 2002-2007 (Figure 6).  

At its peak in 2000, the largest amount of venture capital disbursed in the U.S. went to 
the Internet industry, with some $53.5bn. The communications ($25.6bn) and computer software 
($21.9bn) industries also received substantial capital during 2000. Since then, venture capital 
investment has declined overall, but appears to be picking up again. During 2007, the “other” 
industry category received the largest share at $33.3bn; this included $13.0bn for transportation, 
$7.7bn for financial services, $3.9bn for business services, and $2.9bn for manufacturing. The 
second largest industry to benefit from venture capital in 2007 was the medical/health (excluding 
biotech) industry ($15.3bn), followed by the consumer related (i.e., food and beverages, 
entertainment, clothing, house and garden products, restaurants, travel, etc.) industry ($12.9bn) 
(Table 18). Venture capital to the transportation, medical/health, and consumer related industries 
did not peak in 2000, but instead grew steadily over the years. 

                                                 
23 Data on venture capital vary depending on the source. We used data reported for “venture 
capital raised” in Private Equity Week, 2007, Volume 14(41) which cites data from Thomson 
Financial and the National Venture Capital Association. Other figures indicate that “new capital 
commitments” dropped to $7.7bn during 2002 (Thomson Financial), or that venture capital 
“disbursements” dropped to $21.3bn in 2002 (reported by the NSF who cite Thomson Financial 
as a source). All sources concur that the peak during 2000 was around $105bn. 
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Table 18: U.S. Venture Capital Disbursements ($mil) by Industry 1980-2007 
Industry 1980 1985 1990 1995 2000 2005 2007 
Communications 72.5 720.5 2,262.7 2,101.3 25,683.0 7,603.0 5,580.4 
Computer Hardware 146.2 720.8 425.7 959.6 6,626.2 1,629.0 4,448.8 
Computer Software 15.9 413.0 581.6 1,291.6 21,878.5 9,268.0 8,249.8 
Internet Specific 0.1 5.1 47.2 879.4 53,530.9 4,299.4 7,360.7 
Computer (other)  5.9 11.9 19.0 147.9 64.9 43.1 
Semiconductor/Electronics 76.7 454.9 302.6 601.1 10,280.4 3,403.6 4,188.9 
Biotech 52.3 145.2 299.2 719.9 3,787.0 3,398.1 5,446.6 
Medical/Health 53.6 353.0 862.2 1,633.7 5,855.9 7,853.0 15,301.0 
Consumer Related 105.1 523.2 1,041.7 2,610.0 6,259.5 7,321.5 12,925.8 
Industrial/Energy 156.5 498.9 365.7 1,914.5 4,831.8 4,155.3 9,050.7 
Other 69.1 471.2 2,418.3 2,030.0 22,465.5 15,944.1 33,345.1 

Transportation 26.2 81.8 234.8 285.7 3,880.4 4,236.8 13,010.4 
Financial Services 15.4 182.3 940.3 798.9 8,359.2 6,270.5 7,698.8 
Business Services 14.3 53.4 279.5 319.2 4,882.1 1,784.6 3,902.1 
Manufacturing 11.4 81.0 878.3 333.3 1,687.2 473.1 2,923.6 
Agriculture 0.3 13.5 7.9 30.6 600.2 206.4 1,128.3 
Construction 0.7 55.0 43.4 107.7 1,741.9 314.4 1,068.0 
Utilities 0.8 0.6 25.6 25.6 450.9 610.7 79.2 
Other 0.0 3.6 8.5 129.1 863.5 2,047.8 3,534.7 

TOTAL 747.9 4,311.7 8,618.7 14,760.0 161,346.4 64,939.7 105,940.7 
Source: Thomson Financial, VentureXpert 
 
Table 19: U.S. Venture Capital by State during 2007 

State 
 

Companies 
 

VC Investments 
($Mil) 

Percent of 
U.S. 

Investments 
California 1,730 22,278.6 24.8% 
Massachusetts 478 8,179.5 9.1% 
Ohio 117 7,265.8 8.1% 
New York 336 6,444.3 7.2% 
Michigan 72 5,825.8 6.5% 
Texas 310 4,978.0 5.5% 
Nevada 17 3,834.1 4.3% 
Maryland 145 2,569.0 2.9% 
Florida 149 2,498.7 2.8% 
Pennsylvania 244 2,422.6 2.7% 

Source: Thomson Financial, VentureXpert 
 
 

During 2007, Californian companies attracted $22.3bn of venture capital, taking up 
24.8% of total U.S. venture capital investment (Table 19). While California attracted the most 
venture capital investment, VC funding was largely raised (i.e., funded) in New York, which is a 
center of the finance industry. New York raised $139.7bn through VC funds in 2007, and also 
had the highest venture capital funds under management during 2007 at $140.1bn.  

One measure of success of start-up businesses is whether or not they undergo an initial 
public offering (IPO) on the financial market and become publicly owned. Since 1980, the  
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Table 20: U.S. Venture Capital IPOs 1980-2007 
Year 
 

No. 
IPOs 

Total Offer 
Price ($mil) 

Total Post Offer 
Value ($mil) 

Avg Post Offer 
Value ($mil) 

1980 61 678 3,652 59.9 
1981 98 1,070 4,892 49.9 
1982 39 577 2,663 68.3 
1983 206 4,071 19,698 95.6 
1984 89 1,098 5,143 57.8 
1985 84 1,670 8,053 95.9 
1986 389 4,168 26,831 69.0 
1987 147 2,917 12,846 87.4 
1988 66 971 4,175 63.3 
1989 83 2,469 16,151 194.6 
1990 79 1,767 7,558 95.7 
1991 176 6,782 25,486 144.8 
1992 224 9,010 37,607 167.9 
1993 250 8,469 28,873 115.5 
1994 181 5,102 19,159 105.9 
1995 222 9,124 37,687 169.8 
1996 285 12,688 60,178 211.2 
1997 172 7,933 35,360 205.6 
1998 99 6,282 28,843 291.3 
1999 296 26,972 150,422 508.2 
2000 260 27,470 140,318 539.7 
2001 51 5,590 26,031 510.4 
2002 41 5,784 20,944 510.8 
2003 45 5,834 22,832 507.4 
2004 138 19,559 81,973 594.0 
2005 108 18,700 59,194 548.1 
2006 112 19,126 67,862 605.9 
2007  112 17,130 69,049 616.5 

Note: The post offer value represents the value of all shares outstanding at the offer date. 
Source: Thomson Financial, VentureXpert 
 
 
number of IPOs of private equity firms, the total offer amount, and the total post offer value have 
varied considerably from year to year (Table 20). Nevertheless, the most IPOs occurred in 1999, 
one year before the peak in venture capital investment. When considering the average post offer 
value, a small peak occurred in 1989 when IPOs averaged $194.6mil. Subsequently average post 
offer values dropped a little and peaked again in the year 2000 at $539.7mil on average. While in 
the following years the number of IPOs dropped sharply, those firms that did undergo IPOs 
maintained fairly high post offer values, and in 2006 the average post offer value overtook 2000 
values, reaching a new height in 2007 with an average value of $610.7mil. During 2007, 
Californian companies raised the most capital through venture-backed IPOs at $4.4bn. Texan 
companies raised $2.8bn and companies in Massachusetts raised $1.6bn. 
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7. Culture and Politics 

7.1. Drivers of Aggregate Federal R&D Funding and Funding Areas  
 World War II, Nikita Khrushchev’s (misleadingly translated) “We will bury you!,” 
Sputnik, and the Cold War all stimulated U.S. public perception of a need for innovation. This 
public perception came at a convenient time, since U.S. industry was flush with production after 
World War II, and the other formerly strong economies of Europe and Japan had their businesses 
in ruins. It is perhaps no surprise, then, that the U.S. found both the political will and the funds to 
support massive national investments in R&D and innovation.  

The result was, as Table 2 has reported, a rapid growth of federal R&D funding through 
the late 1960s. In the 1970s through the 1990s, coincident with slower economic growth, federal 
R&D funding grew much more slowly. Mikhail Gorbachev’s efforts to end the Cold War, and 
the 1989 fall of the Berlin Wall, helped reduce the tensions that stimulated a public sense of need 
for technological investment. Defense R&D as a fraction of total federal R&D outlays grew to 
more than two-thirds by 1985, but that fraction quickly shrank thereafter to just above one-half in 
2001. The Al-Qaeda attacks of September 11, 2001 again changed the perceived needs, and 
defense R&D grew rapidly.  
 Given the military impetus that drove U.S. federal R&D during this period, as well as 
industrial needs to maintain technological leadership in order to remain competitive, it is no 
surprise that historically the U.S. government’s R&D expenditures and programs to support 
innovation have focused on the physical sciences and engineering. What may surprise some 
readers, however, is that the focus has shifted dramatically. Medical sciences (life sciences plus 
psychology) by 2007 made up 54.0% of federal R&D expenditures, whereas the physical 
sciences, engineering, mathematics, and computer science together made up only 33.2% of 
federal R&D outlays. Environmental sciences made up 6.6% of federal R&D outlays in 2007, 
and the social sciences made up 2.2% (the small remainder was not classified or fit other 
categories).24 

This suggests that changing national interests may drive the allocation of federal R&D 
funding in future. Global climate change plus increased need for energy security might lead to a 
rise in environmental and energy-related research in future. Commonplace deviations between 
policies intended to be successful versus policies that would actually achieve intended goals also 
suggest that a dramatic rise in funding of serious social science has the potential to yield 
dramatic benefits for the economy, well-being of individuals, and functioning of businesses and 
other organizations. 

7.2. Education 
U.S. elementary and secondary education provides youth with broad-based education at a 

fairly high level, although with substantial disparities and with average achievement levels below 
those in some nations. Literacy is high according to U.S. government statistics, with ninety-nine 
percent of adult Americans judged to be literate based on Census self-reports, although actual 
literacy may be somewhat lower.25 Mathematics and science skills of U.S. students are below  
 
                                                 
24 The breakdown of federal R&D outlays in 2007 is drawn from National Science Board (2008, 
volume 2, table 4-31, p. A4-55). 
25 More detailed studies show that 12-14% of Americans above age fifteen can at best locate 
easily identifiable information in simple prose or documents (and follow simple instructions in 
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Figure 7: International Mathematics Scores of Eighth Grade Students (1995-2003) 

 
Source: International Association for the Evaluation of Educational Achievement (IEA), Trends 
in International Mathematics and Science Study (TIMSS) 
 
Figure 8: International Science Scores of Eighth Grade Students (1995-2003) 

 
Source: International Association for the Evaluation of Educational Achievement (IEA), Trends 
in International Mathematics and Science Study (TIMSS) 

                                                                                                                                                             
informational documents). See National Center for Education Statistics document NCES-2006, 
A first look at the literacy of America’s adults in the 21st century. 
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those in various other developed nations, with specific differences depending on the age of 
students and the nature of the test used for comparison. Using the Program for International 
Student Assessment’s 2003 test, which surveys fifteen-year-olds and has an applied bent, U.S. 
students performed near the lowest among industrialized nations at mathematics questions, and 
well below the median at science questions. Some of the strongest performers, in contrast, were 
Finland, South Korea, Japan, the Netherlands, Canada, and the Czech Republic.26 

More favorable findings for U.S. fourth and eighth grade students result from tests of the 
Trends in International Mathematics and Science Study, but even these results do not rank U.S. 
students especially highly. Figures 7 and 8 report the eighth-grade test scores for participating 
countries in 1995, 1999, and 2003, and make clear the U.S.’s continuing unimpressive 
educational achievement in mathematics and science. This poor performance has continued 
despite considerable efforts to do better; for example, in 1990 then-President George Bush and 
state governors established the goal that U.S. students should lead the world in mathematics and 
science achievement by 2000. Efforts to improve the educational system have rarely been 
successful, perhaps because they have failed to raise the average quality of educators. Educators 
in aggregate exhibit below-average university performance, and rarely received university 
degrees in the subjects that they ended up teaching. One recent analysis suggests that teacher 
quality would be enhanced by creating a highly selective teacher certification system, in which 
only very strong university graduates (through any degree rather than mainly teaching degrees) 
could earn the honor of being selected for certification.27 
 Cultural attitudes and priorities may be important in shaping the type of education that 
elementary and secondary students receive. In mathematics, Americans often exhibit a 
misinformed belief that they and their children innately lack the ability to gain mathematics 
skills, whereas South Koreans and Japanese more often have confidence in children’s innate 
mathematics potential and push their children to study. Such self-image drivers of education are 
coupled with perceived need; with little sense that study of mathematics and science is either 
innately interesting or economically important, it is perhaps only to be expected that Americans 
do not ensure an educational system that provides strong mathematics and science skills. Recent 
policy suggestions have also included, in reaction to a perception that schools train students to be 
effective but not creative, making education more entrepreneurship-friendly.  
 The U.S. has had, in the last half-century, the world’s preeminent international university 
system. Educational achievement is high by international standards. Nearly two-thirds of U.S. 
high school graduates go on to enroll in two- or four-year colleges. Among those who receive 
bachelor’s degrees, about one-third do so in science or engineering (15% in social and behavioral 
sciences, 12% in natural sciences, and 5% in engineering). At the graduate level, 110,000 
students entered science and engineering masters and doctoral study in 2004 (up from 81,000 in 
1983).28 Foreign students constituted 25.5% of all 583,000 science and engineering graduate 
students enrolled in 2005 (up from 19.3% in 1985).29 Since about half of foreign graduate 

                                                 
26 National Science Board (2006, volume 2, tables 1-13 and 1-14, p. A1-15 and A1-16). (These 
findings receive brief mention in National Science Board, 2008, volume 1, pp. 1-14 to 1-15.) 
27 Economist magazine, 2007, “How to be top,” October 20-26, p. 80-81. 
28 National Science Board (2008, volume 2, table 2-21, p. A2-28). 
29 National Science Board (2008, volume 2, table 2-22, p. A2-29 to p. A2-37). 
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students have remained in the U.S. after graduation,30 they have been an important contributor to 
human capital in the U.S. workforce. 
 Continuing excellence of U.S. university education and research depends on salaries to 
hire quality faculty as well as research facilities and funds. Labor force competition among 
universities, driven in part by students’ exhibited desire to attend universities with high rankings 
reflecting real faculty quality, has contributed to a rise in earnings of university faculty that has 
helped to fuel faster-than-inflation increases in the cost of education. At the same time, U.S. state 
funding for universities has declined, again contributing to rising educational costs. These rising 
costs have not, however, reduced attendance.31 A government system of loans and grants, 
coupled with reduced tuition granted by many universities to needy students, have helped to 
allow low-income students to continue to enroll in university study. 

7.3 Immigration 
 An influx and retention of highly educated foreigners has contributed greatly to U.S. 
innovation and U.S. society more generally. This influx of foreign talent may slow as developing 
nations’ economies improve and careers become more attractive in other nations. At the same 
time, restrictions on immigration reduce the influx of foreign citizens into the U.S. Awards of 
visas to foreign students and others, even highly educated persons with the means for financial 
security, can be lengthy and haphazard. This has been especially true after September 11, 2001, 
given the apparent need to guard against entry of potential terrorists. There is much that the 
federal government could do (and in part is doing) to enhance immigration especially among 
highly educated science and engineering workers who are particularly needed to fill skilled jobs. 
Apart from adding resources to more quickly process backlogged visa applications, U.S. 
government could – as other nations do – make it more attractive for skilled foreign individuals 
to come to or remain in the U.S. Visas could be processed especially quickly in appropriate 
cases, and spouses and family members could be granted both the same rapid processing and 
permission for employment. 

7.4. Openness, Mobility, and International Relations 
 The U.S. has been a champion of international free trade, and has generally had relatively 
low trade barriers in the form of tariffs. (To be fair, the growth of U.S. free trade policy 
coincided with U.S. industries’ ability to compete successfully internationally, and some U.S. 
policies such as anti-dumping laws have been somewhat protectionist.) Labor and capital are 
highly mobile within the country and internationally. Moreover, the U.S. remains a hub for 
international R&D, as companies worldwide increasingly spread their R&D across the globe.32 
International relations support continued cooperation in international trade, science, and industry. 

7.5. Recent Policy Initiatives 
 The low growth of federal R&D funds in recent decades has generated some degree of 
alarm among analysts, academic researchers on innovation, and U.S. businesses and trade 
                                                 
30 National Science Board (2008, volume 1, p. 2-34 to 2-35). 
31 U.S. higher education attendance rose from 12.7 million in 1986 to 16.9 million in 2004, 
increasing in every year during this period except 1993-1995, despite a decrease in the U.S. 
college-age population during the 1990s (National Science Board, 2008, volume 1, p. 2-18 and 
volume 2, table 2-13, p. A2-14). 
32 National Science Board (2008, volume 1, pp. 4-50 to 4-54). 
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associations. These groups have generated a steady stream of policy reports showing the 
importance of science and technology funding and initiatives by U.S. government. However, 
these reports and the political pressure they have generated have been insufficient to yield 
serious gains in U.S. technology policy. The lack of success may change. With an increasing 
perception that U.S. business and jobs are being lost to overseas competitors, there is growing 
realization of the need to strengthen the U.S. technological base in order to retain the viability of 
the U.S. economy. 

One of the more recent policy reports, the National Innovation Initiative, helped to build 
momentum for the America COMPETES Act, bipartisan legislation enacted in August 2007 that 
enabled a range of U.S. technology-enhancing policies. As mentioned above, the intended policy 
changes from the Act included doubling basic funding in the physical sciences, doubling funding 
through the National Science Foundation over a four-year period, and mathematics and science 
education improvement programs. However, with budget pressures and concerns raised by the 
President and others, the budget passed by the U.S. Congress in December 2007 failed to provide 
the funds to support the changes enabled by the America COMPETES Act. Innovation policy 
remains important on the political agenda, with candidates for the 2008 political election 
developing thought-out positions on innovation policy, so these and other innovation policies 
may still be implemented in the next few years. 

Intellectual property policy has also been evolving. For patents, excessively strong and 
broad rights have been blamed for slowing technological progress when large numbers of patent 
licenses must be negotiated with many different companies, and for allowing “hold up” of large-
scale manufacturers by charging them in the courts with violation of patents that are irrelevant or 
obvious. The U.S. Supreme Court in 2006 and 2007 made several decisions that mitigate some 
problems of breadth, obviousness, and strength of patent rights, reversing trends that followed 
the 1982 establishment of the patent-related Court of Appeals for the Federal Circuit. These 
decisions strengthened the criterion of non-obviousness (patents must be non-obvious to 
inventors skilled in the art), made it harder to obtain court injunctions to halt firms’ activities 
involving an infringed patent, and allowed software that infringes a patent to be reproduced and 
sold without royalties in nations where the patent is not in force.33 

For copyrights – perhaps less important to technology than patents but nonetheless 
determinants of knowledge creation and diffusion – politics and a recent ideal of ownership 
rights have pressured change toward longer duration of rights. The Copyright Term Extension 
Act of 1998 added twenty years to U.S. copyrights. This change pertained not only to newly 
granted copyrights, but also to works still under copyright, effectively taking away rights from 
the public and giving them to existing copyright holders. Oddly, the U.S. Supreme Court held 
that the change was constitutional even for preexisting works, despite that it did nothing to 
promote creation among previously-copyrighted works. Given the minor benefits to authors of 
twenty extra years of copyright beyond an initial seventy-five or more years (even with a 
constant income stream the added value to authors is only 0.03% assuming a typical discount 
rate of 10%), this seems indicative of how political processes can drive policy in favor of 
particular interest groups. 

8. Conclusion 
The U.S.’s preeminent economic status grew from strengths in science, technology, and 

innovation. Yet aggregate R&D as well as federal R&D and innovation policies have been 
                                                 
33 KSR International v. Teleflex, eBay v. MercExchange, Microsoft v. AT&T. 
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weakening compared to other nations. Future U.S. economic conditions therefore are 
endangered. U.S. policy makers, and the U.S. citizenry whose concerns sway policy, need to 
prioritize R&D and innovation in a manner consistent with the nation’s diverse social groups and 
(current and potential) business composition. Getting the funding and priorities right is the easier 
part, and will be enormously beneficial. Determining and enacting the right guiding policies are 
more subtle challenges, since the consequences of R&D and innovation policy have often proved 
counterintuitive. However, greater social science research and clever policy initiatives by well-
placed individuals can do much to construct a policy environment that enhances U.S. innovation 
and economic outcomes. With the right efforts, the U.S. can remain an important contributor to 
worldwide technological advances needed to support the world’s economic prosperity, including 
health, security, environmental quality, education, and quality of life. U.S. citizens’ economic 
prosperity hangs in the balance, along with enormous potential gains across the globe. 
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