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SUMMARY

The United States spends approximately 2.7 percent of its gross domestic product (GDP)
on research and development (R& D) and has done so over each of the last two decades.
Development expenditures now account for 60 percent of total R&D. Applied research
accounts for 22 percent and basic research for 18 percent.

While basic research accounts for arelatively small share of total R&D, it figures
prominently in the R& D budgets of governments and in debates about public policy
toward science and technology. Because of spillovers and an inability to appropriate
commercia value from research findings, societies will underinvest in basic research
unlessit is supported by government.

Private industry performs over 90 percent of development and about 70 percent of
applied research. Basic research, on the other hand, is performed primarily in universities
and colleges.

That ailmost all of the nation’s“D” is done in private industry, and that a majority of its
“R” isdone at universities, reflects an efficient division of labor. Many university
professors are too far from the market and the factory floor to make good commercial
judgmentsin areas of product or process development. Private industry, on the other
hand, is not well suited to doing basic research. Industry perspectives are narrow, and
firmswill have a difficult time appropriating commercial value from basic research
findings.

Universities have several advantages over other organizations in performing basic
research and training future researchers. Students can participate in and assist with
research production and help transfer research findings to industry. Because of the broad
curriculum of coursework available through departments, research universities are good
at training new researchers. The academic merit system also helpsto promote rapid
dissemination of research findings.

There have been important shiftsin the sources of funding U.S. R& D over the past two
decades. The federal government has sharply reduced its R& D spending, especially in
defense. Total R&D effort has remained unchanged, however, because of offsetting
increases in industry funding. Technological spillovers from defense to civilian
applications are thought to have been less significant in recent decades than they werein
the 1950s and 1960s. It is likely then that the recent shiftsin R&D activity have raised the
nation’ s overall investment in generating knowledge that is useful for producing civilian
goods.

Support for academic R& D has increased over the past three decades from 0.22 percent
of GDP in the 1970s to 0.30 percent over the last ten years. The share of academic R&D
supported by the federal government has fallen from 68 percent to 59 percent. This has
been offset primarily by rising contributions from universities and colleges.



The U.S. devotes 2.7 percent of its GDP to R& D, as compared with an average across all
Organization of Economic Cooperation and Development (OECD) countries of 2.2
percent. Because of the large absolute size of the U.S. economy and the relatively high
intensity of its effort, the United States accounts for 43 percent of total R&D in OECD
countries. The Unites States also leads all countries by awide margin in number of
articles published in scientific journals, a measure of output of basic research. Compared
to other countries, the U.S. places heavy emphasis in its academic research on medical
and health science, social science, and the professional fields and relatively light
emphasis on chemistry, physics, and engineering.

Compared with other countries, arelatively large percentage of U.S. basic research is
performed at universities by faculty who are also actively involved in education,
especially graduate education. The coupling of research and graduate education has
helped the U.S. to devel op an effective system of technology transfer through their
students and to build the premier system of graduate instruction in the world.

Sources of funding for U.S. basic research are relatively diverse and decentralized. This
has allowed universities and other organizations involved in basic research to choose
lines of research based on scientific merit, with less consideration for how well the
research fits with political agendas of elected officials or the preconceptions of industry
SPONSOrs.

The U.S. university system is highly competitive, involving alarge number of
heterogeneous institutions, both public and private. Because of competition for research
funding, universities must manage costs well and be willing to adjust research portfolios
to accommodate shifts in demand. Competition among universities also helpsto create a
competitive market for scientists and faculty. It is also argued that competition is what
enabled the U.S. to create unparalleled excellence in its graduate programs.

The U.S. has made a serious effort over the past 25 yearsto strengthen intellectual
property protection. Most important for universities was the Bayh-Dole Act of 1980
which allowed universities to license patents on research funded by the federal
government. Since the passage of the Act, there has been a sharp increase in university
patent licensing and a general increase in university support of research that is of direct
interest to industry. Scholars are concerned that university licensing of research will
involve restrictions on publication and other avenues of dissemination which may
undermine the value of the research by reducing the volume of information flowing to
potentially interested parties.



UNIVERSITIESIN THE U.S. NATIONAL INNOVATION SYSTEM

Growth in the stock of knowledge has been the most important factor behind the dramatic
risein living standards in the United States and other countries over the past 100 years.
Systematic efforts made by firms, universities, governments, and other organizationsto increase
the stock of knowledge are referred to as research and development (R& D). The purpose of this
paper isto provide an overview of the entire system of R&D in the United States—or asit is
sometimes called, the national innovation system. Special emphasis will be placed on basic
research. Thisisthe component of R&D that is most likely to be underprovided by the private
sector and the one that figures most prominently in public policy toward science and technology.
The report a'so emphasizes the role of universities that, in the United States, perform thelion’s
share of basic research.

The report provides a variety of basic statistical indicators of R& D effort and identifies
recent trends in sources of R& D funding. The report also reviews classic arguments on the
appropriate role of government in supporting R& D and the strengths and weaknesses of
universities as performers of R&D. The U.S. national innovation system is compared with those
in other major industrialized countries.

THE SIZE AND NATURE OF U.S. R&D

Total R&D

In the United States, estimates of expenditures made to increase knowledge are based on
R& D surveys conducted by the National Science Foundation. The surveys are carried out
following international guidelines set by the Organization of Economic Cooperation and
Development (OECD), agroup of 30 countries in North America, Europe and the Pacific. R&D
is defined broadly as creative work undertaken in a systematic way to increase the stock of
knowledge about humanity, culture, and society (National Science Foundation 2004, page 4-8).

Chart 1 shows recent trendsin U.S. R&D expressed per $1,000 of gross domestic product
(GDP). U.S. total R& D expendituresin 2002 were $276 billion, or 2.7 percent of GDP. The
intensity of R& D has averaged 2.6 percent of GDP for each of the last two decades. Thisis down
from arate of 2.8 percent in the 1960s, but it is significantly higher than the rate of 2.3 percent
averaged during the 1970s.

R& D by Character of Work

R& D expenditures are broken down into categories based on the immediacy of their
intended application and their contribution to fundamental scientific knowledge. Devel opment
refersto research directed at “the production of useful materials, devices, systems, or methods,
including the design and development of prototypes and processes.” Applied researchisaimed at
meeting “a specific, recognized need” and includes investigations that have “ specific commercial
objectives with respect to products, processes, or services.” Basic research isaimed at gaining a
fundamental understanding of a subject without specific applicationsin mind (National Science
Foundation 2004, page 4-8).

It isinaccurate to think of basic research as being carried out without any regard for
whether it will help solve practical social problems. The great majority of research expenditures
at universities, for example, three-quarters of which are classified as basic, are oriented toward
solving practical problemsin health, agriculture, defense, and industrial technology. Among
federal agencies that fund basic research, the National Science Foundation does support research



increased steadily over the past four decades from an average of 3.4 percent in the 1960sto 9.1
percent between 1993 and 2002.

The federal government continues to fund most of the nation’ s basic research, accounting
for 59 percent of total funding in 2002. Including federally funded research and devel opment
centers (FFRDCs), universities and colleges perform two-thirds of all federally funded basic
research. Only 15 percent of federally supported basic R&D is carried out in government
laboratories.

HISTORICAL ORIGINSOF THE AMERICAN RESEARCH UNIVERSITY

Founding of American Colleges and Universities

The greatest rate of increase in the number of colleges and universities operating in the
United States occurred during the last four decades of the 19th century. The Morrill Act of 1862
established the land-grant state colleges. A large number of public institutions of higher
education were already in existence at the time of the Morrill Act. But this legislation, together
with the Hatch Act of 1887, was important in creating state institutions that would not only
educate large numbers of Americans but would play an influential role in the development of
research and technology programs with practical applications to industry.

Almost five times as many private institutions as public institutions were founded over
the period from 1860 through 1899. It was in the late 19th century that wealthy American
industrialists endowed many of the great private research universities. The creation of these
private universities was aided by the fact that the U.S. government made donations to
institutional endowments deductible under the federal income tax.

Relatively few institutions of higher education were founded after the turn of the century,
and those that were have not tended to be as prestigious. Among the 35 private institutions in the
top 50 universitiesin the 1999 rankings of U.S. News and World Report, only one was founded
after 1900. Of the top 35 libera arts colleges, only two were founded in the 20th century. Goldin
and Katz (1999) attribute this lack of entry into the higher education industry to financial barriers
associated with the large scale and scope necessary to compete.

The Formative Years: 1890-1920

Features that define the U.S. system of higher education include large average
ingtitutional size, the existence of small liberal arts colleges alongside large research universities,
alarge share of enrollment in public institutions, and professional schools embedded within
universities. It wasin the first several decades after 1890 that these features took shape (Goldin
and Katz 1999).

Most fundamental as afactor driving the evolution of the American university system
was the increasing application of scientific knowledge in industry. Principles of chemistry and
physics became the foundation for commercial success in the manufacture of steel, rubber,
chemicals, petroleum, and electricity. Science was replacing craft in production. Industry came
to call on universities both to create new knowledge in these fields and to train the chemists,
engineers, and technical workers they would need to hire.

Asthe stock of scientific knowledge grew and the process of research became more
complex, it was inevitable that scientific disciplines would become more speciaized. This, in
turn, forced ingtitutions of higher education to expand their scale and scope. During the early to
mid 19th century, institutions were staffed by a handful of faculty whose proficiency may have
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been limited to philosophy, history, religion, and the ancient languages. To meet the new
demands of industry and society, universities had to employ large numbers of specialized faculty
with teaching and research expertise that covered an increasing variety of scientific fields.

There was a general increase in scale throughout the higher education industry during the
early 20th century. But increases in scale were especially significant in public universities. The
ratio of the median number of studentsin public to private institutions was 1.89 in 1897, but 3.41
in 1924 and 4.09 in 1934. The share of studentsin public institutions increased from 22 percent
in 1897 to around 50 percent by 1940.

On both a per capita and per student basis, state funding of public universities was
insignificant before 1890 but then increased rapidly as science became important to local
industry. Public-sector institutions gained a competitive advantage from the research support
provided by state governments and by being able to offer students lower tuition. Economies
realized from thislarger scale were self-reinforcing and served to further strengthen the
competitive advantage of public universities. The general scale of colleges and universities
continued to increase after WWII, but at a more similar pace across public and private
institutions.

Another important structural feature of American universities that took shape during the
early 20th century was the university professional program. At the turn of the century, 48 percent
of students training to be doctors, lawyers, dentists, and pharmacists attended professional
schools that were not formally associated with any institution of higher education. Many of these
professional schools did not require a college degree. By 1934, however, only 19 percent of
professional students were attending professional schools. Health care and legal professionals
increasingly needed scientific and technical training. Schools that provided professional
certification were expected to have research facilities and to provide arigorous scientific
curriculum. Informal apprenticeship programs were replaced by formal school-based programs.

By the 1920s, the U.S. system of research universities was largely in place. By 1940,
American universities were regarded as equal to or better than the best universitiesin Europe.
American universities were unique in combining a multitude of functions. Many offered high
guality undergraduate programs that rivaled the classical British colleges. American graduate and
professional programs came to surpass the French ecoles for the quality of their technical
training. With their strong research programs, American universities also began to outperform
the famous German research universities. The dominance of the American university in the
marketplace for higher education lends testimony to the idea that a university is more than
simply acollection of higher education services brought under one roof. It is an organizational
innovation that exploits the economic complementarities that exist between teaching and
research (Goldin and Katz 1999).

Early Importance of State Funding

The nature of the curriculum and research in American universities that developed in the
early 20th century was heavily influenced by the sources of university funding. Prior to WWII,
the federal government contributed very little to the incomes of universities. The many public
ingtitutions in the nation were controlled and funded by the states rather than the central
government. The politics of state funding meant that the leaders of these universities became
very sensitive to the needs of local industry and to the priorities of state legislators.

State funding of public universities was meager for many years after these institutions
were founded but then jumped in the late 19th century as science became critical to the success
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of local industry. In exchange for this financial support, public universities were expected to
develop a curriculum that would provide vocational skillsimportant for local industry. States
also subsidized university research that was of practical significanceto local industry. Wisconsin
subsidized work related to the dairy industry, lowato the corn industry, Colorado and many
western states to mining, and Oklahoma and Texas to oil exploration and refining (Goldin and
Katz 1999).

During this period, American universities acquired a reputation for “hands-on problem-
solving,” something that was lacking in British and European institutions. American universities
assumed a responsibility for teaching and doing research not only in such applied areas as
agriculture and mining but also in commercial subjects such as accounting, finance, and
management. American universities were also the first to institutionalize many of the new fields
of engineering, including chemical engineering, electrical engineering, and aeronautical
engineering.

Before 1940, little of the research being done at U.S. universities was contributing to the
fundamentals of science. But American universities were highly successful at producing
engineers and other technically trained workers who transferred valuable scientific knowledge to
industry. The U.S. university system at the turn of the century helped to diffuse scientific
knowledge and was instrumental in allowing the United States to catch up with international
standards of technology.

Federal Funding after WWI 1

The federal government contributed very little to the funding of American universities
before WWI1. Following the war, the federal government initiated a massive campaign of
funding research at universities. Federal programs also increased financial aid to students,
starting with the GI bill and then later in the form of subsidized student loans, Pell grants, and
work-study assistance. Federal funds also made it possible for universities to purchase expensive
scientific equipment. Between 1940 and 1950, the contribution of the federal government to the
incomes of universities increased from $39 million to $524 million.

The federal government became the universities principal source of research funding.
The nature of university research was totally transformed by this new source of funding. The
direction of university research shifted away from research intended for local industry
application to more basic scientific research, with applications to national goalsin defense and
health care. Asthe federal government began to displace state governments as decision makers
in the university innovation system, there was some weakening of the ties between university
research ingtitutions and private industry (Mowery and Rosenberg 1993).

RECENT TRENDSIN THE FUNDING OF ACADEMIC R&D

The intensity of support for academic R& D, as measured by funding as a percentage of
GDP, hasincreased in al funding sectors throughout the last three decades (see Chart 4). Total
support for academic R& D has increased from an average of $2.16 per $1,000 of GDP over the
period from 1972 through 1981 to $3.04 per $1,000 of GDP over the period from 1992 through
2001. The intensity of support by the federal government has risen as a percentage of GDP but
accounts for adeclining share of total support for academic R&D. The share of academic R&D
supported by the federal government has fallen from 68 percent in the 1970s to 59 percent.
Academic R&D funded by the universities and colleges themselves has increased from an
average of $0.28 per $1,000 of GDP from 1972 through 1981 to $0.58 per $1,000 of GDP over
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the period from 1992 through 2001. The share of total academic R&D funded by universitiesis
now around 20 percent, up from 13 percent in the 1970s.

According to official figures, state and local governments account for only 8 percent of
the funding of academic R& D, about the same share contributed by private industry. It is
important to note, however, that the figures for state and local government funding only include
funds directly targeted to academic R& D activities. They do not include general-purpose state
and local government appropriations that academic institutions use to fund separately budgeted
research or to cover unreimbursed indirect costs. In datafor other countries, totals include the
research component of general university fund block grants provided by government. These
figures often include separately budgeted research and research undertaken as a part of university
departmental R& D activities. Much state funding in the U.S. does support departmental research,
but detailed accounting breakdowns are not maintained by universities. U.S. totals for academic
R&D effort are certainly understated relative to other countries (National Science Foundation,
2004, pages 4-49).

Within the category of federal funding of academic R& D, there has been a significant
shift toward health-related research (see Chart 5). Funding obligations from the National
Institutes of Health have increased from around $0.60 per $1,000 of GDP in the early 1970s to
an average of $1.15 between 2000 and 2002. Funding obligations from the National Science
Foundation fell during the 1970s but have since held steady at around $0.25 per $1,000 of GDP.
Support for academic R&D by the Department of Defense has fluctuated from alow of $0.14 per
$1,000 of GDP in the mid 1970s to a high of $0.25 in the mid 1980s and early 1990s.

CHART 4
SUPPORT FOR ACADEMIC R&D
(Per $1,000 of GDP)
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Source: National Science Foundation, Science and Engineering Indicators 2004, Appendix Table 5-2.
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CHART 5
FEDERAL FUNDING OF ACADEMIC R&D BY AGENCY
(Obligations per $1,000 of GDP)
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Source: National Science Foundation, Science and Engineering Indicators 2004, Appendix Table 5-8.

INTERNATIONAL COMPARISONS OF R&D EFFORT AND OUTPUT

Total R& D Effort

Because of the absolute size of the U.S. economy and the relatively high intensity of its
effort, the United States spends much more than any other country on R&D (see Chart 6). Over
the 10-year period from 1991 through 2000, the U.S. performed 43 percent of the total R&D in
OECD countries. Japan was a distant second with an 18 percent share of OECD R&D activity.
When expressed as a percentage of national GDP, the U.S. also iswell above averagein R&D
intensity (see Table 1). The U.S. devotes 2.71 percent of its GDP to R&D, as compared with an
OECD average of 2.24 percent. Isragl rates highest in R& D intensity, spending 4.43 percent of
its GDP on R& D, much of it on defense. Other countries with very high R& D intensity include
Sweden (3.78 percent), Finland (3.37 percent), and Japan (2.98 percent).

Comparing Output and Productivity in Basic Resear ch
Incomparabilitiesin the classification of R& D data make it difficult to compare R&D
effort by character of work (for example, basic research). Output of basic research (as opposed to
expenditures) can be measured and compared across countries by counting numbers of science
and engineering (S& E) articles published in academic journals. The United States leads all
countries by awide margin, accounting for 38 percent of al articles published by OECD authors
over the period from 1997 through 2000. The U.S. share of S& E articlesis five percentage points
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CHART 6
NATIONAL SHARES OF R&D SPENDING
(Percent of Total OECD R&D Spending Between 1991 and 2000)
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Source: National Science Foundation, Science and Engineering Indicators 2004, Appendix Table 4-43.

TABLE 1
INTERNATIONAL COMPARISONS OF R&D INTENSITY
(Total R&D Expenditures as a Percentage of GDP)

Israel (2001) 4.43% France (2001) 2.20%
Sweden (1999) 3.78 Singapore (2001) 211
Finland (2000) 3.37 Taiwan (2000) 2.05
Japan (2000) 2.98 Canada (2001) 1.94
United States (2001) 2.71 United Kingdom (2000) 1.85
South Korea (2000) 2.65 Russian Federation (2001) 1.16
Switzerland (2000) 2.64 Italy (2000) 1.07
Germany (2001) 2.53 China (2000) 1.00
Total OECD (2000) 2.24

Source: National Science Foundation, Science and Engineering Indicators 2004, Table 4-17.
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less than its share of total R&D. Thisisan indication of the relatively important role played by
industry and product development in overall U.S. R&D. Japan exhibits an even stronger
tendency to spend on development rather than basic research. Japan accounts for 18 percent of
total R& D in OECD countries but only 11 percent of S& E articles. The United Kingdom, on the
other hand, is more oriented to basic research. Its share of articlesis 9 percent while its share of
total R&D isonly 4 percent.

Based on international comparisons of the field distribution of scientific articles, the U.S.
is seen to place relatively heavy emphasisin its academic research on medical and health
science, psychology, social science, and the professional fields (see Table 2). Recelving less
attention in U.S. basic research are chemistry, physics, and engineering. These tendencies are
especially pronounced when comparing the U.S. and Japan.

One measure of the productivity and quality of a country’s academic research isthe
citation frequency of its articles after adjusting for its share of published articles (see Chart 7).
By this measure, the United States ranks second overall, first in clinical medicine and social
sciences, and second in biomedical research. Switzerland ranks first overall and first in
biomedical research, biology, physics, and engineering and technology. Because of alack of
emphasis on basic research, Japan does not rank in the top 10 in any of the scientific fields (see
Table 3). It should be noted, however, that measures of relative citation frequency are known to
be biased in favor of English-speaking countries.

INTERNATIONAL DIFFERENCESIN THE WAY
BASIC RESEARCH ISPERFORMED
This section provides a brief overview of the systems for performing basic research in
five mgjor industrialized nations. the United States, Germany, France, Britain, and Japan.

TABLE 2
COUNTRY PORTFOLIO OF S&E ARTICLES BY FIELD
(Percentage of Country's Total Articles, 2001)

United United All OECD

States Japan Kingdom Germany France Countries
Clinical Medicine 31.7% 28.7% 32.8% 30.9% 27.1% 30.7%
Biomedical Research 16.9 14.0 14.2 14.1 15.2 15.0
Biology 6.2 6.1 6.2 5.2 5.7 6.8
Chemistry 7.1 14.9 85 12.7 12.9 10.3
Physics 8.7 19.1 9.0 16.3 16.1 11.9
Engineering & 6.9 11.6 7.4 8.5 9.0 8.2
Technology
Social Sciences 3.9 0.5 3.0 2.0 0.9 2.6
Other 18.6 5.1 18.9 10.3 131 14.5

Note: Fields grouped in "Other" are earth and space sciences, mathematics, psychology, health sciences,
and professional fields.

Source: National Science Foundation, Science and Engineering Indicators 2004, Appendix Table 5-38.
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CHART 7
NATIONAL SHARES OF S&E ARTICLES
(Percent of Total OECD Articles between 1997 and 2001)
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Source: National Science Foundation, Science and Engineering Indicators 2004, Appendix Table 5-35.

The American System

Coupling of research and graduate education: Compared with other countries, a
relatively large percentage of U.S. basic research is performed at universities by faculty who are
also actively involved in education, especially graduate education. In other countries, few
universities rank among the best research ingtitutions, and many of the best research scholarsin
science and engineering do not teach (Cohen and Noll 1992).

Many of the complementarities between research and teaching already have been noted.
The coupling of research and graduate education has helped the U.S. to develop an effective
system of technology diffusion through their students and to build the premier system of
graduate instruction in the world. Unique among U.S. graduate schoolsis that students are
required to complete a broad curriculum of rigorous coursework. Students are not Simply
research students. They are expected to master a broad range of skillsthat will help prepare them
for along research career.

To Donald Kennedy, the most significant implication of the choice of the U.S.
government to support basic science through the universities is that “the nation’ s research
trainees are being devel oped alongside the best scientists.” To this feature of the U.S. system
“our most thoughtful European colleagues usually attribute our special success’” (Kennedy 1986,
page 264).

Decentralized funding: Sources of funding for U.S. basic research are relatively diverse
and decentralized. Although much of the funding for academic R& D comes from the federal
government, this funding involves a number of federal departments and agencies with separate
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missions and goals. Funding decisions in some agencies, such as the NSF, are based largely on
peer review. Distribution of government research funds in European countriesis more
centralized and often determined by formulas and rigid bureaucratic procedures. Private support
for universities, through individual donations and grants from companies and foundations, is
almost unheard of outside of the United States. State governments also play an important rolein
funding U.S. university research, to a much greater degree than isindicated in official statistics.
Diversity in funding has enabled U.S. universities to pursue multiple lines of research
without being stifled by prevailing paradigms. Paths of innovation in basic research are highly
uncertain and impossible to predict. The best strategy is to pursue severa lines of research
simultaneously and to then eliminate those that are found to produce bad results. Central
governments tend to emphasize large projects with major research centers that are politically

TABLE 3
COUNTRY RANKINGS OF THE RELATIVE CITATION FREQUENCY OF S&E
ARTICLES
(Top 10 Countries as Ranked by Relative Citation Frequency, 2001)
Clinical Biomedical

All fields Medicine Research Biology
1. Switzerland United States Switzerland Switzerland
2. United States Switzerland United States Netherlands
3. Netherlands Canada Israel Sweden
4. Denmark Netherlands United Kingdom United Kingdom
5. Sweden Finland Germany Denmark
6. United Kingdom Ireland Netherlands Hong Kong
7. Finland United Kingdom Canada Austria
8. Canada Belgium Austria Estonia
9. Belgium Sweden Singapore France
10. Germany Denmark Finland Finland

Engineering &

Chemistry Physics Technology Social Sciences
1. Netherlands Switzerland Switzerland United States
2. Switzerland Denmark Denmark Singapore
3. Denmark United States Netherlands Sweden
4. United States New Zealand Slovenia Belgium
5. lsrael Netherlands Austria Denmark
6. Sweden Austria Germany Hong Kong
7. Canada Germany United States South Korea
8. Hong Kong Israel Ireland Switzerland
9. United Kingdom United Kingdom Sweden United Kingdom
10. Ireland Ireland France New Zealand

Note: Rankings are based on a "relative citation index,"” which is a country's share of cited literature
adjusted for its share of published literature. A country's citation of its own literature is excluded.

Source: National Science Foundation, Science and Engineering Indicators 2004, Appendix Table 5-50.
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difficult to shut down (Cohen and Noll 1992). Diversity in funding has allowed U.S. university
researchers to choose lines of research based more on scientific merit, with relatively less
consideration for how well the research fits with political agendas of elected officials or the
preconceptions of industry sponsors (Feller 1999).

Competition among universities: The U.S. university system is highly competitive,
involving alarge number of heterogeneous institutions, both public and private. The competitive
nature of the system promotes efficiency in the production of basic research, in the employment
of scientists and faculty, and in the training of future scientists.

University competition for research fundsis intense, and many institutions play an
important role in performing the nation’ s basic research. The top 10 institutions in the country
account for approximately 15 percent of total academic R& D, and the top 50 institutions account
for only alittle more than half. Indeed, the distribution of academic R&D is becoming more
dispersed over time (Feller 1999). Because of competition for research funding, universities must
manage costs well and be willing to adjust research portfolios to accommodate shifts in demand.
In the decentralized U.S. system, universities also are able to specialize in market niches.

Competition among universities also helps to create a competitive market for scientists
and faculty. This raises compensation and increases the mobility of researchers. Because the
terms of compensation are favorable and there are so many employment opportunitiesin the
country, the U.S. has been a magnet for migrating international scientists.

According to Clark (1995), competition among universities is what produced
unparalleled excellence in U.S. graduate programs. Intense competition for research funds,
faculty, and students, together with controls through professional associations, forced graduate
programs to devel op the high quality and rigorous curriculum that U.S. graduate programs are
famous for. In comparison to other advanced countries, American education is weak at the
elementary and secondary levels, strong at the tertiary level, and without peer at the graduate
level. The most plausible explanation for the special success of U.S. graduate schools “ centers on
the initiative exercised by a plurality of institutionsin a uniquely competitive arena. Processes of
competition that never developed in American elementary and secondary education, nor to
anywhere in the same degree in higher education elsewhere, operated intensively in American
higher education, pre-eminently to the advantage of the most advanced tier” (Clark 1995, page
117).

Scholars are reluctant to declare the U.S. system of basic research, with its heavy reliance
on universities, as the premier and most efficient research system in the world. But this
conclusion certainly could be supported by various indicators of basic research performance,
such as the share of postwar Nobel Prizes won for research performed in U.S. |aboratories and
citation analysis of scientific papers.

The German System

It was Germany that pioneered the concept of the research university during the 19th
century, and research universities were instrumental in making Germany aworld leader in basic
science by the early 20th century. The German innovation system was then severely weakened
during the Nazi period. A further decline in universities has occurred since the mid-1970s, as
university funding has not kept pace with student enrollments. Universities now play arelatively
minor role in performing the nation’s research.

German government and industry together make a serious commitment to research. But
this research is now carried out largely in national laboratories and research institutes that have
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only weak associations with universities. Much of the research function in universities has
moved offsite to external institutes. These institutes are increasingly disconnected with students,
and they are having a hard time competing with other institutes for national research funds.
German universities now primarily serve the function of providing mass education, with faculty
being assigned heavy loads of introductory teaching.

The German system does not strongly support advanced training in universities. Doctoral
students work closely with a professor-supervisor and may spend three to five years assisting in
research. Coursework is negligible, however. Students are essentially being trained to fill
specific occupational niches. Research institutes that are connected with universities also may be
involved in the training of students. But again these students do not receive a broad education in
general theory and research methods. In general, the German system of graduate education
suffers from athin curriculum of study (Clark 1995).

The German innovation system fell into oblivion during the 1930s and 1940s and has
never regained its former level of excellence. Thisisa principal reason why German industry
today has a comparative advantage only in those areas with along tradition of technological
strength. German industry has failed to excel in the new areas of technology such as computers,
microel ectronics, and biotechnology. One of the weakest elements of the German system is
higher education. Thereis a particular need for a closer integration of research and education
(Keck 1993).

The French System

France offers the clearest example of aresearch system that is controlled by central
government and in which there is virtually a complete separation of research and education
(Clark 1995). The French system consists of three largely independent sectors: (1) the National
Center for Scientific Research (CNRS)—a research bureaucracy sponsored by national ministries
and organized into eight scientific departments which operate more than 1,200 laboratories
throughout the country; (2) the Grandes Ecoles which are responsible for the training of elite
students in engineering and other technical and professiona areas; and (3) the universities whose
principal function isto provide for mass education.

Government-supported research is carried out in two sectors: the prestigous and highly
centralized CNRS and the less prestigous university system that also is responsible for the
doctoral training. CNRS laboratories dominate French research, accounting for half of all
scientists and engineers engaged in basic research. Only a handful of universities participate
broadly in research, and this usually is done in separate institutions that are disconnected from
teaching (Noll 1998). Most of the nation’ s research has been outside of the univesity system for
more than half a century. The French government recently has tried to encourage CNRS-
university linkages, placing many laboratories at universities so that faculty and students can
participate. These laboratories remain under the control of the CNRS, however, and the CNRS
determines which universities to associate with (Clark 1995).

France has adual education system that dates back to the early 19th century. Advanced
training takes place in the Grandes Ecoles. The ecoles admit a small number of carefully selected
students and receive generous government support. Students attending the ecoles receive training
in engineering and other professional and technical areas with the clear intention of preparing
students for a future career in public ministry or in the management of powerful French firms.
Students do not receive training in fundamental scientific methods. Faculty do no research
(Chesnais 1993).

20



The French university system was abolished during the French revolution and re-
established by Napoleon with a purely teaching function. The universities are poorly funded and
are considered inferior. The universities are charged with performing doctoral training, which
involves very little formal coursework. Students must be sponsored by a professor who then
prepares the student for entry into national laboratories. Financial support for doctoral programs
is adequate in the sciences but seriously deficient in other academic disciplines.

The British System

Britain was the world’ s undisputed technological |eader from the mid-18th to late 19th
century. At that point, Britain began to suffer a steady decline in industrial standing to the point
where, outside of afew niche areas, she isno longer considered a technological leader. Britain
lacks the culture and institutions necessary to compete in modern manufacturing. Successin such
industries as chemicals, automobiles, and electronics has required a commitment to excellencein
science and industrial management that Britain never developed. Britain has not made innovation
apriority. Britain suffers from chronic underfunding of education and training, weak government
support for non-defense R& D, afinancial system that places heavy emphasis on short-term gain,
and a culture that does not value technological expertise (Walker 1993).

The British university system is characterized by small residential colleges where
undergraduates work closely with a professor-supervisor and receive intensetraining in a
specialized area. Britain never tried to develop German-style research universities. Departments
have been kept small. Thislack of size has made it difficult for departments to hire specialists, to
cover broad areas of curriculum, and to compete for research grants.

Since the mid-1960s, the university system has become nationalized and is now
subordinate to the education department of the national government. Salaries and pay scales are
standardized so that departments cannot compete for faculty. The control of higher education has
moved from a policy style of “bottom up, hands off” to “top down, hands on.” Undergraduate
quality has been maintained through internal controls. But the national government has reduced
its support for students (from 80 percent to 40 percent) and will pay only for quality (Clark
1995).

Most graduate programs in Britain are too small to offer a broad range of courses. In
training graduates, Britain still follows an apprenticeship model in which students work closely
with asingle professor. Training is not standardized, and it does not involve heavy coursework.
This highly personalized system of graduate training is costly and so frequently has become the
victim of budget cuts. The British university system de-emphasizes graduate education and
remains focused on producing excellence in undergraduate education for an elite few.

The Japanese System

Japan devotes arelatively high percentage of its GDP to R& D—about 33 percent more
than what is average for OECD countries. An unusually large share of this spending, however, is
for development and applied research. Funding for basic research is modest. What basic research
isdoneis performed in private industry, with a heavy focus on engineering.

Japan’ s universities are specialized in the production of engineers. The pride of Japan's
system of graduate education is its master’s degree in engineering. There islittle financial
support for education in the humanities and social sciences. Engineering is a'so considered to be
the best training for leadership in industry. There is no industry demand for MBAS. Degree
statistics tell the story. With a population only half the size of the U.S., Japan graduates as many

21



engineers with bachelor’ s degrees. But Japan’s output of doctorate degreesis only one-tenth that
of the U.S.

In the Japanese system, universities are not called upon to do basic research. The mission
of Japan’s universitiesis to select talent and to train students for careersin applied fields such as
engineering and medicine. Programs for graduate education in basic science and research-based
doctoral training are weak. The responsibility for research activity and research training rests
primarily with private industry. Because of its narrow perspective and a tendency to keep new
knowledge proprietary, however, private industry may not be as effective as academiain
performing basic research. In advanced training of future researchers, industry cannot match
university departments for breadth of curriculum and coursework (Clark 1995).

According to Odagiri and Goto (1993), the Japanese government is aware that the
country needs to do more basic research. The country long ago caught up with best practices and
now needs to create new technology of its own. As arecognized peer of the most advanced and
industrialized countries in the world, Japan also seesitself as having aresponsibility for
contributing to the world’ s production of international public goods, including scientific
knowledge. Japan’ s basic research expenditures have increased over the past two decades, but
more so in industry than in academia. It is unclear whether private industry can be relied upon to
lead the country to anew level of basic research when its abilities to carry out research and
research training are questionable and when there islittle private incentive to undertake basic
research.

RECENT CHANGESIN THE U.S. NATIONAL INNOVATION SYSTEM

Shiftsin the Funding of R& D

The sources of funding U.S. R& D have shifted substantially over the past several
decades. The federal government has sharply reduced its R& D spending, especially the part
related to national defense. From the mid-1980s through the early part of this century, federal
R&D spending has fallen from 1.24 percent of GDP to 0.72 percent. More than 80 percent of this
decline can be accounted for by cutsin defense-related spending. Total R&D effort in the
country has remained unchanged, however, because of offsetsin industry R&D. Since the mid-
1980s, industry funding of R& D hasincreased from 1.38 percent of GDP to 1.83 percent. With
these divergent trends, the share of total R& D funded by the federal government has fallen from
46 percent to 27 percent, while industry’ s share has increased from 51 percent to 68 percent.

The great majority of federal defense-related R& D has been in areas of development and
applied research, such as weapons testing. This kind of research provides few civilian benefits.
In general, technological spillovers from defense to civilian applications are thought to have been
less significant in recent decades than they were in the 1950s and early 1960s. During the earlier
period, there was more overlap in public and private research requirements, especialy in
aerospace and electronics (Mowery 1998). It islikely that the shiftsin the sources of funding
R& D that have taken place over the last 20 years have served to raise the nation’ s overall
resource commitment to generating knowledge that is useful for the production of civilian goods.

All of the decline in federal R& D spending has occurred in categories related to
development and applied research. Federal support of basic research has actually increased, from
0.23 percent of GDP in the mid-1980s to around 0.27 percent in the early 21st century. Total
basic research in the country is also up, from 0.37 percent to 0.46 percent of GDP. The share of
basic R& D funded by the federal government has fallen from 63 percent to 58 percent. This has
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been offset by rising shares from universities and non-profit organizations. Industry’s share of
basic R& D rose from 21 percent in the mid-1980s to 26 percent in 1991, but it has since fallen to
around 19 percent.

Support for academic R& D has increased from 0.24 percent of GDP to 0.31 percent, with
all funding sectors contributing to the increase. The share of academic R& D funded by the
federal government has fallen from 62 percent to 58 percent. This has been offset by rising
shares from institutional sources (from 17 percent to 20 percent) and private industry (from 6
percent to 7 percent).

Changesin the Way Industry Performs R& D

Private industry is changing the way it performs research. Because of disappointing
returnsto internal R& D and changes in federal antitrust policy, many firms have decided to
“externalize” some of their R& D operations. Through research consortia, collaborations with
universities, and strategic alliances with other firms, more firms are choosing to conduct R& D
outside of their own organizations (Mowery 1998).

Research activity is al'so becoming “internationalized.” R&D that is funded by U.S.
industry but performed offshore has grown only modestly. But there has been a significant
increase in the fraction of industrial R& D performed in the U.S. and funded from foreign sources
(Mowery 1998).

Commercialization of University Research

Through domestic legislation and greater emphasisin international trade negotiations, the
U.S. has made a serious effort over the past 25 years to strengthen intellectual property
protection. Most important for universities was the Bayh-Dole Act of 1980, which allowed
federal agenciesto grant licenses to small businesses and non-profit organizations, including
universities, for patents based on research funded by the federal government. Since the passage
of the Act, there has been a sharp increase in university patent licensing and in the number of
university offices of technology transfer. There has also been a general increase in university
support of research that is of direct interest to industry.

The logic behind the Bayh-Dole Act follows the “linear model” of innovation:
intellectual property protection will enable university researchers to realize acommercial return
on their investments and thiswill serve to accelerate commercia innovation. It is assumed that
parties for whom the research will have commercial value can be well identified and brought into
the licensing process. This kind of public policy toward research is very different from what is
recommended by economic theory. To optimally invest in and develop new knowledge, research
should be publicly funded and the findings should then be liberally disclosed and disseminated.
Scholars are concerned that university licensing of research will involve restrictions on
publication and other avenues of dissemination that will ultimately undermine the value of the
research by reducing the volume of information flowing to potentially interested parties. The
U.S. has been more aggressive than other countriesin trying to extend intellectual property
protection to the results of publicly funded research (Mowery 1998).
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THE PRODUCTIVITY AND PROSPERITY PROJECT

The Productivity and Prosperity Project: An Analysis of Economic Competitiveness (P3) is an ongoing
initiative begun in 2005, sponsored by Arizona State University president Michael M. Crow. P3 analyses
incorporate literature reviews, existing empirical evidence, and economic and econometric analyses.

Enhancing productivity is the primary means of attaining economic prosperity. Productive individuals

and businesses are the most competitive and prosperous. Competitive regions attract and retain these
productive workers and businesses, resulting in strong economic growth and high standards of living. An
overarching objective of P3’s work is to examine competitiveness from the perspective of an individual, a
business, a region, and a country.

THE CENTER FOR COMPETITIVENESS
AND PROSPERITY RESEARCH

The Center for Competitiveness and Prosperity Research is a research unit of the L. William Seidman
Research Institute in the W. P. Carey School of Business at Arizona State University. The Center
administers the Productivity and Prosperity Project: An Analysis of Economic Competitiveness (P3), and
the Offce of the University Economist. These ongoing initiatives began in 2005 and are sponsored by
university president Michael M. Crow.

Specializing in applied economic and demographic research with a geographic emphasis on Arizona and
the metropolitan Phoenix area, the Center also conducts research projects under sponsorship of private
businesses, nonproft organizations, government entities, and other ASU units.
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