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“The key to our success—as it has always been—will be to compete by
developing new products, by generating new industries, by maintain-
ing our role as the world’s engine of scientific discovery and techno-
logical innovation. It’s absolutely essential to our future.”

— President Barack Obama, November 17, 2010

Although it has helped spawn many inventions that, in turn, have led to new
firms, new industries, and new jobs, Federal funding of research cannot drive in-
novation by itself. A healthy private sector must act in partnership with university
and research labs to fund the transfer of new technologies to the market, creat-
ing new businesses built on innovation. It is also crucial for institutions to encour-
age research, such as through a strong education system and up-to-date
infrastructure. A strong education system ensures there is a workforce with the
necessary skills to turn research into practical, market-driven concepts, to make
products from those concepts that satisfy consumer preferences and that en-
hance competition, and to use these products effectively. Infrastructure is neces-
sary to make sure that there is a free flow of ideas, as well as goods and services.!

However, the innovative performance of the United States has slipped during the
past decade compared to other countries. Looking at a number of measurements
of innovation drivers, such as growth in corporate and government research and
development (R&D) and the number of scientific and technical degrees and
workers, the United States has fallen relative to other countries.2 Therefore, after
describing in more detail the role of R&D in driving innovation and the role of the
Federal government in R&D, this chapter concludes with recommendations to
help ensure that our country continues to have the innovative capacity it needs
to thrive in the 21 century.

The Economic Justification for the Federal Government’s Role
in Funding Basic Research

Much of the economic growth of recent decades has been driven by innovation.?
The central role of innovation in economic growth was established through the
pioneering work by Abramowitz (1956) and Solow (1957).% Increasingly sophisti-
cated models of economic growth in advanced economies have emphasized the
crucial role innovation plays.® In addition, studies have shown that better training
and funding fosters innovation.®
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Figure 3.1

The Research
Landscape in the
United States

Innovation, in turn, is driven in large part by the R&D process, which consists of
basic research, applied research and development (for definitions of these items,
see Appendix 1). All three of these stages need to thrive in order for innovation to
lead to new firms and new jobs. In 2008, about 60 percent of total public and pri-
vate R&D spending went to development, with the remaining split about evenly
between basic and applied research (see figure 3.1). These proportions have
stayed relatively constant over roughly the last 30 years.
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National Science Foundation, Division of Science Resources Statistics. 2010. National Patterns of
R&D Resources: 2008 Data Update. NSF 10-314. Arlington, Va. Available at www.nsf.gov/statistics/
nsf10314/.

Basic economic principles, discussed in more detail in Appendix 2 of this chapter,
establish the need for a Federal role in funding R&D, especially in the area of ba-
sic research. The knowledge generated by basic research and, to a lesser degree,
the application of that knowledge, often shares the characteristics of what is
known as a “public good.” A public good has two main characteristics: 1) one per-
son’s consumption of that good does not reduce the amount available for others
to consume and 2) it is difficult to exclude others from consuming the good. A
lighthouse is often considered a classic example of a public good. Once it is built
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Table 3.1

Annual Rates of
Return on Private
R&D Investment

and operating, everybody sailing in the area will benefit from the lighthouse’s
operation. It is not possible to sell lighthouse services only to those boat opera-
tors that pay for them; their services are available to all who pass.

What this means, particularly for basic research, is that it may not be possible for
those conducting the research to fully appropriate the benefits from research
and innovation. In such cases, the social benefits (those that accrue to society as
a whole) from these innovative activities likely exceed the private benefits (those
that accrue just to the entity conducting the research). A series of studies show a
stark divergence between private and social returns to R&D (see table 3.1). The
social return measured in these studies includes the private rate of return plus
the change in profit due to R&D spillovers either within an industry or between
industries. Because individual researchers cannot recoup the full value of their
work, the incentive to produce a socially optimal amount of innovative activity is
lacking. This creates a potential role for government to fund innovative activity to
raise this activity closer to the social optimum. To accomplish this, the govern-
ment could directly fund basic research through support of government labs
or grants to universities or private research laboratories. Additionally, govern-
ment policy could increase the returns earned by the private sector on basic re-
search—through policies such as tax credits and a well-functioning patent
system—and encourage the private sector to do more basic research.

Given the public good nature of basic research, it is not surprising that the Fed-
eral government plays a stronger role in basic research than in applied research
or in the development process. As discussed in more detail below, innovation in

Researcher Private Social
Mansfield (1997) 25 56
Sveikauskas (1981) 7-25 50
Scherer (1982, 1984) 29-43 64-147
Bernstein-Nadiri (1991) 15-28 20-110

Source: Center for Strategic and International Studies. Global Innovation/National Competitiveness.
Washington, D.C: CSIS, 1996.
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Figure 3.2

Sources and
Location of Basic
Research, 2008

the United States has thrived as a result of a research “ecosystem” comprised of
three main sectors: the Federal government, the college and university system
and the private sector. However, the Federal government, universities, and the
private sector all play a different role in terms of the type of research they fund
and the type of research they conduct. For example, the Federal government has
been the primary funder of basic research, but only conducts a small fraction of
all the basic research done in the United States (see figure 3.2). On the other
hand, universities conduct about half of the basic research in the United States,
but fund a relatively small amount of this research. The private sector, mean-
while, especially the manufacturing sector, funds and conducts most of the ap-
plied research and development activity. The total dollars spent by private
industry for R&D has been increasing over time and the Federal government
must ensure that the university and private sectors have the appropriate incen-
tives to invest in R&D.”

The benefits from Federal support of academic research go beyond the develop-
ment of new and interesting concepts. This is because, when it comes to research

Sources of Funding Amount of Basic Research
for Basic Research Conducted by Location
Federal
Other Other  Govt.
14% 14% 1%
Universities Industry
(1&1(0:/:3"9998 Federal 21%
Govt.
57%
Intiustry Universities
18% & Colleges
58%

Source: National Science Foundation, Division of Science Resources Statistics. 2010. National
Patterns of R&D Resources: 2008 Data Update. NSF 10-314. Arlington, VA. Available at
www.nsf.gov/statistics/nsf10314/
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and innovation, the Federal government, colleges and universities, and the pri-
vate sector all are interconnected (see figure 3.3). Federal support of research
has positive spillover effects into the other two sectors, and there are also posi-
tive spillovers between universities and the private sector. Universities have suc-
cessfully partnered with the private sector to commercialize technology, with
many new companies and jobs resulting from these relationships. An important
part of advanced undergraduate- and graduate-level students’ education is assist-
ing faculty in federally sponsored research. Such experience prepares students to
become part of the nation’s science and engineering workforce and to help pri-
vate firms develop and roll out new technologies.

Figure 3.3 Federal
The Research Government
“Ecosystem”

Trained workers
Research to commercialize

h

Private
Sector

Colleges and
Universities

-

Funding for research
Royalties

A strong research university can also serve as an anchor for the develop-
ment of a regional innovation cluster (RIC). One way to think about such clusters
is that “(r)egional innovation (or industry) clusters are geographic concentra-
tions of interconnected businesses, suppliers, service providers, coordinating
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intermediaries, and associated institutions like universities or community col-
leges in a particular field (e.g., information technology in Seattle, aircraft in Wich-
ita, and advanced materials in Northeast Ohio).”® New businesses are also
generated by RICs; the more than 150 clusters that exist around the country have
resulted in increased spin-offs, creating new commercial activity.® For example,
the CleanTECH San Diego cluster initiative launched in 2007 focuses on energy ef-
ficiency, renewable energy, transportation and water management. This initiative
has generated tremendous startup activity and San Diego now boasts more than
650 clean tech companies, supported by six world class universities and a net-
work of investors. Evidence shows that areas with strong clusters perform better
economically than areas without these clusters; they have higher job growth,
higher wage growth, more businesses, and a higher rate of patenting!®(see Chap-
ter 7 for more detail on RICs).

The synergies are particularly strong in the manufacturing sector, a sector that
has been an important driver of innovation. For example, by training workers and
supporting R&D in a number of areas, the manufacturing sector provides a cata-
lyst for product and process innovations for the broader economy. A nation’s abil-
ity to manufacture products is interconnected with its intellectual and innovative
capacity. Many innovative methods and ideas are generated and perfected
through the process of making things. Also, the manufacturing sector has tended
to play a significant role in the communities where firms are located, as manufac-
turing plants tend to be large and concentrated, and drive clusters of economic
strength within a geographic region. Thus, manufacturing also has proven to be a
catalyst for regional clusters, bringing an area benefits such as higher wages.

The Federal government plays a role in facilitating the transfer of research into
the marketplace. Recently the President directed Federal agencies to establish
measures to monitor the number and the pace of effective technology transfer
from Federal labs to nonfederal entities.* Agencies are required to develop com-
mercialization plans for their labs that will be monitored by OMB in consultation
with OSTP and Commerce. In addition, Commerce will maintain tech transfer
metrics to help identify new or creative approaches to accelerate the technology
transfer from Federal laboratories to industry.

New initiatives also include efforts to streamline licensing procedures, thereby
expanding access to federally-owned inventions, and to use best practices to im-
prove programs directed toward small businesses, such as the Small Business
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Technology Transfer program. Agencies are also encouraged to launch new pro-
grams to support regional innovation clusters by, for example, having their Fed-
eral labs share expertise with businesses and by encouraging the location of
incubators and research parks near Federal labs. Federal labs and other research
facilities will also be encouraged to engage in public-private partnerships that will
strengthen commercialization activities in local regions.

The Office of Innovation and Entrepreneurship at the Department of Commerce,
in conjunction with its National Advisory Council on Innovation and Entrepre-
neurship (NACIE) is working to improve commercialization through its i6 Chal-
lenge Grants, a competition that funds the best ideas for technology
commercialization. In 2011, the i6 Green Challenge followed suit, promoting
“Proof of Concept” centers, which support all stages of entrepreneurship, from
assisting with feasibility studies and business plan development, to providing ac-
cess to early-stage capital and mentorship.

The Administration will continue to focus on using prizes to encourage new ways
to speed commercialization. Additional initiatives in this area include a joint ef-
fort by the Administration, the Association of American Universities, and the As-
sociation of Public and Land-grant Universities to encourage university leaders to
work more closely with industry, investors, and agencies to increase entrepre-
neurship, encourage more collaboration between universities and industry, and
increase economic development.

The Federal Government:
A Key Force Driving Major Innovations

The benefits from Federal R&D support are not just theoretical; whether through
funding educational and business organizations or through research in Federal
labs, the Federal government has played a crucial role in the development of
many key innovations of the mid- to late-20t century. For example, Federal fund-
ing, coupled with private industry funding, was critical for the development of
the transistor by Bell Labs in the 1950s, the growth of the semiconductor indus-
try, and the birth of Silicon Valley in the 1980s.

The Federal government has also used public-private partnerships to advance
markets for key technologies such as the integrated circuit memory chip. For
example, the SEMATECH consortium was a partnership created in the late 1980s
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between the Defense Advanced Research Projects Agency (DARPA) and 14 U.S.-
based semiconductor manufacturers, including Intel, IBM, Hewlett-Packard, and
Texas Instruments. The Federal government matched the spending put into the
venture by SEMATECH member firms and the venture advanced the research
needed for the next generation of chips and also funded a test facility to develop
prototypes using these new innovations. Most of SEMATECH’s members believed
they benefited from this arrangement. One member, Intel, invested $17 million in
the venture and then reported saving $200 to $300 million as a result of im-
proved yields and greater production efficiencies.!?

One of the leading examples of how Federal government research support led to
significant quality of life improvements in the United States is the development of
the Internet. The innovation came about largely because of long-term funding
from DARPA in the early 1960s, and then later funding by the National Science
Foundation (NSF).23 This technology’s development relied on basic scientific re-
search that provided evidence it could be used in activities such as packet switch-
ing and networking infrastructure. The financial return from these investments
would have been difficult for any single company to capture, and the return could
only be seen after many years, making this an ideal candidate for government in-
volvement. Other technologies and businesses related to the Internet also have
developed as the result of Federal support, including Google (see box 3.1).

Advances in medical science provide particularly important benefits, given their
direct impact on the expected length and quality of life. It has been argued that
advances in medical science have probably raised human welfare as much in re-
cent decades as have innovations in all other areas put together.'* The National
Institutes of Health (NIH), in particular, has been the source of many significant
advances in medical science, advances that have improved the well-being of the
U.S. population, as well as populations around the world (see box 3.2 for a small
sample of the many advances made at NIH over the years and see box 3.3 for a
discussion of how Federal support for research led to the creation and expansion
of the biotechnology industry.)
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Box 3.1 How the NSF Seeded Google!

In the early stages of developing the Internet, when there were only a few hun-
dred active Web sites, the National Science Foundation (NSF) recognized the
need for accessible interfaces for growing online data collections. This led a
multi-agency Digital Library Initiative (DLI) that made its first six research
awards in 1994. One of those NSF awards supported a Stanford University proj-
ect led by Professors Hector Garcia-Molina and Terry Winograd.

One of the Stanford graduate students supported by this DLI project was Larry
Page. Page was interested in the structure of citations in scientific papers and
the way that the citation structure mapped out the knowledge networks in a
large and expanding body of scientific literature. He believed the structure
mapped out by the linkages across Web sites could facilitate the process of
searching for the right site.

Page was joined in this project by another Stanford graduate student, Sergey
Brin. Brin’s studies at Stanford were supported by an NSF Graduate Student Fel-
lowship. Together, Page and Brin constructed a prototype in their Stanford stu-
dent offices. The equipment for the prototype, called Backrub, was funded by
the DLI project and other industrial contributions. This prototype not only cre-
ated a text index of linkages across Web pages—it also utilized the structure of
linkages across pages to create a web or “tree” of cross-linkages that could fa-
cilitate search.

To weight these linkages according to their importance, Page and Brin devel-
oped the PageRank method, in which the ranking of a particular Web page de-
pends on the degree to which it is referenced by other frequently referenced
Web sites. Page and Brin wrote an early paper on their ideas and tested their al-
gorithm on data from several million Web pages. The results were highly en-
couraging.

By 1998, Page and Brin obtained funding that allowed them to move their
growing operation from Stanford into an off-campus site. They incorporated
Google, Inc. What began as an NSF-funded research project, undertaken by two
NSF-supported graduate students, turned into a phenomenon that billions of
people around the world use every day.

1. This account draws heavily from an online summary of On the Origins of Google, by David Hart,
posted August 17, 2004, on the NSF Web site at www.nsf.gov/discoveries/disc_summ.jsp?cntn_

id=100660. /
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Most Federal R&D funding still goes to defense-related activities, while almost
half of the Federal non-defense R&D budget goes to NIH (see figure 3.4), with Na-
tional Aeronautics and Space Administration (NASA) a distant second followed by

4 )

Box 3.2 The Case for Federal R&D Funding:
National Institutes of Health (NIH)

Throughout its long history, NIH has been responsible for numerous research
breakthroughs that have contributed greatly to the well-being of the United
States and world population. To name just a few:?!

1968: A Nobel Prize was awarded to Dr. Marshall W. Nirenberg for discovering
the key to deciphering the genetic code. He was the first NIH Nobel laureate,
and the first Federal employee to receive a Nobel Prize.

1984: In May, scientists uncovered strong evidence that variants of a human
cancer virus called HTLV-IIl are the primary cause of acquired immunodefi-
ciency syndrome (AIDS).

1991: On January 29, NIH scientists treated the first cancer patients with hu-
man gene therapy.

1996: The first multicenter trial of bone marrow transplantation in children
with sickle cell disease demonstrated that the procedure can provide a cure for
young patients that have a matched sibling.

2000: A National Institute of Allergy and Infectious Diseases study showed that
a nasal spray flu vaccine not only protected young children against the three
strains of influenza for which the vaccine was designed but also a flu strain not
covered by the vaccine. It also protected the children against flu-related mid-
dle-ear infections.

2000: The international Human Genome Project public consortium—funded by
NIH, DOE, and others—assembled a working draft of the sequence of the hu-
man genome; it was immediately and freely released to the world.

2005: A long-term, multi-center trial of therapies for high blood pressure found
that diuretics work better than newer therapies in treating high blood pressure
and reducing the risk of heart disease and should be the first therapy for most
patients.

2006: NCI-funded research spanning nearly 2 decades helped lead to the FDA
approval for a vaccine to prevent cervical cancer, a disease that claims the lives
of nearly 4,000 women each year in the United States.

1. The full list of accomplishments can be found at www.nih.gov/about/almanac/historical/chronology

_of_events.htm. j
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“All Other” Federal agencies, the Department of Energy, and NSF. Also, Federal
spending on basic and applied research has shifted dramatically towards life sci-
ences research, primarily at NIH, over the past two decades. Within just a few
years in the late 1990s and early 2000s, NIH spending doubled, while over the
same period Federal research expenditures outside of the life sciences grew
much less significantly (see figure 3.5). This allocation of research funds contrib-
uted to the significant advances achieved through federally supported health-
care-related research.

[ N

Box 3.3 The Federal Government and Basic Research:
Biotechnology

The creation and success of the biotech industry in the U.S. is due, in great
measure, to the Federal government’s support of basic research through its
funding of the National Institutes of Health (NIH) and the National Science
Foundation (NSF).* From this funding emerged our understanding of the funda-
mental structure of the human genome and the tools of recombinant DNA
technology, without which the biotechnology industry, and the life-saving med-
icines it is yielding, would not exist as we know it.

The tools of recombinant DNA technology were pioneered by Herbert Boyer, a
professor at UC San Francisco, and Stanley Cohen at Stanford University. One of
the early pioneers and leaders in this field, Boyer went on to co-found Genen-
tech, together with venture capitalist Bob Swenson. NIH and NSF research
funding were therefore instrumental in Genentech’s creation. To date, the com-
pany employs more than 11,000 people and produces a variety of drugs for
asthma, rheumatoid arthritis, and other serious medical ailments.

Protea Biosciences, a company founded in 2001, specializes in the identification
of new proteins in the human body. This is important because most pharma-
ceuticals are small proteins themselves or are small molecules designed to in-
teract with proteins. Today’s drugs target fewer than 500 of the estimated
23,000 human protein-coding genes. The technology used to found Protea Bio-
sciences was developed at West Virginia University with support of the WVU
Research Corporation and through NIH funding.

1. Science Coalition, Sparking Economic Growth: How Federally Funded Research Creates Innovation,
New Companies and Jobs April 2010. /
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Fig ure 3.4 Defense versus Non-Defense Non-Defense by Agency
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Cracks in the Federal Research Foundation

Although the Federal government’s support for research has led to significant in-
novation, according to the 2011 Economic Report of the President, “there are
cracks in the foundations of America’s growth that need to be addressed. The Na-
tion’s innovation system relies largely on the private sector but also depends on
critical public inputs. For example, basic scientific breakthroughs in engineering,
genetics, chemistry, and many other fields underpin commercial innovation but
provide little or no direct profit themselves, so basic scientific research relies
heavily on public support.”*®

More specifically, in 1980 the Federal government provided 70.3 percent of all
dollars spent on basic research, most of which went to universities and univer-
sity-based Federal research centers. Since then, the Federal government’s share
of basic research funding given to all entities has fallen to 57.0 percent and its
share of funding of basic research at universities has fallen to about 60 percent,
largely due to increased funding from the private sector.'®

There also has been a slowdown in commercialization of technologies by U.S.
universities since 2000. In 1980, Congress passed the Bayh-Dole Act, which gave
ownership of the intellectual property to the universities and institutions that
created it, even if they used Federal dollars to conduct the research. This was
meant to provide a strong incentive for universities to offer useful technology to
industry, who would then quickly transform it into products. By the late 1980s,
university patenting, licensing of technology to industry, and the proliferation of
university-linked startup companies all began to accelerate, reaching especially
high growth rates in the late 1990s. However, the pace of these activities slowed
starting in 2000, a slowdown that persisted after the brief recession of the early
2000s.Y

Another area that may be suffering from a lack of sufficient funding for research
and innovation is manufacturing, particularly in the area of “advanced technol-
ogy products” (ATPs). ATPs include goods such as biotechnology products, solar
cells, photosensitive diodes, computers, semiconductors, and robotics!® and it is
crucial for our economy that we remain strong in these areas. As Susan Hockfield,
president of M.LT. put it, “(t)o make our economy grow, sell more goods to the
world and replenish the work force, we need to restore manufacturing—not the
assembly-line jobs of the past, but the high-tech advanced manufacturing of the
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future.”*® The United States was running a trade surplus in these manufacturing
products until 2002, when it lost its advantage in ATPs; in 2010, the United States
ran an $81 billion trade deficit in this critically important sector.2°

Preserving and Extending Federal Support for Science and
Industrial R&D in the 21t Century

As the Administration has stated, “there are disturbing signs that America’s inno-
vative performance slipped substantially during the past decade. Across a range
of innovation metrics—including growth in corporate and government R&D, the
number of scientific and technical degrees and workers, access to venture capi-
tal, and the creation of new firms—our nation has fallen in global innovation-
ranked competitiveness.”?* For example, according to the World Economic Fo-
rum, the United States was ranked 7% in the world in its innovative capacity.??

To some degree, this is inevitable as other countries become more developed
and wealth spreads more equally around the world. However, many countries
“recognize that innovation is the key to long-term economic growth and are mak-
ing pro-innovation investments and adopting pro-innovation policies. Without
thoughtful, decisive, and targeted actions, we cannot expect that the industries
of the future will emerge and prosper in the United States.”?® Therefore, we are
recommending the following policies so that the United States can maintain its
position as a world leader in innovation.

Continue to increase government funding for basic research

Various documents, including the America COMPETES Reauthorization Act of
2010 which mandated this report, have highlighted the critical importance of the
NSF, the Department of Energy’s Office of Science (DOE SC) and the National In-
stitute of Standards and Technology (NIST) laboratories in the area of maintaining
the United States’ leadership role in innovation. These entities need continued
support. Also, basic biomedical research such as that done by NIH, also contrib-
utes significantly to innovation and deserves continued support.

Sustain government funding for research

In the long run, scientific output will be, to a great extent, a function of the quan-
tity and quality of individuals who are induced to choose science as a career.
However, a quality scientific education takes a long time, so rapid increases
in public funding in particular fields, followed by sharp cutbacks, can negatively
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affect the career prospects of young doctorates in the field and discourage
younger students who might consider going on to the next level of training (see
box 3.4). Stable funding would help ensure that the nation receives the full bene-

fit of its long-run investments in R&D.

4 )

The Changing Nature of Scientific Endeavors

The nature of scientific endeavors has changed greatly and policies to improve
R&D need to keep up with these changes. For example, the time required to ed-
ucate and train new scientists has increased greatly.! The body of knowledge a
new researcher must absorb has increased and younger scientists must special-
ize in narrower technical areas. Yet, the solutions to technical problems typi-
cally lie outside any one field and scientists must collaborate in teams.?
Agencies like the National Science Foundation (NSF) and National Institutes of
Health (NIH) have recognized these changes, and are actively working to pro-
mote team science and young investigators through a number of new funding
strategies.

Box 3.4

On top of this, talented young people must choose between science, which re-
quires an ever-growing period of education and apprenticeship, and careers in
fields such as law and finance, which require a shorter period of education.
Thus, it may be necessary to change how young scientists are educated, com-
pensated, and evaluated for research grants to preserve adequate incentives
for outstanding young people to enter scientific fields of study.?

1. Benjamin F. Jones “Age and Great Invention,” Review of Economics and Statistics 92 (February 2010)
1-14.

2. See Jones (2010).

3. Former NIH director Elias Zerhouni identified this age trend as the most important challenge for
American science and its funding agencies. See Jocelyn Kasier “Zerhouni’s Parting Message: Make Room
for Young Scientists,” Science 322 (November 2008), 834-35.

Incentivize and reward private sector R&D investment with an enhanced
and extended R&D tax credit

Although the Federal government’s role in R&D is crucial, private R&D invest-
ment remains essential if ideas are to move from university labs and factories to
commercialization. Therefore, the Administration has proposed simplifying, en-
hancing, and extending a corporate R&D tax credit, one that is properly struc-
tured so that it awards firms for undertaking additional R&D, not just activity that
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would have occurred even without the credit. This would reward private industry
for undertaking the risks associated with R&D spending, and it would address the
reality that private sector inventors often create social benefits that far exceed
the private returns to R&D. The Administration expects this tax credit would pro-
vide over $100 billion in benefits to industry over the next decade.

Support innovative entrepreneurs

Entrepreneurs and new firms play an essential role in the process of how scien-
tific discoveries are translated. They develop new industries, create jobs, and
spur economic growth. The financial crisis and the recession from which we are
still recovering disrupted the normal financial and support channels for these en-
trepreneurs. Passage of the Small Business Jobs Act provided an additional $44
billion in loans through the Small Business Administration and Treasury, and it
also provided $12 billion in tax relief to small businesses. The Administration
seeks to build on its efforts in this area through its Startup America initiative,
which will continue to improve access to capital for start-ups and accelerate com-
mercialization of new technology.

Speed the movement of ideas from basic science labs to commercial
application

The Administration is committed to continue its i6 Green Challenges to develop
“Proof of Concept” centers to support all stages of the entrepreneurship process.
As venture capitalists often invest in enterprises that are close to marketing a
product, researchers can find it difficult to get early-stage funding for their ideas.
Proof of Concept centers can help bridge that gap. In September 2011, 6 initial
winners of these grants were announced, including the lowa Innovation Council,
whose Proof of Concept center is meant to improve interactions between entre-
preneurs, businesses, and universities; accelerate technology transfer; and facili-
tate company and job creation.?*

The Administration’s Advanced Manufacturing Partnership seeks to identify op-
portunities for industry, academia, and government to collaborate in order to ac-
celerate the development and deployment of emerging technologies with the
potential to transform and reinvigorate advanced manufacturing in the United
States.? NIH has created a new National Center for Advancing Translational Sci-
ences that will speed the development of new diagnostics, treatments, and
cures by building new bridges between the lab and clinic. In addition, the Admin-
istration is developing a Bioeconomy Blueprint detailing ways to use biological

U.S. COMPETITIVENESS AND INNOVATIVE CAPACITY



research innovations to address challenges in areas such as health, food, energy,
and the environment. The Blueprint will focus on how to speed up commercial-
ization and open new markets and more workforce training to develop more sci-
entists and engineers.

Unleash a clean energy revolution

New and improved energy technologies will be central to the 215t century global
economy, and the Obama Administration is committed to fostering American
leadership in this area. These technologies will provide economic growth, create
jobs, reduce manufacturing costs, and confront environmental challenges while
enhancing energy security. Industrial progress in this area will require a new
foundation of fundamental breakthroughs on which it can build. As a part of the
vision for doubling America’s use of clean energy by 2035, the Administration is
also committed to accelerating the deployment of clean energy options that are
commercially viable today through such activities as the Renewables Rapid Re-
sponse Team or the Rapid Response Team for Transmission. The Administration
also supports policies, such as a Clean Energy Standard, which provide certainty
and guidance for future private sector investment in energy generation.

Accelerate biotechnology, nanotechnology,

and advanced manufacturing R&D

Various advanced technologies are already showing great promise and efforts
should be expanded to ensure these technologies reach their full potential. For
example, in the area of biotechnology, Federal funding is being provided to in-
crease the number of individual human genomes sequenced from 34 to over
1,800, with the goal of providing insight into the causes and treatments of major
diseases and to bring down the cost of sequencing. The National Nanotechnology
Initiative is also helping to foster promising developments in the area of nano-
technology, “the study and application of extremely small things.”?¢ Materials
that are made at the nanoscale have desirable properties, such as lighter weight,
more strength, and greater chemical reactivity. Nanotechnology materials are al-
ready used in a wide range of products, such as surface treatments of fabrics to
resist wrinkles or staining and high-power rechargeable batteries for cars. Nano-
technology has also shown promise in areas such as disease prevention (nano-
devices to transport healthy genetic material to cells), self-management inter-
ventions (noninvasive detection of glucose levels in diabetic patients), and dis-
ease detection (quantum dots to detect cancer cells). The goal of the initiative is
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Appendix 1

to further advances in this field.?” As mentioned above, the Advanced Manufac-
turing Partnership will seek to develop and deploy advanced manufacturing
processes and technologies to help United States manufacturing continue its out-
sized contribution to America’s economic recovery.

Develop ways to measure the value and effectiveness

of research investment

In order to ensure that R&D funding is being spent wisely, it is crucial that mean-
ingful measurement tools are developed to track the effectiveness of this spend-
ing. Currently, such measures generally do not exist or are not collected on a
regular, systematic basis. One exception to this is the Science and Technology for
America’s Reinvestment: Measuring the Effect of Research on Innovation, Com-
petitiveness and Science (STAR METRICS). A pilot venture led by NIH, NSF, and
OSTP, STAR METRICS will collect data from a number of large research institutions
funded by the Federal government to calculate employment effects generated
from certain Federal science research funding and investigate ways to measure
outputs such as patents, business start-ups, and publications at these institu-
tions.? Going forward, additional measures need to be developed and collected
on a regular and timely basis.

Definitions of Relevant Terms

Innovation is the design, invention, development, and/or implementation of new
or altered products, services, processes, systems, organizational structures, or
business models for the purpose of creating new value for customers and finan-
cial returns for the firm.?°

R&D, also called research and experimental development, comprises creative
work undertaken on a systematic basis to increase the stock of knowledge—in-
cluding knowledge of man, culture, and society—and its use to devise new appli-
cations.

Research is the systematic study directed toward fuller scientific knowledge or
understanding of the subject studied. Research is classified as either basic or ap-
plied according to the objectives of the sponsoring agency.
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Basic research is the systematic study directed toward fuller knowledge or under-
standing of the fundamental aspects of phenomena and of observable facts with-
out specific applications towards processes or products in mind.

Applied research is the systematic study to gain knowledge or understanding
necessary to determine the means by which a recognized and specific need may
be met.

Development is the systematic application of knowledge or understanding di-
rected toward the production of useful materials, devices, and systems or meth-
ods, including design, development, and improvement of prototypes and new
processes to meet specific requirements (see www.nsf.gov/statistics/nsb1003/
definitions.htm).

Appendix 2  The Theoretical Underpinnings for a Federal Role in Research
Funding

Economic growth results from several factors, but among the most important in
recent decades has been innovation, which we will define as the design, inven-
tion, and development of new or altered products, services, and processes for
the purpose of creating new value for customers and financial returns for the
firm.3° Economists established the central role played by innovation in economic
growth in the 1950s, when early empirical efforts to account for growth in U.S.
output by measuring labor and capital inputs left the largest part of growth unex-
plained. Pioneering work by Abramowitz (1956) and Solow (1957) pointed to im-
provements in technology as constituting the single most important driver of
increases in U.S. output per person.3! In the 1980s and 1990s, increasingly sophis-
ticated efforts by economists to define the growth process in advanced industrial
economies placed the process of invention at the center of their models.3?In ad-
dition, studies have shown that improvements in technology are themselves the
outcome of deliberate efforts to invent and/or adopt new technology; that is, in-
novation does not need to be left to its own devices but can be fostered through
training and funding.3

At least in the long run, efforts to raise per capita income through additional in-

vestments in physical capital will run into diminishing returns. But innovation
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need not be subject to these diminishing returns. Technological progress can, in
principle, drive economic growth without limit, thanks to the unique properties
of technological knowledge as an economic asset. In addition, innovation is non-
rival, in the sense that one person can consume it without diminishing the con-
sumption of another party. Thomas Jefferson gave a characteristically poetic
expression of this idea when he observed that, “he who receives an idea from
me, receives instruction himself without lessening mine; as he who lights his ta-
per at mine, receives light without darkening me.”3* But knowledge also tends to
be, at least in part, nonexcludable, which means that it is difficult to prevent an-
other party from using the good and deriving benefits.

Because innovation can create knowledge with the attributes of nonrivalry and
nonexcludability, it can have some of the classic aspects of a “public good” and
may be undersupplied by the market economy. Self-interested agents in a market
driven economy will invest only in what they can derive profit from. When the
benefits created by an invention cannot be fully appropriated by the inventor, she
will create less—perhaps far less—than is socially optimal. We are left with a clas-
sic market failure, in which the private value of innovative activity is lower—per-
haps far lower—than the social value. That divergence creates a potential role for
government intervention to promote innovative activity.
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