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EXECUTIVE OFFICE OF THE PRESIDENT
PRESIDENT'S COUNCIL OF ADVISORS ON SCIENCE AND TECHNOLOGY
WASHINGTON, D.C. 20502

President Barack Obama
The White House
Washington, DC 20502

Dear Mr. President,

We are pleased to send you this new report from your Council of Advisors on Science and Technology, Transformation and
Opportunity: The Future of the U.S. Research Enterprise. This report comes at a critical time for the United States. The
Nation once led the world in investments in research and development (R&D) as a share of gross domestic product (GDP),
but more recently, the United States has been investing less in R&D than other leading and emerging nations invest.
Moreover, U.S. industry has been shifting its investments toward applied R&D, narrowing the support for basic and ear-
ly-stage applied research, which is crucial to transforming innovation. Without adequate support for such research, the
United States risks losing its leadership in invention and discovery—the driving force behind the new industries and jobs
that have propelled the U.S. economy over the past century.

This report therefore addresses the two objectives of (1) enhancing long-range U.S. investment in basic and early-stage
applied research and (2) reducing the barriers to the transformation of the results of that research into new products, in-
dustries, and jobs.

In this report, PCAST describes a series of specific opportunities for the Federal Government, universities, and industry to
strengthen the U.S. research enterprise. These opportunities fall into three categories: the Federal Government’s role as the
foundational investor in basic research; a better policy environment to encourage industry investment in R&D; and the new
role of research universities as hubs of the innovation ecosystem.

Among the actions that PCAST recommends, three stand out in scope and importance: (1) that you reaffirm your stated goal
that U.S. total R&D expenditures (across the public and private sectors) should achieve and sustain a level of 3 percent of
GDP; (2) that actions be taken, some achievable entirely by Executive decision, to increase the stability and predictability of
Federal research funding; and (3) that Congress not only make the R&D tax credit permanent, but increase it to at least 17
percent, as you have already advocated.

The full PCAST discussed and approved this report at its public meeting on July 19, 2012. We are grateful for the oppor-
tunity to serve you and the country in this way and hope that you find this report useful.

Best regards,

fou i Sbb

John P. Holdren Eric S. Lander
Co-chair, PCAST Co-chair, PCAST
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I. Executive Report

The United States is in the midst of a profound reorganization of how research is done, where it
is done, who does it, and how its results find their way to the marketplace. This confluence of
circumstances threatens the Nation’s world-leading position in innovation and technology and
the benefits it brings.

As a fraction of its gross domestic product (GDP), U.S. investment in research and development
(R&D) used to be first in the world. Today it is eighth (and fourth among large economies). In
2009, Asia’s share of total world R&D was about the same as that of the United States. In 2012,
Asia will likely surpass the United States’ 31-percent share with an estimated 37-percent share.
If U.S. willingness to support basic scientific research is undermined by policies that fail to op-
timally use the fruits of that research to build the U.S. economy, the United States will in effect
cede leadership to other countries. An even worse outcome occurs if other countries, acting
without U.S. leadership, make the same mistake, leading to a zero-sum world in which no
country invests in long-term basic research for the future, while all scramble to compete over
the diminishing returns from past investments.

Such a negative outcome is still avoidable. This report shows how a loss of global competitive-
ness can be avoided by increasing the productivity of U.S. researchers and by positioning the
Nation’s great research universities and the National Laboratories as central engines of innova-
tion and geographical anchors of the Nation’s science and technology enterprise. The issue is
not just quantitative, but qualitative as well. Increased competition, including international
competition, is causing U.S. industry to do a smaller share of all basic research. That is, in the
R&D spectrum, industry’s development (“D”) is increasing much faster than its research (“R”).
Yet this basic research is the underlying platform on which applied research and engineering
development are built. At the same time, other countries’ investments in basic and early ap-
plied research are increasing. Just as the United States has lost a large portion of its manufac-
turing to other countries, it is now in danger of losing its advantage in invention and discovery,
potentially an even greater calamity.

This PCAST report describes the nature of the current situation, the importance of what is at
stake, and what has been the response to date of the U.S. science and technology enterprise.
More importantly, it also discusses the kinds of actions that could create positive opportunities
for the United States in the face of these troubling trends.
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Many of the actions that we recommend in this report reiterate those of other recent disci-
pline-specific PCAST reports. This report thus serves to highlight the crosscutting benefits of
such actions and their importance for the entire science and technology enterprise. Actions to
improve science, technology, engineering, and math (STEM) education at all levels are prime
examples. Likewise, most of our recommendations align with those of recent important studies
on the research enterprise by the National Research Council, the American Academy of Arts
and Sciences, and others. Both the concordance and the intensity of such studies indicate a
strong national consensus that prompt action is needed.

Just as the Nation works to rebuild domestic manufacturing within the United States, and en-
sure unimpeded access to world markets for its private-sector industry, the Nation must also
work to ensure that industry will have immediate, close access to an abundant flow of inven-
tions and discoveries, like those that have always fueled U.S. competitiveness. For this to hap-
pen, proactive policies and transformative changes in U.S. educational and research institutions
are needed.

1.1 Science and Technology Are Foundational to the American Way of
Life

No country in the history of the world has more readily, or more fruitfully, embraced innovation
through science and technology than the United States. The products of our basic and applied
scientific research not only provide us with high-quality jobs and support our high-tech and
knowledge economies, but they also define us as a nation: We are an inventive, entrepreneurial
society.

The benefits from scientific advances, and the need for such advances to continue, are evident
in virtually every aspect of modern life. We want longer, healthier lives for ourselves, our elder
parents, and our children. We want to counter present and future threats to our national secu-
rity with better technology than that of our adversaries. We want to transform the difficult and
complex problems of energy, food, and water supplies, and of protecting the global environ-
ment into feasible paths forward.

Americans also want to maintain leadership in areas of scientific and technological inquiry that
are not yet directed at known applications or existing global challenges. Some of these areas
will later find unexpected practical applications. Others respond to a basic human need to un-
derstand the world and mankind’s place in it. Popular interest in science and engineering is not
limited to immediate or even future applications. Books and television shows about the origin
of the universe, or the fundamental nature of matter, or the evolution of life on Earth are per-
ennially in fashion; the public’s imagination can be captured by the exploits of a robot vehicle
on Mars or by the illimitable thinking of a scientist who is confined to a wheelchair.
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Indeed, the U.S. science and technology enterprise mirrors and supports the national character.
Americans are both practical and idealistic. From the Yankee watchmaker, through Henry Ford’s
manufacturing revolution, Bell Laboratories, Xerox PARC, and today’s research-intensive cor-
porations, the United States has benefited from the innovative spirit of its industry, a spirit that
has impelled Americans to invent things, not just produce them. At the same time, U.S. discov-
eries in basic research have yielded more than 330 Nobel Prize awards, almost 40 percent of
the world’s total and more than the next 4 highest countries combined. This duality, to which
basic research and practical applications are inextricably linked in a single science and engi-
neering enterprise, is an essential feature of our success and a theme of this report.

Scientific research creates not merely jobs, but high-quality jobs that employ and demand a
highly skilled workforce. The educational system that produces such a workforce must go be-
yond the mere intake of information to challenge the curiosity and character of its students.
Some will then go on to create new knowledge, invent, and innovate new products. All can
contribute to making a better world. This kind of education, thus, leads not only to immediate
excitement and opportunity, but also to higher aspirations and upward economic mobility. The
enterprise of scientific research can touch the imagination and idealism of young people and
empower them to build a world that strengthens American ideals. The needs of an innova-
tion-based economy provide an incentive for transforming the entire national system of educa-
tion, from kindergarten through postgraduate education and technical training.

1.2 Research Is a National Investment

Studies of both the U.S. economy over time and of the economies of our economic competitors
consistently show that investment in scientific research pays off. Robert Solow’s pioneering
study (earning him one of the Nobel Prizes mentioned previously) showed that more than half,
and perhaps as much as 85 percent of productivity growth in the United States in the first half
of the 20th century could be attributed to technical advances. Other studies indicate that 50
percent or more of the nearly sevenfold real growth the country has enjoyed since the end of
World War Il has been attributable to technological innovation resulting from investments in
research and development.

The fact that research provides a healthy return on investment does not alone justify Federal
support of all research under all circumstances. In some cases, investment is justified because
its returns come in the form of enhancement of public goods (such as national defense, public
health and safety, and disaster preparedness) or reduced negative externalities (such as air and
water pollution and climate change). In other cases, support is justified by a “market failure” in
the private sector whereby the returns from investment in basic and early-stage applied re-
search may not accrue to any one firm or entity that actually pays for the investment. Because
the private incentive to undertake basic research is thus attenuated, the private sector will in-
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vest too little. If the full social potential is to be realized, the government must compensate by
supporting the lion’s share of basic research.

Indeed, this was the conclusion reached by Vannevar Bush in his influential report, “Sci-
ence—the Endless Frontier,” submitted to President Harry Truman in July 1945. Bush outlined
three basic principles: (1) the Government must be the principal source of funding for basic
science; (2) basic science should be located primarily in universities that combine research with
the education of the next generation of scientists and engineers; and (3) the Government
should allocate funding across broad categories of science, but the decisions to allocate funds
to particular projects should be made by independent scientific experts.

The next 50 years witnessed a dramatic rise in Federal support for basic research. It created and
drove the university research enterprise. The Federal Government went on to create the Na-
tional Science Foundation in 1950 and greatly boost funding for the National Institutes of
Health. Today, these institutions, along with the newer Department of Energy, remain the pri-
mary stewards of basic research in the United States. The partnership between universities and
Federal research agencies led to some of the most profound and world-changing discoveries of
the 20th century (see Box 1-1).

Vannevar Bush’s famous report and the Nation’s response to it, “connected the dots” from
basic research in science and technology to national prosperity. Experts now recognize that the
benefits from research result not just from a linear progression, where basic research in an area
leads to applied research, development, and products in that same area. Rather, basic research
fuels a whole innovation ecosystem, often in unpredictable ways. Basic research in quantum
mechanics and atomic structure, which was curiosity-driven and arcane in its time, later pro-
vided the platform on which today’s microelectronics and computer industries were built. Basic
research in pure mathematics and computer science provided the foundation for many aspects
of the World Wide Web, and provided the intellectual foundations for some of today’s biggest
companies. A similar picture is unfolding today in the biosciences.

The largest returns of research often come from unexpected new discoveries that open up
whole new vistas. Such discoveries are often potentiated by a long period of seemingly evolu-
tionary advances. Then, infrequently, but nevertheless with regularity, a particular line of basic
research becomes revolutionary with a return that changes the world. Aggregate wealth can
rise in giant steps in a world in which new platforms for new industries are regularly, if unex-
pectedly, created.

The response to the Vannevar Bush report was not the first time that the Federal Government
and universities had partnered to meet a critical national need for research. Nearly a century
earlier, the areas of great national need were agriculture, mechanical arts, and home econom-
ics. The Morrill Act of 1862 created the Land Grant Colleges to provide, in each state of the un-
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ion, education in these crucial areas. Beyond their education responsibilities, faculty members
were further expected to conduct research in these areas of need and share the results of this
research with the surrounding communities through outreach programs. The second Morrill Act
in 1890 secured these foundational benefits of education for all U.S. citizens.

Today’s challenges resemble a combination of these two previous episodes, embodying a kind
of perfect storm. On one hand, the United States needs to protect its ability to generate foun-
dational basic research, as the Vannevar Bush report emphasized. On the other hand, much
more needs to be done to enable the fruits of that research to become platforms for products,
jobs, and new industries, as the Morrill Act did for the agriculture enterprise. The underlying
question that this report seeks to address is: How can the United States best pursue these two
goals simultaneously?

1.3 A Global Reorganization of Research Is Happening

In a globalized economy, international competition in the private sector drives structural
changes in national economies. If the competitive playing field is level, these changes create
greater global economic efficiency and, at least in the short run, greater overall wealth. How-
ever, they also have consequences that can affect the trajectories of nations in ways other than
economic.

In the global economy, companies that traditionally capitalized on regional U.S. markets must
now compete against organizations all over the world. The speed with which products and ser-
vices can be delivered around the world, from almost anywhere to almost anywhere, diminish-
es the home-field advantage that used to shield local companies against foreign competitors.

When no single business can capture all the economic benefits that come from a new product,
technology, or way of doing business, corporations with obligations to shareholders will tend to
underinvest in innovation. When international competition is fierce, private firms will be more
interested in R&D investments that give them an immediate competitive advantage and there-
fore will choose to invest preferentially in low-risk endeavors—those closer to the development
and implementation end of the spectrum.

This aspect of globalization has hit basic research done by industry particularly hard. Beginning
with the rapid expansion of global competition in the 1990s and the new focus on shareholder
value, support by U.S. industry for basic and early applied research (i.e., research with more
than a 3-to-5 year time horizon) has stagnated relative to investments in short-term develop-
ment and also relative to the basic research investments of some of our international competi-
tors.

The great industrial centers of basic research, such as Bell Labs and RCA Labs, flourished in
times very different from now. Regulated monopolies, or stable consumer brand preferences,
gave these companies strong, predictable cash flows. They were able to take risks, despite the

5
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uncertainty of translating basic research into new products. Since the 1990s, the industrial
landscape has changed, however. Predictable cash flows and regulated monopolies are largely
things of the past, meaning that companies today are far less able to take a long-term view.

Globalization also allows U.S. corporations to perform many aspects of R&D more
cost-effectively offshore. Not only is the cost of offshore skilled workers often lower, but the
availability of such workers (e.g., trained scientists and engineers) is often higher. The relatively
small number of U.S. college graduates with STEM education is a large contributing factor, as is
also the scarcity of STEM-enabled technicians with post-secondary certification other than col-
lege degrees. Moving R&D offshore is a rational economic choice for the companies them-
selves, but it has negative long-term consequences for the United States, even when compen-
sated by R&D flows in the other direction.

The United States today has fewer and smaller corporate laboratories than it did just a genera-
tion ago. Research by industry now focuses more on development and less on basic and applied
research; industry supports a much smaller fraction of basic research than it once did. Funda-
mental research done with no specific application in mind has especially diminished. As R&D
increasingly migrates offshore, it is becoming clear that, unless we act, innovation, in the long
run closely paired with production, could migrate with it.

1.4 Universities Are Becoming Central Hubs of the Innovation Ecosystem
The United States has the world’s greatest research universities. According to an annual ranking
by The Times of London, we have 7 of the top 10 and 18 of the top 25 institutions.

With the decline of investment in research by industry and specialized research laboratories,
U.S. research universities are today performing not only the basic research for which they have
been best known during the last 50 years, but to an increasing extent applied and translational
research with the potential to deliver innovations, new industries, and market efficiencies over
the next 50 years. Today, American research universities are closer to the marketplace than
they have ever been, with a focus on translating and transferring research discoveries to indus-
try.

Universities, along with our National Laboratories (themselves unique in the world for range
and quality) are also increasingly hubs of research for national needs such as national security,
health, and environmental stewardship. In earlier decades, domestic corporate laboratories
such as Bell Labs, could be tapped by government as needs arose. That era is gone.

As industry works with universities as a key source of innovation, the type of research they are
funding has evolved. In addition to funding some basic research, industry increasingly funds ap-
plied projects to solve specific technical issues. While industry-industry relationships remain
common, industry increasingly turns to academia for research partnerships, exposure to lead-
ing-edge thinking and technology, objective advice on strategic decision-making, and recruit-

6
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ment of skilled employees with fresh perspectives and state-of-the-art knowledge who can be-
come future company leaders.

1.5 Actions Are Needed to Preserve the U.S. Innovation Advantage
Times of transformation are also times of opportunity. In the main text of this report, we rec-
ommend a series of actions that follow from what we see as five key opportunities:

e Key Opportunity #1. The Nation has the opportunity to maintain its world-leading posi-
tion in R&D investment, structured as a mutually supporting partnership among indus-
try, the Federal Government, universities, and other governmental and private entities.

e Key Opportunity #2. The Federal Government has the opportunity to enhance its role as
the enduring foundational investor in basic and early applied research in the United
States. It can adopt policies that are most consistent with that role. Federal policy can
seek to foster a sustainable R&D enterprise in which, when research is deemed worth
supporting, it is supported for success.

e Key Opportunity #3. Federal agencies have the opportunity to grow portfolios that more
strategically support a mix of evolutionary vs. revolutionary research; disciplinary vs. in-
terdisciplinary work; and project-based vs. people-based awards.

e Key Opportunity #4. There is the opportunity for government to create additional policy
encouragements and incentives for industry to invest in research, both on its own and in
new partnerships with universities and the National Laboratories.

e Key Opportunity #5. Research universities have the opportunity to strengthen and en-
hance their additional role as hubs of the innovation ecosystem. While maintaining the
intellectual depth of their foundations in basic research, they can change their educa-
tional programs to better prepare their graduates to work in today’s world. They can
become more proactive in transferring research results into the private sector.

The table in Section 1.7 summarizes the sets of actions that we discuss and recommend in
support of each key opportunity. Full discussion of each action is in the main text. However, a
few of the more important ones deserve mention here.

(Action #1.1) PCAST recommends reaffirming the President’s goal that total R&D expenditures
should achieve and sustain a level of 3 percent of GDP. Congressional authorization committees
should take ownership of pieces of that goal, with the Executive Branch and Congress estab-
lishing policies to enhance private industry’s major share.

(Action #1.2) Recognizing the inherent political difficulty, PCAST nevertheless urges Congress
and the Executive Branch to find one or more mechanisms for increasing the stability and pre-
dictability of Federal research funding, including funding for research infrastructure and facili-
ties. Possibilities include a cross-agency multiyear program and financial plan akin to Depart-
ment of Defense’s (DoD) Future Years Defense Program (FYDP) or closer coupling of multiyear
authorizations to actual appropriations for R&D.

7
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(Action #1.3) The Research and Experimentation Tax Credit (usually called the R&D tax credit)
needs to be made permanent. An increase in the rate of the alternative simplified credit from
14 percent to 20 percent would not be excessive. The credit also needs to be made more useful
to small and medium enterprises that are R&D intensive by instituting any or all of (1) refunda-
ble tax credits, (2) transferable tax credits, or (3) modifications in the definition of net operating
loss to give advantage to R&D expenditures.

(Action #2.1) Regulatory and policy reform regarding universities is needed and should be
spearheaded by the Office of Management and Budget (OMB) and Office of Science and Tech-
nology Policy (OSTP). Building on efforts already initiated by the Administration, regulations and
policies which do not add value or enhance accountability should be eliminated. There is a re-
markable consensus among stakeholders inside and outside government about how to pro-
ceed, and significant progress is within reach.

(Action #3.1) Each agency should have a strategic plan that explicitly addresses the different
kinds of research activities that can contribute to its mission, specifically addressing the axes of
evolutionary vs. revolutionary research, disciplinary vs. interdisciplinary work, and pro-
ject-based vs. people-based awards. The elements of such plans should be explicitly supported
by different kinds of merit review mechanisms (Action #3.2).

(Action #4.1 and #5.2) The quality of undergraduate STEM education is not what it needs to be.
Universities have the opportunity to share and adopt best practices, including teaching meth-
ods that have been empirically validated. Undergraduate STEM majors should have the oppor-
tunity to experience the creation of new knowledge through authentic research experiences.
Improvements in undergraduate STEM education will involve the engagement of leaders across
academia, disciplinary societies, foundations, and private industry, along with local, state, and
Federal governments. We endorse the recommendations of PCAST’s recent “Engage to Excel”
report.

(Action #4.2) We need to attract and retain, both for universities and industry, the world’s best
researchers and students from abroad. Federal policies must support these goals by, for exam-
ple, giving STEM graduates from accredited U.S. universities a fast-tracked, long-term visa, in-
creasing the number of H-1B visas, and/or allowing existing visas to cover an employee’s
spouse and children.

1.6 Guide to the Report

Chapter 2 further discusses economic and non-economic cases for maintaining a robust U.S.
science and technology enterprise and the reasons that basic and early applied research must
be primarily Federally supported. Chapter 3 gives a more detailed analysis of the global reor-
ganization of research that is happening today, looks at what national assets can be brought to
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bear on this transformation, and discusses how these assets are already (if often piecemeal and
without an overall strategy) being redeployed.

Chapters 4, 5, and 6 address our five key opportunities and the sets of recommended actions
that support each. Chapter 4 discusses key actions that are needed to maintain U.S. R&D lead-
ership, including some reshaping of the role of the Federal Government as sponsor of research.
Chapter 5 addresses how the policy environment can be improved for research and innovation
in industry. Chapter 6 discusses the kinds of best practices that can be adopted by research
universities in their new role as hubs of the innovation ecosystem, responsible both for creating
new basic knowledge and for, with increased efficacy, coupling it to the private sector.

Chapter 7 reiterates and summarizes the five key opportunities and the recommended sets of
supporting actions and also discusses the concordance between PCAST’s recommendations and
those of other recent influential reports.
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Box 1-1: Practical Benefits from Fundamental Research

Practical results that are built on Federally supported fundamental research are virtually everywhere in use. Fundamental break-
throughs can be ascribed to the support of many Federal agencies, including National Science Foundation (NSF),? Department of Energy
(DOE),b National Institutes of Health (NIH),® National Aeronautics and Space Administration (NASA),d U.S. Department of Agriculture
(USDA),® and the National Oceanic and Atmospheric Administration (NOAA).f While the following examples only scratch the surface, it
is worth contemplating how different the world would be without each of these practical benefits of fundamental research. What
would today’s world be like without the Internet, modern drugs, computers, wireless telecommunication, passenger jet aircraft,
weather satellites, GPS, digital cameras, or the knowledge of the human genome? The question is fanciful because of the Nation’s con-
sistent support of fundamental research over the last 60 years. Less fanciful, and subject to legislative and executive decisions, is the
question, “What about the next 60 years?”

e The Internet world has grown out of fundamental research: The basic protocols of the Internet were developed by DARPA; the first
web server was written for use by international collaborations of high-energy physicists; Google’s basic search algorithm came from
co-founder Larry Page’s Stanford Ph.D. thesis.

e All modern medical imaging technologies rely on the mathematics of inverse problems. Additionally, magnetic resonance imaging
(MRI) uses properties of the atomic nucleus originally studied to understand quantum mechanics, an approach first exploited by ra-
dio astronomers, and superconducting magnets that are commercial versions of magnets originally built for particle physics acceler-
ators.

e  Weather satellites, ground-based Doppler radar, and computer modeling on supercomputers produce vastly more accurate weather
forecasts than were possible a generation or two ago, benefitting public safety and agriculture and providing daily convenience.

e The Human Genome Project, whose benefits include new cancer therapies, personalized medicine, and DNA forensic identification,
began as a fundamental research partnership between DOE and NIH.

e  The wings of all airplanes designed since World War Il owe their effectiveness to research by National Advisory Committee for Aero-
nautics (the predecessor agency to NASA) and, more recently, to developments in computational fluid dynamics at U.S. National La-
boratories.

e The development of database technologies that today underlie virtually all commerce depended on many exchanges between re-
searchers in academia (notably the University of California, Berkeley, and the University Wisconsin) and industry (notably IBM and
later Oracle).

e The laser and its predecessor the maser (the technology behind GPS) were invented in a fertile combination of cooperation and
competition among universities (especially Columbia and Stanford) and corporate laboratories (Bell and Hughes).

e Nanotechnology research, on the heels of coordinated Federal investment, is leading to advances in areas such as new drug delivery
systems, more resilient materials and fabrics, safer and more effective industrial catalysts, faster computer chips, and sustainable
development in water and energy resources.

e  Cortisone and other medical steroids became affordable in the 1950s only after USDA and NIH researchers discovered a chemical
precursor in a wild Mexican yam. Subsequent research in the private sector led to the development of oral contraceptives and many
other drugs.

e Lithium-ion batteries, ubiquitous in cellphones and computers, depend on basic discoveries at State University of New York (SUNY)
Binghamton in the 1970s, Bell Labs in the 1980s, and MIT in the 2000s. Technology for the larger lithium batteries used in hybrid and
electric cars was developed at Lawrence Berkeley National Laboratory.

e  Charge-coupled devices (CCDs) that record the images in all of today’s digital cameras and cell phones were a product of fundamen-
tal research at Bell Labs in the 1960s.

e  Bar codes, and more recently Quick Response (QR) codes recognizable by cell-phone cameras, grew out of basic research in comput-
er vision and the pure mathematics of error-correcting codes.

e  Basic research performed using synchrotron light sources at U.S. National Laboratories has resulted in at least three Nobel prizes for
work in biomedical research.

References:
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