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Chairman Thune, Ranking Member Nelson, and Members of the Committee: Thank you for
inviting me to speak here today about the federal government’s role in supporting research. I am
Corporate Vice President of Microsoft Research, head of Microsoft’s basic research laboratories
worldwide. From 2007 to 2010, I was Assistant Director of the Computer and Information
Science and Engineering Directorate at the National Science Foundation. I served twice as Head
of the Department of Computer Science at Carnegie Mellon University, and was the President’s
Professor of Computer Science. I am currently an adjunct faculty member at Carnegie Mellon
University. Prior to CMU, I served on the faculty at the University of Southern California for
two years. As a student, I worked at Bell Laboratories and at Xerox Palo Alto Research Centers
(PARC). I am currently Chair of the DARPA Information Science and Technology study group
and Chair of the Information, Computing, and Communication Section of the American
Association for the Advancement of Science. My comments today will reflect the diversity of
my experiences in many sectors of the research system. Indeed, the recommendations from the
American Academy of Arts and Sciences report that I will be discussing have found broad
support in all of these sectors, from academia to government to industry.

I appear here today to discuss the American Academy of Arts and Sciences report, Restoring the
Foundation: The Vital Role of Research in Preserving the American Dream. The American
Academy of Arts and Sciences was founded in 1780 by John Adams and other scholar-patriots to
foster dialogue among leaders of science, the arts, business and public affairs. Today, the
American Academy remains an independent policy research institute, applying cutting-edge
scholarship to find solutions to critical societal problems.
I had the privilege to serve on the American Academy’s committee that produced the Restoring
the Foundation report. This committee was co-chaired by former Lockheed Martin Chairman
and CEO, Norman Augustine, and former National Science Foundation Director, Neal Lane,
now of Rice University. Our study group was tasked with evaluating how to ensure the long-term
sustainability of the U.S. science and engineering research enterprise. Neal Lane had the
opportunity to testify before this Senate committee in July 2014 in advance of the report’s
publication. He spoke broadly about the state of the U.S. research enterprise and alluded to many
of the recommendations that were published by the American Academy two months later. These
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policy recommendations have found support on both sides of the aisle. I would especially like to
thank Senators Thune, Nelson, Gardner, and Peters for their leadership in convening numerous
roundtables with the research community to explore productive steps we can take together. Our
report committee has been encouraged by the tone of these conversations, and I am grateful for
the opportunity to tell you more about the conclusions and recommendations from Restoring the
Foundation. While the testimony I will present to you today generally adheres to the
committee’s conclusions, the remarks represent my own views and not necessarily those of the
study group, the American Academy, or Microsoft.

The Value of Curiosity-Driven Research
America is increasingly losing ground to other nations in research and development (R&D),
particularly in the basic research that plays such a central role in American innovation. Basic
research refers to scientific studies that aim to contribute to the larger body of knowledge and
advance our understanding on the fundamental aspects of natural phenomena without the goal of
a specific application or product. During and after World War II, the U.S. made a new national
commitment towards sustaining curiosity-driven research at universities across the country. This
basic research has led to many notable breakthroughs over the past sixty years, and these
investments continue to drive the innovation of new products today. One of my colleagues on the
Restoring the Foundation committee, Mark Fishman, the former President of Novartis Institutes
for BioMedical Research, often observes that, on average, it takes forty years for a discovery in
biology to lead to a new drug or product. For example, the development of recombinant DNA
techniques in the 1970s spurred the biotechnology revolution, creating advancements in
numerous industries including medicine, agriculture, and manufacturing. Recombinant DNA
made possible the development of synthetic human insulin to treat diabetes, the hepatitis B
vaccine, and crops engineered to be resistant to pests and chemicals. In short, it led to many
billion-dollar industries and opened up new research frontiers.

The far-reaching benefits of federally-supported research are not limited to the biomedical
sciences. Last week, the Breakthrough Prize in Physics was awarded to the three founders of the
Laser Interferometer Gravitational-Wave Observatory (LIGO) and the hundreds of other
contributors to the project who, after many years of hard work, made the first direct detection of
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gravitational waves predicted by Einstein a century ago. The National Science Foundation has
been funding work that led to this discovery since the 1970s. Forty years later, the development
of a tool to detect gravitational waves makes it possible to learn more about our universe and ask
deeper questions about its origins. The technologies that made LIGO possible also have many
additional uses and have facilitated the development and commercialization of new technologies
such as creating more uniform optical coatings and improving materials used to build the
structural components of aircraft.1 In fact, most new technologies are traceable to research
projects where the scientists could not foresee the future applications and impact of their work.

Curiosity-driven research not only leads to advances in medicine and technology, but is also
responsible for fueling economic growth. Multiple economic analyses – including Nobel Prize
winning research – support that over half of all sustained economic growth since World War II
results directly from scientific and technological advances. Hundreds of companies have their
origins in federally-funded research conducted in a university. In my field of Information
Technology, basic research on parallel and distributed systems starting in the 1970s ultimately
led to Cloud Computing, which has completely transformed how businesses in all sectors operate
by facilitating the storage and on-demand retrieval and analysis of massive amounts of data.

Also in the 1970s, basic research in information retrieval and networking led to the internet
search engines we take for granted today, completely transforming how people find information
on the web and interact with each other professionally and socially. This pattern has been
broadly true in Information Technology, as you can see in the graph below, which is often
described as the “tire tracks” diagram. This graph, which is reproduced from the 2012 National
Academies report Continuing Innovation in Information Technology, depicts the network of
university and industry contributions that over the years has led to the creation of information
technology firms and products with $1 billion and even $10 billion markets.2 These innovations
not only led to new industries, but also profoundly changed society in ways that we never could
have predicted.
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Advanced LIGO: Extending the Physics Reach of LIGO. https://www.advancedligo.mit.edu/tech_overview.html
Source: National Research Council, Continuing Innovation in Information Technology (Washington, D.C: The
National Academies Press, 2012), 3.
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I hope it is evident that while basic research may have no intended end goal, it is in fact the
foundation of American prosperity and progress.

Improving U.S. Innovation Competitiveness
While most of America’s innovations, as well as its quality jobs, are created in private industry,
companies depend on a continuous stream of new scientific discoveries and early-stage
technologies that flow from the federal government’s investments in research, particularly basic
research, carried out at research universities and national laboratories. So it is alarming that the
federal government’s investment in basic research has been slowly eroding over the past two
decades – and it should be alarming not just for the scientific community, but for the entire
American people. This concern motivated the American Academy to assemble a committee of 25
leaders spanning the research enterprise – including from government, universities, businesses
and industry – to consider how to address this issue. The committee published Restoring the
Foundation in September 2014. The report summarizes the committee’s recommendations for
policy changes in academia, industry, and government. Restoring the Foundation was
immediately endorsed by leaders throughout the private and public sectors, including the
Presidents of Merck, the Business Roundtable, the Association of American Universities, and the
Association of Land-grant and Public Universities, among many others.

Nearly two years ago, report co-chair Neal Lane had the chance to testify before this committee
in advance of the report’s publication. I am pleased to be here today to discuss the committee’s
published recommendations and the impressive amount of backing that the work has received
across all sectors of the economy. We have had many opportunities to discuss the report with
individual Members and have greatly appreciated the substantial interest and support our
recommendations have received from both sides of the aisle.

Restoring the Foundation focuses particularly on basic research, the imperiled foundation upon
which the nation’s leadership in innovation and prosperity rests. The report offers
recommendations to meet three critical objectives:
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Ensure that the American people receive the maximum benefit from federal investments
in research;



Regain America’s standing as an innovation leader by establishing a more robust
national government-university-industry research partnership; and



Secure America’s leadership in science and engineering research – especially basic
research – by providing sustainable federal investments.

I will use the rest of my testimony to describe in detail a few specific recommendations that may
be especially helpful for this Senate committee to consider as it explores ways to promote the
health and productivity of American research. There are several recommendations from
Restoring the Foundation that I will not cover here, such as on capital budgeting for research
instrumentation; university cost-containment efforts and resource sharing with outside parties;
and expanding the science, engineering and technology assessment capabilities of the
Government Accountability Office. More information on these recommendations can be found in
our report, and I would also be happy to discuss any questions you may have at a later date.

Ensuring that the American People Receive the Maximum Benefit from Federal Investments
in Research
A skilled workforce provides a tremendous return on federal investment; therefore, it is
imperative that scientists and engineers dedicate the majority of their time to the research activity
that drives the U.S. innovation ecosystem. However, added rules and regulations have diverted
researchers’ time and focus from their intended jobs and created unnecessary administrative
overhead. The National Science Board’s 2014 report, Reducing Investigators’ Administrative
Workload for Federally Funded Research, cited a 2005 finding from the Federal Demonstration
Partnership that federally-supported researchers spend, on average, 42 percent of their time on
administrative tasks. Seven years later, that average remained at 42 percent despite collective
efforts to alleviate regulatory burdens on researchers.
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In light of recent recommendations issued by the National Academies of Sciences, Engineering,
and Medicine in their 2015 report Optimizing the Nation's Investment in Academic Research:
A New Regulatory Framework for the 21st Century, the time is right for Congress to consider
implementing specific changes to reduce the amount of paperwork that is required of researchers.
Here I would like to acknowledge the leadership that Senators Lamar Alexander and Patty
Murray have shown in encouraging the Senate Committee on Health, Education, Labor, and
Pensions to advance a number of the recommendations contained in the National Academies
report. I urge this committee to do the same for the agencies under your jurisdiction.

Merit-based peer review has long been upheld by researchers as the gold standard for ensuring
scientific excellence, integrity, competitiveness as well as the most effective use of taxpayer
dollars. Restoring the Foundation asks Congress to reaffirm that this gold standard should
remain the practice for awarding research grants in America, leaving primary responsibility for
evaluating the scientific merit of the research proposals in the hands of the relevant agencies and
scientific experts. I should note that the American Academy committee has been gratified that so
many in Congress on both sides of the aisle agree with this principle, and that this Senate
committee has upheld it for the agencies under its jurisdiction – including in the case of the
social and behavioral sciences and the research in these fields that is so important for
understanding the challenges we face as a country. For example, in my field of Information
Technology, social science research continues to suggest new approaches for thwarting
cybercrime and protecting American’s privacy and security in an increasingly connected world.
Regain America’s Standing as an Innovation Leader by Establishing a More Robust National
Government-University-Industry Research Partnership
The report committee makes several recommendations to strengthen ties between government,
universities, and industry. American companies today–most of them lacking large central
research operations and some of them, including those in the pharmaceutical sector, having
considerably reduced their R&D activity–have formed collaborations with universities and
national laboratories that over time could develop as a national partnership. But there are still
barriers that require our attention, including policies on intellectual property, management of
potential conflicts of interest, and publication restrictions.
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I would like to focus on one of the report committee’s suggestions regarding technology transfer.
Specifically, the committee suggests that Congress assist academic institutions in adopting new
technology transfer policies that would promote innovation and job creation while reducing the
time and cost of licensing. The Bayh-Dole Act, which allows universities, small businesses, and
nonprofit organizations to pursue ownership of an invention arising from federally funded
research, has been highly effective in advancing to market the intellectual property (IP)
generated from federally funded research. Over several decades, however, it has become clear
that modification of certain policies and regulations could further propel the flow of IP to market
by promoting start-ups and government-university-industry partnerships. The majority of
universities have found that the cost of maintaining a technology transfer office, filing for
patents, and negotiating IP licensing exceeds the income generated from licensing. Licensing
negotiations with companies can also pose a high barrier to collaboration, often delaying or
preventing the transfer of technologies to a company and, potentially, to market.

More universities should experiment with new policies to enhance the transfer of IP to the
market. My previous employer, Carnegie Mellon University (CMU) has fundamentally changed
the way it approaches technology commercialization. The University deemphasized revenue
generation and created a process dubbed by former CMU Provost Mark Kamlet as the “5 percent
and go in peace” policy, which eliminated or greatly reduced the need for faculty to negotiate
with the institution.3 The outcomes of these policies should be evaluated to derive best practices,
while staying mindful of potential conflicts of interest, restrictions on public access to research
results, and the potential for resulting constraints on future research conducted in university and
government laboratories.
Secure America’s Leadership in Science and Engineering Research – Especially Basic
Research – by Providing Sustainable Federal Investments
I would be remiss if I did not mention our committee’s recommendations pertaining to the
federal investment in science. The committee recognizes that we are in a time of fiscal constraint
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See Focus Section C, pg. 71, from the 2014 American Academy of Arts and Sciences report Restoring the
Foundation: The Vital Role of Research in Preserving the American Dream.
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and that Congress has many priorities. Nevertheless, after much analysis and debate, we
concluded that the U.S. will not remain competitive with other countries unless we find a way to
increase funding in basic research.

While the U.S. was the global leader in science innovation for years, it has recently forfeited this
position to other countries like Korea and Japan, as the U.S. investment in R&D continues to fall
short of other nations. The total U.S. investment (public and private) in R&D measured as a
percentage of GDP – an accepted metric for the country’s commitment to the future of its
citizens – continues to fall short of the national goal of at least 3% adopted by several U.S.
presidents, even as America’s economic competitors move aggressively to increase their own
investments in innovation. As the following graph shows, the US has dropped to 10th place
globally in investments in R&D when measured as a function of economic output. And even in
basic research, long a particular area of strength for the United States, we are now in 7th place by
this measure.
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And as the next graph shows, other nations are well on their way to achieving the goal of
investing at least 3% GDP in R&D, and many have surpassed it. China will pass us in absolute
R&D spending within eight years.

With these concerns in mind, the committee recommends that the country commit to an annual
real growth rate of at least 4% for basic research. We recognize that the country is still
recovering from the recent recession, yet as Restoring the Foundation notes, from 1975 to 1992
the federal investment in basic research grew at an average annual inflation-adjusted rate of 4.4%
despite serious political and economic challenges, including the 1973 oil embargo, the Great
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Inflation of 1979-1982, and the final tumultuous years of the Cold War. During this period,
Republicans and Democrats, in spite of a number of policy differences, were in agreement that
federal funding of basic research was a national priority. However, in the subsequent two
decades, from 1992-2012, even taking into account the doubling of the NIH budget, the average
growth rate was roughly 0%. It is notable that 1992, the last year the U.S. had a 4% growth rate
in basic research, is also the year that the U.S. began falling behind other nations in our R&D
investment. The following graph illustrates these data:
A

4%
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growth rate is a modest number when applied to basic research. Since the federal investment in
such research is roughly $30 billion per year, 4% growth corresponds to a long-range target of
increasing the federal basic research investment from 0.2% to 0.3% of GDP over a period of 10
to 15 years. We have been very encouraged by the bipartisan interest in supporting science and
engineering and the general agreement with the imperative of establishing a sustainable growth
trajectory for basic research. Importantly, our committee recommended that any additional
investment in basic research should not come at the expense of federal support for applied
research and development or funding for specific scientific fields. These investments are also
critical for America’s global competitiveness and such a trade-off would thus be counterproductive.

Both the federal government and industry contribute to R&D. But although U.S. industry funds
and performs roughly 2/3 of the nation’s R&D, these activities focus primarily on development
rather than basic research. While my company continues to benefit from a robust research
program, most companies lack large central research operations and cannot afford to fund basic
research due to the risk of being penalized by corporate shareholders who do not prioritize such
long-term investments. Additionally, while most of America’s innovations, as well as its quality
jobs, are created in private industry, companies depend on a continuous stream of new scientific
discoveries and early-stage technologies that flow from the federal government’s investments in
research, particularly basic research, carried out at research universities and national laboratories.
This is clearly depicted in the tire tracks diagram discussed earlier. Federal investments in
research also support the training of future scientists and engineers through graduate programs
and postdoctoral fellowships, functioning to replenish the scientific workforce and fuel the talent
pipeline.

For these reasons the federal government will remain the primary funder of the fundamental,
curiosity-driven research on which all innovation depends. While the scientific community
recognizes that this is a period of financial constraint for the federal government, it is imperative
that the government recognizes that investments in basic science research are just that –
investments. To address U.S. global innovation competitiveness, we must reexamine our basic
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science research enterprise and determine how to ensure that the American people receive the
maximum benefit from federal investments in research and identify how the federal government
can support a sustainable trajectory for future research.

Steady, sustainable increases in federal investment would go a long way to restoring American
leadership. The current strategy for federal research funding relies on annual budget cycles,
hindering the long-term planning required to give researchers predictability for successfully
executing groundbreaking research, and resulting in costly inefficiencies in grant programs. The
committee recommends that the President and Congress adopt a more strategic, multiyear
approach to funding that better reflects the long-term nature of basic research, possibly through a
rolling 5-10 year plan. Multiyear appropriations should be prioritized for agencies that primarily
support research and graduate STEM education to strengthen the future research workforce. We
also recommend that the White House Office of Management and Budget establish a strategic
capital budget process for federal R&D, particularly the construction of research instrumentation
and facilities that take many years to plan and build.

Overwhelming Support
Since the release of Restoring the Foundation, members of the report committee and American
Academy staff have met with many Members of Congress and their staff from both sides of the
aisle, including meetings with Senators from this committee, to discuss the report
recommendations. The overwhelmingly supportive response is a true testimony to the bipartisan
spirit of these recommendations. We are grateful for the thoughtful discussions with you and
your staff about how to turn them into policy.

These recommendations have also found strong support in the business community. Last
summer, ten CEOs and corporate chairmen – including the CEOs of Lockheed Martin, Northrop
Grumman, Boeing, John Deere, Merck, Novartis, the National Association of Manufacturers,
and my company, Microsoft – issued a call to action entitled “Innovation: An American
Imperative.” The statement, which is attached to this testimony, urges Congress to take decisive
action to ensure the U.S. remains the leader in global innovation. The Innovation Imperative
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identifies seven specific policy recommendations, many of which echo those in the Restoring the
Foundation report, for how to achieve this goal:

1. Renew the federal commitment to scientific discovery
2. Make permanent a strengthened federal R&D tax credit
3. Improve student achievement in science, technology, engineering, mathematics (STEM)
4. Reform U.S. visa policy
5. Take steps to streamline or eliminate costly and inefficient regulations
6. Reaffirm merit-based peer review
7. Stimulate further improvements in advanced manufacturing

One of the proposed action items, making permanent the R&D tax credit for businesses, has
already been implemented by Congress, which will encourage American corporations to
strengthen their investments in long-range research.

I would like to draw attention to the Innovation Imperative recommendation on STEM
education, since computer science education, namely computational thinking, has long been an
interest of mine. Today computing touches every sector, every discipline, and every profession.
Industry in all sectors recognizes the importance of computer science for their future and the
demand for a workforce skilled in computing is increasing, far outweighing the supply.

The Innovation Imperative has now been endorsed by more than 325 leading companies and
organizations representing science and engineering research, American industry, and higher
education, including at least one from each of the 50 states. All have come together to say that a
sustained commitment to basic research should be a high priority for Congress. I am extremely
proud that my CEO, Satya Nadella, was among the corporate leaders who signed the Innovation
Imperative. To me, it means Microsoft understands and believes in the value of basic research—
for the company and for the country.

I am also enormously appreciative that Senators Lamar Alexander and Chris Coons, in addition
to Representatives Derek Kilmer and Randy Hultgren, recently issued a Dear Colleague Letter in
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support of the Innovation Imperative statement. This hearing provides another opportunity for
Members of Congress to come together to find practical solutions to restoring research to its
rightful place as a national priority and structuring the U.S. research enterprise to efficiently
carry out that mission. I look forward to working with members of the Senate Committee on
Commerce, Science and Transportation to explore how all stakeholders in the research system
can get together to advance these goals.

Conclusion
Congress is poised to get the U.S research enterprise back on track, and your interest and hard
work is greatly appreciated by the scientific community. I would like to close by emphasizing
three policy recommendations that the American Academy committee that produced the
Restoring the Foundation report believes are particularly crucial for the long-term prosperity of
this nation, and have strong backing among businesses and universities alike: 1) relieving
regulatory burdens that limit the productivity of America’s researchers; 2) encouraging more
robust research partnerships among federal and state governments, public and private
universities, and industry; and 3) establishing sustainable annual real growth of at least 4% in the
federal investment in basic research and a long-term investment goal of 0.3% of GDP. Failing to
put these recommendations into action would put the U.S. at risk of conceding our leadership in
basic research to our economic competitors around the world. Doing so would forfeit our
leadership in the technologies and markets of tomorrow and the opportunity to create jobs at all
stages of the innovation pipeline.

Thank you again for the invitation to speak before this committee today. Please do not hesitate to
reach out to me, the American Academy staff, and our report committee if you would like to
discuss our recommendations in more detail. I look forward to taking your questions.
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