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LEVERAGING THE U.S. SCIENCE
AND TECHNOLOGY ENTERPRISE

WEDNESDAY, MAY 11, 2016

U.S. SENATE,
COMMITTEE ON COMMERCE, SCIENCE, AND TRANSPORTATION,
Washington, DC.

The Committee met, pursuant to notice, at 10 a.m., in room SR—
253, Russell Senate Office Building, Hon. John Thune, Chairman
of the Committee, presiding.

Present: Senators Thune [presiding], Blunt, Moran, Johnson,
Heller, Gardner, Klobuchar, Markey, Booker, Udall, and Peters.

OPENING STATEMENT OF HON. JOHN THUNE,
U.S. SENATOR FROM SOUTH DAKOTA

The CHAIRMAN. Good morning. This hearing will now get under-
way.

I want to welcome our witnesses to today’s hearing, which pre-
sents a good opportunity to discuss ways to improve the efforts of
the Federal Government, the private sector, and academia in R&D,
STEM education initiatives, and technology transfer of scientific re-
search to commercial applications.

The Committee has jurisdiction over important Federal science
agencies, including the National Science Foundation, or NSF, the
National Institute of Standards and Technology, or NIST, and the
White House Office of Science and Technology Policy, or OSTP.
And the Committee’s been actively developing legislative proposals
to confront the challenges associated with advancing the U.S.
science and technology enterprise in our budget environment.

The good news is that, among individual countries, the United
States is still the largest investor in public and private R&D, com-
prising 27 percent of the global R&D total in 2013, according to the
National Science Board. But, China’s catching up, with 20 percent
of the global total.

While we could hope for more resources, tough budget realities
underscore the importance of developing policy solutions that maxi-
mize our Federal investment so we can stay competitive, get the
biggest bang for our buck, and leverage even more private-sector
resources to expand the reach of our R&D. This committee has
been active on this front.

Last year, in consultation with Ranking Member Nelson, we es-
tablished an Innovation and Competitiveness Working Group of the
Commerce Committee to inform efforts to craft legislation to reau-
thorize science and technology R&D policies previously directed
under the America COMPETES Act. We asked Senators Gardner
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and Peters to lead this Working Group, and we’re appreciative of
their sustained efforts over many months to help develop con-
sensus-based policy solutions that could comprise a bipartisan
Commerce Committee product.

The Working Group convened a series of candid bipartisan dis-
cussions to gather input from the U.S. science and research com-
munity regarding Federal R&D policy priorities. The roundtable
format of these meetings allowed for a free-flowing discussion
among key stakeholders. These roundtable meetings focused on the
topics of maximizing the impact of basic research, STEM education
and workforce issues, and research, commercialization, and tech-
nology transfer. We had broad participation by research univer-
sities, government advisory bodies, and nonprofit research organi-
zations in the informal discussions with Senators. Members of the
public and interested groups were also invited and encouraged to
submit input on the topics via e-mail, with over 250 e-mail submis-
sions received on these three topics.

Common themes arising from the roundtables included support
for continued investment by the Federal Government in basic re-
search, as well as encouragement of wider participation in STEM
subjects, stronger partnerships among government, the private sec-
tor, and academia that could better leverage discoveries emerging
from our research universities to drive innovation, and the impor-
tance of minimizing barriers and improving incentives for univer-
sities in the private sector to better maximize the scientific and
economic return on limited Federal research resources.

The Committee’s Working Group is developing bipartisan legisla-
tion drawing on the input received from the roundtables and stake-
holder feedback, related bills introduced by members of the Com-
merce Committee and others, and policy recommendations made by
entities such as the American Academy of Arts and Sciences, the
Information Technology Innovation Foundation, and the National
Academy of Sciences. We are hopeful the bill will be ready in the
coming days.

Again, I want to thank the witnesses for being here today, and
I look forward to hearing about policy ideas that can leverage our
science and technology enterprise, such as improved public-private
partnerships, reduction of administrative burdens, and improved
strategic planning of the Federal R&D investment.

We have a distinguished list of witnesses from academia, the pri-
vate sector, and government advisory bodies testifying before the
Committee today. Dr. Droegemeier joins us having just finished his
term as Vice Chair of the National Science Board this past Friday.
Dr. Wing has served as Corporate Vice President for Microsoft Re-
search, as well as at NSF, and contributed to a recent report pub-
lished by the American Academy of Arts and Sciences entitled “Re-
storing the Foundation.” Dr. Atkinson’s organization, ITIF, has
published numerous recommendations related to tech policy. And
both he and Dr. Droegemeier previously participated in our Work-
ing Group roundtables on STEM and commercialization. Finally,
Dr. Munson joins us from the University of Michigan’s College of
Engineering, where he’s helped translate university research into
commercial applications, including at his own company,
InstaRecon.
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I want to welcome our distinguished panel today, and thank you
so much for being here.

And we'll now flip it to our Ranking Member, Senator Peters, for
an opening statement.

STATEMENT OF HON. GARY PETERS,
U.S. SENATOR FROM MICHIGAN

Senator PETERS. Thank you, Chairman Thune. And thank you
for the Committee’s focus on this very important issue of U.S. re-
search enterprise.

I'd also like to thank all the witnesses for taking the time to
share their expertise with us today. And I'd especially like to wel-
come Dr. David Munson, the Dean of Engineering at the University
of Michigan.

Like many of you, I grew up during the Apollo era inspired by
Neil Armstrong’s first steps on the Moon and mesmerized by the
launch of the 36-story-tall Saturn V rocket that took him and oth-
ers to the Moon. But, the impacts of the space program reached be-
yond inspiration to growing the economy and improving the secu-
rity of our Nation. In fact, as much as half of the economic growth
in the United States over the last 50 years is attributable to ad-
vances in science and technology. These innovations led to the
founding of global companies and establishing the United States as
the international leader in innovation.

But today, the picture is troubling. The United States is quickly
losing ground in the global marketplace. We are spending less on
science, research, and education, while our competitors are spend-
ing more. Over the last year, I was honored to join my colleague,
Senator Cory Gardner, in examining the issues of American com-
petitiveness and policy solutions to reassert America’s place inter-
nationally. As mentioned by Chairman Thune, we held three
roundtables on innovation and competitiveness. These forums ex-
amined a variety of topics centered around the role of Federal
R&D, building a STEM workforce, and improving commercializa-
tion of federally-funded research.

The Working Group received hundreds of inputs from industry,
academia, science organizations, and economic development organi-
zations on policies to improve the American innovation ecosystem.
Experts from the scientific community, industry, academia, non-
profits, and economic development organizations all agree that
modest, sustained, and predictable increases in Federal research
and development investments are critical to ensuring the economic
competitiveness of the United States moving forward. The commu-
nity voiced support for continued investment by the Federal Gov-
ernment in basic research while providing opportunities to commer-
cialize that research, where appropriate. We heard that the United
States must improve participation in STEM among women and
underrepresented minorities. These groups represented the largest
untapped talent pool to fulfill the shortage of qualified STEM work-
ers.

We also heard that reducing administrative burdens on research-
ers could significantly increase the scientific and economic return
on Federal research investment. Some expressed that stronger
partnerships are needed among government, the private sector,
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and academia in order to better capitalize on discoveries emerging
from our research universities.

Coming from the great State of Michigan, that’s a need that real-
ly resonates, certainly with me. And I firmly believe that, if we
want to continue to be a leader in the global economy, we need to
make things. That’s something we do pretty well in Michigan. We
make things. From large manufacturers to small mom-and-pop
businesses, the amazing industrial base that once dominated the
global auto industry is now being retooled into advanced tech-
nologies to build things like space vehicles and renewable energy
systems. We need to double down on that type of transformation
here in the United States.

We also have some of the world’s greatest research universities
in Michigan. These universities and others all across the Nation
are investing in and developing the next-generation technologies
that will keep America relevant in the global marketplace. Invest-
ments in advanced manufacturing, for example, will lift all ships,
creating new capabilities that can increase commercial produc-
tivity.

Simply put, science and technology are critical to American com-
petitiveness, and we need to focus on the entire ecosystem, from
STEM or STEAM to basic research, to application and commer-
cialization, to the inspiration that results from ambitious endeav-
ors, like exploring space and other frontiers of science. That whole
ecosystem of discovery and innovation is absolutely critical to
American competitiveness. These are big challenges that require
everyone, Democrats and Republicans, the Federal Government,
and State and local governments, industry, and academia to work
together on these solutions.

The discussion today will continue to inform that legislation, and
I look forward to the input of the witnesses. Thank you again for
being here.

The CHAIRMAN. Thank you, Senator Peters. And thanks again to
you and Senator Gardner for your great work on the Working
Group and what that has led to. And, like I said, I hope we’ll have
a bill here before long that we can start to show people.

Well, we’ll start with our panel. I think we have a vote at 10:30.
I'll try and get through all the testimony and then perhaps get into
a few questions before the vote, and try and keep rolling through
the vote, if that works. And if the witnesses could confine their tes-
timonies as closely as possible to 5 minutes, that would be most
helpful.

So, Dr. Droegemeier, we'll begin with you. Thank you.

STATEMENT OF DR. KELVIN DROEGEMEIER, IMMEDIATE PAST
VICE CHAIR, NATIONAL SCIENCE BOARD

Dr. DROEGEMEIER. Thank you very much, Chairman Thune,
Ranking Member Nelson—I appreciate your good work—and Sen-
ators Peters and Gardner, members of the Committee.

I am Kelvin Droegemeier, Vice President for Research at the
University of Oklahoma, and, as you heard, immediate past Vice
Chair of the National Science Board. Although I testify today in my
capacity as a University Vice President and Professor, a lot of my
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thinlzing is shaped by my dozen years on the National Science
Board.

As you all know, we live in a time of extraordinary possibilities.
The pace of discovery is accelerating. The global science and engi-
neering ecosystem is rife with competition but also tremendous op-
portunities for cooperation. Domestically, we’re seeing a growing
demand for workers with STEM skills, including in occupations
traditionally not seen as STEM jobs. We all have heard about
LIGO recently, an amazing instrument that now verified Einstein’s
prediction of gravitational waves 100 years ago, that’s completely
transforming our understanding of the universe. We have the abil-
ity now to sequence a human genome in a matter of hours, as op-
gosed to a matter of years. Technology is touching our lives every

ay.

And we live in this world because of our sustained Federal in-
vestments in basic research. It is absolutely the starting point for
everything that follows. But, the generation who cut their teeth on
the space race, as we heard from Senator Peters, they’re now retir-
ing, and we’re investing less of the Federal budget in R&D than
in any time since Sputnik. And, over the past decade, Federal in-
vestments in basic research have fallen over 10 percent. Yet, we
have to be mindful of the realities of the budget and the challenges
posed by the slow but steady growth of mandatory spending pro-
grams. And, despite those challenges, I'm very optimistic.

This committee is taking a first and very important step in mak-
ing science bipartisan again, which is really boosting the morale of
the scientific community. I cannot say enough good things about
Senator Peters and Gardner in the listening sessions that I had the
privilege to participate in. It really was a boon to our enthusiasm
about research, and we’re very, very excited about what’s hap-
pening here today.

I want to highlight, just very briefly, three bipartisan activities
that we think could help this legislation and help the U.S. retain
its leadership amid very significant fiscal constraints.

The first suggestion is that the Federal Government focus on
where it adds unique value, especially in basic or discovery re-
search. It is the seed corn of our scientific enterprise. And if we eat
that seed corn, and we let other countries drive the research agen-
da, then we will absolutely regret it in the future. And so, even in
a very constrained fiscal environment that we all understand, we
have to invest in all areas of basic research. If the past 65 years
since the founding of the National Science Foundation has taught
us anything, it’s that there are no sure bets and that winners will
be found where we least expect them. Today’s pressing challenges
are highly interdisciplinary and they’re often centered on people as
well. In this environment, it would be a very big mistake to exclude
any discipline, especially the social, behavioral, and economic
sciences.

This is true in my own field. 'm a meteorologist, and I study
how we predict the weather, and especially how we predict tor-
nados, like those that ravaged Oklahoma a couple of days ago. At
the end of the day, we’re dealing with human beings who make de-
cisions. All the science and technology in the world—physical
science, engineering—will not prevent lives from being lost. We
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have to understand how people react to using that technology.
That’s in the social behavioral science domain. It involves psy-
chology, sociology, anthropology. And we, as meteorologists, have
awakened to that fact, and we’re working with those disciplines.

Second, as you heard from the Chairman, we have to reduce ad-
ministrative burdens and other unnecessary drains on research dol-
lars. We have to get our scientists back to the bench and out from
underneath a mountain of paperwork. Researchers are spending,
on average, 42 percent of their time on administrative activities.
We certainly understand and appreciate the importance of account-
ability and compliance. What we want to see is a removal of dupli-
cative regulations or things that are really having no positive im-
pact on ensuring accountability and transparency and effectiveness
in research. And led by Senators Lamar Alexander and Patty Mur-
ray, the Senate HELP Committee, as you know, recently took steps
to help address that problem. There’s similar legislation in the
House. The scientific community is very, very supportive of that,
and I urge this committee to adopt those recommendations in the
Academy’s report on Federal research regulations.

Finally, I would ask that you look for ways to make agency budg-
ets more predictable. That may seem strange coming from a mete-
orologist, but really it will help us all plan strategically and mini-
mize costs associated with unexpected delays. We also have to
think about the workforce of tomorrow, realizing STEM education
investments go hand-in-hand with discovery research, training the
next generation of researchers. Our Nation thrives on a STEM-ca-
pable workforce at every level, even in non-STEM jobs, and we
have to make certain that all of our folks have the capabilities they
need to succeed.

The new COMPETES legislation offers a really wonderful oppor-
tunity, even in constrained fiscal times, to think big. It means rein-
vesting in basic research in all fields across the enterprise, and also
stimulating academic/industry partnerships and interagency col-
laborations. It means reducing administrative burdens and build-
ing on successful programs that spur commercialization such as the
NSF I-Corps program.

My colleagues and I in the scientific community deeply appre-
ciate the bipartisan effort that you all are showing, and the oppor-
tunity to testify before you today.

Thank you very much.

[The prepared statement of Dr. Droegemeier follows:]

PREPARED STATEMENT OF DR. KELVIN DROEGEMEIER, VICE PRESIDENT FOR
RESEARCH, UNIVERSITY OF OKLAHOMA AND PAST VICE CHAIR, NATIONAL SCIENCE
BOARD

Introduction

I thank Chairman Thune, Ranking Member Nelson, Senators Gardner and Peters,
and other committee members for the opportunity to testify on the vital role of the
science and engineering enterprise to our Nation’s competitiveness. My name is Kel-
vin Droegemeier and I am Vice President for Research, Regents’ Professor of Mete-
orology, and Weathernews Chair Emeritus at the University of Oklahoma. I am
also, as of yesterday, immediate past vice-chair, of the National Science Board
(NSB, Board) which establishes policy for the National Science Foundation (NSF)
and serves as an independent body of advisors to both the President and Congress
on matters related to science and engineering research and education. I am testi-
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fying today as Vice President for Research at the University of Oklahoma, although
my remarks are also shaped by my dozen years on the Board.

The prospect of a new COMPETES Act comes at a time of extraordinary possibili-
ties for science. The NSF-sponsored Laser Interferometric Gravitational Wave Ob-
servatory (LIGO) recently opened new windows on our understanding of the uni-
verse and is creating an entirely new area of research into gravitational wave as-
tronomy. Clustered Regularly Interspaced Short Palindromic Repeat (CRISPRs) are
helping us cheaply and precisely edit the human genome to find ways to prevent
and cure insidious diseases such as cancer, Alzheimer’s, diabetes, and HIV/AIDS.
And the potential for using big data to expand the scope of our research and to revo-
lutionize how we do science is now before us. The NSF has bold plans to lead the
science enterprise to new frontiers. The Foundation envisions supporting research
on how genes interact with the environment, on interactions between people and
technology, and on the rapidly changing Arctic. The opportunities before us are in-
credible, all the more so when you think of the pace at which scientific advancement
has accelerated during the past few decades and the tools and level of under-
standing we now have.

Science and engineering are now truly a global enterprise. Other countries have
followed the U.S. lead, and are emulating our model, investing heavily in S&E re-
search, education, and workforce development. China, for example, has nearly tri-
pled the number of high performance computing (HPC) systems on the most recent
“TOP500” list, while the number of systems in the United States has fallen to the
lowest point since 1993. We know how to meet this challenge. The recent National
Academies report, Future Directions for NSF Advanced Computing Infrastructure to
Support U.S. Science and Engineering in 2017-2020, for instance, outlines a frame-
work to ensure continued U.S. leadership. The question before the U.S. is whether
we have the will to capitalize on these emerging opportunities.

Over the past decade, NSF’s research budgets have been nearly flat in real dol-
lars. The Federal Government now invests less of its budget in research and devel-
opment (R&D) than at any time since Sputnik was launched. Over the longer term,
this will need to change if we want to remain world leaders in S&T. In the near
term, I am mindful of the enormous challenges posed by the slow-but-steady growth
of mandatory spending programs. Yet despite these fiscal realities, I am also hope-
ful, in a way that I have not been since the National Academies undertook the Ris-
ing Above the Gathering Storm report and Congress responded with the original
COMPETES Act. This committee has already addressed one of the greatest long-
term threats to American innovation: You've made science bipartisan again, coun-
tering rhetoric that has at times made the research community feel under siege.

My testimony offers a three-pronged approach to leveraging our existing R&D re-
sources. First, we need to focus on where the Federal Government adds unique
value. This includes the basic research that is generally not conducted by the pri-
vate sector. Second, we need to maximize the impact of our investments, particu-
larly by decreasing regulatory burdens and increasing the effectiveness of commer-
cialization activities. Finally, we need to redouble our efforts to develop the work-
force of tomorrow. For decades, our country has reaped the returns on huge invest-
ments in the space race, especially in terms of our science and engineering work-
force. We can only address the oncoming “silver tsunami” of retirements by
leveraging the full breadth of our Nation’s talent pool.

Importance of Discovery Research

In the waning days of World War II, President Roosevelt, recognizing that war-
time cooperation between the Federal Government and scientific community had
contributed to the U.S. victory, asked Vannevar Bush how the Government could
promote scientific progress in the postwar period. That report, Science—The Endless
Frontier, called for the creation of what would eventually become NSF. Bush
stressed the essential role of the Federal Government in funding basic—or “dis-
covery’—research and cultivating the Nation’s “scientific talent.”

Discovery research uses the scientific method to understand the natural universe,
and it is the DNA from which new innovations emerge. That DNA, representing
thousands of discoveries across all science and engineering disciplines, can be as-
sembled, refined, set aside for a time until other advances call upon it, and re-used
in an almost infinite number of ways to produce outcomes with profound benefits
for society. Nowhere is this more evident than in current and rapidly evolving na-
tional security challenges. Discovery research has fueled advances in image proc-
essing, electrochemical sensing, and data mining. These advances have, in turn, led
to the rapid creation of field-deployed technologies for enhancing security in air-
portsl,{improved safety of our soldiers, and the ability to fight next generation cyber-
attacks.
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Federally-funded discovery research is just one vital component of our Nation’s
highly interdependent innovation ecosystem. Total national investment in R&D in-
cludes funding by the Federal Government, states, colleges and universities, and the
business and nonprofit sectors. Today, businesses fund about two-thirds and per-
form nearly three-quarters of R&D in the United States. Because returns on invest-
ments in basic research are unpredictable and may take years, if not decades, to
materialize, the business sector focuses largely on development. In 2013, businesses
directed about 78 percent of their R&D resources toward development, compared to
just under 16 percent toward applied research and about 7 percent towards basic
research.

The Federal Government, and NSF in particular, plays a critical, complementary
role by supporting discovery research. NSF’s motto is “Where Discoveries Begin,”
and NSF is the only Federal agency whose mission is to promote the progress of
discovery research in all fields of science and engineering. By investing in early
stage research in all scientific fields, NSF lays the knowledge foundation that makes
possible the application-oriented science pursued at other agencies and the techno-
logical innovations developed by the Nation’s businesses. I fully agree with Senator
Peters, who said “Basic R&D is the seed corn of our economy, and the innovation
that it generates helps build new industries, increase productivity, and enhance
American competitiveness.”

NSF-funded research not only helps our Nation tackle the societal challenges of
today and tomorrow, but also provides the U.S. with a competitive advantage in a
globally competitive marketplace. In April of this year, Bill Gates wrote that “Gov-
ernment funding for our world-class research institutions produces the new tech-
nologies that American entrepreneurs take to market.” Recognizing this, numerous
developed and emerging economies, including South Korea, India, Brazil, and espe-
cially China, have ramped up their investments in R&D. Indeed, China is now sec-
ond in the world in R&D, having surpassed Japan and drawn equal with the Euro-
pean Union. While science and technology is not a zero-sum-game—innovations in
China can improve the life of Americans—it is important that we remain a global
leader. Continued U.S. leadership in science will ensure that future generations of
Americans will live in a secure and prosperous country.

NSF’s ability to invest in discovery research in all fields of science, including the
social, behavioral and economic (SBE) sciences, is central to this competitive advan-
tage. The United States is one of the only countries in the world that makes signifi-
cant investment in SBE sciences. NSF-funded research into understanding indi-
vidual and societal human behavior often sits at the interface between technology
and the people who use it. If we do not understand why some people ignore storm
warnings or the factors that support economic development or drive the activities
of rogue states and terrorists, we are crippling the ability of our Country and every
individual in it to reap the full benefits that scientific and technological progress
has to offer.

The broader point is that the knowledge gained from discovery research in all dis-
ciplines strengthens our innovation ecosystem and ensures that the United States
is maximally prepared for an unpredictable future. Because we do not know a priori
how we will solve the great challenges of the 21st century or even what all of these
challenges will be, it is imperative that we combine robust support for core research
in all fields of science with interdisciplinary and collaborative initiatives. As the Na-
tional Academies wrote in its 2014 report, Convergence, the “merging ideas, ap-
proaches, and technologies from widely diverse fields of knowledge at a high level
of integration is one crucial strategy for solving complex problems and addressing
complex intellectual questions underlying emerging disciplines.” Said another way,
some of the most societally important and intellectually challenging problems occur
not within disciplines, but at the boundaries among many disciplines. I have in-
cluded two examples that illustrate this point:

1. Discovery research at the interface of the biological and mathematical sciences
is addressing important human health challenges. The spread of infectious dis-
eases from wildlife to humans is on the rise, with this year’s Zika virus and
last year’s historic Ebola outbreak as recent examples. Factors that affect such
outbreaks include the density of human and wildlife populations, changes in
land use, and human behavior. A joint initiative between NSF’s Division of
Mathematical Sciences and the National Institute of Health’s National Insti-
tute of General Medical Sciences has supported work on Ebola, fostering col-
laborative research projects that leverage the contributions of disease ecolo-
gists, epidemiologists, mathematicians and economists to better understand
this and other rapidly evolving infectious diseases.
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2. Nearly a decade ago, NSF—recognizing that the electricity sector was insuffi-
ciently focused on security—invested in early stage research on how to design
and build resilient cyberinfrastructure for the power grid. This research, spon-
sored by NSF’s Computer and Information Science and Engineering (CISE) Di-
rectorate, has since been carried forward with funding from the Department
of Energy’s Office of Electricity Delivery and Energy Reliability (DOE-OE) and
the Department of Homeland Security Science and Technology Directorate.
Today, the Trustworthy Cyber Infrastructure for the Power Grid Project
(TCPIG) is collaborating with national laboratories and the utility sector to im-
prove the design, security, safety, and resiliency of the U.S. power grid. Thanks
to these successive Federal investments, the group’s technologies are being pi-
loted in real utility environments and their work has become foundational
technology for three start-up companies.

Our national innovation ecosystem is only as strong as its component parts. In
addition to the threat posed by efforts to dramatically decrease or eliminate funding
for the SBE sciences, our innovation ecosystem is equally weakened by the chal-
lenges facing our Nation’s colleges and universities. The majority of NSF-funded dis-
covery research is performed by universities and colleges, and these institutions are
equally important in educating and training the next generation of STEM-capable
workers. The NSB’s recent policy-focused Companion Brief to Science and Engineer-
ing Indicators 2016 entitled, Higher Education as a Public and Private Good, de-
scribes how declines in Federal support for R&D, waning state funding for public
research universities, and tuition increases are converging to create a “perfect
storm.” This storm threatens to undermine the ability of these institutions to per-
form their vital research and education missions.

Reduce administrative burdens and other drains on research dollars

The current funding challenges only serve to underscore that we must ensure that
taxpayer dollars are spent wisely and efficiently. NSF ensures that it invests in only
the best scientific projects using two evaluation criteria—intellectual merit and
broader impacts. NSF’s merit review process is highly emulated and widely consid-
ered the best in the world. Despite the impressive track record of discoveries pro-
duced by NSF’s merit review system, NSF and the NSB regularly strengthen and
clarify it. For example, in 2011 the NSB re-examined the intellectual merit and
broader impacts criteria,! and in 2013 NSF launched the Transparency and Ac-
countability Initiative to strengthen Agency efforts in transparency and account-
ability around the merit review process, and the Board adopted a formal policy reso-
lution in May of 2015.2

While transparent, merit-based competition is a powerful incentive toward the ef-
ficient use of taxpayer dollars, it is not enough by itself. At a time of fiscal chal-
lenges and with low funding rates at many Federal agencies, we also need to ensure
that Federal dollars are spent efficiently, without fraud, abuse, or waste. This in-
cludes reducing the administrative workload placed on federally-funded researchers
at U.S. institutions. As detailed in the Board’s 2014 report and the subsequent Na-
tional Academies’ report, there are numerous opportunities to address unnecessary
regulations that interfere with the conduct of science in a form and to an extent
substantially out of proportion to the well-justified need to ensure accountability,
transparency and safety.

As a vice president for research at a tier-1 comprehensive research university, I
can attest to the growing number of unfunded compliance and reporting require-
ments and their deleterious impact on research. I hasten to add that researchers
and university research leaders understand and appreciate the importance of appro-
priate compliance rules and regulations. The academic enterprise rests on the integ-
rity of its participants. However, the important issue at hand is the extent to which
aggregated regulations are appropriately structured, implemented, and evaluated
with regard to their effectiveness and unintended or unnecessary consequences. It
is also important to note that this is not just a Federal problem. States, accrediting
organizations, and universities themselves all contribute to administrative burdens.

I am heartened by the attention this committee and others in Congress have paid
to these studies and, based on legislation already introduced, I am confident that
any comprehensive legislation written by this committee will address these concerns
in a bipartisan way. I hope that attention will also be given to the forthcoming Part
II report from the Academies’ Committee on Federal Research Regulations and Re-
porting Requirements. I am also pleased to report that the NSF has been acting

Lhttp:/ /www.nsf.gov /nsb /publications/2011/nsb1211.pdf
2 hitp:/ /www.nsf.gov | od [ transparency | transparency.jsp
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independently to implement some of the recommendations from the Board’s report.
Great improvements have been made in standardizing and simplifying some of
NSF’s reporting requirements and in avoiding errors in grant submission. In addi-
tion, a number of pilot programs are also underway to streamline the proposal proc-
ess (for instance, exploring just-in-time budget submissions).

While I am sensitive to the budget constraints faced by legislators, I feel it is in-
cumbent on me to remind you that unpredictable funding is also a source of ineffi-
ciency. Simply put, continuing resolutions and unknown funding bring with them
delays that cost money. This is especially true for NSF’s Antarctic program and our
large facilities. Congressional support for long-term strategic plans, including com-
munity-driven decadal surveys and prioritization processes, can help reduce uncer-
tainty in this regard.

One of the biggest challenges facing NSF and basic research generally is the bal-
ance between high-risk, high reward research and delivering tangible returns to tax-
payers. I urge the Committee to embrace the complexity of our enterprise, and to
understand that these long-term basic research investments must be undertaken by
the public sector. In my view, the level of oversight should be linked to the level
of risk in our investments. Science should never be risk free, and oversight activi-
ties—never free—should always have a positive return on investment.

NSF is keeping this in mind as it implements the recommendations in the recent
National Academy of Public Administration (NAPA) report, National Science Foun-
dation: Use of Cooperative Agreements to Support Large Scale Investment in Re-
search. This is proving a timely tool to improve NSF’s oversight of large facilities.
The NAPA committee rigorously addressed its charge, which was jointly developed
by the NSB and NSF Senior Management, identified areas where NSF can improve,
and provided recommendations that will strengthen our oversight of facilities. The
Board and NSF Senior Management are in general agreement with the Panel’s rec-
ommendations.

The Foundation’s leadership and I appreciate Congress’ shared recognition that
wise stewardship of taxpayer dollars is essential to the progress of science. In that
vein, I note that while the NAPA report described a need for heightened account-
ability, it also concluded that Cooperative Agreements (CAs) are an appropriate
mechanism for NSF to use for designing, constructing, and operating large facilities.
NSB endorses this conclusion and I have repeatedly seen how NSF uses these coop-
erative tools to address the Board’s concerns.

With respect to the NAPA report, I urge the Committee to set goals and expecta-
tions while preserving an appropriate level of flexibility with respect to pre-award
cost analyses, audits of incurred costs, and management fees. I believe that prohib-
iting the use of management fees in cooperative agreements (as allowed by OMB
regulations) would ultimately result in the public paying more for less research.
Even codifying current practice risks hampering opportunities for additional effi-
ciencies. For instance, mandatory incurred cost audits for large facility construction
projects can cost millions of dollars that would have otherwise gone to funding
grants. It is more sensible, and appropriate, to conduct such audits only when
project risk warrants it. NSF’s recent improvements in large facilities management,
recognized by NAPA as “tremendous efforts,” have to a great extent sought to real-
ize a risk-appropriate level of oversight.

In this vein, I especially commend the Academies’ recommendation to ensure bal-
ance between Inspectors General’s twin mandates. The Inspector General Act of
1978 charged leadership in preventing fraud and abuse and in promoting “economy,
efficiency, and effectiveness in the administration of programs.” I believe the associ-
ated recommendations regarding transparent reporting of costs and recoveries, in-
terpretation of agency policies, and risk-based methodology can be helpful in ensur-
ing balance between these mandates.

Finally, I remind the Committee that in many cases it is worth paying for trans-
parency and oversight. Inspectors General have delivered tremendous returns to
taxpayers, as have regular audits, and NSF’s Large Facilities Office (LFO). NSF is
already pursuing the NAPA panel recommendation that it add training for program
officers and add personnel to the LFO. These improvements are necessary, but they
cost money. While NSF continues to process a larger number of more complicated
grants, its Agency Award Management and Operations (AOAM) account has re-
mained flat. Even the most efficient handling of grants and oversight of projects re-
quires resources, and I encourage the Committee to support increases to this ac-
count. Without increases, I worry that these costs could degrade or reduce NSF’s
investments in research and education.
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STEM education and STEM-capable workforce

Investments in STEM education go hand-in-hand with investments in discovery
research. Both are vital to continued U.S. scientific leadership, economic competi-
tiveness, and national security and prosperity. Furthermore, to compete and win in
the current global environment, the Nation needs flexible STEM-capable workers at
every education level. The days in which STEM skills were necessary only for occu-
pations traditionally classified as “science and engineering” (S&E) are over. We
must recognize this breadth and heterogeneity of the STEM workforce within the
framework of America COMPETES.

Workers who hold a STEM degree, work in a STEM job, or who use significant
STEM knowledge and skills in their jobs are part of the STEM workforce. Of course,
the STEM workforce includes scientists and engineers who further scientific and
technological progress through research and development (R&D). In addition, work-
ers in non-R&D jobs who use STEM knowledge and skills and those in technically
demanding jobs who need STEM capabilities to accomplish occupational tasks are
also part of this workforce. Far from being a monolithic, homogenous group, the
STEM workforce is comprised of workers with different educational qualifications
who are employed in a wide range of fields and careers. All of these jobs have one
essential characteristic in common: They are the better-paying jobs that have driven
recent economic growth.

In 2013, over 13 million U.S. workers were employed in an occupation classified
as “S&E” or “S&E-related”. Yet in a survey of individuals with at least a four-year
degree, including many working in sales, marketing, and management, almost 18
million reported that their job required at least a bachelor’s degree level of S&E ex-
pertise. In fact, in 2013, the number of non-S&E jobs that require a bachelor’s level
of S&E skills surpassed the number of traditional S&E jobs for the first time, dem-
onstrating that the application of S&E knowledge and technical expertise is wide-
spread across the U.S. economy.

In our knowledge-and technology-intensive economy, STEM skills are also re-
quired for many in-demand, well-paying careers that are available to workers with
less than a bachelor’s degree. These jobs, which combine conventional literacy with
technical expertise, are concentrated in information technology (IT), health care, and
skilled trades. Career and technical education in high schools, community colleges,
and certification programs provide vital pathways into this “technical STEM work-
force.” When these workers are included, there may be as many as 26 million jobs
in the U.S. that require significant STEM knowledge and skill in at least one field.
This represents nearly 20 percent of all U.S. jobs. Demand for these jobs is distrib-
uted nationwide, providing a gateway to opportunity for a segment of the U.S. work-
force that has been hard hit by transformations in the domestic and global economy.
As Anthony Carnevale, director of the Georgetown Center on Education and Work-
force, noted, “There’s a new middle. It’s tougher, and its takes more skill.”

In addition, the new COMPETES framework should recognize that STEM edu-
cation and training is no longer just for our Nation’s young people. To keep pace
with the changing global S&E landscape, the U.S. needs to ensure that incumbent
workers (both those currently in STEM and those who would like to enter it) have
opportunities to upskill and reskill. Given the rapid pace of scientific and techno-
logical change in the twenty-first century, STEM-capable workers will need to peri-
odically update their skills. To prepare students and workers for this environment
that will demand lifelong learning and reskilling, we must ensure that our STEM
education programs create a foundation on which individuals can continuously scaf-
fold new competencies and knowledge; and that government, educational entities,
and industry each do their part to make such reskilling and upskilling accessible
and affordable.

At the same time that the COMPETES framework recognizes the importance of
STEM skills for an ever wider swath of the U.S. workforce, we must recognize that
an innovation economy and continued U.S. global leadership cannot be secured
through STEM education alone. Arts and humanities education is an essential com-
plement, teaching students interpretive and philosophical modes of inquiry, honing
communication and writing skills, fostering multicultural and global understanding,
and encouraging an appreciation of history, aesthetics, and the human experience.
As a 2013 American Academy of Arts and Sciences report highlighted, study of the
humanities and arts develops both critical perspective and imaginative responses,
ways of thinking that contribute to inventiveness.

While adopting a broader vision of STEM education and workforce training, the
U.S. must continue to support the core of its advanced R&D workforce, doctoral de-
gree recipients. NSF facilitates the education and training of the next generation
of scientists and engineers (graduate students as well as postdoctoral researchers)
by funding grants to support their research and training. Flagship programs such
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as the NSF Graduate Research Fellowship, which has produced several Nobel Lau-
reates over the past six decades, are seminal to U.S. competitiveness and STEM
workforce development. The American system of doctoral education is widely consid-
ered to be among the world’s best, as evidenced by the large and growing number
of international students—many of them among the top students in their coun-
tries—who choose to pursue the doctoral degree at U.S. universities. However, the
continued preeminence of U.S. doctoral education is not assured. Other nations, rec-
ognizing the contributions PhD recipients make to economies and cultures, are in-
vesting heavily in doctoral education.

Doctorate recipients are the best avenue for transferring basic research discov-
eries into the technology and biotechnology economies. They begin careers in large
and small organizations, teach in colleges and universities, and start new busi-
nesses. Among individuals with S&E doctorates, the proportion working in the busi-
ness sector (46 percent) is similar to the proportion working in the education sector
(45 percent). As these data show, doctoral education develops human resources that
are critical to the Nation’s progress—scientists, engineers, researchers, and scholars
who create and share new knowledge and new ways of thinking that lead, directly
and indirectly, to innovative products, services, and works of art. In doing so, PhD
recipients contribute to a nation’s economic growth, cultural development, and rising
standard of living.

The COMPETES framework should recognize the importance of this group to our
Nation’s competitiveness and work toward ensuring that careers in R&D—including
those in universities—are attractive to the next generation of scientists and engi-
neers. From the Federal Government standpoint, one key component of this is
steady, predictable funding for scientific research. Unpredictable changes to Federal
funding for research and “boom-bust” cycles can significantly disrupt the balance be-
tween the number of STEM PhDs and the availability of permanent jobs where
PhDs can use their specialized training in the academic sector.

The foundation for building this STEM-capable workforce begins with quality pri-
mary and secondary STEM education. Almost all of today’s STEM jobs require com-
pletion of some additional STEM education/training after high school, whether that
be a certificate program, coursework, or a degree. K-12 science and math education
is therefore critical to preparing students to pursue post-secondary STEM education/
training. At a time when more and more individuals in a variety of jobs, including
those that were not historically seen as STEM, require STEM capabilities, we need
to ensure that all our K-12 students achieve basic STEM literacy. As a nation, our
goal should be STEM literacy for all, rather than just for some.

The COMPETES framework should also support continued efforts to attract and
retain women and underrepresented minorities in STEM. Although there are some
encouraging trends—such as improved high school completion rates, the increasing
number of Hispanics earning S&E bachelor’s degrees, and an increase in the propor-
tion of S&E PhDs earned by women, there is still much more to be done in this
arena. The long-term strength of our workforce requires that the full range of STEM
career pathways be available to all Americans. This is a matter of economic oppor-
tunity—as I mentioned, STEM jobs are among the highest paid and most recession-
resistant of all jobs in the U.S. economy. It is a matter of the robustness of our
science; research demonstrates that diverse perspectives are critical to the enter-
prise. Indeed, the research enterprise is impoverished when individuals from under-
represented groups leave STEM fields or fail to select them to begin with. It matters
even more urgently in light of rapidly shifting national demographics, given that
Hispanic, blacks, women, and Alaskan/Native students are not obtaining S&E de-
grees in numbers commensurate with their representation in the U.S. population.

NSF is poised in the coming years to make substantial progress in addressing
this. Earlier this year, NSF rolled out Inclusion across the Nation of Communities
of Learners of Underrepresented Discoverers in Engineering and Science (IN-
CLUDES), its most ambitious broadening participation endeavor to date. Building
upon its history of funding research into what works in STEM education and facili-
tating its translation into practice, the multi-year INCLUDES program is designed
to help take insights and best practice and bring them to scale. Other initiatives
that support the development of a more diverse STEM workforce include the His-
torically Black Colleges and Universities Undergraduate Program (HBCU-UP), the
Tribal Colleges and Universities Program (TCUP), and the Louis Stokes Alliance for
Minority Participation. As evidence increasingly shows that research experiences
early in college are critical to student retention in STEM, the Research Experiences
for Undergraduates (REU) program is also poised to play a vital role to bringing
in and retaining women and underrepresented minorities.
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Innovation and research commercialization

Our nation’s innovation ecosystem is the lifeblood of our economy and quality of
life. The NSF plays a crucial role in that ecosystem by supporting fundamental re-
search in all fields of science and engineering and creating the workforce of the fu-
ture. Private industry relies on the new knowledge created by basic research to de-
velop new and innovative products and services.

The research that taxpayers have supported for over 60 years through the NSF
has advanced our knowledge, developed and supported hundreds of thousands of sci-
entists and engineers, fueled our economy and transformed our way of life by the
technologies and processes derived from basic research.

Several NSF initiatives play a vital role in moving innovations from the lab to
the marketplace. NSF’s I-Corps program seeks to accelerate commercialization and
entrepreneurial education. For example, research funded by NSF’s Social and Be-
havioral Sciences on the content of weather advisories and warnings, the commu-
nications channels used, and on how residents comprehend specific advisories and
warnings highlighted that use of tailored messages is critical to saving lives. Profes-
sors Carol Silva and Hank Jenkins-Smith—both Political Scientists at the Univer-
sity of Oklahoma—have conducted groundbreaking research in these areas. Building
off their NSF-funded basic research, Dan O’Hair and his team at the University of
Kentucky are, with the help of an NSF I-Corps grants, exploring ways to commer-
cialize their research on tailored storm warning communication. This is both a com-
mercial and humanitarian opportunity, and one that highlights how fundamental
research—in this case in the social sciences—can help catalyze new businesses.

NSF’s Small Business Innovation Research/Small Business Technology Transfer
(SBIR/STTR) program seeks to transform scientific discovery into societal and eco-
nomic benefit by catalyzing private sector commercialization of technological innova-
tions. The program increases the incentive and opportunity for startups and small
businesses to undertake cutting-edge, high-quality scientific research and develop-
ment. NSF is working to better connect the I-Corps program with existing SBIR/
STTR programs.

The agency’s EPSCoR program ensures that all geographic regions in the U.S.
contribute to S&E research and education by providing research capacity-building
funding. EPSCoR also plays an important role in economic development across this
country. I would never have been able to start my company, Weather Decision Tech-
nologies, were it not for EPSCoR, which helped support one of NSF’s first Science
and Technology Centers. This center, which I directed at the University of Okla-
homa, pioneered a new science of computer-based prediction of thunderstorms and
led to the founding of the company, which today employs over 80 people.

Finally, I wish to highlight the importance of academic-corporate-government
partnerships in the innovation ecosystem. Research universities are important en-
gines of local, regional and national economic development. However, in spite of the
dramatic increase in private investment in R&D over the past 20 years, very little
of this increase has come to universities.

One of the primary barriers to greater university-industry partnership is that
Federal tax laws place significant restrictions on universities’ ability to negotiate in-
tellectual property terms at the front end of a contract. Lack of certainty about cost
makes it difficult for private companies to create business plans, based upon intel-
lectual property licenses from universities that are acceptable to corporate leader-
ship and shareholders.

In its recent report Restoring the Foundation, the American Academy of Arts and
Sciences recommended modifications to Federal tax law to remove impediments to
corporate-academic partnerships. The America COMPETES re-authorization would
do well to consider this issue and unlock the potential of corporate-academic collabo-
ration.

Conclusion

Just over 65 years ago, James Conant, the first Chair of the National Science
Board, wrote, “No one should expect to be able to assess in a short interval of time
the value of the money spent on scientific investigations. Even in the field of applied
science, research is in the nature of a long-term investment.” Having just concluded
twelve years on the Board, I am more convinced than ever that this long-term na-
tional investment in fundamental science, research infrastructure, and STEM edu-
cation is essential to our future health, security, and prosperity. In a world where
science today has bearing on almost every aspect of our lives, from national security
and global economic competitiveness to our health, quality of life and future work-
force needs, NSF continues to open new frontiers by balancing its longstanding
“grass roots” vision of science with an agency-wide commitment to fund research ad-
dressing our Nation’s priorities.
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Our challenge now is to find ways to sustain the U.S. science and engineering en-
terprise at a time when budgetary pressures are limiting our resources. But we
can’t let that stop us from continuing to dream big—America’s greatest asset is our
creativity and freedom to explore. We need to leverage NSF resources with inter-
agency collaborations that extend the reach and yield of NSF investments and en-
courage academic-industry partnerships. We need to maximize the dollars that go
to research by reducing administrative burdens. We need to build on successful NSF
programs that spur the transfer of knowledge to commercialization. And we need
to remove obstacles and create opportunities to develop the STEM-capable U.S.
workforce required for an increasingly multi-polar and knowledge-intensive world.

My colleagues in the scientific community and I commend this bipartisan effort,
and urge your continued support of NSF, the research enterprise, and the Nation’s
bold—Dbut essential—quest to advance the “endless frontier.”

The CHAIRMAN. Thank you, Dr. Droegemeier.
Dr. Wing.

STATEMENT OF JEANNETTE WING, CORPORATE VICE
PRESIDENT, MICROSOFT RESEARCH, MICROSOFT
CORPORATION; MEMBER OF THE AMERICAN ACADEMY
OF ARTS AND SCIENCES COMMITTEE ON NEW MODES
FOR U.S. SCIENCE AND TECHNOLOGY POLICY

Dr. WING. Chairman Thune, Ranking Member Peters, and mem-
bers of the Committee, thank you for inviting me to speak about
the Federal Government’s role in supporting research.

As Corporate Vice President of Microsoft Research, I lead
Microsoft’s basic research laboratories worldwide. My purpose
today, however, is to describe the conclusions and recommendations
from a recent report from the American Academy of Arts and
Sciences titled “Restoring the Foundation: The Vital Role of Re-
search in Preserving the American Dream.”

I was honored to serve on the Committee that produced the re-
port. While my testimony generally adheres to our conclusions, my
remarks represent my own views, and not necessarily those of our
study group, the American Academy, or Microsoft.

America is losing ground to other nations in R&D, particularly
in the fundamental curiosity-driven research that is so critical for
elevating our standard of living and driving economic growth. In
my field of information technology, for example, basic research
from the 1970s on parallel and distributed systems ultimately led
to cloud computing, which is completely transforming how busi-
nesses in all sectors operate. And cloud computing is only one of
many billion-dollar markets that have grown from the interplay be-
tween federally-funded research at universities and private-sector
innovation.

It is, therefore, alarming that neither the Federal investment in
basic research nor the policies that govern such research has kept
pace with the remarkable changes occurring in the global competi-
tive environment. To correct this problem, “Restoring the Founda-
tion” offers recommendations to achieve three objectives:

First, securing America’s leadership in science and engineering
by providing sustainable growth in the Federal investment in basic
research. Over the past two decades, America has dropped to tenth
place globally in investments in R&D, and seventh place in basic
research. Strikingly, China is projected to overtake us in R&D in-
vestment in just 6 years, both as a percentage of GDP and in abso-
lute dollars.
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Mindful of current fiscal constraints, our committee recommends
that the Federal Government commit to an annual real growth of
at least 4 percent for the Federal investment in basic research.
This recommendation is based on the observation that, from 1975
to 1992, Federal investment in basic research grew at an average
annual inflation-adjusted rate of 4.4 percent, despite serious polit-
ical and economic challenges. Members of Congress on both sides
of the aisle recognized that investments in basic research were just
that, investments in the long-term health, security, and prosperity
of Americans from all walks of life.

The second objective is to maximize the benefit that our tax-
payers receive from Federal investments in research. Among its
recommendations, “Restoring the Foundation” asks Congress to re-
affirm merit-based peer review as the basis for awarding research
grants in America, leaving primary responsibility for evaluating re-
search proposals in the hands of scientific experts and the relevant
agencies. I thank this committee for upholding this principle, in-
cluding in the case of the social and behavioral sciences, which are
critical for understanding the challenges we face as a country.

The third objective identified by the American Academy report is
to regain America’s standing as an innovation leader by estab-
lishing a more robust national government/university/industry re-
search partnership. For example, academic institutions should be
encouraged to experiment with new technology transfer policies
that would promote innovation and job creation while reducing the
time and cost of licensing.

The business community strongly supports all of the rec-
ommendations that I have mentioned. Last summer, ten American
business leaders, including the CEO of my company, Microsoft,
issued a call to action entitled “Innovation: An American Impera-
tive.” It urges Congress to take seven specific actions, including
those that I have described, to ensure that the U.S. remains the
global leader in innovation.

Congress has already implemented one of those actions, making
permanent the R&D tax credit. Members of Congress have an op-
portunity to consider additional actions that will help restore re-
search as a national priority.

Thank you again for inviting me to participate in today’s hearing.
I look forward to your questions.

[The prepared statement of Dr. Wing follows:]

PREPARED STATEMENT OF JEANNETTE WING, CORPORATE VICE PRESIDENT,
MICROSOFT RESEARCH, MICROSOFT CORPORATION; MEMBER OF THE AMERICAN
ACADEMY OF ARTS AND SCIENCES COMMITTEE ON NEW MODES FOR U.S. SCIENCE
AND TECHNOLOGY PoLicy

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 As-
sistant Director of the Computer and Information Science and Engineering Direc-
torate at the National Science Foundation. I served twice as Head of the Depart-
ment of Computer Science at Carnegie Mellon University, and was the President’s
Professor of Computer Science. I am currently an adjunct faculty member at Car-
negie 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 Informa-
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tion, Computing, and Communication Section of the American Association for the
Advancement of Science. My comments today will reflect the diversity of my experi-
ences 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 indus-
try.

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 inde-
pendent 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 Lock-
heed 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 tes-
tify 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 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 commu-
nity 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 oppor-
tunity 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 nec-
essarily 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 develop-
ment (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 con-
tribute to the larger body of knowledge and advance our understanding on the fun-
damental 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 commit-
ment towards sustaining curiosity-driven research at universities across the coun-
try. 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 tech-
niques in the 1970s spurred the biotechnology revolution, creating advancements in
numerous industries including medicine, agriculture, and manufacturing. Recom-
binant DNA made possible the development of synthetic human insulin to treat dia-
betes, 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 re-
search 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 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 pos-
sible also have many additional uses and have facilitated the development and com-
mercialization of new technologies such as creating more uniform optical coatings
and improving materials used to build the structural components of aircraft.! In

1 Advanced LIGO: Extending the Physics Reach of LIGO. https:/ /www.advancedligo.mit.edu /
tech overview.html
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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 eco-
nomic 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 Com-
puting, which has completely transformed how businesses in all sectors operate by
fafl‘célitating 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 In-
novation 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.

IT Sectors With Large Economic Impact
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2Source: National Research Council, Continuing Innovation in Information Technology (Wash-
ington, 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 discov-
eries and early-stage technologies that flow from the Federal Government’s invest-
ments in research, particularly basic research, carried out at research universities
and national laboratories. So it is alarming that the Federal Government’s invest-
ment 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 Amer-
ican people. This concern motivated the American Academy to assemble a committee
of 25 leaders spanning the research enterprise—including from government, univer-
sities, businesses and industry—to consider how to address this issue. The com-
mittee published Restoring the Foundation in September 2014. The report summa-
rizes 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:

e Ensure that the American people receive the maximum benefit from Federal in-
vestments in research;

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

e 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 rec-
ommendations 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; there-
fore, 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 in-
tended 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 de-
spite collective efforts to alleviate regulatory burdens on researchers.

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 acknowl-
edge 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
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report. I urge this committee to do the same for the agencies under your jurisdic-
tion.

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 ef-
fective 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 re-
search 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 se-
curity 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 de-
velop as a national partnership. But there are still barriers that require our atten-
tion, including policies on intellectual property, management of potential conflicts of
interest, and publication restrictions.

I would like to focus on one of the report committee’s suggestions regarding tech-
nology transfer. Specifically, the Committee suggests that Congress assist academic
institutions in adopting new technology transfer policies that would promote innova-
tion and job creation while reducing the time and cost of licensing. The Bayh-Dole
Act, which allows universities, small businesses, and nonprofit organizations to pur-
sue 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 tech-
nologies 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 re-
search results, and the potential for resulting constraints on future research con-
ducted 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 per-
taining to the Federal investment in science. The committee recognizes that we are
in a time of fiscal constraint and that Congress has many priorities. Nevertheless,
after much analysis and debate, we concluded that the U.S. will not remain competi-
tive 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 re-
cently 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. invest-
ment (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

3See 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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short of the national goal of at least 3 percent adopted by several U.S. presidents,
even as America’s economic competitors move aggressively to increase their own in-
vestments in innovation. As the following graph shows, the U.S. has dropped to 10th
place globally in investments in R&D when measured as a function of economic out-
put. And even in basic research, long a particular area of strength for the United

States, we are now in 7th place by this measure.

The U.S. has Fallen to 10th place in R&D Investment
.S, ranking among O ECD nations by national R&D investment as a percentage of GDP
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The United States is Failing to Keep Pace with Competitors’ Investments in R&D
Among OECD nations, the United States ranks tenth in R&D intensity (national R&D investment as a
percentage of GDP).

Source: Organisation for Economic Co-operation and Development, Main Science and Technology Indicators

vol. 2013, no. 2
Paris: OECD Publishing, z014), Table 2,
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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 percent GDP in R&D, and many have surpassed it.

China will pass us in absolute R&D spending within eight years.
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With these concerns in mind, the Committee recommends that the country com-
mit to an annual real growth rate of at least 4 percent for basic research. We recog-
nize 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 percent despite serious po-
litical and economic challenges, including the 1973 oil embargo, the Great 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 dou-
bling of the NIH budget, the average growth rate was roughly 0 percent. It is nota-
ble that 1992, the last year the U.S. had a 4 percent growth rate in basic research,
is also the year that the U.S. began falling behind other nations in our R&D invest-
ment. The following graph illustrates these data:
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Federal Basic Research Investment
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A 4 percent 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 percent
growth corresponds to a long-range target of increasing the Federal basic research
investment from 0.2 percent to 0.3 percent 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 sus-
tainable growth trajectory for basic research. Importantly, our committee rec-
ommended that any additional investment in basic research should not come at the
expense of Federal support for applied research and development or funding for spe-
cific scientific fields. These investments are also critical for America’s global com-
petitiveness and such a trade-off would thus be counter-productive.

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 re-
search 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 invest-
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ments. 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 Gov-
ernment’s investments in research, particularly basic research, carried out at re-
search 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 invest-
ments in basic science research are just that—investments. To address U.S. global
innovation competitiveness, we must reexamine our basic science research enter-
prise and determine how to ensure that the American people receive the maximum
benefit from Federal investments in research and identify how the Federal Govern-
ment can support a sustainable trajectory for future research.

Steady, sustainable increases in Federal investment would go a long way to re-
storing American leadership. The current strategy for Federal research funding re-
lies on annual budget cycles, hindering the long-term planning required to give re-
searchers predictability for successfully executing groundbreaking research, and re-
sulting 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 pri-
marily support research and graduate STEM education to strengthen the future re-
search workforce. We also recommend that the White House Office of Management
and Budget establish a strategic capital budget process for Federal R&D, particu-
larly 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 com-
mittee, to discuss the report recommendations. The overwhelmingly supportive re-
sponse 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 commu-
nity. Last summer, ten CEOs and corporate chairmen—including the CEOs of Lock-
heed Martin, Northrop Grumman, Boeing, John Deere, Merck, Novartis, the Na-
tional Association of Manufacturers, and my company, Microsoft—issued a call to
action entitled “Innovation: An American Imperative.” The statement, which is at-
tached to this testimony, urges Congress to take decisive action to ensure the U.S.
remains the leader in global innovation. The Innovation Imperative 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. Iénprove 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 busi-
nesses, 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 dis-
cipline, and every profession. Industry in all sectors recognizes the importance of
computer science for their future and the demand for a workforce skilled in com-
puting is increasing, far outweighing the supply.
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The Innovation Imperative has now been endorsed by more than 325 leading com-
panies 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 support of the Innovation Imperative statement.
This hearing provides another opportunity for Members of Congress to come to-
gether to find practical solutions to restoring research to its rightful place as a na-
tional 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 re-
search system can get together to advance these goals.

Conclusion

Congress is poised to get the U.S research enterprise back on track, and your in-
terest and hard work is greatly appreciated by the scientific community. I would
like to close by emphasizing three policy recommendations that the American Acad-
emy committee that produced the Restoring the Foundation report believes are par-
ticularly 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 per-
cent in the Federal investment in basic research and a long-term investment goal
of 0.3 percent 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 com-
petitors 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 in-
novation 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 com-
mittee if you would like to discuss our recommendations in more detail. I look for-
ward to taking your questions.
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INNOVATION: AN AMERICAN IMPERATIVE

A coll to action by American industry, higher education, science, and engineering leaders urging Congress to enoct policies and
make investments that ensure the United States remains the global innovation leader.

Dur nation knows what it takes to a A to scientific research, a world-class workforce, and an economic
climate that rewards ship and As thn.' most dynamic and prosperous nation in the world, the United States has long
benefitted from policies arli that have p and in turn driven productivity and economic growth, bolstered
American trade, ensured our health and national sewrl.ty. and safeguarded the American dream. Our leadership is now at risk because of
years of under-prioritizing federal sclentific rescarch and policies that promote innovation.

Now is not the time to rest on past success. As noted by the American Academy of Arts and Sciences in its 2014 Report Restoring the
Foundation: The Vital Role of Research in Preserving the American Dream, “There is a deficit between what America is I:m-sﬂm and what it
slmul:l Ix: investing to mmaJn cumpcﬂﬁw not only in research but in innovation and job creation.” C rations are chall our

p by copying our playt for success. At the same time our nation's support for scientific research and Innovation is stagnating. If
these trends continue, other countries will soon surpass the United States as the global innovation leader.

We must heed the warnings in the Restoring the Foundation report and other salient reports of the past decade and act decisively. In
particular, Congress must:

Renew the federal commitment to scientific discovery
by ending sequestration’s deep cuts to discretionary spending caps and providing steady and sustained real growth in funding of at least
four percent for basic sclentific research at: the National Science F the National of Health, the Department of Energy’s
Office of Science, the Department of Defense, NASA, the National Institute of Standards and Technology, USDA, and NDAA;

Make permanent a strengthened federal R&D tax credit
as a part of comprehensive tax reform to encourage more private-sector innovation investment here in America instead of in competitor
countries;

Improve student achievement in science, technology, engineering, mathematics (STEM)
through increased funding of proven programs and incentives for science and math teacher recruitment and professional development;

nefarm U.S. visa policy

o wel and keep highly ed .| ks, particularly those holding STEM degrees from ULS. universities;

Take steps to streamline or eliminate costly and inefficient regulations

and practices governing federally funded research to help unburden researchers lofuclls more time on conducting research and training the
next scientists, health care Is, and business leaders;

Reaffirm merit-based peer review
as the primary mechanism major federal agencies should employ in making P research grants to the most
effective use of taxpayer dollars; and

Stimulate further improvements in advanced manufacturing
through support for progr almed at accel g manufacturing and new federal-industry-academic partnerships.

We, the sigmatories, urge suppart for these actions to keep the United States the global innovation leader. We stand ready to do our part.
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The CHAIRMAN. Thank you, Dr. Wing.
Dr. Atkinson.

STATEMENT OF DR. ROBERT D. ATKINSON, PRESIDENT,
INFORMATION TECHNOLOGY AND INNOVATION FOUNDATION

Dr. ATKINSON. Thank you. Good morning, Chairman Thune,
Ranking Member Peters, and members of the Committee. It’s a
pleasure to come before you today to talk about why we need to re-
authorize COMPETES.

It’s no longer enough to just fund scientific research, although I
agree with the two prior panelists, we need to do more, and better.
But, what we need in any system is innovation. And innovation is
really not just about the amount of money, but the efficiency by
which knowledge is transferred into the economy. And we can do
a better job of that. And that is a lot of the focus of COMPETES.

There’s a second urgency to doing this, though, and that’s that,
in the last decade or so, other nations have really ramped up their
game—their engineering and science capabilities, their ability to
take U.S. knowledge and commercialize it for competitive advan-
tage. We're now in a system where if the U.S. doesn’t commer-
cialize its own R&D, a competitor nation likely will.

Why isn’t it just enough to fund research? It is important to fund
research, but it’s not enough. Over the last decade or so, science
policy scholars have really come to a much deeper understanding
that there are an array of failures that make it hard sometimes to
take discovery and end up with innovation. And, unfortunately, our
system today is still fundamentally grounded in what science policy
scholars call “the linear model.” We fund research up front, and we
hope something good comes out the end. Oftentimes, it does, but,
too often, it doesn’t. For example, if you look at the NSF budget,
only 2 percent of the NSF budget goes to programs focused on in-
dustry/university partnerships, despite the fact that the programs
that NSF operates in this area have been widely reviewed as being
excellent programs that produce good science and good innovation
for the marketplace.

Also, the other problem we have is, we have a vast difference in
commercialization performance between universities, between our
Federal labs. Some are very good, and some, frankly, are not that
good. If you look just, for example, at the amount of money that
industry gives for university research, you see a big divergence be-
tween the top-ranked university, Duke, at around 18 percent of
their funding for research comes from industry, to a university like
Brown, which gets less than 1 percent. So, we can do better. And
COMPETES has a number of—I know you’ve been considering a
number of roles that will move us in that direction. Let me just
quickly mention a few that I think are important.

One is the Senate Manufacturing Universities Act, which would
designate 25 manufacturing universities and fund them to focus
more on manufacturing education and manufacturing research
partnerships.

Second, we need more focus and more funding for commercializa-
tion. And this could be done in a budget-neutral way; for example,
as the Startup America Act does, where it sets aside a very small
portion of Federal extramural research budgets to go for commer-
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cialization programs, commercialization grants, et cetera. My one
suggestion for there would be to make sure that that program be
expanded to include State commercialization programs. Every one
of your states has a State-funded commercialization entity that
does very, very good work. I think they should be eligible for these
kinds of programs.

There are a host of other areas. One would be on reforming and
expanding the Small Business Innovation Research Program, the
SBIR Program. There is a proposal—Senator Coons and Senator
Gardner have a proposal to expand—allow awardees to expend up
to $35,000 of their Phase 2 awards on commercialization-oriented
activities. Again, it’s one thing to do research, but if you can take
a small amount of that money and let them think about commer-
cialization of that, we’d be more likely to get that in the market-
place.

Another area that we highlight is the importance of the NIST
Manufacturing Extension Partnership Program, which is a very ef-
fective program at centers around the country, with private-sector
engineers operating it. So, besides increasing the funding there, I
would argue we need to change the match requirement, which is
now 2-to-1, to a 1-to-1 match.

Another area we believe is important is the area of high-perform-
ance computing. ITIF issued a report recently that showed that,
while we had been leading in HPC, and probably still lead, that
lead is in threat, because many other countries—China being one
of them—are putting enormous amounts of money and resources in
supporting HPC research. That’s why we support the President’s
1\}Ilational Strategic Computing Initiative, and urge Congress to fund
that.

Finally, STEM talent. Clearly, STEM education and high-skill
immigration for STEM workers is going to be critical. One thing I
would encourage the Committee to consider is supporting the Presi-
dent’s initiative on computer science education. CS education is
critical to our future. Only about 25 percent of U.S. high schools
even teach computer science today. And that, frankly, is a travesty.
And so, Congress can take a key role in trying to turn that around.

Thank you very much.

[The prepared statement of Dr. Atkinson follows:]

PREPARED STATEMENT OF DR. ROBERT D. ATKINSON, PRESIDENT,
INFORMATION TECHNOLOGY AND INNOVATION FOUNDATION

Good morning, Chairman Thune, Ranking Member Nelson, and members of the
Committee; thank you for inviting me to share the views of the Information Tech-
nology and Innovation Foundation (ITIF) on the reauthorization of the America
COMPETES Act. The Information Technology and Innovation Foundation is a non-
partisan think tank whose mission is to formulate and promote public policies to
advance technological innovation and productivity internationally, in Washington,
and in the states. Recognizing the vital role of technology in ensuring prosperity,
ITIF focuses on innovation, productivity, and digital economy issues. ITIF has long
been involved in the policy areas COMPETES addresses, including science policy,
tech transfer, and STEM (science, technology, engineering, and math) education. I
very much appreciate the opportunity to comment on these issues today. I also want
to mention that I appreciate having been invited by the Committee to a prior round-
table on COMPETES Reauthorization and want to commend the Committee for hav-
ing such an open and inclusive process for receiving input on the bill from a wide
range of stakeholders.



29

Why America Needs COMPETES Act Reauthorization

Reauthorization of COMPETES is crucial to the well-functioning of the U.S. inno-
vation system. It is no longer enough to simply fund scientific and engineering re-
search and hope it gets translated into commercial results with the U.S. economy.
This is true for two key reasons. First, for many decades after the Soviets launched
Sputnik in 1957 the U.S. Government invested considerable sums into research and
development (R&D). And if some of that research “sat on shelf’ or lay largely
unread in a journal we could rest easy in knowing that at least some of it got into
new technology-enabled products, processes, and services. But because of budget
limitations we no longer have that luxury. In fact, according to the National Science
Foundation (NSF), Federal funding for R&D in 2016 as a share of GDP will be the
lowest it has been since the Russians launched Sputnik, almost 60 years ago. To
restore Federal R&D to GDP ratio to levels averaged in the 1980s, the Federal Gov-
ernment would have to invest $65 billion more per year. These lower funding levels
mean we need much more efficiency in how we transfer discovery to commercializa-
tion within the U.S. economy if we are to avoid a reduction in the pace of innova-
tion.

Second, for many decades after WWII the U.S. innovation system was unique in
that few other nations had a well-established science and engineering system that
could generate, absorb and commercialize discoveries. Moreover, a less inter-
connected globe limited internationally the geographic spillover of U.S. discoveries.
This meant that much of the benefits of the scientific and engineering research the
Federal Government funded stayed in the United States to the benefit of our econ-
omy as firms used the discoveries to build globally competitive positions. But as we
point out in our book Innovation Economics: The Race for Global Innovation Advan-
tage, over the last two decades many nations have put in place much more sophisti-
cated innovation systems (e.g., funding research universities, supporting STEM edu-
cation, crafting R&D tax incentives) to the point now where they are more easily
able to take advantage of the knowledge discoveries stemming from U.S. investment
in R&D. Now, if the United States does not commercialize its own R&D, a compet-
itor nation likely will.

In short, given the decline in R&D funding and the dramatic increase in techno-
logical competencies of our economic competitors, we can no longer simply hope that
some of the R&D funding ends up actually being used. This is why the COMPETES
reauthorization is so important because it focuses on improving the efficiency of the
{)jrosce.ss],o by which federally-funded knowledge creation leads to actual innovation and

.S. jobs.

At one level this is good news. Improving the efficiency of the scientific and engi-
neering research system can provide significant benefits at a lower budgetary im-
pact than increasing funding without improving the efficiency. But continuing to
underfund research while also not improving the efficiency of the system with the
kinds of measures in COMPETES is a recipe for underperformance. And to be clear
doing both is ideal: more Federal funding for R&D and a better commercialization
and tech transfer system.

Why Federal R&D Policy Needs to Go Beyond Simply Funding Research

Before discussing particular provisions that I believe are needed, it’s important
to briefly discuss why these kinds of provisions are needed. Won’t the knowledge
created by Federal R&D funding naturally get commercialized? Won’t the institu-
tions involved, especially universities and Federal labs, naturally want to transfer
technology? Why should Federal policy and funds be focused on this? The short an-
swer is that the process of innovation from discovery to application is usually not
an easy one, despite what Vannevar Bush suggested when he penned Science: The
Endless Frontier 70 years ago. As more scholarship about the nature of innovation
has been developed it has become clear that the process of innovation is much more
complicated and subject to many failures and problems that require a more strategic
role for government along the entire innovation lifecycle.

Yet, the current Federal system of funding R&D still is based on a “linear model”
of research that simply assumes that basic research will get transferred into new
products and services. For example, only 2 percent of the NSF budget goes to pro-
grams focused on the development and commercialization of knowledge through in-
dustry-university partnerships. Given institutional inertia, coordination and commu-
nication challenges, and lack of funding for proof of concept research, overcoming
the “valley of death” between basic research and its real world application is often
the most difficult part of the innovation process. If this jump is not able to be made,
the benefits of the money spent on knowledge discovery will be more limited.

The roadblocks and challenges are many. The culture and reward system in many
universities and labs is oriented to research, not application or transfer. This is re-
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flected by the very dramatic difference in performance of U.S. universities when it
comes to technology commercialization, whether it’s enabling start-up companies or
transferring technology to existing companies. The seminal report Innovation 2.0:
Reinventing University Roles in the Knowledge Economy finds that while the best
universities and colleges in America are world class when it comes to transferring
knowledge, many are not and need to learn from and copy the best practices of the
leaders. To be sure, compared to even five years ago, America’s universities and col-
leges appear to be doing a better job of technology commercialization, but there is
still a wide variance between them in terms of the focus on and effectiveness of com-
mercialization. One measure of this is the share at which industry funds university
academic research. Of the top 30 U.S. research universities, the percentage ranges
from 17.8 percent at Duke and 13.6 at MIT to just 0.9 percent at Brown and 2.2
percent at Johns Hopkins. There is also significant variation by state, with the U.S.
average at 5.4 percent, but North Carolina at 9.8 percent, Kansas at 7.8 percent,
New York and Ohio at 7.7 percent, but Michigan at just 3.1 percent. Moreover, the
share has been falling, from 7.4 percent in 1999 to 5.4 percent now. We need more
universities and colleges to be closer to national best practices. This means, for ex-
ample, more universities should recognize patenting and commercialization success
as part of tenure consideration, something which is currently the case at less than
one-quarter of America’s top 200 universities. More universities should also allow
faculty members to suspend their tenure so that they may pursue commercialization
opportunities. More universities should also define an entrepreneurial leave policy
for undergraduate and graduate students in which students could retain full-time
student status for several years while launching their own company.

Even if institutions are focused on transferring technology, there are multiple
hurdles, some of them from Federal regulation, others stemming from market fail-
ures like the high costs of information search. Moreover, there is significant com-
plexity of modern technology-based industry structures from the fact that the scope
of technology systems and hence the number of supplier industries has grown as
technological complexity has expanded, creating major information and coordination
market failures that lead to poorly functioning innovation systems. On top of that
there is a second “valley of death” in the process of scaling up prototypes where
promising discoveries can flounder, never making it to final production. In part this
is because many companies—in part because of pressures from capital markets—
have become more risk adverse, preferring, in the terms of Harvard’s Clay
Christensen, sustaining, rather than disruptive, innovation.

Congress has a long tradition of legislation focused not just on funding R&D but
on improving the functioning of the U.S. R&D system. In 1980, it passed the Steven-
son-Wydler Technology Innovation Act and the Bayh Dole Act. The latter legislation
permitted inventors receiving Federal funds for research to own the invention
rights. The former legislation stated that “technology and industrial innovation are
central to the economic, environmental, and social well-being of citizens of the
United States.” In 1982, the Reagan administration supported the establishment of
the Small Business Innovation Research Program (which required Federal agencies
to allocate a small share of their R&D budgets to small business research projects).
Congress also passed a number of important laws, including the Federal Technology
Transfer Act of 1986, National Defense Authorization Act for FY 1991, the Tech-
nology Transfer Improvements and Advancement Act, and the Technology Transfer
Commercialization Act. Perhaps most important was the Omnibus Trade and Com-
petitiveness Act of 1988. Among other things, the Act created the Technology Ad-
ministration in the Department of Commerce, reorganized the National Bureau of
Standards into the National Institute of Standards and Technology, and created a
number of programs to help industry with innovation, including the Malcolm
galdridge Quality Award and the Boehlert Rockefeller State Technology Extension

rogram.

Recommendations for COMPETES Reauthorization

There are many components of COMPETES that will have important beneficial
impacts on the U.S. innovation system. Let me suggest a few areas that I believe
are especially important.

One focus of COMPETES is rightly on reducing the barriers and improving the
incentives for commercialization. In this respect, small changes and modest amounts
of funding can have an outsized impact. For example, ITIF partnered with the Cen-
ter for American Progress and the Heritage Foundation to issue a report Turning
the Page: Reimaging the National labs in the 21st Century Innovation Economy. The
report included a number of low- or no-cost recommendations that would give the
labs more flexibility and more incentives to see that more of their path-breaking re-
search gets transferred to and used by companies in the United States. These in-
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cluded steps such as allowing labs to use flexible pricing for user facilities and spe-
cial capabilities, adding weight to technology transfer in the expanded Performance
Evaluation Management Plan, and removing top-down accounting rules to give labs
more flexibility.

Similarly, there are a number of steps that can be taken to better link American
universities with industry. For example, it is striking that the United States lags
so many nations in terms of the linkages between universities and industry. In fact,
as a share of GDP among the 39 OECD nations, the United States ranks just 27th
in industry funding of university R&D, as ITIF writes in its report University Re-
search Funding—Still Lagging and Showing No Improvement.

One way to remedy this would be to provide support and incentives for univer-
sities to update the curriculum and approach of university engineering programs to
better prepare engineers for careers in innovation and advanced manufacturing and
better link university research to industry needs. Senators Coons, Graham, Ayotte,
Gillibrand, Baldwin, Kirk, and Franken have partnered to introduce legislation, en-
dorsed by 26 House co-sponsors, called The Manufacturing Universities Act, which
would designate 25 “Manufacturing Universities” and provide them with grants of
up to $5 million a year for four years to reshape their engineering programs with
a stronger focus on advanced manufacturing. The resources would help universities
promote their manufacturing engineering programs to attract more students into
the field, promote more inter-disciplinary education, and allow engineering pro-
grams to purchase essential equipment to support hands-on, project-based learning,
and working more on collaborative research projects with industry.

We also need to establish stronger university entrepreneurship metrics, collecting
better data regarding commercialization, including: new business starts and spin-
offs of new companies by faculty and students from universities, the amount of in-
dustry funding of R&D, patents issued, etc. Congress should direct the National
Science Foundation to develop and implement metrics by which universities report
such information annually.

In addition, we need more funding for commercialization activities. One way to
do this would be to establish a set-aside program from Federal extramural research
for commercialization grants. In the House, the Startup America Act 3.0 (H.R. 714)
introduced by Loretta Sanchez, Gerald Connolly, and Jared Polis, would set aside
0.15 percent of Federal agencies’ extramural research budgets to offer both (1) “com-
mercialization capacity building grants” to institutes of higher education pursuing
specific innovative initiatives to improve an institution’s capacity to commercialize
faculty research and (2) “commercialization accelerator grants” to support institu-
tions of higher education pursuing initiatives that allow faculty to directly commer-
cialize research in an effort to accelerate research breakthroughs.

However, we recommend that any such program be expanded to include state
technology commercialization programs (either state governments or non-profit
agencies they designate) as eligible recipients. Many states and regions fund their
own technology transfer and commercialization efforts between their universities
and the private sector. Federal funds could match these efforts at some percentage
level to bolster their impact. Regardless of this, it will be important to expand fund-
ing for the Regional Innovation Program which prior COMPETES legislation au-
thorized to “encourage and support the development of regional innovation strate-
gies,” which focus on commercialization, entrepreneurship, and startups. There is
great demand for this program from programs all around the Nation. In 2015, $15
million in grants were awarded. The program should be significantly expanded, to
perhaps $75 million.

In a similar manner, a number of organizations throughout the United States are
experimenting with novel approaches to bolster technology transfer from univer-
sities (and national laboratories) to industry and to accelerate the commercialization
of university-developed technologies. COMPETES should support these types of
novel approaches by including $5 million to fund experimental programs exploring
new approaches to university and Federal laboratory technology transfer programs.
The program should be managed by the Department of Commerce’s Office of Innova-
tion and Entrepreneurship. Organizations would apply for the grants and winning
proposals would be selected on criteria such as: (1) how innovative they are in dem-
onstrating a new model; (2) recent documented success of their program; and (3)
willingness to publicly disclose best practices learned from their programs and teach
other U.S. organizations.

In addition, Congress should increase funding for the kinds of programs that are
more focused on supporting university-industry research partnerships. While this is
ideally achieved as part of an overall increase in Federal R&D funding, it could be
done in a revenue neutral way. In particular, the Engineering Research Center
(ERC) and the Industry & University Cooperative Research Center (IUCRC) pro-



32

grams should receive a larger share of the overall NSF budget. There are 19 ERCs
and 76 Industry/University Cooperative Research Centers, but their funding is quite
modest. These programs can be quite effective at supporting innovation. For exam-
ple, /UCRC produces substantial cost savings for companies. When private compa-
nies conducted R&D projects through the I/UCRC partnership rather than in-house,
they saved an average of $700,000 per project in 2014—up from $500,000 in 2012—
thereby freeing up resources to be put to other, more effective, uses.

COMPETES should also support the NSF I-Corps program, which is an innova-
tive effort to improve the “transmission belt” of transforming knowledge into innova-
tion. As Senators Fischer and Coons have proposed, I-Corps should be established
in statute, and authorized at least through 2020, and Congress should consider in-
creasing its funding and expanding its availability to other Federal agencies, includ-
ing the NIH, DOD, DOE and USDA.

In addition, crowdsourcing and citizen science can empower individuals and orga-
nizations to participate in the scientific process by undertaking discrete, inde-
pendent tasks to solve problems. For example, Cornell University’s eBird project en-
lists people to record and report birds they say in order to improve scientific under-
standing of bird populations. Legislation proposed in the Crowdsourcing and Citizen
Science Act of 2015 would encourage and increase the use of crowdsourcing and cit-
izen science methods within the Federal Government to advance and accelerate sci-
entific research, literacy, and diplomacy. The Act would authorize agencies to use
open-innovation tools to advance their missions, encourage the heads of agencies to
work cooperatively on crowdsourcing or citizen science projects, increase inter-agen-
cy coordination, and strengthen the public’s role as an active partner and meaning-
ful contributor to the U.S. innovation engine.

Congress should also reform The Small Business Innovation Research (SBIR) pro-
gram. Despite the fact that the SBIR program accounts for just over 3 percent of
the Federal extramural R&D budget, a recent ITIF study, The Demographics of In-
novation in the United States, found that 60 percent of innovations included in the
study created by companies with fewer than 25 employees utilized public grants
through SBIR. Yet despite its strengths, there are several programmatic reforms
that could make SBIR an even stronger engine of commercialization activity.

First, SBIR Phase II awardees should be permitted to expend up to 5 percent of
their Phase II funding on commercialization-oriented activities, such as market vali-
dation, IP protection, market research, and business model development, as Sen-
ators Coons, Gardner, and Gillibrand propose in the Support Startup Businesses Act.
In the House, legislation similar in intent to foster commercialization activities has
been proposed in an amendment to SBIR reauthorization legislation submitted by
House Small Business Committee Ranking Member Nydia Velazquez. In addition,
Congress should call on Federal agencies with SBIR/STTR programs to standardize
their commercialization data collection practices (whether around the DOD or new
SBA model). The data is now collected individually by each agency in their own
form and with different requirements, which both makes it more difficult for small
businesses to comply or for useful insights to be gleaned from the data.

In addition, NIST’s Hollings Manufacturing Extension Partnership (MEP) plays
in important role in innovation. As ITIF writes in International Benchmarking of
Countries’ SME Manufacturing Technology Support Programs, a number of coun-
tries, across the developed and developing world alike, have manufacturing exten-
sion programs whose mission is to assist small to medium-sized enterprise (SME)
manufacturers with implementing advanced manufacturing and quality processes
and undertaking innovative new product development efforts. These programs: (a)
promote technology adoption by SMEs; (b) conduct audits to identify opportunities
for improvement in their manufacturing and operational processes; (c) support tech-
nology transfer, diffusion, and commercialization; (d) perform research and develop-
ment in direct partnership with SMEs, and/or providing access to research labs; and
(e) engage SMEs in collaborative research and development and/or technology-spe-
cific consortia. In the United States, client surveys indicate that MEP centers create
or retain one manufacturing job for every $1,570 of Federal investment, one of the
}Slighest job growth returns out of all expenditures of Federal funds in the United

tates.

As a result, it is important to increase support for NIST’s Hollings Manufacturing
Extension Partnership (MEP), moving beyond the $130 million in funding the pro-
gram received in FY 2016 (and even the current Congressionally authorized amount
of $165 million in funding). As Senators Kelly Ayotte and Chris Coons have called
for in The Manufacturing Extension Partnership Improvement Act of 2016, MEP
funding should be increased to $260 million annually and the program authorized
through 2020. In addition, a key to improving the effectiveness of the MEP program
is to modify the cost share. Currently, after five years, centers are required to raise
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2 dollars of non-federal funds for every Federal dollar received. This relatively high
ratio (higher than other Federal matching grant programs), makes it harder for cen-
ters to fulfill their public purpose and respond to market failures. In particular, it
makes it harder for centers to help start-ups and very young manufacturers and to
support workforce training, export promotion, technology transfer efforts, and en-
ergy efficiency and environmental improvement. In addition, it makes sense to ex-
periment with sectoral expansion of the MEP program into industries such as con-
struction. As ITIF notes in a new report Think Like an Enterprise: Why Nations
Need National Productivity Strategies, the measured productivity growth of the U.S.
construction industry has actually been negative in recent decades. This is not be-
cause there are not technologies, tools, and practices the industry can use to get
more productive. Much of the problem stems from the fact most construction firms
are very small and lack access to information about how to use these technologies
effectively. An MEP extension could play an important role in remedying this.

High-performance computing (HPC) should be another area of focus. HPC refers
to supercomputers and other technical computing systems that, through a combina-
tion of processing capability and storage capacity, can rapidly solve difficult com-
putational problems across a diverse range of scientific, engineering, and business
fields. HPC represents a strategic, game-changing technology with tremendous eco-
nomic competitiveness, science leadership, and national security implications. The
United States has long led the world in the development and adoption of high-per-
formance computing systems, but as ITIF writes in The Vital Importance of High-
Performance Computing to U.S. Competitiveness, U.S. leadership in high-perform-
ance computing is increasingly under threat as a growing number of nations, includ-
ing China, the European Union nations, Japan, and Korea, have introduced con-
certed national strategies and announced significant investments in developing
next-generation HPC systems. To safeguard continued U.S. HPC leadership, in July
2015 the Obama administration announced the National Strategic Computing Ini-
tiative (NSCI), a coordinated Federal strategy for HPC research, development, and
deployment and defines a multiagency framework for furthering U.S. economic com-
petitiveness and scientific discovery through orchestrated HPC advances. Continued
leadership in high-performance computing will require a steady, stable, robust, and
predictable stream of funding. To ensure the NSCI can meet its targeted objectives,
Congress should authorize and appropriate NSCI funding levels as requested in the
administration’s FY 2017 budget for FY 2017 and future years, with Congress fund-
ing NSCI and related high-performance computing initiatives at a level of at least
$325 million per year over at least the next five years.

Finally, increasing the supply of STEM talent is another critical area COMPETES
legislation rightly focuses on. Despite what some have argued, as ITIF has shown
in numerous reports, there is a shortage of STEM workers, including in computer
science.

A part of the solution will be increased STEM immigration. As a recent report
by ITIF on the demography of U.S. innovation demonstrates, more than one-third
(35.5 percent) of U.S. innovators were born outside the United States, even though
this population makes up just 13.5 percent of all U.S. residents. Another 10 percent
of innovators were born in the United States but have at least one parent born
abroad. Immigrant innovators also are better educated on average than native-born
innovators, with over two-thirds holding doctorates in STEM subjects.

Making it easier for more immigrants with STEM graduate degrees to become
U.S. permanent residents will be important for driving innovation. Congress should
also reform the EB-5 visa program which enables foreign investors to obtain a visa
if they invest in a domestic enterprise and create or preserve at least 10 full-time
jobs and invest at least $1 million. But many EB—5 projects simply displace projects
that would have occurred anyway. Commercial property development does nothing
for competitiveness or innovation. There is no real net benefit from allowing some-
one to obtain a visa by investing in a donut shop, golf course, or apartment building.
These activities would be developed naturally by the market in the United States
if there is in fact a demand for them. There is no shortage of entrepreneurs or cap-
ital for these kinds of non-traded business activities. In contrast, foreigners who
want to immigrate to the United States to establish companies, particularly tech-
nology-based ones, in traded sectors (e.g., manufacturing) are much more likely to
represent a net addition to the economy rather than launch a business that just
crowds out domestic activity. Therefore, Congress should consider narrowing and
targeting the EB—5 program to be more focused on building technology-based busi-
nesses.

We also face a challenge in expanding the domestic pool of STEM talent, particu-
larly among women and minorities. In ITIF’s study, women represent only 12 per-
cent of U.S. innovators. This constitutes a smaller percentage than the female share
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of undergraduate degree recipients in STEM fields, STEM Ph.D. students, and
working scientists and engineers. Minorities born in the United States are also sig-
nificantly underrepresented: U.S.-born minorities (including Asians, African Ameri-
cans, Hispanics, Native Americans, and other ethnicities) make up just 8 percent
of U.S.-born innovators. These groups constitute 32 percent of the total U.S.-born
population. Despite comprising 13 percent of the native-born population of the
United States, African Americans comprise just half a percent of U.S.-born
innovators.

One reason to support robust funding for university research is that it enables
universities to train more graduate STEM students. As ITIF has found, innovators
in the United States are experienced and highly educated, and most hold advanced
degrees in science and technology fields: four-fifths of innovators possess at least
one advanced degree, and 55 percent have attained a Ph.D. in a STEM subject. Half
of innovators majored in some form of engineering as an undergraduate, and more
than 90 percent majored in a STEM subject as an undergraduate.

One path to expanding the number of highly qualified STEM workers is to expand
the number of STEM-focused high schools. There are currently about 100 of these
high schools in America, like Thomas Jefferson in Northern Virginia or Montgomery
Blair in Montgomery County (which just won the national Science Bowl competi-
tion). These public STEM high schools provide students who have an interest and
aptitude for STEM subjects with the opportunity to focus more intently on STEM
subjects. They have also have been proven to be effective in helping minorities and
students from socio-economic disadvantaged areas gain a high-quality STEM edu-
cation. Given their effectiveness, we should set a goal to double the number of
STEM high schools. Congress could do that by establishing a modestly funded chal-
lenge grant program that would allow states and cities to receive modest grants to
help plan and establish new STEM high schools.

Congress should also do this for the establishment of new tech-focused univer-
sities, such as Olin College in Massachusetts or The Harrisburg University of
Science and Technology in Harrisburg, Pennsylvania, or new types of STEM cur-
riculum and programs at existing universities. One way to do this would be to ex-
pand support for NSF’s Transforming Institution Grants program.

Another way the Federal Government could encourage STEM education is by pro-
viding prizes to colleges and universities that do best at retaining STEM students.
This matters especially because 60 percent of those who enter college intending to
pursue a STEM degree fail to graduate with one. Congress should authorize the Na-
tional Science Foundation to establish a prize funds program to award to colleges
and universities that have dramatically increased the rate at which their freshmen
STEM students graduate with STEM degrees and that can demonstrably sustain
that increase over five years.

In addition, the Federal Government should also require increased transparency
from colleges and universities regarding the number of STEM applicants, prospec-
tive majors, and their retention rates in STEM subjects. There is some evidence that
colleges and universities, especially state universities, could enroll more STEM stu-
dents, but for a variety of institutional reasons do not do so. Better data regarding
applications and retention will shed light on just how much of a problem this is.

Finally, one key factor in producing more PhD degrees in STEM, especially by
U.S. residents, is the ability to support doctoral fellowships. But as Harvard’s Rich-
ard Freeman notes, the number of NSF graduate research fellowships awarded per
thousand of college students graduating with degrees in science and engineering
went from over seven in the early 1960s to just over two in 2005. Today, the same
number of NSF graduate research fellowships are offered per year as in the early
1960s, despite the fact that the number of college students graduating with degrees
in science and engineering has tripled. But rather than simply expand funding for
the NSF Graduate Research Fellowship program (funded at $102 million), Congress
should create a new NSF-industry PhD fellows program. Currently the program pro-
vides up to three years of support over a five-year period and supports approxi-
mately 3,400 students per year at $40,500 per year. The new NSF-industry program
would work by enabling industry to fund individual fellowships of $20,250 with NSF
to match industry funds dollar for dollar. Congress should allocate an additional $21
million to a joint industry-NSF STEM PhD fellowship program. This would allow
NSF to support an additional 1,000 graduate fellows.

In summary, COMPETES reauthorization is an important step to take to ensur-
ing that America does not lose its lead in innovation. Thank for you inviting me
to testify before the Committee today.

The CHAIRMAN. Thank you, Dr. Atkinson.
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Dr. Munson.

STATEMENT OF DAVID C. MUNSON, JR., ROBERT J. VLASIC
DEAN OF ENGINEERING, COLLEGE OF ENGINEERING;
PROFESSOR, DEPT. OF ELECTRICAL ENGINEERING AND
COMPUTER SCIENCE, UNIVERSITY OF MICHIGAN

Dr. MuNsoON. Thank you to the Chairman and Ranking Member
and members of the Committee. I appreciate the invitation to
speak with you today about topics to help ensure Americans in
competitiveness and global leadership innovation.

I'm currently the Dean of Engineering at the University of Michi-
gan Ann Arbor, a professor in the Department of Electrical Engi-
neering and Computer Science, and the co-founder of a startup
company that works in the area of tomographic, or CT, imaging.

I would like to talk to you today about just a few topics critical
to the higher education research enterprise. At its core, the U.S. in-
vestment in and commitment to research should be considered a
strategic national asset and treasure. American higher education
still has no peer in the development of talent, although other na-
tions, as we've heard, are catching up. Our main competitive ad-
vantage remains in the area of creativity and innovation. American
society fosters an out-of-the-box unencumbered spirit, where nearly
anything is deemed to be possible. This is exactly the mentality
that creates a robust STEM pipeline for the conduct of high-impact
federally-funded research. And, in turn, Federal research dollars
facilitate the education and training of an especially creative STEM
workforce.

Research, in many ways, is a creative process with outcomes that
are impossible to predict. Research has led us to a wide range of
stunning discoveries and inventions, whether it was the cure to a
disease or the invention of the Internet. The Federal Government
has and needs to continue to play the key role in enabling the cre-
ative research process through funding of fundamental research.

Research impact is translated through the innovation ecosystem.
This ecosystem is complex, requiring multiple partners to play a
range of roles. The early phase of innovation is basic or funda-
mental research, a domain dominated by academic institutions and
enabled by the resources and policies created primarily by the Fed-
eral Government.

Moving to the applied realm, there was a wide playing field,
where academia, industry, and government all work to support
translational research with an eye toward desired outcomes. Again,
at this stage, Federal resources and policies are important en-
ablers, with industry and angel investors also key at this stage of
the innovation cycle. The Federal SBIR program is a vitally impor-
tant vehicle for supporting translational research.

Moving into the final phase of development or deployment and
implementation, the customer, whether it be industry or Federal
Government, is the lead player, sometimes with the support of ven-
ture capital. Also, the Federal Government often plays an impor-
tant policy role, especially with intellectual property, in appro-
priately enabling innovations to move forward.

In thinking about the innovation ecosystem, programs such as
the NSF I-Corps are having a tremendous impact. Similar to
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STEM pipeline programs, I-Corps is an important enabler and eye
opener for faculty and often graduate students. On day one of the
I-Corps program, startup teams are confronted with the importance
of the marketplace, when teams are required to contact dozens of
possible customers and receive their feedback. From personal expe-
rience, I can report that the startup process is grueling. The ideal
technology with no market simply has no value. Fortunately, with
positive role models and the encouragement and support of univer-
sity and regional entrepreneurial ecosystems, the results can be
amazing. The required passion and energy flows from the strong
desire of our faculty and students to make a positive impact on the
world. It is our job to enable and support their success through pro-
grams and policies.

Probably the greatest inefficiency in the Federal research system
is caused by the low funding rates of many agencies. For example,
at the NSF, the fraction of research proposals that are funded has
slipped to about 20 percent. This means that faculty members are
spending a huge fraction of their time writing proposals and also
reviewing proposals of their colleagues, with a high probability that
these proposals will not be funded. It is my experience, from 37
years in academia, that about one out of three research proposals
is truly excellent and easily merits funding. To provide a funding
rate consistent with this statistic, one might assume that it would
be necessary to increase the annual NSF or other agency budget
by over 50 percent to move from a 20-percent to a 33-percent fund-
ing rate. However, a smaller but still significant increase might
buy much more than is apparent. One reason the NSF and other
government agencies receive so many proposals is because the
probability of funding is so low. When a proposal is not funded, the
faculty member typically reworks the proposal and then resubmits
it, or else creates a proposal on a different topic. This proliferation
of research proposals is bogging down the system, causing a waste
of time and resources, and is part of the reason for low funding
rates. In a sense, we are running the research system at an ineffi-
cient operating point. In my opinion, it would be far more effective
to fund the research agencies at a somewhat higher level, driving
down the number of research proposals that are written and re-
viewed, in which case funding rates would rise and researchers
would spend far more of their time actually doing research.

In closing, today’s engineering students and faculty share a
heartfelt passion to make a difference. Our faculty provides stu-
dents with a firm grounding in fundamentals and also with the
ability to learn, adapt, and create as they move through their ca-
reers. We must provide our faculty and students with the resources
needed to explore and innovate. The Nation will be the beneficiary.

Thank you.

[The prepared statement of Dr. Munson follows:]

PREPARED STATEMENT OF DAVID C. MUNSON, JR., ROBERT J. VLASIC DEAN OF
ENGINEERING, COLLEGE OF ENGINEERING; PROFESSOR, DEPT. OF ELECTRICAL
ENGINEERING & COMPUTER SCIENCE, UNIVERSITY OF MICHIGAN

Good afternoon, Mr. Chairman, Ranking Member, and members of the Com-
mittee. Thank you for inviting me to speak with you today about topics to help en-
sure American competitiveness and global leadership in innovation. I currently am
the Dean of Engineering at the University of Michigan, Ann Arbor, and am a Pro-
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fessor in the Department of Electrical Engineering and Computer Science. I am also
the co-founder of InstaRecon, a start-up that has developed and commercialized pat-
ented and patent-pending algorithms that reconstruct images from 2D and 3D tomo-
graphic, or CT, data 20 to 100 times faster than conventional methods for typical
image sizes.

I would like to talk to you today about a range of topics critical to the higher edu-
cation research enterprise. At its core, the U.S. investment in and commitment to
research should be considered a strategic national asset and treasure.

First, I would like to start with the talent pipeline for STEM (Science, Technology,
Engineering and Math). In order to continue to be the innovation leader that we
are today, it is vital that our STEM population be sufficiently large and especially
well educated. Both the size of the population and the quality of education should
draw on the rich diversity of our Nation. Talent knows no boundaries; there are ex-
ceptional people throughout all demographics in the country. We know that oppor-
tunity does not present itself to everyone in equal measure to all that are deserving
and capable. We must continue to address this issue, and expand our efforts to en-
gage the future scientists and engineers of our Nation. Programs such as FIRST Ro-
botics provide a vital link between fun and interesting engineering projects and the
STEM disciplines that K-12 students are studying in school. Expanding efforts in
education to provide students with context and relevance opens doors and is critical
to our future. The opportunity to grow a more diverse STEM population relies on
our ability to provide a broader range of students with an answer to the “so what”
question when participating in STEM classes—students need to better understand
why they should care about success in STEM disciplines during their K-12 studies.

Today, there exists a huge range of discrete investments aimed at addressing this
challenge. The scale of this problem, however, is immense. Discrete investments are
helpful, but such a pressing national issue would benefit from a more coordinated
approach. As a nation, we should contemplate unified programs that will enable the
challenge to be tackled more broadly, leveraging best practices and creating inte-
grated partnerships between government, industry, and academia. Everyone wins if
our Nation’s STEM pool is more robust and diverse. A national network, utilizing
a public/private partnership, could be contemplated to address this issue at scale.
With such a network, federally-funded programs that currently have discrete “pipe-
line development” and/or “workforce development” programs could integrate into an
existing national infrastructure, with each program playing a well defined and co-
ordinated role, thereby producing a broader impact and reach. This would build on
elements of the current model where individual programs have created independent
solutions with limited scope and no ability to scale.

In reflecting on the capability of programs to have measureable impact, I believe
there is some consensus about what works, and on key indicators that can be meas-
ured to make sure that programs are on track. The missing elements in this equa-
tion are the ability to share best practices across the Nation and to decide which
organizations will tackle the big pieces and do so at scale. Of course, operating at
scale will also require resources to assure the desired impact.

Demand for engineering and computer science graduates has greatly accelerated
at the University of Michigan. I am hearing the same from peer institutions. Talent
provides the ultimate competitive advantage. As the world becomes smaller and
smaller through technology, and the labor cost differential between geographic re-
gions narrows, talent will be the differentiating factor in economic competitiveness.
Environments that can best develop their talent will have a significant competitive
advantage in attracting and retaining cutting-edge industry.

American higher education still has no peer in the development of talent, al-
though other nations are catching up in some ways. Our main competitive edge re-
mains in the area of creativity and innovation. American society fosters an out-of-
the-box, unencumbered spirit, where nearly anything is deemed to be possible. This
is exactly the mentality that creates a robust STEM pipeline for the conduct of high-
impact federally-funded research.

And, in turn, Federal research dollars facilitate the education and training of an
especially creative STEM workforce. Research, in many ways, is a creative process,
with outcomes that are impossible to predict. Research has led us to a wide-range
of stunning discoveries and inventions, whether it was the cure to a disease or the
invention of the Internet. The Federal Government has and needs to continue to
play the key role in enabling the creative research process through funding funda-
mental research.

That said, it is important to also have a suite of programs that create strong links
to industry and Federal customers (such as Department of Defense). These partners
bring important research issues to academia in a variety of application areas. The
National Network of Manufacturing Institutes (NNMI) is an excellent example of
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such a program, bringing a diverse group of institutions together to identify, re-
search and then implement solutions which are critical to advancing a domain of
national strategic importance—manufacturing.

Historically, it has been a challenge to reach a level of trust with industry re-
search partners sufficient to permit sharing of proprietary ideas, which can enable
progress on topics that really matter. “Trusted conversations” are essential to ena-
bling research and allowing researchers to have impact. Engaging in these conversa-
tions requires striking a balance between openness and a collaborative spirit and
assuring that competitive advantage is not compromised. The University of Michi-
gan has been successful in managing this tradeoff by investing time and effort in
creating strong links with industry partners that are outcome oriented. Trust is an
essential ingredient in these public-private partnerships as evidenced in the ongoing
research program of the University of Michigan Mobility Transformation Center,
which has a consortium of more than 60 companies that are supplementing Federal
and State of Michigan research dollars in the area of connected and autonomous
transportation.

Research impact is translated through the innovation ecosystem. This ecosystem
is complex, requiring multiple partners to play a range of roles. The early phase of
innovation is basic or fundamental research, a domain dominated by academic insti-
tutions and enabled by the resources and policies created primarily by the Federal
Government. Moving to the applied realm, there is a wide playing field, where aca-
demia, industry and government must partner to support translational research
with an eye toward desired outcomes. Again, at this stage, Federal resources and
policies are important enablers, with industry and angel investors also key at this
stage of the innovation cycle. The Federal SBIR program is a vitally important vehi-
cle for supporting translational research. Moving into the “final” phase (development
and deployment/implementation), the customer, be it industry or the Federal Gov-
ernment, i1s the lead player, sometimes with the support of venture capital. Also,
the Federal Government often plays an important policy role, especially with intel-
lectual property, in appropriately enabling innovations to move forward.

In thinking about the innovation ecosystem, programs such as the NSF ICorps,
are having a tremendous impact. Similar to STEM pipeline programs, ICorps is an
important enabler and eye-opener for faculty and (often) graduate students. On Day
1 of the ICorp program, start-up teams are confronted with the importance of the
marketplace, when teams are required to contact dozens of possible customers and
receive their feedback. From personal experience, I can report that the start-up
process is grueling. The “ideal” technology with no market simply has no value. For-
tunately, with positive role models and the encouragement and support of university
and regional entrepreneurial ecosystems, the results can be amazing. The required
passion and energy flows from the strong desire of our faculty and students to make
a positive impact on the world. It is our job to enable and support their success
through programs and policies.

Probably the greatest inefficiency in the Federal research system is caused by the
low funding rates of many agencies. For example, at NSF fraction of research pro-
posals funded has slipped to 20 percent. This means that faculty members are
spending a huge fraction of their time writing proposals and also reviewing pro-
posals of their colleagues, with the high probability that these proposals will not be
funded. It is my experience, from 37 years in academia, that about one out of three
research proposals is truly excellent and easily merits funding. To provide a funding
rate consistent with this statistic, one might assume that it would be necessary to
increase the annual NSF budget by over 50 percent (to move from a funding rate
of 20 percent to about 33 percent). However, a smaller, but still significant, increase
might buy much more than is apparent. One reason the NSF and other government
agencies receive so many proposals is because the probability of funding is so low.
When a proposal is not funded, the faculty member typically reworks the proposal
and then resubmits it, or else creates a proposal on a different topic. This prolifera-
tion of research proposals is bogging down the system, causing a waste of time and
resources, and is part of the reason for low funding rates. In a sense we are running
the research system at an inefficient operating point. In my opinion, it would be far
more effective to fund the research agencies at a somewhat higher level, driving
down the number of research proposals that are written and reviewed, in which case
funding rates would rise and researchers would spend far more of their time actu-
ally doing research.

The U.S. research enterprise has been and must continue to be a strategic na-
tional asset. As we look to the future, the Nation will be well served by major re-
search investments in selected areas supporting economic competitiveness and na-
tional security. The European Union has followed this path for years, sometimes
taking a “moon-shot” approach. Likewise, the U.S. military has pursued an “offset
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strategy,” when appropriate. The NNMI program, which is a large targeted invest-
ment, may prove to be a good example of a strategic innovation investment to foster
U.S. competitiveness in the global economy.

In closing, today’s engineering students and faculty share a heartfelt passion to
make a difference. Our faculty provide students with a firm grounding in fundamen-
tals, and also with the ability to learn, adapt and create as they move through their
careers. We must provide our faculty and students with the resources needed to ex-
plore and innovate. The nation will be the beneficiary. Federal programs and poli-
cies are critical in this regard.

The CHAIRMAN. Thank you, Dr. Munson.

Dr. Droegemeier, you just finished serving a term as the Vice
Chair of the National Science Board, the advisory body for the
NSF. Based on your experience in that role, what can the Federal
Government do to better manage and prioritize its R&D invest-
ment portfolio to improve predictability for research initiatives, fa-
cilitate the discovery of new knowledge, and drive lasting economic
growth?

Dr. DROEGEMEIER. That’s a very good question. How it works
now—and I think it works very well—is that it—it’s really a team
sport. We look at prioritizing research investments by listening to
the community, thinking about what big ideas are out there. We
look at national needs, as informed by the White House, as in-
formed by Federal agencies, as informed by groups such as the As-
sociation of American Universities. So, we put all that together,
and we look at available dollars, and we see which priorities really
are most appropriate for putting forth.

In fact, NSF just went through an exercise with its leadership
team to come up with several major topics for the future—actually,
six major research topics and three process topics for the future
that we think have very substantial benefits to the Nation, but also
are very deep intellectual challenges that might take many, many
years to fulfill. So, it’s the process, really, of thinking very carefully
about what needs to be done, but also providing opportunity for
other people to come up with ideas as time goes on so that you
don’t prescribe, necessarily, the outcome or pick winners, but also
you create priority areas, but then you also allow a lot of freedom
for people to create on their own and bring forth ideas that could
be funded, as we heard just a moment ago.

The CHAIRMAN. The NSF Inspector General and the National
Academy of Public Administration have recommended actions to
improve NSF’s financial oversight of high-dollar, large research fa-
cility construction projects. Based on your experience, what im-
provements to oversight of these projects would help ensure that
we are getting the most out of the Federal research dollars that we
allocate to NSF, and to ensure, also, the efficient use of taxpayer
dollars?

]ﬁr. DROEGEMEIER. Right. Yes, that’s a very good question, as
well.

NSF and the National Science Board commissioned the National
Academy of Public Administration to undertake a study to look at
especially the use of cooperative agreements for constructing large
research facilities. In this regard, NSF is sort of a unique agency,
in the sense that most agencies that build large things do so
through contracts. In the case of NSF, these facilities are built for
the community, not for the Federal agency, so the cooperative
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agreement is the most appropriate mechanism. So, what we looked
at in the NAPA study were a variety of issues, such as incurred
cost audits, looking at how one applies a management fee to get
contractors who will actually operate the facility on behalf of NSF,
because NSF does not operate facilities. It also looked at contin-
gency funds and how contingency funds ought to be appropriately
managed and supported. Also, the expertise within NSF itself, in
terms of people who are certified project managers to oversee these
kinds of things, looking at where, within the Foundation, these
kinds of projects ought to naturally be homed and located.

The National Science Board undertook a fairly careful look at
itself to see what it could really be doing. And we realized that we
needed to have greater continuity among activities on the Board.
Sometimes these projects last for 40 years, and we have NSF direc-
tors come and go, NSB Board chairs come and go, members come
and go on 6-year terms. So, these things far outlast the terms of
any individuals, and we felt there needed to be greater continuity
of understanding about decisions that were made and things like
that.

So, those are some of the actions that NSF has already taken,
and is taking, including adding new staff to the large facilities of-
fice to really kind of beef up and bolster the expertise that is avail-
able. I think also, as we learned at the Board meeting last week,
being very careful to make sure that the folks who are in the NSF
who are running these projects have the requisite experience to
manage these projects, not just being good scientists, but also real-
ly understanding the nuances of things like earned value manage-
ment and all the very detailed aspects of executing on a very large
project.

That NAPA study turned out to be extraordinarily valuable to
us, and I believe the IG and NSF are working very well together
to make sure those things are implemented. In fact, the NSF
agrees with, basically, all of the recommendations in the NAPA re-
port.

The CHAIRMAN. Dr. Wing, you've had experience in academia at
Carnegie Mellon, in government at NSF, and now in the private
sector at Microsoft. What roles do you believe that the Federal, pri-
vate sector, and academic actors are best suited to play in bridging
the so-called “valley of death” and in reducing barriers to domestic
full-scale production of innovative products?

Dr. WiNG. Well, first of all, I very much appreciate your question
about, essentially, the government/academia/industry ecosystem—
research ecosystem. Each agent in this research ecosystem has a
very critical role for advancing science and engineering in basic re-
search for the country. Federal funds, obviously, support basic re-
search in universities; the private sector does not typically fund
basic research at universities, for sure. And the basic research ad-
vances science and engineering; but, more importantly, basic re-
search also produces the talent on which industry very much relies,
in then taking the ideas from basic research and going the next
step to create new technologies that, in the end, help the economy
and benefit society.
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So, each of the agents in this research ecosystem feed on each
other. It starts, of course, with Federal funding of basic research
for universities.

The CHAIRMAN. But, tell me, how does the availability of STEM
graduates affect corporate decisions at Microsoft? For example,
where to conduct research or to build a business or manufacture
goods, things like that.

Dr. WING. Companies like Microsoft, but indeed the entire IT
sector, are feeling that there is huge demand for very little supply.
Let me give you a statistic.

There are currently 550,000 open positions in computing. And
guess how many computer science graduates we have annually, na-
tionally? Fifty thousand. So, there is less than 10 percent supply
for the demand. And this demand is going to grow. The demand for
computer science graduates, or the demand for people skilled in
computing, is just going to grow, because all sectors, not just the
IT sector, need a workforce skilled in computing. All sectors see the
importance of software in their future, the importance of data ana-
Iytics in their future. And all of those kinds of skills are what com-
puter scientists learn.

The CHAIRMAN. Thank you, Dr. Wing.

Senator Peters.

Senator PETERS. Thank you, Chairman Thune.

During the roundtables that we held with Senator Gardner and
I, we certainly heard an awful lot about the need for basic research
and how that is the fundamental aspect of innovation in this coun-
try. Dr. Wing, you just talked about that, as well, in that you need
basic curiosity-driven research that kind of goes wherever it may
go. And it is a unique government function to support that. We
heard that, you know, public companies are not going to be able to
do that kind of research, particularly because of the demands that
they have from their investors and their shareholders.

Could you perhaps—first, Dr. Wing, and then others, as well—
expand on why this is a unique Federal role and that we have to
step it up considerably if we expect to be competitive, globally?

Dr. Wing.

Dr. WING. Just as you mentioned, for companies, a company’s
mission is typically to make money for their shareholders. It’s not
about doing basic research, and it’s certainly not about funding
academia. So, the Federal Government has a unique role in this re-
search ecosystem, which is to fund the basic research in univer-
sities that then leads to new technologies that can then become
new innovations that either turn into startups or go into industry.

Companies typically do not fund basic research in the way that
the Federal Government can fund basic research. And companies
do look to academia for partnerships, where the people and the
ideas coming out of federally-funded research emerge. Indeed, that
is a benefit from industry/academia partnerships.

But, for the most part—and I must say that Microsoft is uniquely
different in this way, in that Microsoft does fund basic research—
companies cannot and do not fund basic research in the way that
the Federal Government can and should.

And let me draw an analogy here. The Federal Government
funds basic research to ensure the success of the country, much
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like Microsoft funds basic research to ensure the success of the
company.

Senator PETERS. I appreciate that and your comments that it is
a unique role. I would go even further, that it is a fundamental
role, that all of the other stuff does not happen without the govern-
ment investment in basic curiosity research.

Any other panelist want to elaborate on——

Dr. WING. I completely agree. Thank you.

Dr. DROEGEMEIER. I would just add that it’s difficult to build a
business plan off of uncertainty. Private companies don’t like un-
certainty; they like certainty. Shareholders like uncertainty. The
Bureau of Economic Analysis likes certainty in predicting what the
next quarter of earnings will be in this country. So, I think the
basic research is unpredictable, but that’s—its very nature, it’s un-
predictable. So, it’s high-risk. It has an uncertain valuation. But,
we do know from—through the lens of history, that, without basic
research, things like the iPhone would not have happened, because
Apple did not invent anything that was in the iPhone. They inno-
vated the capabilities that were funded by the Federal Government
and others, you know, many decades prior to that, and came up
with this incredible device, but they did not actually do any of the
research. And I think that’s a great example of a company doing
exactly what Dr. Wing said, of taking the investments that the
Federal Government made many years ago without really knowing
how they would be used, and then innovating to create jobs and
build economic strength and even, you know, capabilities that we
couldn’t imagine back then.

Senator PETERS. Well, that leads to the point that we should
move away from having an emphasis on a special application or a
specific application for the research, and have it wide open.

Dr. Munson, I think you've talked about some of these issues in
the past. If you want to expand a little bit on the fact that if we
have a Federal emphasis on research with a specific application, we
are probably hurting the scientific innovation ecosystem.

Dr. MUNSON. I think probably we need a balance. And I am in
favor of some direct Federal funds directed toward application
areas, like manufacturing, which is very broad. The university
work that we do in partnership with industry does tend to be more
applied than the work we do with the Federal Government, and
tends to be application-specific, in that we might be doing work on
a specific component of a driverless car, for example; whereas, with
the Federal research, it’s going to be more basic, often more mathe-
matical, in the case of engineering, and develop underpinnings for
future discoveries. So, I think we cannot lose the fundamental basic
nature of Federal research, but I also feel that targeted invest-
ments in specific areas is sometimes merited.

Thank you.

Senator BLUNT [presiding]. Mr. Udall.

STATEMENT OF HON. TOM UDALL,
U.S. SENATOR FROM NEW MEXICO

Senator UDALL. Thank you very much, Chairman Blunt. Doesn’t
that have a nice ring to it?
[Laughter.]
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Senator UDALL. I appreciate the hearing topic today and this
committee’s bipartisan work to update and reauthorize America
COMPETES legislation.

New Mexico is home to many scientists, from university re-
searchers to those in our National Labs working to keep our coun-
try safe, from astronomers peering into the depths of space, to cli-
mate researchers trying to understand the impact of global warm-
ing on our forests and grasslands. So, I look forward to working
with Chairman Thune and with you, all of the Committee mem-
bers, as we consider America COMPETES legislation. And I'm
eager to find ways to encourage women and underrepresented mi-
norities to pursue the STEM fields and improve tech transfer from
federally-funded research.

Mr. Atkinson, as you know, New Mexico is home to Los Alamos
and to Sandia National Labs. These are truly crown jewels in our
Nation’s research-and-development infrastructure. Your organiza-
tion partnered with the Heritage Foundation and the Center for
American Progress on a report called “Turning the Page: Reimag-
ining the National Labs in the 21st Century Innovation Economy.”
That report recommended changes to how our National Labs are
managed. It found that the National Labs are a tremendous source
of cutting-edge research and scientific talent. But, it noted that the
labs could benefit from new management models that are best suit-
ed to nurture innovative ideas. Could you share more about your
ideas for how our National Labs could do a better job, in terms of
tech transfer and commercialization?

Dr. ATKINSON. Yes, thank you, Senator Udall.

I hundred-percent agree with you, the labs are an enormous
asset. And, unfortunately, they’re underperforming, in terms of
taking that knowledge and getting it out into the private sector.
There are a lot of different reasons for that. One of the reasons is,
frankly, there’s too much top-down control in Washington, at DOE
headquarters. To get the lab to have some flexibility to get some-
thing out into the marketplace is very onerous at times. Idaho Na-
tional Labs recently cataloged 110 different requirements for them
to meet in order to transfer a—some technology out of that lab—
110 different requirements. When you have to go through that, it
becomes much more difficult. So, we made a number of rec-
ommendations, one being that Congress should remove prescriptive
overhead accounting rules and allow labs more flexibility with their
funds. Again, a lot of the funds are very stovepiped. If they want
to move a little bit of money over here to try something new, to
maybe prototype it, see if it’s ready to go, see if they can get it out
into the local marketplace, very difficult for them to do that.

We also argued for expanding what are called Agreements for
Commercializing Technology, or the ACT program, which right now
is very limited to certain types of companies. That should be a
broader program. We think it’s very good program. There’s also a
process called the PEMP, the P-E-M-P process, which is an evalua-
tion or accounting—accountability process for the labs. But, when
you look at what the PEMP measures, the technology impact meas-
ure or technology commercialization measure that—how the labs
are evaluated accounts for very, very little in their evaluation. And
so, a very simple thing would be to have DOE make technology
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commercialization a more important factor in how the labs are
evaluated. Companies and organizations do what they’re evaluated
on. And if you don’t evaluate them on that, if it doesn’t really mat-
ter whether they do better or worse, then they’re not going to do
very much. So, I think there are a lot of different things that we
could do with a—to really ramp up their capability.

Senator UDALL. When you talk about the 110 requirements, are
those part of the top-down, that they have to do or are these inter-
nal ones, even, in the laboratory itself?

Dr. ATKINSON. I'd have to go back and look and see how many
are which, but certainly there are many of these requirements that
are either in regulation or just in terms of the bureaucratic process
that goes on here in Washington headquarters. Some labs also
have internal processes that they, themselves, could streamline.
But, again, sometimes their ability to streamline those are con-
strained by Washington.

Senator UDALL. Yes. They now have one person dedicated in the
Department of Energy to look at tech transfer, to look at commer-
cialization. Do you think that’s a step forward, in terms of that
kind of issue?

Dr. ATKINSON. It’s better than zero.

Senator UDALL. Yes.

[Laughter.]

Dr. ATKINSON. But, when you think about——

Senator UDALL. That’s the way I feel, too.

Dr. ATKINSON.—the amount of money that the labs spend, or we
invest in the labs, and yet we have just one person doing that, it
really tells you where the priorities are.

Senator UDALL. Yes.

Dr. ATKINSON. And I knew the prior person who did it, who was
a wonderful person, and—but, frankly, it was hard for her to do
that, because she’s just one person looking at the entire lab system.

Senator UDALL. Yes.

Thank you very much. Really appreciate it. And I may submit a
couple of questions for the record.

Thank you.

STATEMENT OF HON. ROY BLUNT,
U.S. SENATOR FROM MISSOURI

Senator BLUNT. Thank you, Senator.

I have one—we talked about the labs. That was helpful. I'd also
like to have a little on-the-record discussion here about the regional
innovation programs. These are programs that, with a one-to-one
match, try to leverage and build the innovation ecosystem. We
were able to put these in the Blunt-Brown manufacturing bill that
passed this committee in 2014, and was enacted into law. So,
they’re extended through 2019.

In Missouri, we have eight of these regional innovation pro-
grams. You know, one good example would be BioSTL, in St. Louis,
where a coalition of not-for-profits, of community leaders, univer-
sity leaders have pushed to make this environment work. And
they’ve received a number of grants, and are having great success.
But, I'm just wondering, on that regional concept, if any or all of



45

you have any experience or anything you’d like to mention as to
how those are working.

And, Dr. Atkinson, we’ll start with you.

Dr. ATKINSON. Thank you, Senator.

I fully agree with you that it’s an important concept. At a prior
position in my career, I actually headed up innovation and eco-
nomic development for a Governor. And I can tell you, Governors,
by and large, understand this question better, frankly, sometimes
than Washington, because they’re closer to the ground on it. But,
they’re often constrained in the resources they have. And I think
a program like the Regional Innovation Partnership Program, be-
cause it’s a targeted program—not a lot of money, but enough
money to kind of bring everybody to the table and organize these.

We have a dynamic and very different and diverse system in
the—between states. You have the bio-efforts in St. Louis, Roch-
ester has optics. It’s hard for the Federal Government to think
about that. And it really requires a regional focus. And for the Fed-
eral Government to put a little bit of money into this to spur that,
I think is a very wise investment.

Senator BLUNT. Anyone else?

Dr. Wing.

Dr. WING. One of the recent programs that the National Science
Foundation put out is a data hub program, which recognizes the
importance of big data in all science and engineering disciplines; in
fact, beyond science and engineering, in the humanities, arts, and
social sciences, and so forth. There are four regional data hubs that
were created in somewhat of a hub-and-spoke model so that all
universities and research institutions in those regions can benefit.
I think that all four hubs are doing very well in addressing very
important concerns for society.

Dr. DROEGEMEIER. I would just add to that. When you think
about these regional hubs, which I think are so important, a lot of
times they’re focused around major research universities. And that
gets us back to the question of, how easy is it for private companies
and universities to work together? And I hope, at some point, we
might talk about that, because I think there are some significant
impediments. Some of these were pointed out in the American
Academy’s report, that the COMPETES Act could be sensitive to it
and really drive some important change that I think would unlock
potential that is now kind of bound up in certain laws that are
tying our hands.

Senator BLUNT. Thank you all.

STATEMENT OF HON. CORY GARDNER,
U.S. SENATOR FROM COLORADO

Senator GARDNER [presiding]. Thank you, Senator Blunt.

And thank you very much for the witnesses’ time here today and
the work you’re doing.

What’s that? Oh, I'm sorry.

Thank you very much for the time to be here today. And really
appreciate the work that we’ve been—you’ve helped us put together
on reauthorization of America COMPETES. It’s incredible what we
have been able to find and learn together on this.
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And, at this point, I think I'm next in questioning, but I'll go
ahead and give the time to Senator Klobuchar for the next time pe-
riod.

STATEMENT OF HON. AMY KLOBUCHAR,
U.S. SENATOR FROM MINNESOTA

Senator KLOBUCHAR. OK, very good. I thought you were ending
it. That’s what I was sort of motioning that I wanted to

[Laughter.]

Senator KLOBUCHAR.—that I wanted to say something. So, it

Senator GARDNER. I thought you really, really wanted to ask a
question, so I said, “Man, I'm going to let you do it.”

[Laughter.]

Senator KLOBUCHAR. No, it’s not. I'll be very brief.

But, I want to thank Chairman Thune and you, Senator Gard-
ner, as well as everyone that has been involved in the COMPETES
Act. It’s pretty important in my state, where—we’re a state that
makes stuff, invents things, and exports to the world. And we've
had a lot of hearings about this.

So, my first question is about the STEM workforce. I guess I'll
ask this of you, Professor Munson. Do you believe that increasing
the number of STEM secondary schools will better prepare stu-
dents? Senator Hoeven and I have worked on this, and—at the
home of the Mayo Clinic and other places that do a lot of tech-
nology, like medical device. I care a lot about this. So, how do you
think that that will help, if we increase the number of STEM high
schools?

Dr. MuNsoN. I think it’s important to better integrate STEM
throughout all our high schools. And so, I think it’s great to have
a set of high schools that focus on STEM, but it pains me to see
any high school, for example, that teaches nothing in the area of
computer science. And the engineering deans across the Nation
now are working hard on various proposals to have at least intro-
ductions to engineering available throughout high schools. So, I
think that’s important.

What I'm most concerned about there, though, I have to say, is
getting more women and more underrepresented minorities into
STEM, because we know that, in just a few short decades, if not
sooner, the current minority will be the majority in the U.S. And
at that point, if we have very few minorities in engineering and
technology and science, if we have very few women in engineering,
in technology, and science, that we’re going to be drawing on all
of our technical talent—we’re going to be drawing on about 25 per-
cent of the population. And there is no way we’re going to be eco-
nomically competitive

Senator KLOBUCHAR. Right.

Dr. MuNsON.—if we do that.

Senator KLOBUCHAR. And we've started this diversified tech cau-
cus, with myself and Senator Capito and Senator Scott, that’s pret-
ty important. One of the things I've found is that a lot of people—
especially women just don’t like some of the work environments, in
how they’re set up. I've been in manufacturing facilities in Min-
nesota. They can be really freezing cold. And then I ask their Gen-
eral Manager about it. This actually happened. I said, “Well,
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maybe people aren’t working here because it’s so cold.” And he
says, “No, no, that’s not it.” And then I put it on Facebook that I
visited there, and three people wrote in, “Oh, my brother used to
work there, but it’s so cold.”

[Laughter.]

Senator KLOBUCHAR. And so, I just think that thinking not how
things were 20 years ago, but thinking about how you’re going to
recruit people, millennials, of any color or any gender that want to
have a different working environment is part of this, as well as
having mentors and everything we know. So.

Dr. MUNSON. My impression is, the larger companies are doing
a really good job at creating a much improved environment, but
part of the hard thing is, at the university level, getting the mes-
sage out to students that, in my case, engineering is not a solitary
profession. You’re not

Senator KLOBUCHAR. Right.

Dr. MuNsoN.—hidden away in a dark lab by yourself, you're not
chained to your computer workstation.

Senator KLOBUCHAR. Or your cubicle. And it’'s a——

Dr. MUNSON. No, it’s——

Senator KLOBUCHAR.—more open place

Dr. MUNSON.—it’s a very social profession these days.

Senator KLOBUCHAR. OK. All right. They’re—youre on record
saying that, so that’s good.

[Laughter.]

Senator KLOBUCHAR. No, I believe you, Doctor. I've seen it myself
in companies that encourage that kind of collaboration.

Dr. Atkinson, I know you’ve done a lot of work—I've done some
work with you on this—is trying to get products that a university
researches so it just doesn’t get dust on a shelf and so that, in-
stead, it’s sort of translated into products. Can you talk about that
and what new steps we could take to try to encourage that?

Dr. ATKINSON. Yes. Well, thank you, Senator.

I just want to also compliment you on your bill for the science
high schools. I think it’s one of the single easiest and best things
we could do. If you looked at the National Science Bowl winner
last—I think it was last week—was Montgomery Blair, right here
in Montgomery County—won the entire country’s contest. And it’s
a science-focused high school. And I think we—if we’re going to get
excellence—and, by the way, if you look at a lot of those high
schools, they do a very, very good job of getting girls involved. And
so, I think expanding that and having more experimentation
around the country is really critical.

On the whole issue of tech transfer, part of our challenge there
is—again, we’'ve got a great diversity between universities and then
within labs. The challenge we have, though, is, frankly, a lot of uni-
versities and labs don’t have strong incentives. They're happy with
the way things are. They just want to keep getting grants from the
Federal Government. And they don’t have strong incentives to com-
mercialize. And, second, even the ones that want to do more don’t
necessarily have the resources. And that’s why I think things like
the I-Corps program, things like the initiative in the Startup Act
that would take a little bit of that—a little bit of SBIR money, if
you will, and move it into commercialization, the Regional Innova-
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tion Program that Senator Blunt talked about—these are all really
important areas to get the resources for people who want to do
commercialization better.

Senator KLOBUCHAR. OK. Very good.

Well, thank you.

And thank you so much, Senator Gardner.

Senator GARDNER. Thank you.

Dr. Wing, did you wish to——

Dr. WING. I

Senator GARDNER.—reply, as well?

Dr. WING. I wanted to follow up on what universities can do to
expedite or encourage faculty to take ideas and create startups and
do tech transfer, to address this valley of death that was intro-
duced earlier. And that is, universities can be a little more creative
in their technology transfer policies. I believe that my former pro-
vost, Mark Kamlet, from Carnegie Mellon, spoke to Congress in
2010 about the CMU tech transfer policy. What happens at a uni-
versity is that faculty have an idea, they might want to do a start-
up, and then there’s this upfront negotiation with the tech transfer
office. There’s all this time spent on negotiation because the univer-
sity is worried about, “Oh, who is this money going to? There’s
going to be all this money, and the university should own some of
that money.” But realistically how many startups really succeed?
So, there’s all this upfront negotiation, and people are hired into
these positions in the technology transfer office, and this creates
more overhead and so, what Mark Kamlet did was he instituted
this principle of “5 percent, and go in peace.” Now, there’s a short
one-page form you fill out—very simple and not a lot of negotiation,
which reduces the staff and which reduces the upfront overhead
and negotiation. The faculty are happy and the university will get
something if the startup succeeds. That’s an example of being cre-
ative. So, I think universities can look to themselves and say, “If
we want to promote more tech transfers, we want to promote an
entrepreneurial culture on campus”

Senator KLOBUCHAR. And is 5 percent kind——

Dr. WING.—“we can do that.”

Senator KLOBUCHAR.—of a normal amount?

Dr. WiNG. Of—5 percent of equity——

Senator KLOBUCHAR. I know.

Dr. WING. Yes. That——

Senator KLOBUCHAR. Is that

Dr. WING. Yes.

Senator KLOBUCHAR. That’'s—OK.

All right. Thank you.

Senator GARDNER. Thank you very much, Senator Klobuchar.

And I understand your concern about weather, but if there are
any Vitamin D-deprived scientists or engineers, you're always wel-
come to Colorado. It's——

[Laughter.]

Senator GARDNER.—sunnier there than any other state in the
country. I'm just going to say that right now.

[Laughter.]

Senator GARDNER. But, thank you again, all, for being here and,
to Senator Peters, for the work that we’ve been able to do together.
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The roundtables that we've held here in Washington, I think,
have been very successful, very eye-opening. And, of course, we've
learned a tremendous amount about how to build on a successful
program. And if you look at the innovations that we have brought
to this country through the work the Federal Government has par-
ticipated in, from the barcode to touchglass on an iPhone, Federal
research has contributed to many of the most well-known and im-
portant projects and important technologies this country is now liv-
ing with or, in many ways, couldn’t live without. And so, the fund-
ing issues are critically important. We have to recognize the U.S.’s
leadership role in funding, and doing it better than any other na-
tion in the world. But, we can also always do a better job, and
that’s what this effort is about, how we make sure that we can con-
tinue competing as a leader, not a follower, in this globe, where
China, India, and other nations, Japan, are increasing their com-
mitments to research, development, basic science. And so, how do
we make sure that the U.S. maintains that leadership role? And
so, our effort, of course, builds on the 2007 RAGS report that we've
talked about throughout this entire roundtable process from last
year to this report, “The Rise Above the Gathering Storm,” America
COMPETES, and the authorization.

And so, building on that, that report, building on the innovation
edge that we have today, but it’s not guaranteed, it’s important
that we have the advice from the academic sector, from the private
sector, from others who are integral to making this Nation main-
tain its position—helping this Nation maintain its position on top.
And industry, of course, and the partnership that they provide.

So, over the past year, thanks to those of you who have partici-
pated in the roundtables, we’ve held a number of them, both in
Michigan—I think you did some in Michigan—we did it in Colo-
rado, where we have over 20 Federal labs that will partake in the
work that we do today. Of course, in Washington, D.C. So, thank
you.

A lot of questions that I have—I wanted to get to my questions
now and just start with one of the comments that was made dur-
ing, I think, Dr. Droegemeier, your opening statement. I think you
said something to the effect of, “There are no sure bets, and win-
ners are found where they’re least expected.” And then, follow that
up with, I think, something that Dr. Munson had stated, which
was, basically, something to the effect of, “If there’s no market for
it—it may be the best technology, but no market”—something to
the effect of, “No market for the best technology doesn’t really get
it anywhere,” if I could paraphrase. And then, Dr. Droegemeier,
you talked about reducing the administrative’s burden.

So, how do we make sure that we’re taking this 42-percent ad-
ministrative burden, we’re reducing it so that more money can be
spent on the science, on the research, so that more time by the re-
searchers can be spent on the science, the development, the re-
search, while also recognizing that we have accountability and
transparency needs and commitments to the taxpayers of this
country, balancing that with, “The winners are found where they're
least expected”? That’s a difficult task. How do we best achieve
that balance?
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Dr. DROEGEMEIER. Well, I think we’re on a right track, in terms
of looking at all these various compliance policies and saying, “Are
they really working? Are they having the intended purpose? Are
they preventing waste, fraud, and abuse? Are they allowing the
safe research in human subjects?” For example, in some cases, uni-
versities are bound by policies for, say, the application and the
storing of chemicals that are relevant to industry, and yet we don’t
have the—nearly the amounts of those chemicals on our campuses.
So, there’s an example of having to comply with a policy that’s com-
pletely incongruent with the nature of a university. Certain report-
ing requirements that—of providing information to agencies, we're
all about doing that, but then the question is—if every agency is
asking for the same thing in a different form, there’s duplication.
So, what we want to do is understand the—if there is duplication,
try to harmonize and streamline those things and avoid situations
where we're doing a lot of work that doesn’t need to be done. It’s,
maybe, already done in some particular way.

And so, I think there has been a thoughtful analysis. The Na-
tional Academy is about ready to come out with the second part of
its study. And so, I think that analysis has been done. Now I think
we have to have the will to actually implement that. And you’ll no-
tice that some of those recommendations are for the universities
themselves. Sometimes we put additional regulations on ourselves,
because we are very concerned about being sued, for example, if
there’s a particular situation that happens. So, we say, “Well, let’s
go ahead and add on this additional regulation.” And, of course, the
faculty don’t distinguish, “Is it a Federal regulation? Is it a univer-
sity? Is it a State regulation?” They just see this as a big burden.
So, trying to tease out, I think, the various natures of those compli-
ance mandates and whether or not they’re actually having the in-
tended effect.

And then, as we add new compliance mandates, like for lab safe-
ty, are we looking at the cost and making sure that these things
are being implemented in a way that’s consistent with the research
that’s done in universities, versus, say, that at a Federal lab or in
a private company?

Dr. WING. May I make a comment on that?

Senator GARDNER. Yes, please.

Dr. WING. I want to explain a subtle implication of when—and
this relates to the 42 percent of research time that goes to adminis-
trative overhead—a subtle implication of when Federal funds for
basic research are not sustained. Because what happens is that a
faculty member will not know whether he or she will be able to get
funding for a graduate student 3 years hence. A faculty member ac-
tually might hesitate in even taking on a new graduate student be-
cause he or she is not sure of how much funding he or she can ex-
pect. So, what happens is that, first of all, being entrepreneurial,
a faculty—a typical faculty member will then propose to multiple
agencies in order to support, say, one student or a set of students.
And then, for each agency, you have these administrative rules to
follow. First there’s a pre-award process with all the rules. Then
you get the award. Then there’s a post-award process, with all the
rules. These rules are for compliance and accountability and trans-
parency for each of the little pots of money that the faculty was
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able to get to support one student or a set of students. And that’s
just for maybe 2 or 3 years looking forward. So, when the funding
is tight and it’s not predictable—and that’s what I mean by not
“sustained”—then the faculty member has to spend a lot of time
managing this large portfolio of lots of pots of money. When time
goes to administrating grants, less time goes to research, meaning
inefficient use of research dollars. Here then is the subtle implica-
tion: less time for research means less advancement of science.

Senator GARDNER. Thank you, Dr. Wing.

Dr. Atkinson, you mentioned, in your opening comments, the
ability to take—about commercialization—that the ability to take
U.S. knowledge and commercialize it for another country’s gain is
significant. We see the research, the development, the science here,
and then the commercialization there. Could you give, perhaps, an
example of that, and then perhaps a policy response to that? What
are the key things that we should be doing?

Dr. ATKINSON. So, there are clearly examples in a wide variety
of industries. So, for example, some of the technologies that Taiwan
has developed, in terms of semiconductors, they’ve used the knowl-
edge we've developed here. But, I think we see that, and we're
going to continue to see that. And at one level, science is a global
enterprise, and they develop science, and we benefit from it. So, I'm
not saying science is a zero-sum game, by any stretch of the imagi-
nation. But, at the same time, it is a global public good, if you will,
so sort of out there for everybody to capture, and we don’t do a
good enough job to do that.

So, there are, I think, a lot of things we could do. For example,
one of the things would be to expand the Engineering Research
Center Program and what’s called the IUCRC Program—Industry/
University Cooperative Research Center Program at NSF. These
were developed back in the Reagan administration, when we faced
the Japanese challenge—the Japanese and the German challenge.
There was an understanding back then that they were funding co-
operative university/industry partnership programs, and we
weren’t. So, we developed these programs. Very, very successful.
But, again, very small amount of money. So, again, you could ex-
pand those programs in a budget-neutral way, just tell NSF they
have to double the size of those programs. And the advantage of
that is, there’s a direct linkage. So, for example, the UC Berkeley,
they have a microelectronics—MEMS, for microelectronics——

Dr. DROEGEMEIER. Sensors.

Dr. ATKINSON.—yes, sensors—microelectronic—microsensors——

Dr. MUNSON. Micro Electro Mechanical Sensors.

Dr. ATKINSON. Thank you. Micro Electronic Mechanical Sensors,
MEMS. And it has commercialized more technology than many,
many other places. I mean, it’s a little center, but, because they're
so tightly linked with Silicon Valley and industry, they take these
MEMS tech discoveries coming out of Berkeley, and they get them
into the marketplace, because they have an industry/university
focus right there. So, I think something like that would be very
helpful.

Senator GARDNER. Thank you, Dr. Atkinson.

Senator Moran.
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STATEMENT OF HON. JERRY MORAN,
U.S. SENATOR FROM KANSAS

Senator MORAN. Mr. Chairman, thank you very much.

Panel, thank you very much for joining us.

I want to—I have two questions. One is narrow, and one is
broad. And TI'll start with the narrow one, and I want to direct it
at Dr. Atkinson.

Doctor, you have been valuable to us in many of our efforts in
regard to trying to increase upward mobility in the economy for in-
dividuals, but particularly in regard to legislation introduced now
a number of years ago, Startup—now Startup 3.0. One of the com-
ponents of that legislation is trying to enhance the opportunities to
commercialize federally-funded research to get it further into the
economy and to help startup entrepreneurs have access to the
value of research that they have helped fund. And I would welcome
your thoughts about that and its proper place of—in the COM-
PETES Act as an opportunity for us to advance this cause.

Dr. ATKINSON. Well, thank you, Senator. Thank you.

You know, I think it’s interesting when you look at that—first of
all, fully support that idea and that proposal, and Startup Act, in
general, taking a very, very small amount of money. I think it’s
0.15 percent, as I recall, out of the entire enterprise, and saying,
you know, if we take a little bit of money and focus it on getting
this knowledge commercialized in the U.S., to me that’s a very,
very wise investment. And not just because it would get more com-
mercialization, but it would end up creating a more positive eco-
system. We’d have a bigger economy, so we could fund more
science. We’d have industry more focused on this thing, so they
would be funding more university research. So, I think the folks
who are looking at that, maybe with some trepidation, are saying,
“Well, we have a fixed pie, and we don’t want to lose our little
slice,” are looking at it in a too narrow and not the right way, be-
cause I think a program like that would end up with commer-
cializing a lot more innovation and fundamentally creating more
science.

Senator MORAN. Thank you. We’re working with the Senators on
this committee to see if we can’t include that language or similar
language in COMPETES.

On the broad question, to any of you who would like to respond,
I think the question is, is all Federal research of equal value or pri-
ority? And I know the answer to that can’t be yes, but also, I think,
probably, politically, it can’t be no. But, here’s what I'm thinking.
I've been involved, as a member of the Appropriations Committee,
in regard to significant increases in NIH funding. I now chair the
Agricultural Appropriations Subcommittee, where there’s a con-
certed effort to see if we can’t increase the number of dollars avail-
able for agriculture research. We're talking about other research
today in this setting. But, as I, as a Member of Congress, try to
prioritize, where do we put the resources within the wide array of
federally-funded research, how should I look at where those prior-
ities ought to be? So, the question, again, is, is there a way to dis-
tinguish that certain kinds of research, federally supported, has a
better bang for the buck, greater value to the country, its economy,
and its people?
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Dr. ATKINSON. I could start. So I know that the consensus in the
academic community is that it’s all equal and they shouldn’t allow
any prioritization. The prioritization should come from principal in-
vestigators. And I don’t really believe that, nor do I believe the op-
posite, that the Federal Government should be micromanaging and
picking everything. You need a healthy mix of that. But, I do think
that there is one good criteria that we could use, and that’s from
a report we released on Monday about how—why we need a na-
tional productivity strategy. U.S. productivity over the last 7 years
has been the lowest it has been since World War II. I think there’s
a set of technologies, including in agriculture, including in bio-
technology, including in robotics and artificial intelligence and oth-
ers. We know these technologies are going to be critical to boosting
U.S. productivity, and I don’t see any reason why we couldn’t say,
“We're going to take a little bit more focus into these areas.” Again,
it’s not to say that you abolish meteorology or anything like that.
I'm not saying that, by any stretch of the imagination.

[Laughter.]

Dr. ATKINSON. But, I am saying, though, that we do know that
there are some areas of research that are going to have a bigger
economic impact. And I think it is worth expanding those, in par-
ticular.

Senator MORAN. Thank you.

I think it was recognized several years ago that we, as a Nation,
don’t really have a science-of-science policy. We make science policy
sort of as we go. And so, NSF has a problem—a program called
SciSIP, the Science of Science Innovation Policy, where we’re actu-
ally studying this to really find out what—really, the answer to
your question. I think one of the answers, though, right now, is bet-
ter coordination. The National Science Technology Council, which
is a Federal agency, a committee that, basically, is across all of
government, across all agencies—for example, you look at USDA
and things like food safety. There’s a lot of basic research and biol-
ogy at—that NSF funds that’s super-relevant to food safety in
USDA. So, then the question is, “Well, do you need to have it fund-
ed four or five different places and are we properly coordinating
our investment?” So, I think—I would say, let’s take what we have
and make sure that we’re coordinating it most effectively, and hav-
ing crosstalk across the agencies of the bio director at NSF talking
with USDA, which I know they are, to make sure that we’re really
thinking holistically about these problems, as well as the social/be-
havioral dimension of how people are responding to genetically
modified foods and things like that. I think that broad, sort of, eco-
system is really the thing that we have to get our hands around.
It’s very complicated. It’s difficult to do.

Senator MORAN. Doctor, thank you. That’s useful to me. I mean,
our subcommittee has jurisdiction over both USDA and the Food
and Drug Administration. The question very well may be one that
we ought to look at in that regard.

And just finally, Dr. Wing, I met with the CEO of Microsoft re-
cently. I very much appreciate the efforts at—that Microsoft is
making to train, educate—to encourage the training and education
of folks in science and engineering, and computer science, in par-
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ticular. And we want to be an ally in that regard. So, thank you
very much.

Dr. WING. Thank you very much.

Senator MORAN. Thank you, Chairman.

Senator GARDNER. Thank you, Senator Moran.

Senator Markey.

STATEMENT OF HON. EDWARD MARKEY,
U.S. SENATOR FROM MASSACHUSETTS

Senator MARKEY. Thank you very much, Mr. Chairman.

We are home to the best research universities in the world. And
people from around the world flock to the United States so that
they can do their research in the United States. I am proud to
come from Massachusetts, where we have some of the finest re-
search institutions in the world. That’s why right now we’re the
home to the largest clean-tech incubator, Greentown Labs, in the
Nation. And it’s why General Electric is moving to Massachusetts,
because we are now the Internet of Things up in Boston as it re-
lates to biotech, as it relates to clean tech, as it relates to telecom
tech, and manufacturing. All of this as a result of kind of basic re-
search that was begun and initially given the funding to BB&N, a
small company up in Boston, because IBM and AT&T did not want
the contract to build a packet switch network. That basic research
ultimately then leads to General Electric coming back, and other
companies who didn’t want the contract, saying, “Maybe we should
go to Boston now, where that happens.” Sometimes what it is that
we are doing doesn’t necessarily relate directly today to the eco-
nomic growth that we’re looking for, but, nonetheless, the research
has to be done without knowing the specifics.

So, that’s why we have to continue to increase funding for STEM
research, why ensuring that aquariums, museums, other research-
related institutions are also given the funding which they need, be-
cause people learn through those means.

Our funding decisions for basic science research should be guided
by the possibilities promised by science and technology, and not by
politics. A recent version of COMPETES released by the Repub-
licans over in the House has singled out certain sciences as win-
ners, and other sciences as losers, authorizing funding increases for
the former and decreases for the loser sciences. Now, this is a nar-
row view, from my perspective, of how advances in one area of
science drives breakthroughs in seemingly unrelated fields. Science
operates in a complex research ecosystem, and legislation should
support the full range of science inquiry.

Dr. Munson, do you agree that research should be guided by sci-
entific experts and not micromanaged by policymakers?

Dr. MUNSON. I agree 100 percent.

Senator MARKEY. OK.

Dr. Wing, how do you feel about that?

Dr. WING. I agree 100 percent, as well.

Senator MARKEY. So, I would like to enter into the record two let-
ters that detail how Federal investment in geoscience research—
and education, in particular—contribute to our Nation’s economic
competitiveness.
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The first letter, signed by 100 universities, research institutions,
and scientific professional societies, provides concrete examples of
how geoscience is essential to tackling national challenges ranging
from workforce development in the energy sector to mitigating the
impact of hurricanes through improved forecasting and response.

The second letter, signed by 19 geoscience organizations, includ-
ing the American Association of Petroleum Geologists, the Society
for Mining, Metallurgy, and Exploration, and the Geological Society
of America, detail how geoscience plays a critical role in tackling
national challenges in water, in mineral resources, energy inde-
pendence, environmental issues, Earth’s climate and ocean sys-
tems, and mitigation of natural hazards.

And I would ask——

Senator GARDNER. Without objection.

Senator MARKEY.—unanimous consent that those letters be in-
cluded in the record. And I thank you for that.

Dr. Wing, in your testimony, you highlighted the importance of
investment in basic discovery science. U.S. technological and sci-
entific leadership relies on Federal funding of basic science re-
search and STEM education at agencies as the National Science
Foundation. And the LIGO scientific collaboration and inter-
national project of over 900 scientists led by MIT and Caltech is
a recent testament to the payoff of long-term public investment in
basic science research. One hundred years ago, Albert Einstein pre-
dicted that violent events in the early universe shocked the cosmos,
sending gravity waves rippling through the fabric of spacetime.
Creating much of their own technology in the process, scientists
were able to detect the vibrations from gravity waves that Einstein
had predicted. For centuries, humanity has used telescopes to peer
into the vast expanses of the cosmos. Now, because of the pio-
neering work by LIGO and decades of support by the NSF, we can,
for the first time, train our ears on those dark reaches, as well.

Can you tell us about some spinoff technologies or other direct
benefits that have come from LIGO research?

Dr. DROEGEMEIER. Sure. Thank you, Senator.

That was so eloquent, I want to get a copy of it. Beautifully said.
Wow, LIGO is so exciting.

There are a lot of advances now that are being made as we ramp
up the sensitivity of LIGO to new types of mirror coatings which
could be valuable in all sorts of medical optical devices and so on,
to very sensitive electronics for measuring things that are, you
know, smaller than the width of a proton. So, all of these kinds of
things, when you think about shrinking, you know, device sizes and
packaging of computers and so on, I think some of these things—
we can predict that LIGO is producing things, just like the space
program did, that will really change our world, and other things
that we can just have a hint at that, yes, we could see this, and
sort of project it forward, that that someday will result in, maybe,
a device, where you have a battery that lasts for 100 hours that’s
the size of a penny or something like that. So, LIGO truly is trans-
formative, for all the reasons you mentioned. I think we’re just be-
ginning to get a glimpse of the spinoffs that are possible from it.
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Senator MARKEY. So, it could lead to more uniform optical coat-
ings and proving materials used to build the structural components
in aircraft, for example. Is that correct?

Dr. DROEGEMEIER. And isolating vibrations. You know, this
thing—we have to isolate it from vibrations of the Earth, earth-
quakes and just natural—cars driving by. Think about other de-
vices that have to be similarly sensitive for microsurgeries and
things like that, could be very valuable.

Senator MARKEY. Yes. To some extent, this could have been
viewed as “loser science” for years and years and years and years.
But, now maybe not so much. Now you can see that there could be
practical applications. That’s kind of the tension that we have here.
Picking kind of already existing winners of today as deserving of
even more funding today, but shortchanging the future, short-
changing the scientific research that would give us perhaps even
bigger payoffs in the future, although perhaps not during the ten-
ure of any particular Congressman.

So, that’s kind of the dynamic tension that does exist. And, hon-
estly, when IBM and AT&T turned down the packet switch net-
work contract, that was a perfect example of how a large corpora-
tion in the short frame isn’t necessarily the best judge of what, in
the long term, is going to give us the big payoff. The very fact that
we're now able to talk about these telecommunications technologies
in this new dynamic is only possible because of an investment in
a “loser science project.”

Dr. WING. Well, I wouldn’t

Senator MARKEY. From the perspective of the major corporations
of their time.

Dr. Wing.

Dr. WING. I was going to say, I wouldn’t call it a “loser,” but I
would remind everyone that by definition, long-term basic research
means taking a long-term view of the research.

Senator MARKEY. No, I don’t mean

Dr. WING. And it means

Senator MARKEY. I mean that in

Dr. WING.—it means being very patient.

Senator MARKEY. Dr. Wing, I'm putting it in quotes, OK? I'm
talking about winning and losing in the context of how the short-
term interest of some corporations or some interests aren’t nec-
essarily the primary beneficiaries.

Dr. Munson.

Dr. MUNSON. You know, let me just add that a lot of times you
just don’t know where basic research is going to take you. And T’ll
just cite one example from my university. We had researchers,
many years ago, working on the highest-power lasers in the world,
and doing fundamentally new physics. And some of that gets pretty
esoteric, and you kind of wonder, “Well, but what’s this going to
be,” quote, “useful for?” Well, those very lasers are the lasers now-
adays used in LASIK eye surgery, because they make very, very
precise cuts in the eye. And that wouldn’t have been predicted
early on in that research.

Senator MARKEY. Yes. So, “congressional expert” is an oxymoron.
It’s like “jumbo shrimp” or

[Laughter.]




57

Senator MARKEY.—“Salt Lake City nightlife.”

[Laughter.]

Senator MARKEY. I mean, we're really not scientific experts. So,
for us to be picking which of the technologies are going to give us
the big payoff, while most of us majored in history or political
science or English in college, is maybe a little presumptuous. That
would be my argument. I would leave it to the scientific community
to make the decisions. We provide the funding, but we don’t nec-
essarily have to then, put our thumb on one or the other. That
would be my modest proposal.

I thank you, Mr. Chairman.

Senator GARDNER. Thank you, Senator Markey.

And for those of you who thought you were off the hook, we're
going to go another round, here. So, sorry bout that. We do have
a few more questions, Senator Peters and I do. And, Senator Mar-
key, you’re welcome to

Senator MARKEY. Thank you.

Senator GARDNER.—welcome to join, as well.

Dr. Droegemeier, again, you mentioned in your testimony the im-
portance of talking about the boundaries between different dis-
ciplines. All of you have mentioned that in your testimony. You
talk about the interface, for example, between NIH and NSF, bio-
logical and mathematical, on NIH, NSF, on diseases such as NSF—
excuse me—diseases such as Zika or Ebola. Both incredibly impor-
tant threats that we’re facing today that we find solutions to. And
so, one of the concerns that we’ve heard throughout the process of
the roundtables is, How do we know and how do we create a sys-
tem where we understand what different agencies of government
are working on so that we can partnership together? Because there
may be an issue where they frequently don’t know what other part
of the government is working on, the research that’s taking place.
So, how do we best get agencies to talk to one another in advance
of some of these efforts, or during some of these research projects?

Dr. DROEGEMEIER. That’s a great question. I think the National
Science Technology Council, as I mentioned earlier, is one mecha-
nism. I think another mechanism is agencies that are developing
their budgets and going through passback in Congress and so on
with OMB, there’s always an opportunity, I think, to interact. And
agency heads, I think, do meet. I know that the head of NASA,
Charlie Bolden, and Kathy Sullivan, head of NOAA, and the Direc-
tor of NSF, Francis Cordova, Director of NIH, Francis Collins—I
think they all kind of work together. And then, of course, all the
folks within their agencies talk to one another. But, I think that
could also be improved, where we are thinking, you know, more
across government about how you do these boundary problems, to
make sure that the research investments that we are making are
really not being duplicated.

Now, I want to hasten to add, though, I—that doesn’t mean that
just only one person ever does the study, and nobody else. I think
there’s—the competition in the scientific community is important,
because, as we know, you know, science is all about continuous de-
bate, and ideas get refashioned. Something that was thought to be
understood, 5 years later, “Oh, we didn’t really understand it as
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well as we thought.” So, I think we have to make sure that we
don’t conflate duplication with competition,.

But, I think this kind of interaction is very, very important. Ad-
visory committees that various agencies have, I think, interacting
with one another, and crossing boundaries. I mean, why not think
about having various advisory committees from NSF and DOD, the
Defense Science Board, maybe meeting with the National Science
Board at some point? To my knowledge, that sort of thing hasn’t
happened. I think cross-agency interaction is terribly important, es-
pecially in these times.

Dr. WING. May I just mention that, in computer science, the net-
working and information technology R&D is all coordinated. Prob-
ably at this point, about 20 different agencies come together and
talk about their R&D investments in information technology. So, at
least in that particular discipline, there is a lot of very good coordi-
nation across Federal agencies.

Senator GARDNER. Thank you, Dr. Wing.

And I want to follow up, too, on the commercialization questions
that you've talked a lot about. From the private sector, what is dif-
ferent, and what lessons can we learn from the private-sector re-
search, development, and commercialization that we could apply to
the Federal Government that they’re either lacking a particular
utility that they don’t have that the private sector is able to utilize?
What could we do to help their commercialization effort, from your
experience in the private sector?

Dr. WING. Right. From my experience right now in the private
sector, given that I run the basic research labs, we have a similar
eagerness to get our ideas into the products and services of the
company. And so, we work very hard internally to promote and en-
courage our own researchers to work very directly in partnership
with product groups. Of course, in academia, you have less of an
opportunity to do that, and, within a company, you have a very
good opportunity, and it’s, of course, encouraged.

We also very recently have encouraged our researchers to be en-
trepreneurial and—in the spirit of the startup culture—to think
about going end-to-end, for instance, talking to customers directly.
This is something faculty in universities can do very easily. They
are free to talk to anyone, and they’re free to take ideas, create a
startup, go outside, maybe take a leave of absence from the univer-
sity, and try to commercialize an idea.

And also, big companies can fund research at universities, as a
way to work in closer collaboration, that is, to have closer partner-
ships between universities and industry. Kelvin was alluding to
certain rules and regulations that might get in the way of making
that collaboration seamless. And so, that’s something that Congress
can actually address.

Senator GARDNER. Very good.

Dr. Atkinson, you mentioned the IUCs, I think, as part of this.
That’s the part of the communication, right, with the private sector
you're trying to further? Very good.

Dr. ATKINSON. Yes, absolutely. You know, I think one of the chal-
lenges in this whole set of issues is really thinking about the role
of the university. And I think we have this view that universities—
that their self-interest automatically aligns with the national self-
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interest. And I think it does, in some cases, and it doesn’t, in oth-
ers. And that’s one of the things the IUCRC program is trying to
do. It’s trying to align their interests with national interests.

We see that, for example, in STEM education, where, frankly,
universities are not enrolling and graduating enough STEM stu-
dents, not because they can’t, but because they don’t prioritize that.
We see that particularly in computer science. And, from a univer-
sity’s perspective, it’s perfectly rational. They're, frankly, indif-
ferent to whether they train French literature majors or whether
they train computer science majors. I agree that that’s perfectly ra-
tional from their perspective. It’s not rational from governmental or
national perspective. We do know that there are certain disciplines,
like computer science, like electrical and mechanical engineering,
like science overall, that are, frankly, more important to the coun-
try. And I think the same thing—we do know that, frankly, in
terms of areas of research and technology.

And the fact that we don’t pick winners—we do pick winners. If
you look at the President’s last budget for the NSF, it didn’t have
the same increase for all of the different agencies within NSF.
Some got a little more, some got a little less.

So, I think the notion that somehow Washington can’t collectively
work together to help identify what the national interest is with re-
gard to science, and then encourage that—I think that’s a mistake,
frankly. I think that that is the job of Washington, that is the job
of Congress and the administration, to begin to better align those
issues. So, I—and there, to me, the IUCRC program is a perfect ex-
ample of doing that.

Thank you.

Senator GARDNER. Dr. Munson?

Do you mind—OK.

Dr. Munson.

Dr. MUNSON. I do want to disagree with my fellow panelist just
a little bit. Engineering enrollments across the Nation have swelled
in recent years. In a number of universities, they’ve doubled. Com-
puter science enrollments at my university have tripled in about
the last 6 or 7 years. And so, we’re sort of in the mode of taking
as many of these students as we can. However, the problem we
face is one of facilities. You can’t teach an English class and an
electrical engineering lab in the same facility. And those faculty
need very different facilities for their scholarly activities. And so,
at my university, we are raising private philanthropy as rapidly as
we can to create more facilities for engineering. But, for us, that’s
the bottleneck. We don’t have more space at the moment. We've
grown as much as we can.

Senator GARDNER. Thanks, Dr. Munson.

Senator Peters.

Senator PETERS. Thank you, Senator Gardner. And again, thank
you for the work that we’re doing on this. I appreciate your leader-
ship on this and certainly have enjoyed the questions—the last cou-
ple of questions, in particular, and talking about agencies working
together.

Just a story from—one of my journeys out. I was with TARDEC,
which is the Department of Defense, working on fuel economy
within vehicles, which is an important issue for combat vehicles.
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You put men and women and risk for fuel to deliver that, so you
want high fuel economy. That’s in Warren, Michigan. Not too far
away, in Ann Arbor, Michigan, is the EPA lab that’s also working
on fuel economy for a variety of environmental reasons. And they
don’t talk to each other, which I always thought was a little crazy,
given the fact that they are in close proximity. So, we need to do
a much better job of, certainly, recognition of competition, but also
there needs to be some sort of collaboration there to work together
and to move forward.

I also appreciated the comments about science—whether or not
it’s all equal, if we have the winners and losers, in parenthesis,
that you never really know where it may come. I want to use an-
other University of Michigan example, where they were doing re-
search on electrical fields on Mars. And you may say that’s some-
what practical for NASA, for missions to Mars, but what does that
mean on Earth? But, now there’s a company that has been started
who used that knowledge to help protect the electrical grid on
Earth. Even when you’re studying Mars, that has applications to
what we do on Earth, which is why we have to continue to fund
this, I believe across the board.

And I want to turn a little bit to the process, because it’s come
up through this testimony that we’ve heard today, is the creative
process of innovation. You don’t know where it’s going to lead. You
need creative problem-solvers as related to the STEM education.
Dr. Wing, I know with the work that you’ve done there and other
companies have done to promote scientific competition, for exam-
ple, with kids. I had an opportunity to be at the Intel award cere-
mony for the high school winners for, really, some of the best sci-
entific projects in the country. And I was struck by the fact that,
as they were going across the stage and explaining their projects,
which were amazing, most of those students also were involved in
the arts in some way. They played the cello, they were in theater,
they had this art education, as well, which enhances the creative
process. So, to me, that’s an integral part of this. You need to be
more than just a great mathematician or an engineer or some sort
of scientific discipline. You also need some creative-thinking abili-
ties.

How would you—this goes to all the panel—any advice you would
have to us as to how we—one, how important is STEM? And, two,
how would we incorporate that in our COMPETES Act? Do you
have ideas of things that you think the Federal Government should
be doing?

Dr. DROEGEMEIER. Well, the National Science Board, about a
year ago, put out a report on the STEM workforce, and it really
tried to make clear that, when we talk about a STEM workforce,
we're really talking about a multiplicity of sub-workforces. So,
when we say, “Well, there are IT jobs, and there’s STEM IT and
there are computer scientists,” that’s a very simplified way to look
at it. It’s a much more nuanced sort of thing.

And we also made the point that STEM careers are very impor-
tant, but we also have to really embrace the value of the human-
ities, the arts, and the fine arts, in this whole process, because a
lot of the folks that are working in jobs that are not maybe even
classified as a STEM job, they actually use a lot of STEM skills.



61

So, my worry would be, if we went all the way toward having
STEM high schools, then where do the arts go? Because that is a
very important part of creative, you know, thinking, as you say,
about how we actually educate students, how we go about solving
a problem. And the folks in the artistic world think of it very dif-
ferently than we do.

And so, in and of themselves, those disciplines are valuable.
They’re also valuable in the sense of—for example, folks that do
history. They look at historical plays, art history. We've learned a
lot about climate change and the environment and human disease
and how it evolved with time by studying art, by studying plays
that were, you know, developed three-or four-hundred years ago,
and also by studying ancient cultures and how they reacted to dis-
ease, and we then conflate that with tree-ring analyses and carbon
analyses, and we understand climate change. So, it really is—it’s
really an all-hands-on-deck kind of a thing.

So, I think, when we think of STEM, and you hear all these acro-
nyms—STEAM and so on—to me, it’s more—we need to think that
STEM capabilities are valuable in any discipline, but we also can-
not lose the value of the arts, the fine arts, and humanities, not
only for the value they play in the sciences, but for the value they
hold with us as human beings.

Dr. WING. I completely agree that it’s absolutely important to
educate the future workforce, not just in STEM, but also in arts
and humanities.

You asked for specific advice or actions you could take. One of
the stumbling blocks we face now, especially in computer science,
but, I think, in all STEM disciplines, is not having enough teachers
who are trained to teach the discipline. We certainly see, at the
high school level, there are not enough teachers at the high school
who can actually teach computer science. So, we need to get
through that hurdle. That’s something we can do immediately.
And, in fact, once we overcome this hurdle, I am optimistic we’ll
be home free: all else to achieve my vision of “computing for all”
will follow. So, teacher training is important and one thing we can
address now.

Senator PETERS. Dr. Munson?

Dr. MUNSON. Yes. We've done a lot of work at the intersection
of engineering and science and the arts at the University of Michi-
gan. The engineering campus, so to speak, at the University of
Michigan is about a mile from the main campus, and our only co-
located units are all the different units in the performing and mak-
ing arts. And so, we're together with music, theater, and dance, art
and design, and architecture. We have an organization that the
four north campus deans started called “Arts Engine” that under-
takes a lot of programming and workshops and what have you. We
have a section of a dormitory, where engineering and arts-related
students live together, do projects together. We teach a number of
different courses, including courses on creativity that are co-taught
by a faculty member in music, one in dance, one in art and design,
one in architecture, one in engineering. We also have founded a na-
tionwide organization called the Alliance for the Arts in Research
Universities, A2RU. We have more than 30 partners in that still
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fairly new organization. Partners include MIT and Stanford, so a
lot of name-brand universities think this is important.

In my own case, 70 percent of my incoming engineering students
are musicians, and we tell them, “Do not leave your instrument at
home. Do not quit singing.” A vastly disproportionate fraction of
the marching band, the men’s glee club, and what have you, are
engineering students. I have many engineering students double-
majoring in engineering and music, or engineering and art and de-
sign. We are including students from the arts in our student
project teams in engineering. And I think all this integration is just
turning out to be really great.

Senator PETERS. And I guess I just want to expand a little bit
on the talk of STEM education. Dr. Wing talked about teachers
that are prepared to educate. Dr. Atkinson also addressed this
issue. All of our panelists have. But, one statistic that I saw that
is—then I want to raise a question as to why this is the case—
there’s a study that showed that 40 percent of students who begin
college as STEM majors actually complete the degree. So, that’s a
pretty high attrition rate happening, or out of universities. What’s
happening there? And what policy advice do you have for us? Any
panelist.

Dr. Atkinson?

Dr. ATKINSON. So, I think this really gets to the challenge, here,
which is that fundamentally, from a university’s perspective,
they’re indifferent to whether student transfers out of STEM to go
into French literature. It’s the same to them. There’s a number of
good studies, that we have reviewed in a prior report, that shows
that switch-out rates are quite high. And, in most of those studies,
they show that the people who switch out are not any worse off,
and they’re not any worse students. So, it’s not as if they're—it’s
not as if these programs are essentially weeding out the weak and
the incompetent and just keeping the cream. They’re actually weed-
ing out students who could stay in. And there are a lot of different
reasons for that. One is, for a lot of students, they don’t get experi-
ence in hands-on lab work or engineering work early on, and so
they kind of think it’s going to be too hard, and they leave.

But, I do think, if you look at the universities that have really
focused on this, places like Carnegie Mellon, you can improve re-
tention rates. I don’t think it’s impossible or even a mystery. I
think part of the challenge is, you have to have incentives to do
that. So, one measure that Congress could do would just be to sim-
ply require all research universities to report the number of stu-
dents who apply to be a STEM major, the number that end up
graduating, the numbers that switch out. If we just had better data
on that, I think it would lead to some incentives for universities to,
frankly, do a better job. Because there are very good programs at
some universities around the country that focus on STEM reten-
tion, and they’ve been very successful at it. But, not every univer-
sity is engaged in those programs.

Senator PETERS. Dr. Munson?

Dr. MUNSON. Yes. At the better universities, I think the reten-
tion rates are quite high. At the University of Michigan, 80 percent
of the students who enter engineering as freshmen graduate in en-
gineering from Michigan, the majority who don’t transfer to some
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other discipline. But, we’re at the point now where we have equal
numbers of liberal arts students transferring into engineering com-
pared to the number of students leaving engineering. It’s a
bidirectional flow. A lot of times, we forget to talk about the stu-
dents that transfer in the other direction.

I do recognize that some other universities, that they have tough-
er issues. Part of the issue is that, to succeed in engineering, you've
got to be pretty darn good at math and science. And at my univer-
sity, I have the luxury of lots of students who are good at math and
science. And so, we don’t have big issues. And in some other places,
they probably struggle more.

Dr. WING. I'd like to address this, too. Thank you. Yes, at Car-
negie Mellon University, we don’t have those retention problems,
primarily because of the structure in which majors are chosen at
CMU. And we have a flood of people knocking at computer science
doors, trying actually to get into the computer science major.

I think one of the problems is—as alluded by Professor Munson—
students have to come to college prepared. They have to have the
science and math behind them in order to take the college-level
science and math courses to do well. And some students may not
come as prepared.

The second is something that industry can address, which is,
when a student is an undergraduate, he or she may not actually
know, “Well, what am I going to do with this major?” And this is
where industry can help—and we do this at Microsoft—by pro-
viding internships to undergraduates and giving them exposure to
what it would be like to work in the field alongside an engineer or
a scientist.

Dr. DROEGEMEIER. Just to add on that, I think preparation in K—
12 is extremely important. Obviously, these disciplines require ade-
quate preparation. I think one of the important things that univer-
sities are doing more now is advising their students. It’s not OK,
if you got, you know, a C in a math class, to just chuck the whole
thing and say, “I'm going to become, you know, a whatever major,
a non-STEM major.” So, advising, sometimes you want to make the
kid happy and keep the parents happy, but, at the end of the day,
you're giving them bad advice if you say it’s OK to be bad at math.
Right? And so, that’s something that’s very important.

Undergraduate research, that hands-on engagement, many,
many studies have shown that active, engaged undergraduate re-
search can take kids that are not doing as well traditionally in a
cohort, and really move them forward and help them succeed and
graduate, where, otherwise, they wouldn’t.

And then, finally, I think one of the challenges we have is, kids
get into these disciplines, and they look around, they don’t see peo-
ple that look like themselves. And so, we have to really be careful
and do a good job, when we'’re talking about broadening participa-
tion, to actually enact programs. And I think COMPETES Act is
very sensitive to this, to look at how we holistically move the nee-
dle and the—on broadening participation. The new NSF IN-
CLUDES program, I think, is one of the, really, most exciting
things I've seen come around for a long time. And we spent hun-
dreds of millions of dollars in this country trying to broaden par-
ticipation of underrepresented populations. And we’ve done a pretty
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bad job. The needle’s not moving a whole lot. In some areas, it is.
But, in computer science, the number of women there is still ex-
tremely low. And so, when kids get into those disciplines and those
classrooms, sometimes they’re really turned off by it, and they
leave. And so, they’re not counseled to stay in. So, it’s really a
multidimensional problem. It’s not just one quick fix will fix it. We
have to attack it from multiple dimensions.

Dr. MUNSON. I just wanted to add that Dr. Atkinson made an im-
portant point a few moments ago. And that is, early on in the cur-
riculum at the university, whether it’s computer science or in engi-
neering, it’s important to have some sort of design-based, hands-on
kind of course, where students see how the material will be used.
A lot of universities are doing that now, and those tend to be the
places where they have the higher retention rates.

Senator GARDNER. Thank you.

And, just to follow up on, Dr. Wing, your comment on sort of
teacher training. One of the comments that I heard throughout
various of the roundtables we held was, teacher training and then,
particularly those who may not be—have initially graduated with
the type of training that a STEM field requires—maybe they went
to class or college after they’ve been teaching for a while—and they
were talking about how there’s a special way to teach these
courses, and then, after a while, it’s so difficult that sometimes
they revert back to a teaching method that isn’t necessarily reach-
ing out to the STEM in such a way. So, the—that they need to in
order to carry out the education the best possible way.

So, what about teacher training and then ongoing mentorship
within the private sector? How important is that? So—or, not, sort
of, the private sector, but, I mean, how important is it to partner
a teacher who has been trained to teach in a STEM field so that
they can continue to have somebody in the STEM fields helping
them along the way?

Dr. WING. This a great setup question for a program that Micro-
soft runs, called TEALS, where we have people in the company go
to local high schools and work with teachers to help teach com-
puter science and other STEM disciplines. And it is about not just
training the teachers, but also about mentoring them and being
available to them as the transition happens between their being a
teacher in one discipline and their becoming a teacher in, say, com-
puter science.

So, I completely agree with you. It’s not just about training the
teachers and then letting them go on their own, at least initially.
Ongoing mentoring and advising has to happen as well.

Senator GARDNER. Dr. Wing, Dr. Munson, so when you’re in the
private sector, what’s the earliest that you hope to reach somebody
for Microsoft, hoping they get interested in, say, computer science?
And, Dr. Munson, when you're looking at graduates, what’s the
earliest exposure that they’ve had to engineering or computer—the
STEM fields when they come in and enter a degree?

Dr. WING. So, [—speaking as Jeannette Wing, who wrote a paper
10 years ago on computational thinking, I have always had this
grand vision that everyone, starting from K through 12, will be ex-
posed to computing concepts. Now, of course, I wrote that paper 10
years ago, not knowing how much progress we would have been
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able to have made in 10 years. Realistically, speaking now as some-
one in industry who looks to the next generation for the workforce,
minimally—minimally, every high school student should have ac-
cess to computer science. Now, ideally, you will have been exposed
to some of the ideas and some of the concepts before high school,
say K-6, and so on. And there are computer science ideas that one
can imagine talking about at those earlier grades. Can I give you
one example?

For instance, in fourth grade, we teach long division to 9-year-
olds. Long division—and specifically what we teach as long division
to 9-year-olds it’s just an algorithm. So, why don’t we even use the
word “algorithm” when we teach long division? And if we did, we
would open up the minds of all 9-year-olds to something more than
a way to divide one number into another to get a quotient and re-
mainder.

Senator GARDNER. Dr. Munson.

Dr. MuNsoN. We're very involved in K-12 outreach, probably
more at the high school level than earlier years. We have a large
effort in Center City Detroit, where we mentor 18 high school
teams in first robotics. We have a few hundred almost 100-percent
underrepresented minority students there, and almost every stu-
dent that graduates from the program is going on to college. And
so, that’s a great example of a program that is working really well.

But, we worry about students that we aren’t able to recruit into
that program. And we feel like we're losing students at the middle-
school level. And so, we’re planning on increasingly getting in-
volved at the middle school.

Senator GARDNER. Thank you.

Senator Peters.

Senator PETERS. I would like to take a look at the ecosystem that
we talked about earlier, and how we fully develop this broad eco-
system that is not just academia, not just university research, but
also industry, Federal Government, all of these partners working
together.

Dr. Atkinson, you mentioned a small percentage of grants now
go to the industry/academic partnerships that have been able to
bridge some of those divides there. And yet, if we’'re going to truly
move the innovation process forward, we have to break down all
the silos, we've got to bring all these partners together. I know
there are some real challenges, particularly if you've got private in-
dustry working in this ecosystem who want to protect some propri-
etary work and may feel uncomfortable working in an academic
setting or having competitors in the process, as well. But, it seems
to me that we have to figure out ways to have even more collabora-
tion, going forward.

And I raise this question to—first, Dr. Munson, to talk a little
bit about a program that I've seen at the University of Michigan
that I think is very innovative, dealing with autonomous vehicles
and the transportation work that’s being done. Where you’ve got in-
surance companies, you've got all the major auto manufacturers,
you’ve got suppliers, you've got academia, you've got NHTSA, Fed-
eral agencies working together, as to how that model works, how
that could be a template for other work. And then maybe have the
other panelists discuss if there are ways in our COMPETES Act
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that we can help foster this kind of collaboration across all sectors
and break down some of the barriers that just inherently exist.

Dr. Munson?

Dr. MUNSON. Yes. So, in the case of autonomous or driverless
cars, we built a wonderful test track on our campus and took a
year or so to put together a consortium of more than 60 companies.
And, Senator Peters, as you noted, it includes companies beyond
just the traditional OEMs in the automotive space. It includes sup-
pliers, it includes communications companies and insurance compa-
nies and what have you. Each of those companies is putting signifi-
cant money into the pot, so to speak, and funding what is—what
we refer to as pre-competitive research. Those companies get to
help choose what that research will be.

That said, we have very intensive partnerships in that space
with a much smaller number of companies. Historically, we’ve been
working very, very close with Ford. We—our teams of faculty and
students actually work part of the time at Ford. Ford employees
are over on our campus. We test cars, the Ford cars, the Ford au-
tonomous cars, both on our campus and at Ford. So, that’s a really
close collaboration, and it gets really touchy, because then, when
other companies may want to work with us—the most recent is
Toyota, which is going to be now centering its driverless car activ-
ity in Ann Arbor—we can’t really have that same set of faculty
working with Ford work with Toyota at that same level of depth,
because, you know, it’'s—it goes way beyond just filling out non-
disclosure forms. We know everything. And I credit, though, Ford,
for being willing to partner with us at that level. And the same
thing’s going to be happening with Toyota. Fortunately, we’ve been
hiring a lot of faculty members in this area. We can kind of divide
up our faculty members to do the really in-depth work.

Dr. ATKINSON. So, when you look at sort of the history of U.S.
science policy, what you found was that, before 1947, industry
funded a lot of university research. And then the Federal Govern-
ment kind of came in, and industry went away. They’ve come back,
to some extent, and I think getting that partnership to grow even
more is critical.

When we look at what our competitor nations are doing, that’s
where they’re putting their focus. When you look at the—what the
Cameron government is doing in the U.K., they have a program
called the Catapult Program, bringing industry and university to-
gether. They’re investing over a billion pounds a year into that pro-
gram. So, they’re—a lot of countries are doing this.

I think one of the challenges that we hear, but I, frankly, don’t
think it is a real challenge, is somehow that that university re-
search is separate from industry research, and there are all these
conflicts of interest and problems. I think good management, which
it sounds like you have, is able to solve that. There’s very good
studies that Denis Gray, at NC State, has done, who has evaluated
the IUCRC program, and he finds that the science produced in that
program is just as good as the science produced in other kinds of
programs, but it’s linked more to industry.

So, I think we could do more IUCRC programs. The manufac-
turing universities’ proposal, the manufacturing universities’ bill is
an excellent way to do that. Expanding the NNMI program, the
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National Network of Manufacturing Innovation—you—Senator, you
talked about an environment. Well, the lightweight materials cen-
ter that is doing that is—that’s a key partnership. So, I think fo-
cusing more there is very, very important.

Dr. DROEGEMEIER. I’d like to add a couple of things.

This ecosystem, I think, is extremely important. And one of the
things that I think we need to consider, and the COMPETES Act
could look at is, How do we remove barriers? And I think one of
the major barriers that we have with universities is how to work
effectively with private companies.

Part—there are sort of three major issues. If you look at the re-
search—R&D that’s funded in this country, it’s grown exponen-
tially in the last, you know, 20 years or so. And private sector is—
basically been responsible for that growth. And they now fund two-
thirds of all the R&D in this country. The amount of that growth
that has come to universities has been almost nil. You have to ask
the question, Well, why? Why—you know, why are companies not
going to universities to work with? And, number one, I think
there’s a perception that universities only do basic research. That’s
not true. In engineering and a lot of other fields, a lot of the work
is very applied-type work or development-type work. It’s deep
scholarship. It’s very creative. But, it’s not studying atoms. OK? It’s
actually doing things that have—or that are sort of use-inspired.

The second point is that faculty—we—you know, our incentives
and our reward models in universities are not aligned with the
kinds of things we’re talking about. Can you publish papers if—I
work with a private company. As you mentioned, Senator Peters,
if you have three companies working with a private—with a uni-
versity, and they're all competitors with one another, do they feel
comfortable that their interests will be protected?

The third thing is law, that—or policy within the IRS that you
guys could really work on in COMPETES Act, and that is, it’'s an
issue with regard to universities that have buildings that are debt
service with tax-free bonds and that have limitations on the
amount of private-sector activity that can happen in those build-
ings. Roughly, about 5 percent, I think, is the limit. There are two
safe harbors for that. One of them is, if the private company wants
to do intellectual property negotiation, you have to wait until the
IP exists to negotiate the license. So, essentially, a private company
comes to a university and says, “OK, I want to give you a million
dollars to do this work for us,” and you say, “That’s wonderful.”
And they say, “What do I get from that?” You say, “You get a right
to negotiate a license.” “Well, what’s it going to cost me?” “Well, we
can’t tell you, because we don’t know what the value is.” Well, that
suggests that the universities are all about the license fees. Univer-
sities make very little off of license fees, for the most part. The
value of working with a private company for universities is the up-
front direct costs of funding: research, students, laboratories, post
docs, grad students, things like that.

The second safe harbor is, it’s basic research. OK? Well, if it’s
basic research, then it’s in the public interest, right? And that’s
now what private-sector companies are about. So, these provisions
in the tax line—in fact, Representative Lipinski, of Illinois, has in-
troduced a bill in the House that sort of looks at fixing this prob-
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lem. And I think—you know, universities are very reluctant to, you
know, enter into these partnerships. And what this thing does is,
it perpetuates this notion that, in the private sector, universities
are hard to work with. And they are. But, it’s not really necessarily
their fault. They're bound by these revenue proclamations within
the IRS tax codes that prevent them from negotiating the way that
they would want to negotiate.

So, if we could remove some of those barriers, we could change
the incentive models and change the culture of the universities to
where they embrace working with private companies, and see it as
a value proposition for higher education, I think we would come a
long way toward really unlocking the potential of the industry/aca-
demic partnership that we talk about a lot.

You know, I like to say it this way. We're playing football with
baseball rules. You see people say, “We’ve got to be more creative.”
No, we have to change the rules of the game. If we’re going to play
football, let’s play football, and let’s change the rules to football.
Let’s not kid ourselves that we’re going to win the game by playing
football with baseball rules.

Dr. ATKINSON. Could I just add one quick point, which—to build
on Dr. Droegemeier’s point? About 15 countries around the world
now provide a more generous research-and-development or re-
search-and-experimentation tax credit if you're partnering with a
university. So, you get a more generous credit. The United States
does the opposite. We actually penalize you. If you're a Microsoft
or another corporation, and you're doing a partnership at any of
these universities, the R&D credit actually penalizes you to do
that. And we could at least make it—we should at least make it
neutral so we're not biased between whether you do it in-house or
with a university.

Senator GARDNER. Thank you.

I want to thank all of you for your time and testimony today. I
really, truly appreciate this and look forward to putting forward a
bipartisan bill soon that we can act upon and have signed into law.

The hearing of record will remain open for 2 weeks. Members are
encouraged to submit any questions for the record that they have
during that time. And I would ask, upon receipt of those questions
for the record, if you would reply as promptly as possible.

And, with that, with the thanks of the Committee and on behalf
of Chairman Thune, thank you for being here. This hearing is ad-
journed.

[Whereupon, at 12:03 p.m., the hearing was adjourned.]
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Wednesday, May 11, 2016

The Honorable John Thune (R-SD)
United States Senate
Senate C ittee on C.

and Transportation
The Honorable Bill Nelson (D-FL)

United States Senate

Senate Committee on Commerce, Science, and Transportation

Dear Chairman Thune and Ranking Member Nelson,

Thank you for convening the hearing titled “Leveraging the U.S. Scence and
Technology Er ise” and for ishing the Commerce Committee's bipartisan
Innovation and Competitiveness Working Group, led by Senators Cory Gardner (R-
C0O.) and Gary Peters (D-ML.). As the Commerce Committee continues to explore
potential legislation that will shape our national science and technology policy, we
want to remind the committee of the economic impact that the Small Business and
Innovation Research Program (SBIR) has on our country.

The New England Innovation Alliance is an informal association of senior managers
from small high-technology companies in Massachusetts, New Hampshire, Vermont,
Rhode Island, and Connecticut. It was founded in 2001 to provide a forum for
exchanging experiences and challenges for small businesses primarily doing
business with the US Government - inciuding both R&D and product sales.
Collectively, the members employ more than 1,000 scientists and engineers with
more than $250 million/year in revenue,

Qur member companies have ged SBIR i s to create c

products that are sold worldwide as well as defense ies used by our
warfighters. In so doing, they have also created high value jobs and commercial
activity in their communities,

The SBIR program represents America's seed money and has helped create new
companies, excellent high technology jobs, and a great many publications and
patents. The SBIR program funds concepts at very early stage where no other
funding source exists. It allows the risk takers to retain and reap the rewards of their
dedicated efforts. Ultimately the investment is returned through taxes. Recent studies
by the National Academies and various federal ies report the program'’s
success. Every government dollar results in over $3 of revenue after Phase 1.

The SBIR program has demonsirated its value over the past 33 years. As part of the
Commerce Committee’s work, there are several policy recommendations to consider

(69)
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NEW ENGLAND INNOVATION ALLIANCE
20 NEW ENGLAND BUSINESS CENTER, ANDOVER, MA 01810

that would make the SBIR program better and therefore improve our nation's overall
science and technology policy:

- Along term charter or permanency for the program would allow for better
agency planning and staffing.

- Increasing the allocation of agency S&T funds for the program would allow
wider participation and focus funding on maturing successful technologies

\We appreciate your leadership on this key issue and hope the Committee will
increase the participation of small businesses as you explore ways to leverage
government programs to expand, improve and better our nation's scientific and
technology policy. Many of the policy recommendations referenced above are
addressed by S. 2812 - The SBIR and STTR Reauthorization and Improvement Act
of 2016 sponsored by Senators Vitter (R-LA), Shaheen (D-NH), Ayotte (R-NH) and
Markey (D-MA) and supported by several other Members of the Senate Commerce
Committee.

We urge your support in reauthorizing the SBIR program in the current congress.

Sincerely,

WL G A

Mark G. Allen,
Chair, New England Innovation Alliance

Page 2 of 2
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PHYSICAL SCIENCES INC.
Andover, MA, Wednesday, May 11, 2016

Hon. JOoHN THUNE (R-SD), Hon. BiLL NELSON (D-FL),

United States Senate, United States Senate,

Senate Committee on Commerce, Senate Committee on Commerce,
Science, and Transportation. Science, and Transportation.

Dear Chairman Thune and Ranking Member Nelson,

Thank you for convening the hearing titled “Leveraging the U.S. Science and
Technology Enterprise” and for establishing the Commerce Committee’s bipartisan
Innovation and Competitiveness Working Group, led by Senators Cory Gardner (R—
CO) and Gary Peters (D-MI). As the Commerce Committee continues to explore po-
tential legislation that will shape our national science and technology policy, it is
important for the Committee to review and re-familiarize itself with the scientific
importance and economic impact that the Small Business and Innovation Research
Program (SBIR) has on our country.

Physical Sciences Inc. (PSI) is a small business research and engineering firm
that successfully participates in several government scientific research programs in-
cluding the SBIR program. PSI has transitioned many SBIR technologies all the
way through to commercialization. For example, under NIH/NEI sponsorship, PSI,
working with clinical researchers, developed a retinal tracking method permitting
greatly improved eye examinations. We partnered with a leading eye equipment
manufacturer, and they have sold 16,000 systems containing this technology over
the last eight years producing over $1.2B in revenue, that are providing better eye
care for tens of million Americans. Under EPA sponsorship PSI has developed a
handheld LIDAR to detect natural gas leaks. For this technology, we partnered with
a leading company in natural gas technology manufacturing and surveying. We
have sold over 3,300 systems and a large fraction of American homes has been made
safer using this technology. Many well-paying jobs have been created both for manu-
facturing this technology product and performing natural gas surveys. Under Air
Force sponsorship we have developed critical optical components that are now inte-
grated into aircraft systems. This is R&D in action to benefit our nation—reduced
to practice and creating jobs.

There are many stages required for a new technology to reach the marketplace.
It is essential to work with partners—each contributing their expertise along the
path to successful product creation. Innovation often occurs where areas of expertise
intersect. During a recent five year period our company funded collaborative re-
search programs with over 50 different American Universities under STTR and
SBIR programs, but also as part of other Federal and industrially funded develop-
ment contracts. Small businesses are an excellent partner to work with Universities
to transition their discoveries through development into the marketplace.

PSI seeks to find the best path to market for each technology developed under
SBIR funding. We have manufactured and sold the technology directly into smaller
uniquely specialized markets. Under NASA sponsorship we created accurate space
simulation chambers that have been sold around the world, and offered testing serv-
ices. Nearly every material that has been put into space has been tested in our
chambers. Under Army SBIR sponsorship we have developed and sold sensors to de-
tect chemical warfare agents remotely at distances permitting troop safety. Under
Navy sponsorship we have developed fuel quality monitors for naval and commercial
aviation. Under DNDO sponsorship PSI has implemented novel algorithms that
vastly improve radiation sensor performance at screening portals critical to the se-
curity of our homeland. Another effort under Army sponsorship resulted in PSI de-
veloping a very-capable, small UAV to provide our warfighters and law enforcement
situational awareness. Hundreds of these systems are now in use protecting Amer-
ican warfighters and American citizens.

In emerging technology areas we have sought external equity investment and cre-
ated new companies. This has allowed PSI to leverage early government investment,
attract private funding from Venture Capital and Private Equity partners and cre-
ate new high paying jobs across several industries.

The SBIR program represents America’s seed money and has helped create new
companies, excellent high technology jobs, and a great many publications and pat-
ents. It is the envy of other countries, and its success has not been duplicated due
to America’s unique entrepreneurial culture. The SBIR program funds concepts at
very early stage where no other funding source exists. It allows the risk takers to
retain and reap the rewards of their dedicated efforts. The government and the
agencies are truly patient angel investors. Ultimately the investment is returned
through taxes. Recent studies by the National Academies and various Federal agen-
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cies report the programs success. Every government dollar results in over $3 of rev-
enue after Phase II.

The SBIR program has demonstrated its value over the past 33 years. As part
of the Commerce Committee’s work, there are several policy recommendations to
consider that would make the SBIR program better and therefor improve our Na-
tion’s overall science and technology policy. A long term charter for the program
would allow for better agency planning and staffing. Before the 2011 reauthoriza-
tion, there were 14 short-term continuations that made it difficult for the agencies
to execute the program and made it impossible for the small businesses to maintain
staff and advance their technology. With the 2011 reauthorization, the SBIR pro-
gram managers and staff at all the agencies have shown great dedication and com-
mitment to making this good program even better—making ever more companies
aware of this opportunity.

The Committee should also look at policies that would assist small businesses
participating in the SBIR program to create a path to commercialization. For years
many worthy technologies have ended at the conclusion of SBIR Phase II programs
because the technology, although demonstrated, is not in a form recognized by a
commercial company or by a mission agency as viable: At the end of Phase II it
often has not been demonstrated outside-the-lab under real world conditions. This
gap has become known as “The Valley of Death” for SBIR technologies. Too many
promising technologies do not make it through to become viable commercial prod-
ucts. A good many receive some post-Phase II funding but it is too little, too frag-
mented, too restrictive. The Commercialization Readiness Program created in the
2011 reauthorization has begun to address this need. It is worthwhile to consider
policies that increase the SBIR allocation and focus it on further maturation of
promising technologies post-Phase II.

If our country is going to be successful in expanding scientific research and broad-
ening economic opportunity, policy makers must look at ways of making scientific
research programs more inclusive by drawing in a diversity of companies and non-
traditional participants. We all understand that it is not easy doing business with
the Federal Government. Recently there has been significant effort to involve non-
traditional ventures and new companies in providing technology to address national
needs. Instructions are complex. Submission is complex. Regulations are complex.
A very large barrier to those new participants is the requirement for a government
approved accounting system. The Committee should explore ways that will reduce
the burden on both the companies and the government contracting officers so as to
enable speedier contract award and more rapid advance of the technology. The
innovators will spend more time on their technology rather than FAR compliance.
Most importantly, this will encourage many new entities to participate not only in
the SBIR program but across the wide range of opportunities to support our na-
tional needs.

I appreciate your leadership on this key issue and hope the Committee will in-
crease the participation of small businesses as you explore ways to leverage govern-
ment programs to expand, improve and better our Nation’s scientific and technology
policy. Many of the policy recommendations referenced above are addressed by S.
2812—The SBIR and STIR Reauthorization and Improvement Act of 2016 sponsored
by Senators Vitter (R-LA), Shaheen (D-NH), Ayotte (R—-NH) and Markey (D-MA)
and supported by several other Members of the Senate Commerce Committee. The
SBIR program is already one of the most successful in the government and deserves
to play a key role in this discussion.

Sincerely,
B. DAvID GREEN, PH.D.,
President & CEO,

Physical Sciences Inc.
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RESPONSE TO WRITTEN QUESTION SUBMITTED BY HON. JOHN THUNE TO
DR. ROBERT ATKINSON

Question. In your testimony, you suggest that NSF should develop and implement
metrics by which universities report various measures of entrepreneurship and re-
search commercialization.

Can you discuss in more detail the kind of metrics you think should be collected,
how to account for influencing factors like university size and geographic location,
and how NSF could appropriately disseminate the data for public consumption?

Answer. Currently there is no real way to assess how well U.S. research univer-
sities are doing when it comes to transferring knowledge to the private sector for
commercialization. This means we can’t really assess whether universities as a
group are making progress or not; nor can we assess which universities are leaders
and which are laggards.

There are some data that are collected but it is inadequate and not combined into
a single measure. NSF collects data from 895 universities on how much research
funding from industry they receive. The Association of University Technology Man-
agers (AUTM) collects data on technology licensing by industry, but this data is pro-
prietary.

One solution to this would be to require NSF to compile a set of indicators for
each research university/college that receives Federal research funding. The indica-
tors should include: (1) money from industry for research (they already collect this);
(2) university patent filings; (3) license disclosures and income when the technology
is licensed to a firm in the United States; (4) jobs in academic faculty or student
tech-related business start-ups; and (5) the number of agreements signed with busi-
ness to allow the use of university technology.

If collected annually this would certainly help Congress and NSF understand lon-
gitudinal trends. It would also help compare leaders and laggards. Even without
tying this data to any outcome it is likely that the simple desire of universities to
want to rank well would encourage university leadership to adopt best practice tech
transfer policies and practices.

It will be important with to benchmark this data to control for other variables.
Clearly an institution like Johns Hopkins should have an advantage over say, Uni-
versity of Northern Illinois, because it receives a very large amount of Federal re-
search. In other words, the measure should not be in absolute terms, but in terms
of how well a university does in relation to the amount of Federal research dollars
it receives. In other words, if a smaller research university receives a limited
amount of Federal research dollars but does well in attracting industry R&D fund-
ing and generating licenses and start-ups that is what really matters. Given that
it all else equal it is easier to commercialize technology in metropolitan than rural
regions, these measures could be reported for several different geographic classes:
for example, research universities in areas with less than 100,000 people, with
100,000 to 1 million, and above one million. Finally, any such effort should require
NSF to report data in a timely way. For example, reporting on 2017 would need
to be released by the end of 2018 (the chronic delay in the release of NSF data con-
tinues to degrade its usefulness).

After collecting this data NSF should make the data set available in machine-
readable form so that a variety of other organizations (news media, professional and
business organizations, academic researchers and others) could use the data to con-
struct their own modified indicators. In addition, NSF should report the data so that
all research universities are ranked on these variables with the amount of Federal
funding as the denominator (e.g., patents per 1 million Federal R&D support).

RESPONSE TO WRITTEN QUESTION SUBMITTED BY HON. STEVE DAINES TO
DR. ROBERT ATKINSON

Question. Dr. Atkinson referred to the importance of the National Institute of
Standards and Technology’s (NIST) Hollings Manufacturing Extension Partnership
(MEP) program. In Montana, the MEP is operated through Montana State Univer-
sity. I have heard from stakeholders that this relationship is working well in Mon-
tana. However it is imperative that the public and the private sectors can work col-
laboratively for this program to be effective. Would you please elaborate on how re-
lationships can be facilitated between universities, the private sector, government,
and others in programs such as MEP, Small Business Innovation Research (SBIR),
and Small Business Technology Transfer (STTR)?

Answer. Fostering greater levels of partnership and collaboration between univer-
sities, industry, and Federal and state governments and the agencies therein (e.g.,
MEP, SBIR, STTR, etc.) is vital to spurring greater levels of innovation, including
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through technology transfer and the commercialization of new technologies devel-
oped in university laboratories. At the state level, many MEP centers have histori-
cally been focused with one-on-one project engagements with SME manufacturers
to assist them in improving manufacturing processes or designing and developing
new manufactured products. While the one-on-one SME manufacturer engagement
remains the core of the MEP intervention, many state MEP centers are leveraging
digital technologies to offer more Webinars, courses, and classes to all SME manu-
facturers broadly in a state across a broader range of topics, such as presentations
by university researchers on new materials or manufacturing processes, the role of
design and sustainability in manufacturing processes, or how to use cutting-edge
digital tools such as high-performance computing-enabled computer-assisted design
and engineering tools. In other words, the MEP centers are seeing themselves be-
come the central hub, or delivery mechanism, for a comprehensive suite of services,
some of it provided by the agency itself and some of it brokered by others, all de-
signed to boost the competitiveness of SMEs. Legislation sponsored by Senators and
Ayotte in the MEP Program Improvement Act of 2016 would increase program fund-
ing for MEP, expand its remit, modify the Federal cost share, and promote MEP
center competencies with “automated manufacturing systems and other advanced
production technologies, based on Institute-supported research, for the purpose of
demonstrations and technology transfer.”

The Federal Government could better facilitate states’ efforts to tap into the vast
treasure trove of technology that too often sits untapped on the shelves of state uni-
versities or research institutions. For example, draft legislation in S. 4047 would
create a Federal Acceleration of State Technologies Deployment Program, or
“FAST,” a Federal funding strategy for accelerating the local commercialization of
newly developed technologies by matching cash-poor state programs. The program
would leverage Federal resources to match states’ investments in their technology
commercialization programs. Matching Federal funds would be available concomi-
tant with a state’s level of investment (prorated against state population with a
maximum cap) in its technology commercialization programs. States would use the
money for direct, merit-based project grants to existing SMEs or to startup compa-
nies looking to commercialize new products or technologies (with the expectation
that a major source for those technologies would be ones currently sitting untapped
at America’s colleges and universities).

But, broadly, the core issue here relates to allocating (or directing) more funding
to commercialization-oriented efforts. ITIF has suggested that Congress create a
Spurring Commercialization of our Nation’s Research initiative whereby Congress
allocates 0.15 percent of agency research budgets to specifically fund university,
Federal laboratory, and state government technology commercialization and innova-
tion efforts. Such a program would be different than the STTR program (which
funds small businesses working with universities.) Half of the funds would go to
universities and Federal laboratories that could use the funds to create a variety
of different initiatives, including mentoring programs for researcher entrepreneurs,
student entrepreneurship clubs and entrepreneurship curriculum, industry outreach
programs, seed grants for researchers to develop commercialization plans, etc.

A similar approach was embodied in Section 8 of the proposed Startup America
3.0 Act, which included a section titled “Accelerating Commercialization of Taxpayer
Funded Research,” which would have set aside 0.15 percent of Federal agencies’ ex-
tramural research budgets from 2014 to 2018 to offer: (1) “commercialization capac-
ity building grants” to institutes of higher education pursuing specific innovative
initiatives to improve an institution’s capacity to commercialize faculty research;
and (2) “commercialization accelerator grants” to support institutions of higher edu-
cation pursuing initiatives that allow faculty to directly commercialize research in
an effort to accelerate research breakthroughs. Collaborative initiatives would be fa-
vored as would grants going to institutions of higher education (or other entities)
with demonstrated proficiency in creating new companies.

Whichever mechanism is chosen, increasing the focus on commercialization and
technology transfer would play an important role in bringing universities closer to
startups and to the private sector.

Separately, the National Network for Manufacturing Innovation (NNMI) plays a
pivotal role in helping industry, academia, and government work better together to
create transformational technologies and build new products and industries. The
nine Institutes of Manufacturing Innovation (IMIs) launched to date as part of the
NNMI represent public-private partnerships that foster R&D and innovation in ad-
vanced manufacturing product and process technologies. The Institutes bring stake-
holders together to solve pre-competitive industrial research problems; build indus-
try technology roadmaps; provide testbeds and platforms; promote education, tech-
nical skills, and workforce development; and act as a conduit for SMEs in the supply
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chain to engage Tier 1 OEMs. The NNMI represents a crucial fabric in America’s
technology ecosystem, and Congress should continue to support investment in build-
ing out the national network of manufacturing innovation institutes, ultimately try-
ing to reach the goal of a network of 45 such centers.

Finally, the Small Business Innovation Research program represents one of the
most successful innovation-promoting programs in the Federal Government. Despite
the fact that the SBIR/STTR program accounts for less than 3 percent of the Fed-
eral extramural R&D budget, a recent ITIF study found that 60 percent of firms
with fewer than 25 employees in the study utilized public grants through the SBIR
in the creation of their innovations. Despite its strengths, there are programmatic
reforms that could make SBIR an even stronger engine of commercialization activ-
ity.

First, SBIR Phase II awardees should be permitted to expend up to 5 percent of
their Phase II funding on commercialization-oriented activities, such as market vali-
dation, IP protection, market research, and business model development, as Dela-
ware Senator Chris Coons and Colorado Senator Cory Gardner propose in the new
Support Startup Businesses Act, which establishes a pilot program allowing SBIR
awardees to allocate no more than 5 percent of their grants for startup-related com-
mercialization activities.

Second, as NACIE, the President’s National Advisory Council on Innovation and
Entrepreneurship, has proposed for how Congress could further improve the SBIR
program: (1) Congress should significantly increase the allocation of Federal agen-
cies’ SBIR project budgets themselves toward supporting commercialization activi-
ties; (2) Congress should make commercialization potential a more prominent factor
in SBIR-funding decisions. In particular, Congress could modify the criteria and
composition of review panels to make commercialization potential a more prominent
factor in funding decisions.

RESPONSE TO WRITTEN QUESTIONS SUBMITTED BY HON. KELLY AYOTTE TO
DR. KELVIN DROEGEMEIER

Question 1. My state of New Hampshire, like your home state of Oklahoma, has
tried to maximize research opportunities for students leveraging Federal funds to
develop the “next generation” scientific workforce. How do we continue to develop
science and technology expertise nationwide to preserve America’s role as the lead-
ing innovator, and what is the economic benefit to our Nation when we develop sci-
entific minds in all states?

Answer. Your question consists of two extremely important but related dimen-
sions: First, the importance of a science and technology workforce to ensure the fu-
ture of our Nation’s leadership role in innovation, and second, the related benefits
associated with making certain we engage talent in every corner of our Nation, not
only those areas with the greatest population, wealth or infrastructure.

To the first part of your question, a decade’s worth of data demonstrate the in-
creasing pervasiveness and value of science and technology in the American work-
place. Scientific and technological knowledge and skills are used in many more occu-
pations than those traditionally thought of as science and engineering (S&E). In
2013, more than 13 million U.S. workers were officially classified as having a S&E
or S&E-related occupation. Yet an estimated 17.6 million college-educated individ-
uals, including many working in sales, marketing and management, reported that
their job required at least a bachelor’s degree level of S&E training. In addition, in
the modern U.S. economy, many jobs that require less than a bachelor’s degree still
require science, technology, engineering, and math (STEM) skills. These “technical
STEM” jobs, concentrated in the information technology (IT), health care, and
skilled trades, are often among the best paying and most stable jobs available to
individuals with a sub-baccalaureate education, and are distributed across all 50
states. There may be as many as 26 million jobs in the U.S. that require significant
STEM knowledge and skill in at least one field. This represents nearly 20 percent
of all U.S. jobs.

Given this high demand across the economy and across the country, encouraging
students to engage in the science and engineering enterprise and providing opportu-
nities to do so are vital components of continuing our Nation’s long-term success.
To meet this challenge, and to the second part of your question, the National
Science Foundation (NSF, Foundation) has several programs designed to recruit and
retain students from every state and background. For example, NSF’s Research Ex-
periences for Undergraduates (REU) program funds dozens of sites annually where
hundreds of students from all around the Nation, and across numerous disciplines,
assemble for significant periods of time to participate in cutting-edge research. The
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REU program has proven successful in developing student interest and persistence
in science majors. Additionally, many universities, and virtually all research univer-
sities, now place strong emphasis on experiential learning in and out of the class-
room, along with undergraduate research, in virtually all disciplines, with most in-
stitutions having formal offices of undergraduate research and specific credit and
credentials for pursuing research during the baccalaureate degree.

Further, the vast majority of NSF research proposals include funding for under-
graduate and/or graduate students, who participate as research assistants. Thus,
whenever a project is funded by an Experimental Program to Stimulate Competitive
Research (EPSCoR) grant from NSF, it is very likely that students will be gaining
access to exceptionally high quality, hands-on science education and research experi-
ences. Additional funding for students would be welcomed because there is no high-
er priority than investing in the next generation of STEM professionals as they help
perform the research that will maintain our Nation’s global science and technology
leadership.

New Hampshire provides an excellent illustration of EPSCoR’s powerful impact.
The state’s first EPSCoR project boosted research capacity in space science, environ-
mental science and nanotechnology. EPSCoR provided funds to install a thermal-
vacuum chamber at the University of New Hampshire (UNH) and at a facility at
Dartmouth College, enabling participation in NASA missions. Nanoscale instru-
ments installed at both institutions led to discovery of a compound that holds prom-
ise in the manufacture of flexible organic electronics, such as solar cells. The NSF
award—which totaled $7.78 million over four years, enabled new research, leading
to thirty-one more grants totaling nearly $52 million, spawned a spin-out company,
Innovacene, Inc. that uses technology developed at UNH, built the world’s largest
wind tunnel, and resulted in 27 research partnerships with NH companies. In addi-
tion, the project’s outreach programs reached 172 K-12 teachers and 3,814 students.

Yet, in spite of the important impact of EPSCoR on New Hampshire’s contribution
to our Nation’s science and engineering research and education enterprise, EPSCoR
is under serious threat. For the past two years, amendments have been offered on
the floor of the House to eliminate EPSCoR, with the presumed argument that, if
its resources are unavailable to all states, the program is not appropriate. This logic
runs completely counter to the NSF Organic Act, which states that NSF shall not
unduly concentrate its funding in any geographic region. Furthermore, and more im-
portantly, the logic of the amendment means that some regions/states that are fully
capable of making significant contributions to science and engineering research and
education—like New Hampshire and Oklahoma—are hampered from doing so sim-
ply by virtue of their historically low research dollars garnered from NSF and other
agencies. I therefore urge you to oppose the elimination of EPSCoR. And indeed, the
Senate has seen fit to rename EPSCoR in the bill that emerged from this hearing
and is to be congratulated for that thoughtful recognition of the value of EPSCoR.

Question 2. You identify several important governing principles: first, figuring out
where government adds unique value, and second, getting government out of the
way of our innovators instead of strangling creativity and enterprise with regula-
tion. There is a conflict when taxpayer dollars fund work that is rendered inefficient
through excess regulation. With these principles in mind, what are the best ways
of reducing regulation to maximize the efficiency of our Federal dollars?

Answer. Both the National Science Board (NSB, Board) and the National Acad-
emy of Sciences (NAS) have issued reports in recent years—the most recent only
a week ago in response to Congress—outlining steps that could be taken to reduce
regulation, while still ensuring that taxpayer dollars are spent wisely and that
human and animal subjects are treated ethically. Taking these steps is key to maxi-
mizing our Federal investments in scientific research. A survey conducted by the
Federal Demonstration Partnership in 2012 found that 42 percent of faculty time
related to conduct of federally-funded research at research institutions is spent on
activities other than research, with 19.3 percent specifically related to administra-
tive activities.

Among the principal recommendations of the NSB and NAS reports from the reg-
ulatory standpoint are:

e Harmonize grant proposal, submission, and reporting requirements across Fed-
eral science agencies. This includes establishing greater consistency in policies
such as disclosure of financial conflict of interest and animal care as well as
common, uniform guidance on things like formatting and electronic submission.
Absence of harmonization leads to duplication of effort, multiple reporting of the
same information in different formats, and submission of the same information
on different schedules, thereby adding to administrative burden. Inconsistencies
in financial audits are also a major contributor to administrative burden since,
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when audit practices vary, scientists and institutions need to understand how
to handle the variations. This can lead institutions to hold every transaction to
the most stringent standard that may be applied, without regard to efficiencies.
In harmonizing requirements across agencies, streamlining should also be a
consideration, so that burdensome yet unnecessary requirements do not get in-
stituted across the board. Pending legislation in both the House and the Senate
calls for creating an entity under the aegis of the Office of Science & Technology
Policy to regularly review regulations related to federally-funded research, iden-
tify outmoded, ineffective, insufficient, or excessively burdensome regulations,
and coordinate new and existing regulations, policies, guidance, and application
and reporting formats. This would be a very helpful step in promoting harmoni-
zation.

e Reform effort reporting requirements. Effort reporting was widely stated to be
time-consuming for researchers and costly for institutions to administer, while
yielding data that is not generally meaningful to evaluators. The NSF and Na-
tional Institutes of Health Inspector Generals (IGs) are halfway through the
Federal Demonstration Partnership pilot on payroll certification as an alter-
native to effort reports. Preliminary reports from the pilot suggest that this ap-
proach appears to reduce burden and IGs appear to accept the concept. It has
now become part of the Office of Management and Budget’s (OMB) uniform
guidance. However, to ensure that payroll certification becomes standard, it
would be helpful for Congress to recognize the acceptability of payroll certifi-
cation.

e Address the increasing number of regulations related to human and animal sub-
jects that add directly to scientists’ workload but do not appear to improve the
care and treatments of humans and animals. In particular, NSB recommends
using a single Institutional Review Board to cover multi-site projects and elimi-
nate continuing review for all expedited-minimal risk protocols.

e Re-examine applicability of certain safety and security requirements. A number
of safety and security requirements that primarily target industry—but are ap-
plied to academic research settings—such as the Chemical Facilities Anti-Ter-
rorism Standards and the Select Agent Program—should be reexamined and ap-
propriate alternatives identified and implemented. Scientists report that the re-
quirements for training; biosafety protocols; reports and certification; tracking
use of chemicals; and frequent inspections are excessive, while not improving
laboratory safety.

e Support the continuation and renewal of the Export Control Reform Initiative
which has the potential to make significant improvements to regulations, over-
sight, and compliance, benefiting national security, the economy, and federally-
funded university research.

e Greater collaboration among the IGs with agencies and universities, including
resolving interpretation issues of agency policies with the agency prior to formal
audits of research institutions; IGs broadly sharing model examples of agency
and university initiatives that advance and protect the research enterprise; and
publically sharing total costs (agency and institution) of IG audits of research
institutions.

An additional important point, in the context of “getting the government out of
the way,” concerns a recommendation made in a recent American Academy of Arts
and Sciences Report titled “Restoring the Foundation: New Models for U.S. Science
and Technology Policy.” I spoke to this issue during the hearing and want to reit-
erate its importance here. Specifically, the issue concerns so-called revenue procla-
mations in the Internal Revenue Code of 1986 (Section 141(b)) and the fact that cor-
porate-funded research at universities is considered a “private business” activity un-
less the research is considered “basic or fundamental” (which the private sector
rarely funds) or the sponsor must pay a competitive price for licensing once the tech-
nology resulting from the research actually exists. The latter is very problematic
and impedes corporate-university partnerships because companies do not want to
plan their business around a technology whose cost cannot be determined until it
actually exists.

Modifications to this code have been proposed that would un-tie the hands of uni-
versities and allow them to negotiate license fees up front, thereby making cor-
porate-university partnerships much more attractive to private industry. Evidence
of the importance of this issue is found in the fact that, during the past 20 years,
research and development funding in the U.S. has increased exponentially, with
most of the increase coming from private industry (which now funds two-thirds of
all Research and Development (R&D) in the Nation). It is disturbing that industry



78

funding for R&D at universities has remained flat, as a percentage, during this
same time. Simply put, we are placing an unnecessary roadblock in front of private
companies and discouraging them from accessing one of the most important assets
available—the minds and facilities within our Nation’s research universities.

RESPONSE TO WRITTEN QUESTIONS SUBMITTED BY HON. STEVE DAINES TO
DR. KELVIN DROEGEMEIER

Question 1. As you know, Montana participates in the National Science Founda-
tion (NSF) Experimental Program to Stimulate Competitive Research (EPSCoR)
program. Montana State University and the University of Montana as well as other
institutions have benefitted from the investments in research capacity enabled by
this program. We often discuss the benefits of this program for the participating
states and universities. Would you please elaborate on the national benefits of hav-
ing a broad research community that expands into rural states and communities?

Answer. Every state, regardless of size, should have the capability within its bor-
ders to take on critical science and technology challenges that its citizens face.
Smaller states are at a disadvantage in developing this necessary capacity. EPSCoR
is specifically intended to build this capacity through merit-reviewed awards, by
catalyzing additional growth by co-funding committed individual investigators, and
by providing incentives for states to pay attention to their S&T needs and provide
financial support to address those needs.

As you are well aware, Montana’s EPSCoR program has developed nationally sig-
nificant and regionally relevant science and engineering programs. The state’s na-
tional leadership in biomedical and health related issues, nanotechnology, and study
of life in extreme environments is in no small way attributable to EPSCoR. In addi-
tion, Montana’s EPSCoR serves as a model for how to integrate economic develop-
ment with university-based research and education. The program has also developed
the state’s human capital, which is essential to innovation. Between 2001-2011,
EPSCoR enabled the hiring of 87 new faculty at Montana University System institu-
tions, supported the studies of over 250 graduate students and the participation of
over 1,300 undergraduates in EPSCoR research projects. In addition, since 2007,
over 107 Native American tribal college students have participated in EPSCoR re-
search projects.

A state’s capacity to influence competitiveness also requires coordination, which
is an integral part of the EPSCoR program. For example, EPSCoR’s Research Infra-
structure Improvement program supports research based on a state’s science and
technology plan, often in alignment with national research priorities. Since the in-
ception of EPSCoR in 1980, the research competitiveness of EPSCoR jurisdictions
has increased by as much as 41 percent. Other NSF programs, such as Innovation
Corps (I-Corps) and Industry & University Cooperative Research Centers (I/UCRC),
enable academic researchers to begin translation of fundamental research discov-
eries, encourage academia and industry to collaborate (especially regionally), and
prepare students to be entrepreneurs in innovation. In short, EPSCoR contributes
to the overall economy by making sure that all 50 states are meaningful contribu-
tors to the Nation’s innovation.

In addition to contributions to research and economic development, EPSCoR
states, and especially their institutions of higher education, hire individuals edu-
cated in non-EPSCoR states. Many university presidents, provosts, and vice presi-
dents for research in non-EPSCoR states received their advanced degrees from
EPSCoR states, and the reverse also is true.

Question 2. While we have seen positive research conducted with NSF funds, we
have also seen wasteful spending. Every dollar we invest in these programs should
be used wisely and appropriately for research that will have meaningful benefits for
society. During your tenure on the National Science Board, which fortuitously ended
yesterday, what has NSF done to improve their vetting process and make sure they
are good stewards of tax payer resources?

Answer. My twelve years serving on NSF’s Board were profoundly rewarding.
This agency has a long and distinguished history of promoting the progress of
science and educating the next generation of innovators. We do this by supporting
the best ideas and people this country has to offer. A quick look at our 60-plus year
history shows the incredible results that have benefited our economy and quality
of life. Of course, some of those benefits—to your point about “meaningful benefits
to society”’—are not immediately obvious and may not be for many years. Addition-
ally, what is meaningful in the eyes of one person may not be in the eyes of another.
And this takes us to the issue of merit review, which is the key to NSF’s success
in achieving its mission and its recognition, around the world, as the absolute gold
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standard for funding research that has propelled the United States into an undis-
puted world leader in science and technology.

Merit review ensures that the choices of which ideas hold the most promise are
informed by experts who best understand the science. This was a conscious, hard-
fought-for principle at NSF’s founding and it has been evaluated and refined since
1950. The principles and procedures of the Foundation’s merit review system has
been emulated by many other nations, who strive to duplicate NSF’s peer review
and grants management processes in hope of duplicating our success.

As NSF’s governing body, the NSB annually reviews and, as needed, revises these
processes to ensure our investments offer maximal value to the Nation. During my
tenure on the Board, we conducted a two-year review of the Foundation’s merit re-
view criteria and the methods by which the reviews are implemented. The resulting
report, National Science Foundation’s Merit Review Criteria: Review and Revisions,
concluded that the agency’s Intellectual Merit and the Broader Impacts criteria re-
main appropriate and critical to its mission.

The Foundation’s current merit review system, often referred to as the gold stand-
ard for assessing research proposals, has served the Nation exceptionally well. Re-
cent legislative proposals to fundamentally alter NSF’s merit review system by re-
stricting NSF awards to a narrow subset of national goals or to projects where spe-
cific outcomes can be predetermined will undo the globally admired qualities that
have made NSF so valuable to the Nation. Confining scientific inquiry to immediate
or obvious application instead of scientific promise will undermine the unique
strengths of the NSF system. For this reason, I am heartened that the initial
version of the bipartisan Senate COMPETES bill reaffirms NSF’s merit review sys-
tem.

Despite its track record of success, NSF is always looking for ways to improve its
processes—its transparency and accountability—and ensure sound stewardship of
tax payer dollars. NSF Director France Cordova and her team have achieved great
results to date in this effort, which include implementing new policies to enhance
transparency and improved communication about the research the agency supports,
and reexamining NSF’s management of large projects and facilities.

Specifically, NSF has changed its policy vis a vis award abstracts and titles, clari-
fying to staff and the broad scientific community the need to communicate clearly
and explain how a research project serves the national interest, as stated by NSF’s
mission: “to promote the progress of science; to advance the national health, pros-
perity and welfare; or to secure the national defense.” As part of this effort, the
agency now provides resources and training to its program directors to help them
improve the clarity of award abstracts and titles. The agency also refined the roles
and responsibilities of its division directors in merit review and now provides inter-
active training to new division directors when they begin working at the agency. Di-
rector Cordova reached out to the broad scientific community to inform it of NSF’s
new steps to enhance transparency and accountability, including its responsibility
to clearly describe projects and justify the expenditure of public funds. This included
an update to NSF’s Proposal and Award Policies and Procedures Guide.

NSF is also working to strengthen its management of large projects. The recent
National Academy of Public Administration (NAPA) report, National Science Foun-
dation: Use of Cooperative Agreements to Support Large Scale Investment in Re-
search, is proving a timely tool to improve NSF’s oversight of large facilities. NSF
Senior Management and NSB jointly commissioned this report, which identifies
areas where NSF can improve and are in general agreement with the Panel’s rec-
ommendations.

The Foundation has begun acting on the NAPA report. Several of the rec-
ommendations relate to specific business practices; for instance, retaining control of
a portion of contingency funds, dealing with exceptions to recommendations from
pre-award cost analyses, and expectations for awardees regarding Government Ac-
countability Office (GAO) best practices. The Board concurred with the Director’s
plans to implement these recommendations, and will conduct oversight to ensure ac-
countability.

A second class of recommendations relate to oversight, accountability, and stew-
ardship. The Foundation is approaching these recommendations holistically, viewing
the NSB, Major Research Equipment and Facilities Construction Panel, and Office
of the Director as a system that the NAPA Panel recommendations can improve.

Among the work in progress:

e A consolidated, facilities-related website is being developed to support NSB and
Senior Management decision-making.

e NSB and NSF are working jointly to clarify and codify roles and responsibilities
related to the management and oversight of large facilities, in part to sustain
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working relationships across transitions in Board membership and NSF leader-
ship.

NSF is adding project and financial management expertise to criteria for the
selection of external reviewers, examining skill requirements for program offi-

cers and budget offices involved with large facilities, and building capacity in
the LFO.

NSB is continuing efforts to diversify the Board by adding financial and project
management expertise as desired criteria for new members it recommends to
the President in order to enhance NSB’s oversight and stewardship of these
large investments.

O
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