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NATIONAL SCIENCE FOUNDATION PART II: 
FUTURE OPPORTUNITIES AND CHALLENGES 

FOR SCIENCE 

TUESDAY, MARCH 21, 2017 

HOUSE OF REPRESENTATIVES, 
SUBCOMMITTEE ON RESEARCH AND TECHNOLOGY, 

COMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY, 
Washington, D.C. 

The Subcommittee met, pursuant to call, at 10:04 a.m., in Room 
2318 of the Rayburn House Office Building, Hon. Barbara Com-
stock [Chairwoman of the Subcommittee] presiding. 
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Chairwoman COMSTOCK. The Committee on Science, Space, and 
Technology will come to order. Without objection, the Chair is au-
thorized to declare recesses of the Committee at any time. Good 
morning and welcome to today’s hearing entitled National Science 
Foundation Part II: Future Opportunities and Challenges for 
Science. I now recognize myself for five minutes for an opening 
statement. 

For nearly 70 years, the National Science Foundation has served 
a mission that made the United States a world leader in science 
and innovation. The key question before us today: How can NSF 
keep us and continue to keep us at the forefront of science and in-
novation for the next 70 Years? 

Today we will hear perspectives on how NSF can meet the chal-
lenges and opportunities of the future and ideas for ways that NSF 
can improve. 

We will examine particular challenges such as setting priorities 
during a time of budgetary constraints, and ensuring that all tax-
payer-funded research is high quality, reproducible, and conducted 
with integrity. 

We will also look at the vast opportunities created by technology, 
which allows science to be more accessible and has created more 
data than ever before. I look forward to hearing how we can make 
science more open and harness that data to solve real-world prob-
lems. 

There are also great opportunities for innovation where science 
disciplines intersect. How can we encourage more transdisciplinary 
approaches to solving some of our toughest challenges, from cyber-
security to traumatic brain injuries or Alzheimer’s, diabetes, and so 
many more issues that we know you’re addressing and that we’ve 
addressed here in the Committee and elsewhere throughout Con-
gress. But the best breakthroughs come when we break down those 
silos. 

Finally, we have a great opportunity and challenge to develop a 
new generation of STEM workers. A study by Georgetown projects 
2.4 million job openings in STEM through 2018, where Virginia 
will lead the nation with 8.2 percent of its jobs being STEM re-
lated. 

By 2018, there are projections that Virginia will need to fill 
404,000 STEM jobs. These are good paying jobs, and we need to 
prepare students to fill them. And I’m happy to say that we have 
a Dominion student here from Virginia today at our hearing who 
is shadowing us here today to hear from our great witnesses. 

So this is the second of two hearings the Research and Tech-
nology Subcommittee is holding on the National Science Founda-
tion, NSF, this month, to provide input into a reauthorization of 
NSF later this year. The first hearing held on March 9 with Direc-
tor France Córdova covered issues addressed in the American Inno-
vation and Competitiveness Act, including accountability and 
transparency, large facility construction management reform, re-
search misconduct, and STEM education coordination. I should ac-
tually emphasize it with preventing the research misconduct there 
where we’re addressing that. 
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The AICA, signed into law in January, demonstrates that there 
is a strong bipartisan commitment on both sides of the aisle to the 
mission of NSF and to supporting basic and fundamental research. 

I hope this Committee can continue to work together on making 
sure we maintain our nation’s leadership in science. Innovation is 
about seeking new methods, new ideas, and new breakthroughs. 
We want to make sure that the way we fund, support, and conduct 
science is as innovative as the research it produces. 

And with that, I look forward to hearing the testimony of our 
guests. 

[The prepared statement of Chairwoman Comstock follows:] 
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Statement of Chairwoman Barbara Comstock (R-Va.) 
National Science Foundation Part II: Future Opportunities and Challenges for Science 

Chairwoman Comstock: For nearly 70 years. the National Science Foundation (NSF) 
has served a mission that made the United States a world leader in science and 
innovation. The key question before us today: how can NSF keep us at the forefront of 
science and innovation for the next 70 Years? 

Today we will hear perspectives on how NSF can meet the challenges and 
opportunities of the future, and ideas for ways that NSF can improve. 

We will examine particular challenges such as setting priorities during a time of 
budgetary constraints, and ensuring that all taxpayer-funded research is high quality. 
reproducible and conducted with integrity. 

We will also look at the vast opportunities created by technology, which allows 
science to be more accessible. and has created more data than ever before. I look 
forward to hearing how we can make science more open and harness that data to 
solve real world problems. 

There are also great opportunities for innovation where science disciplines intersect. 
How can we encourage more transdisciplinary approaches to solving some of our 
toughest challenges, from cybersecurity to traumatic brain injuries? The best 
breakthroughs come when we break down silos. 

And finally, we have a great opportunity and challenge to develop a new generation 
of STEM workers. A study by Georgetown projects 2.4 million job openings in STEM 
through 2018. where Virginia will lead the nation with 8.2 percent of its jobs being STEM 
related. 

By 2018, there are projections that Virginia will need to fill 404,000 STEM jobs. These are 
good paying jobs- and we need to prepare students to fill them. 

This is the second of two hearings the Research and Technology Subcommittee is 
holding on the National Science Foundation (NSF) this month. to provide input into a 
reauthorization of NSF later year. The first hearing held on March 9 with Director 
France Cordova covered issues addressed in the American Innovation and 
Competitiveness Act (AICA). including accountability and transparency, large facility 
construction management reform, research misconduct and STEM education 
coordination. 
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The AICA, signed into law in January, demonstrates that there is a strong bipartisan 
commitment on both sides of the aisle to the mission of NSF and to supporting basic 
and fundamental research. 

I hope this Committee can continue to work together on making sure we maintain our 
nation's leadership in science. innovation is about seeking new methods, new ideas, 
and new breakthroughs. We want to make sure that the way we fund, support and 
conduct science is as innovative as the research it produces. 

And with that, I look forward to hearing the testimonies of our guests. 

### 
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Chairwoman COMSTOCK. And I now recognize the Ranking Mem-
ber, the gentleman from Illinois, Mr. Lipinski, for his opening 
statement. 

Mr. LIPINSKI. Good morning. Thank you, Chairwoman Comstock, 
for holding this hearing on the future opportunities and challenges 
for science. I also want to thank our panel for being here this 
morning to inform our discussion on the important issues facing 
the U.S. scientific community. 

As a scientist, I chose to be on the Science Committee, and this 
Subcommittee in particular, because of the key role I would be able 
to play with my colleagues in promoting and overseeing the Na-
tional Science Foundation, the world’s foremost facilitator of top- 
quality scientific research. As Chair and now Ranking Member of 
this Subcommittee for more than eight years, I am proud to—proud 
of what I have been able to help the Foundation—how I’ve been 
able to help the Foundation fulfill its critical mission. 

All of us in this room want to maximize the benefits that we can 
reap from federal investments in science, but we sometimes differ 
on the best way to do this. Some believe that federal investments 
in particular fields of research are a frivolous use of taxpayer dol-
lars and that funding for these projects would be better utilized in 
other areas of research. I believe that there is unambiguous evi-
dence to the contrary and that NSF investments across all fields 
of science and engineering have yielded tremendous societal bene-
fits over the past 70 years. 

I want to say a few words about a primary target for some criti-
cism: research funded through the NSF’s Social, Behavioral, and 
Economic Sciences, or SBE Directorate. I have heard the argument 
that, in the wake of proposed cuts to the SBE directorate, if social 
and behavioral science research adds value to an interdisciplinary 
initiative—cybersecurity, for example—the other NSF directorates 
participating in the initiative could fund the SBE element of the 
project. There are a number of problems with this approach. 

First, program officers face strong competition for research fund-
ing within their own directorates and are thus very reluctant to di-
vert funding from their own field to researchers in another field. 

Second, NSF currently only supports the highest quality SBE re-
search, guided by the expertise of the scientists in the SBE direc-
torate, many of them supported directly by the SBE budget. If SBE 
research were to be supported only as an add-on to other projects, 
the quality of the research would inevitably suffer. And an engi-
neering program officer, no matter how good they are in their field, 
cannot be expected to have the expertise to assess the social science 
component of a proposal. 

I also want to point out that SBE funding accounts for only 4.5 
percent of the total NSF research budget, or $272 million out of 
over $6 billion. 

When I was a political scientist, I was one of the strongest pro-
ponents of interdisciplinary research. I believed that fields of study 
were oftentimes too siloed. But I also understood that 
groundbreaking interdisciplinary research required that those in-
volved in that research needed to bring the best expertise in their 
own fields to the table. If SBE funding is gutted, progress in the 
social sciences will slow and its community of experts will shrink 



9 

along with its capacity to add value to other research initiatives. 
As a result, in the long term, America’s capabilities in cybersecu-
rity, medicine, military planning, disaster preparedness and aid, 
and countless other fields will suffer. For interdisciplinary research 
to be transformative, the core research it draws from must be 
strong. 

The evidence bears out that unfettered research driven by key 
questions and approaches within a discipline that is carried out 
across all fields of science and engineering serves as the best foun-
dation for discoveries and technological innovations. This is the 
philosophy the NSF has followed, and it has produced outstanding 
benefits for our economic and national security. 

Perhaps more important, it is that unfettered ability to pursue 
the best and most compelling ideas that attracts and nurtures our 
nation’s and the world’s greatest scientific talent and keeps them 
here on our own shores, contributing to our nation and developing 
the next generation of American STEM talent. If we start to suffer 
the brain drain that other countries such as the UK and Germany 
suffered in decades past, we may never fully recover. 

We can all agree that we want to maximize the return on federal 
investment in science, and there are ways of doing this that we can 
agree on. It is important to ensure that research is reproducible 
and conducted with integrity. We can make certain that data ob-
tained from federally funded research is made available to other 
scientists and to the public. And we can encourage interdisciplinary 
collaboration while maintaining support for core research. 
WhileCongress should set priorities for our investments in science, 
it does not have to be at the expense of scientific inquiry or the via-
bility of entire research disciplines. 

Madam Chairwoman, before I yield back, I want to ask unani-
mous consent to put in the record a document that majority and 
minority staff received yesterday from the NSF Inspector General, 
Allison Lerner, in regard to the number of incidents of research 
misconduct over the past 12 years. 

Chairwoman COMSTOCK. So directed. 
Mr. LIPINSKI. And if the Chairwoman—— 
Chairwoman COMSTOCK. Without objection. 
[The information appears in Appendix II] 
Mr. LIPINSKI. Thank you. And if—allow me to go on another 

minute? 
Chairwoman COMSTOCK. Sure. 
Mr. LIPINSKI. I just want to talk a little bit about this, what I 

just inserted for the record. In her testimony before the Committee 
two weeks ago, Ms. Lerner stated that there were 175 cases of re-
search misconduct reported in the OIG semi-annual reports over 
the last four years. Immediately after the hearing, she notified the 
staff that she had erred in her testimony and there were only 75. 
At the same hearing, she testified that there had been a significant 
increase in the number of substantial allegations of research mis-
conduct in recent years. Committee staff followed up the same day 
by asking her for the data, and yesterday she shared a 12-year his-
tory of allegations, investigations, and findings of research mis-
conduct at NSF. 
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When you look at the data, you will notice two striking things. 
First, it would be very hard to discern any clear trend over the last 
decade, let alone a significant increase. Second, looking just at fab-
rication and falsification, which are arguably much worse than pla-
giarism, and what the IG claims to have been referring to her in 
testimony, you will see an average of 12 OIG investigations per 
year for the past 12 years, 15 cases per year if you look just in the 
last five years. When it comes to actual agency findings of mis-
conduct, the average is 2.6 per year over 12 years and 3.2 over the 
last five years. It is important to point out that these numbers 
apply to all NSF proposals, not just funded grants. NSF receives 
50,000 grant proposals per year. Fifteen cases of substantive alle-
gations of research misconduct represents 0.03 percent of all of 
those proposals; 3.2 findings of research misconduct per year rep-
resents .0064 percent of all proposals. Research misconduct is a 
very serious issue, but I think it is important to keep these num-
bers in mind. 

I look forward to discussing all of these issues. I thank all of the 
witnesses for being here today, and I yield back. Thank you. 

[The prepared statement of Mr. Lipinski follows:] 
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OPENING STATEMENT 
Ranking Member Daniel Lipinski (D-IL) 

of the Subcommittee on Research and Technology 

House Committee on Science, Space, and Technology 
Subcommittee on Research and Technology 

"National Science Foundation Part II: Future Opportunities and Chalfengesfor Science" 
March 21. 2017 

Good morning. Thank you Chairwoman Comstock for holding this hearing on the future 

opportunities and challenges for science. I also want to thank our panel for being here this 

morning to inform our discussion on the important issues facing the U.S. scientific community. 

As a scientist, I chose to be on the Science Committee, and this Subcommittee in particular, 

because of the key role I would be able to play with my colleagues in promoting and overseeing 

the National Science Foundation, the world's foremost facilitator of top-quality scientific 

research. As chair and now ranking member of this subcommittee for more than eight years, l 

am proud of what I have been able to do to help the foundation fulfill its critical mission. 

All of us in this room want to maximize the benefits that we can reap from federal investments in 

science, but we sometimes differ on the best way to do this. Some believe that federal 

investments in particular fields of research are a frivolous usc of taxpayer dollars and that 

funding for these projects would be better utilized in other areas of research. I believe that there 

is unambiguous evidence to the contrary, and that NSF investments across all fields of science 

and engineering have yielded tremendous societal benefits over the past 70 years. 

I want to say a few words about a primary target for some of criticism -research funded through 

the NSF's Social, Behavioral, and Economic Sciences, or SBE, Directorate. I have heard the 

argument that, in the wake of proposed cuts to the SBE directorate, if social and behavioral 

science research adds value to an interdisciplinary initiative- cybersecurity, for example- the 

other NSF directorates participating in the initiative could fund the SBE element of the project. 

There are a number of problems with this approach. 
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First, program officers face strong competition for research funding within their own directorates 

and are thus very reluctant to divert funding from their own field to researchers in another field. 

Second, NSF currently only supports the highest quality SBE research, guided by the expertise of 

the scientists in the SBE directorate, many of them supported directly by the SBE budget. If 

SBE research were to be supported only as an add-on to other projects, the quality of the research 

would inevitably suffer. And an engineering program officer, no matter how good they are in 

their field, cannot be expected to have the expertise to assess the social science component of a 

proposal. 

Finally, I want to point out that SBE funding accounts for only 4.5% of the total NSF research 

budget, or $272 million out of over $6 billion. 

When l was a political scientist, I was one of the strongest proponents of interdisciplinary 

research. I believed that fields of study were oftentimes too siloed. But I also understood that 

groundbreaking interdisciplinary research required that those involved in that research needed to 

bring the best expertise in their own fields to the table. If SBE funding is gutted, progress in the 

social sciences will slow and its community of experts will shrink along with its capacity to add 

value to other research initiatives. As a result, in the long term, America's capabilities in 

cybersccurity, medicine, military planning, disaster preparedness and aid, and countless other 

fields will suffer. For interdisciplinary research to be transformative, the core research it draws 

from must be strong. 

The. evidence bears out that unfettered research driven by key questions and approaches within a 

discipline, that is carried out across all fields of science and engineering serves as the best 

foundation for discoveries and technological innovations. This is the philosophy the NSF has 

followed and it has produced outstanding benefits for our economic and national security. 

Perhaps more important, it is that unfettered ability to pursue the best and most compelling ideas 

that attracts and nurtures our nation's and the world's greatest scientific talent and keeps them 

here on our own shores, contributing to our nation and developing the next generation of 
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American STEM talent. If we start to suffer the brain drain that other countries such as the UK 

and Germany suffered in decades past, we may never fully recover. 

We can all agree that we want to maximize the return on federal investment in science and there 

are ways of doing this that we can agree on. It is important to ensure that research is 

reproducible and conducted with integrity. We can make certain that data obtained from 

federally funded research is made available to other scientists and to the public. And we can 

encourage interdisciplinary collaboration while maintaining support for core research. While 

Congress should set priorities for our investments in science, it does not have to be at the 

expense of scientific inquiry or the viability of entire research disciplines. 

Madam Chairwoman, before I yield back, I want to ask unanimous consent to put in the record a 

document that Majority and Minority staff received yesterday from the NSF Inspector General, 

Allison Lerner, in regard to the number of incidents of research misconduct over the past 12 

years. In her testimony before the Committee 2 weeks ago, Ms. Lerner stated that there were 

175 cases of research misconduct reported in the OIG semi-annual reports over the last 4 years. 

Immediately after the hearing, she notified the staff that she had erred in her testimony and there 

were only 75. At the same hearing. she testified that there had been a "significant increase" in 

the number of substantial allegations of research misconduct in recent years. Committee staff 

followed up the same day by asking her for the data, and yesterday she shared a 12-year history 

of allegations, investigations, and findings of research misconduct at NSF. When you look at the 

data, you will notice two striking things. First, it would be very hard to discern any clear trend 

over the last decade, let alone a significant increase. Second, looking just at fabrication and 

falsification, which are arguably much worse than plagiarism, and what the IG claims to have 

been referring to her in testimony, you will see an average of 12 OIG investigations per year for 

the past 12 years, 15 cases per year if you look just in the last 5 years. When it comes to actual 

agency findings of misconduct, the average is 2.6 per year over I 2 years and 3.2 over the last 5 

years. It is important to point out that these numbers apply to all NSF proposals, not just funded 

grants. NSF receives 50,000 grant proposals per year. Fifteen (15) cases of substantive 

allegations of research misconduct represents 0.03% of all of those proposals. Three point two 
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(3.2) findings of research misconduct represents 0.0064% of all proposals. Research misconduct 

is a very serious issue, but I think it is important to keep these numbers in mind. 

!look forward to discussing all of these complex issues and I thank all of the witnesses for being 

here today. l yield back the balance of my time. 
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Chairwoman COMSTOCK. Thank you. And Chairman Smith has a 
schedule conflict this morning, so we have a statement for the 
record to submit on his behalf. 

[The prepared statement of Chairman Smith appears in Appen-
dix II] 

Chairwoman COMSTOCK. And I now recognize the Ranking Mem-
ber of the Full Committee for a statement. Ms. Johnson? 

Ms. JOHNSON. Thank you very much, and good morning. I want 
to thank the Chairwoman and Ranking Member Lipinski for hold-
ing this hearing, and welcome to our very distinguished panel of 
witnesses. 

I believe that the stated purpose of this hearing is something we 
can all support. The process for setting research priorities at the 
National Science Foundation has always been a combination of 
science-driven and policy-driven, or bottom-up and top-down. The 
Congress does have a role to play. 

Reproducibility is a well-documented challenge across all STEM 
fields and one for which this Committee can help promote progress. 
Research misconduct is the rare exception. Nevertheless, we should 
remain vigilant and promote good policies, including education and 
training, to minimize misconduct everywhere. 

I strongly support open science and data sharing. For the last 
two Congresses I cosponsored the Public Access to Public Science 
Act with Representative Sensenbrenner. To this date we have been 
unable to convince the Chairman to take it up in a Committee. I 
hope that we will continue to look forward to considering it. Along 
with every other Science Committee Democrat, I also cosponsored 
with Representative Tonko’s Scientific Integrity Act that promotes 
open science and data sharing while protecting privacy and con-
fidentiality. I encourage the Chairman to take that bill up as well. 

However, data sharing is never as simple as it sounds, and our 
witnesses will help shed some light on the complexity. 

While the core STEM disciplines remain essential, many sci-
entific frontiers are at the boundaries between disciplines. We must 
continue to look for policies and funding incentives to promote 
transdisciplinary research. National Science Foundation has come 
a long way just in the last decade. However, unhelpful stovepipes 
between disciplines remain, especially at our research institutions. 
Finally, there are few topics that I am more passionate about than 
developing a new generation of STEM workers. On all of these top-
ics, I have no doubt that the experts sitting before us today have 
many wise recommendations based on many decades of collective 
experience. Those of us sitting on this side of the dais would be 
most wise to heed their recommendations. 

For example, I am quite confident that none of these witnesses 
will endorse slashing funding for the geosciences or social and be-
havioral sciences in order to increase funding for other fields. I also 
doubt that any of these witnesses confuse research reproducibility 
with research misconduct, yet I often hear the rare cases of mis-
conduct being used as a sledgehammer to impugn scientists broad-
ly. 

We can set priorities and develop good science policies without 
stifling scientific inquiry or shutting down entire fields of research. 
If we truly care about developing a new generation of STEM work-
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ers, if we truly care about our nation’s economic and national secu-
rity, and if we truly care about the well-being of our children and 
grandchildren, we will listen to the experts before us today and the 
many other scientific leaders who have so thoughtfully developed 
recommendations for the future of the National Science Foundation 
and U.S. leadership in science and technology. 

I so look forward to the testimony from our panelists today, and 
I thank you, Madam Chair, and yield back. 

[The prepared statement of Ms. Johnson follows:] 
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OPENING STATEMENT 
Ranking Member Eddie Bernice Johnson (D-TX) 

House Committee on Science, Space, and Technology 
Subcommittee on Research and Technology 

"National Science Foundation Part fl: Future Opportunities and Chal/engesfor Science" 
March21,2017 

Thank you Chairwoman Comstock and Ranking Member Lipinski for holding this hearing, and 

welcome to the very distinguished panel of witnesses. 

I believe that the stated purpose of this hearing is something we can all support. The process for 

setting research priorities at the National Science Foundation has always been a combination of 

science-driven and policy-driven, or bottom-up and top-down, and Congress has a role to play. 

Reproducibility is a well-documented challenge across all STEM fields, and one for which this 

Committee can help promote progress. Research misconduct is the rare exception. Nevertheless, 

we should remain vigilant and promote good policies, including education and training, to 

minimize misconduct everywhere. 

I strongly support open science and data sharing. For the last two Congresses I cosponsored the 

Public Access to Public Science Act with Rep. Sensenbrenner, but to date we have been unable to 

convince the Chairman to take it up in Committee. I hope that it wi II be considered in this 

Congress. Along with every other Science Committee Democrat, I also cosponsored Rep. 

Tonko's Scientific Integrity Act that promotes open science and data sharing while protecting 

privacy and confidentiality. 1 encourage the Chairman to take up that bill too.llowever, data 

sharing is never as simple as it sounds, and our witnesses will help shed some light on that 

complexity. 

While the core STEM disciplines remain essential, many scientific frontiers are at the boundaries 

between disciplines. W c must continue to look for policies and funding incentives to promote 

transdisciplinary research. NSF has come a long way just in the last decade. However, unhelpful 

stovepipes between disciplines remain, especially at our research institutions. Finally, there are 

few topics that 1 am more passionate about than developing a new generation of STEM workers. 

On all of these topics, 1 have no doubt that the experts sitting before us will have many wise 

recommendations based on many decades of collective experience. Those of us sitting on this 

side of the dais would be most wise to heed their recommendations. For example, I am quite 

confident that none of these witnesses will endorse slashing funding for the geosciences or social 

and behavioral sciences in order to increase funding for other fields. I also doubt that any of 

these witnesses confuse research reproducibility with research misconduct, yet I often hear the 

rare cases of misconduct being used as a sledgehammer to impugn scientists broadly. 

We can set priorities and develop good science policies without stifling scientific inquiry or 

shutting down entire fields of research. lfwe truly care about developing a new generation of 

STEM workers, if we truly care about our nation's economic and national security, and if we 
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truly care about the wellbeing of our children and grandchildren, we will listen to the experts 

before us today and the many other scientific leaders who have so thoughtfully developed 

recommendations for the future of the National Science Foundation and U.S. leadership in 

science and technology. 

I look forward to today's testimony and discussion, and I yield back. 
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Chairwoman COMSTOCK. Thank you. I’ll now introduce our wit-
nesses. Our first witness today is Dr. Joan Ferrini-Mundy, Acting 
Chief Operating Officer of the National Science Foundation. 

Prior to this role she served as Assistant Director of the NSF for 
Education and Human Resources since February 2011 and has 
been at NSF in various capacities since 2007. From 1999 to 2011 
she held an appointment at Michigan State University where she 
was a University Distinguished Professor of Mathematics Edu-
cation. She was elected a fellow of the American Association for the 
Advancement of Science in 2011. Dr. Ferrini-Mundy holds a Ph.D. 
in Mathematics Education from the University of New Hampshire, 
and she is a resident of the 10th District in Chantilly. We welcome 
you here today. 

Dr. Maria Zuber, our second witness, is Chair of the National 
Science Board. In 2013, Dr. Zuber was appointed Vice President for 
Research at the Massachusetts Institute of Technology where she 
oversees more than a dozen interdisciplinary research laboratories 
and centers. Dr. Zuber was awarded the NASA Distinguished Pub-
lic Service Medal in 2004, and in 2008 she was named to the U.S. 
News list of America’s Best Leaders. She received a Bachelor of 
Arts in Astronomy from the University of Pennsylvania as well as 
a Master of Science and Ph.D., both in Geophysics from Brown 
University. 

Dr. Jeffrey Spies is our third witness, and he is the Co-Founder 
and Chief Technology Officer for the Center for Open Science and 
Assistant Professor at the University of Virginia. Dr. Spies was re-
cently named the Association for Psychological Science Rising Star 
for early career scientists whose work has already advanced the 
field and signals great potential for continued contributions. He 
completed his undergraduate work at the University of Notre 
Dame where he also earned his Master’s Degree in Psychology and 
Computer Science. He also holds a Ph.D. in Quantitative Psy-
chology from the University of Virginia. 

Dr. Keith Yamamoto is our fourth witness, and he is the Vice 
Chancellor for Science Policy and Strategy at the University of 
California, San Francisco, where he joined the faculty in 1976. He 
chairs the Coalition for the Life Sciences and sits on the National 
Academy of Medicine’s Executive Committee, the National Acad-
emy of Sciences, Division of Earth and Life Studies’ Advisory Com-
mittee, and the Executive Committee of Research America. He is 
also an elected member of the American Academy of Arts and 
Sciences and a Fellow of the American Association for the Advance-
ment of Science. He received a Bachelor of Science from Iowa State 
University and a Ph.D. from Princeton University. 

I now recognize Dr. Ferrini-Mundy for five minutes to present 
her testimony. 

TESTIMONY OF DR. JOAN FERRINI–MUNDY, 
ACTING CHIEF OPERATING OFFICER, 

NATIONAL SCIENCE FOUNDATION (NSF) 

Dr. FERRINI-MUNDY. Thank you. Good morning Ranking Member 
Johnson, Chairwoman Comstock, Ranking Member Lipinski, and 
distinguished Members of the Subcommittee. My name is Joan 
Ferrini-Mundy, and I am the National Science Foundation’s Acting 
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Chief Operating Officer. Previously I served as the NSF Assistant 
Director for Education and Human Resources. Before coming to the 
National Science Foundation, I was a Professor of Mathematics and 
Education and an Administrator at Michigan State University. 

I appreciate the opportunity to testify as the Foundation cele-
brates nearly seven decades of funding scientific discoveries. The 
mission of NSF is to promote the progress of science; to advance 
the national health, prosperity and welfare; and to secure the na-
tional defense. I will highlight four features of NSF’s approach to 
enacting the mission that have served science and the nation well 
since our beginnings: fundamental research, flexibility, partner-
ships, and people. 

For nearly 70 years, NSF has focused on investing in funda-
mental research across all fields of science and engineering. When 
grants for fundamental research are made, it is often impossible to 
immediately see what the direct impact on society will be. Yet, 
NSF investments have benefitted the lives and livelihoods of gen-
erations of Americans. NSF investments drive U.S. economic 
growth, strengthen our nation’s security, and give the country the 
competitive edge we need to exert our global leadership. 

A second hallmark of NSF’s approach is maintaining the flexi-
bility to fund the very best scientific ideas from wherever they may 
come. This means having evolving mechanisms for investing in 
ideas and solutions that span existing and established scientific 
fields and lead to new ones that cross disciplinary boundaries and 
that are high risk for potential for high reward. Our gold standard 
merit review process ensures a fair and expert hearing for each of 
those ideas. Flexible collaborations across our disciplinary direc-
torates ensure that we are able to make awards for the very most 
promising ideas. 

Third, I wish to highlight the centrality of partnerships in NSF’s 
effectiveness. We partner across government with the U.S. and 
international scientific community and with the private sector. 

Through the NSF Organic Act of 1950, the Foundation is estab-
lished as a partnership between the National Science Board and 
the National Science Foundation Director. Our nation’s most distin-
guished and respected researchers prepare decadal surveys and 
synthesis reports for the National Academies of Science. The pool 
of nearly 50,000 NSF proposals received annually and the reviews 
that we obtain for them from partners in the scientific community 
provide a rich snapshot of the directions and trends of U.S. science 
and engineering. The private sector relies on the steady stream of 
basic science that fuels their efforts at innovation and enhances 
their efficiency and productivity. 

NSF promotes the growing emphasis on open science through its 
policies for sharing publications and managing data. Finally, and 
I know of great importance to this Subcommittee, are people. Gov-
ernment, universities, colleges, business, and industries all depend 
upon a steady supply of well-prepared people in science and engi-
neering, drawing on talent from across the diversity of our nation. 
All should have the opportunity to be inspired by the wonders of 
science, technology, engineering, and mathematics through learn-
ing opportunities in K through 12 schools, community colleges, uni-
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versities, as well as in informal, self-directed, and lifelong learning 
environments. 

NSF has a unique role to play to nurture the next generation of 
STEM talent. That generation will carry the mantle of discovery 
and innovation into the future. 

NSF looks forward to its continuing responsibility for advancing 
the frontiers of discovery, innovation, and learning. I thank the 
Subcommittee for your support of the Foundation. This concludes 
my oral testimony. More detail on the four points I have briefly 
highlighted today can be found in my written statement. I will be 
pleased to answer any questions that you have. 

[The prepared statement of Dr. Ferrini-Mundy follows:] 
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Testimony of 

Joan Ferrini-Mundy, Ph.D. 
Chief Operating Officer (Acting) 

National Science Foundation 

Before the 
Subcommittee on Research and Technology 

for the 
Committee on Science, Space, and Technology 

U.S. House of Representatives 

March 21,2017 

"National Science Foundation Part II: Future Opportunities and Challenges for Science" 

Chairwoman Comstock, Ranking Member Lipinski, and other dislinguished members of the Subcommittee. 
My name is Joan Ferrini-Mundy and lam the National Science Foundation's (NSF) Acting Chief Operating 
Officer. Prior to assuming my current role. I served as the NSF Assistant Director for Education and Human 
Resources since 201!. Thank you for the opportunity to testify before you today as NSF examines the 
societal challenges and opportunities for the nation ·s future, and NSF celebrates nearly 70 years of scientific 
accomplishment. 

Since its establishment in 1950. the mission of NSF has been "to promote the progress of science: to 
advance the national health, prosperity and welfare: [and! to secure the national defense ... " To do so, NSF 
has provided funding with an eye toward the frontier - in order to identify the most innovative and 
promising new research and education projects. NSF specifically targets its investments in discovery 
research at the edge of science and engineering. Here. advances push the boundaries of innovation and lead 
to progress and productivity. We prioritize such frontiers by maintaining our proven. "bottom-up" 
philosophy: the best ideas for research will come directly from the science and engineering community. 

The cornerstone of NSF is the merit-based. competitive process that fosters the highest standards of 
excellence and accountability -- standards that have been emulated at funding agencies around the world. 
To evaluate which proposals have the greatest potential to promote the progress of science. reviewers 
seek to identify two key factors in every proposal: intellectual merit and broader impacts. Evaluating 
proposals on the basis of these factors assures that the Foundations' activities are in the national interest. 

NSF is vital to our nation because we invest in the fundamental research and the talented people who make 
the discoveries that transform our future. Those discoveries are a primary driver of the U.S. economy, 
enhance our nation's security. and give the country the competitive edge to remain a global leader. 
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NSF: Where Discoveries and Discoverers Begin 

Federal support for research and education has fueled innovation and provided benefits to the American 
public for decades, and NSF has played a significant role in this success. For nearly 70 years, NSF has 
been a catalyst for the development of new ideas in science and engineering and supported the people who 
generate them. 

In 1952, using one of NSF's first grants, Caltech professor Max Delbriick invented molecular biology 
techniques that enabled one of his students. James Watson, along with colleagues Rosalind Franklin, and 
Francis Crick, to determine the molecular structure of DNA. Since then, an entire biotechnology industry 
has bloomed and prospered and understanding of DNA has led to fundamental discoveries about genetics 
and disease. When considered as an industry in itself, biotech and its econmnic impact rival the ruining, 
utilities, chemical, computing and electronics industries. In the 1960s and 1970s, NSF provided funding 
that resulted in seminal fundamental mathematical and process innovations for manufacturing that industry 
considered too risky to fund. These led directly to rapid prototyping, and revolutionized how products are 
designed and manufactured. 

In the 1980s, NSF supported the very first computer science departments in U.S. universities. growing out 
of mathematics departments, establishing computer science as a mainstream area of scientific and 
engineering research, and providing a training ground for the first and subsequent generations of computer 
scientists and entrepreneurs. Today, NSF provides 82 percent of total federal support for research in 
computer science conducted in the nation's universities and colleges. Jobs related to computer and 
information technologies are among the most rapidly growing in the nation according to Bureau of Labor 
Statistics projections. In the 1990s, NSF supported pioneering research in the emerging field of 
nanotechnology, an early example of convergent research spanning multiple fields of science and 
engineering. Between 2001 and 2010, 175 start-ups and collaborations with over 1,200 companies came 
about as a direct result of NSF-supported centers and networks. 

And just last year, NSF-funded infrastructure and research provided for the first direct detection of 
gravitational waves by NSF's Laser Iriterferometer Gravitational-Wave Observatory (LIGO). This historic 
discovery is the result of funding by NSF in the 1970s of the infrastructure needed to prove one of the 
predictions of Einstein's theory of General Relativity. This detection will continue to push the boundaries 
of science and discovery for decades to come. 

Such investments in basic research often yield unexpected benefits. NSF's support of game theory, auction 
theory, and experimental economics through the Directorate for Social, Behavioral, and Economic Sciences 
provided the Federal Communications Commission (FCC) with its current system for apportioning the 
airwaves. Since 1994, FCC "spectrum auctions" have netted over $45 billion in revenue for the federal 
government and more than $200 billion in worldwide revenue. Although the payoff was unexpected at the 
time NSF started supporting game-theory research, the payoff is many times greater than the total 
investment NSF has made in social and behavioral sciences over our Agency's history. 

These transformational discoveries often span many disciplinary fields. The breadth and t1exibility of 
NSF's functions as specified in the NSF Organic Act' "to initiate and support basic scientific research 
and programs to strengthen scientific research potential and science education programs at all levels, in the 
mathematical, physical, medical, biological, social, and other sciences, and to initiate and support research 
fundamental to the engineering process and programs to strengthen engineering research potential and 
engineering education programs at all levels in the various fields of engineering .... " enables the 
unexpected interdisciplinary connections that are so often critical to scientillc advances. 

1 42 U.S. Code§ 1862 

2 
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NSF is unique among science agencies in that education is fully integrated with the investment in science 
and engineering research, and has been since NSFs founding in 1950. By engaging the nation's experts in 
science and engineering in shaping the education of tomorrow's scientists and engineers, NSF's 
investments arc critical in ensuring that the most talented and innovative people are well prepared to do 
science and engineering. In addition, having a science, technology. engineering, and mathematics (STEM) 
literate society is also critical to promoting the progress of science. As Vannevar Bush wrote in Science­
The Endless Frontier, "Basic scientific research is scientific capital... How do we increase this scientific 
capital? First, we must have plenty of men and women trained in science, for upon them depends both the 
creation of new knowledge and its application to practical purposes." In the 1950s NSF began its Graduate 
Research Fellowship Program, providing support for graduate education for our nation's best and brightest. 
Over the years NSF has supported over 50,000 fellows, 43 of whom have received Nobel Prizes. NSF­
funded evidence-based innovations in K-12, undergraduate, and informal education have led to major shifts 
in the depth and quality of science and mathematics instruction, opportunities for research and direct 
collaboration with scientists that prepares undergraduates to pursue science and engineering careers, and 
inspirational out-of-schoollearning opportunities that draw young people into science. 

Responsiveness to National Needs 

NSF may not be the largest agency that funds science and engineering research, but our size serves to keep 
us nimble. The NSF portfolio of funded projects is continually evolving as the science and engineering 
communities identify and pursue new research at the frontiers of knowledge. An essential part of our 
mission is to constantly allow for the rethinking of established categmies and traditional perspectives as 
needed to promote the progress of science. This ability is more important than ever, as conventional 
boundaries constantly shift and disappear boundaries between disciplines, between science and 
engineering, and between what is fundamental tmd what is applied. NSF, with its mandate to support all 
fields of science and engineering, is uniquely positioned to meet the needs of researchers exploring human 
knowledge at these interfaces, and those who are establishing new interfaces, whether we are supporting 
interdisciplinary conferences. enabling cyber-sharing of data and information, or encouraging new 
collaborations and partnerships across disciplines. 

NSF's comprehensive and flexible support of meritorious projects with broad societal impacts enables the 
Foundation to identify and foster both fundamental and transformative discoveries within and among fields 
of inquiry. NSF is able to support emerging fields, high-risk ideas, interdisciplinary collaborations, and 
research that pushes, and even transforms, the very frontiers of knowledge. In these ways, NSF's 
discoveries inspire the American public-and the world. 

NSF's organization mirrors the ways that science and engineering are organized and conducted in 
universities. Our portfolio spans the biological sciences, computer and information science and 
engineedng, engineering. geosciences, mathematical and physical sciences, and social, behavioral, and 
economic sciences- encompassing both research and education in these areas. NSF also CfUTies out 
specific national responsibilities for polar programs and US operations in Antarctica; provides 
cyberinfrastructure, including high performance computing, used by colleagues funded by multiple 
federal agencies; fosters international science and engineering; operates scientific instruments and 
facilities used by researchers worldwide: and successfully engages in a range of responsibilities related to 
the nation's overall capabilities in science and engineering. Key among those is providing statistical 
resources on the overall U.S. and international research and development enterprise through our statistical 
agency, the National Center for Science and Engineering Statistics. 

The 25-member National Science Board and the NSF Director jointly pursue the goals and function of the 
NSF, including the duty to "recommend and encourage the pursuit of national policies for the promotion 
of research and education in science and engineering." 

3 
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Priority Setting and Strategic Planning 

NSF constantly strives for a portfolio of investments that best meets the needs of tbe Nation. The planning 
and development of that portfolio is an ongoing, multifaceted process for the agency. It engages the National 
Science Board, incorporates Administration guidance, and addresses requirements established in 
Congressional legislation. It reflects discussions of emerging areas of science and engineering with NSF's 
Advisory Committees. And, it draws on a wide array of inputs such as studies by the National Academies 
and decadal surveys that set priorities for our disciplines. And finally, it incorporates the inputs and analyses 
of NSF scientific staff from the nearly 50,000 proposals received annually at NSF from the research 
community, which reflect interests and potential new frontier opportunities. 

NSF's periodic strategic plans2
, developed in partnership with the National Science Board, are also an 

important component of setting priorities. The strategic plan is based on NSF's uniqueness as a federal 
agency, with attention to the wide range of fields within the scope of its mission and its ability to support 
the broad interdisciplinary collaborations needed to advance discovery. Our plan will encompass 
investments in projects, people, and infrastructure with a goal of supporting significant discoveries that will 
help to: stimulate economic growth; improve the quality of life for Americans; and deepen our 
understanding of the universe around us. In preparation for developing the new plan (2018 2022), since 
August 2016, NSF has been seeking wide input'. We anticipate that the final version of NSF's updated 
strategic plan will be submitted to Congress with the President's FY 2019 budget request. 

Discussions among leadership within NSF are structured so that the directorates work together to identify 
and pursue the most important priorities and greatest challenges --regardless of discipline. The cooperation 
among the directorates, especially at the leadership leveL is the defining characteristic of the process. This 
cooperation allows the NSF Director to present a budget on the frontier of science and engineering. It 
often results in significant interdisciplinary efforts that span several directorates and are possible because 
of the flexibility afforded to NSF through its funding structure. For instance, such NSF-wide efforts as 
Innovations at the Nexus of Food, Energy, and Water Systems, which is seeking to "catalyze well-integrated 
interdisciplinary and convergent research to transform scientific understanding of the FEW nexus 
(integrating all three components rather than addressing them separately), in order to improve system 
function and management, address system stress, increase resilience, and ensure sustainability" indicate 
NSF's ability to prioritize key areas of societal need. 

NSF's current process fosters cooperation across disciplines, provides !1exibility to pursue emerging 
interdisciplinary opportunities, and draws fully upon input from the community, best responds to and 
anticipates the nation's needs and enables the agency to fulfill its responsibilities for strengthening U.S. 
science and engineering overall, in keeping with the NSF mission. 

The Science of Tomorrow 

At NSF, we constantly look toward the frontier in order to identify the most innovative and promising 
directions for research and education. In Science The Endless Frontier, Vannevar Bush wrote: 

Basic research leads to new knowledge. It provides scientific capital. It creates the fund from 
which the practical applications of knowledge must be drawn. New products and new processes 
do not appear full-grown. They are founded on new principles and new conceptions, which in tum 
are painstakingly developed by research in the purest realms of science. Today it is truer than ever 
that basic research is the pacemaker of technological progress. In the nineteenth century, Yankee 

1 https:l/www.nsf.gov/about/performance/strategic_plan.jsp 
·1 https://www.nsf.gov/od/oia!strategicplanlfeedback.jsp 
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mechanical ingenuity, building largely upon the basic discoveries of European scientists, could 
greatly advance the technical arts. Now the situation is different. A nation which depends upon 
others for its new basic scientific knowledge will be slow in its industrial progress and weak in its 
competitive position in world trade, regardless of its mechanical skill. 

As we look ahead to the coming decades. we must envision bold questions that will drive NSF's long-term 
agenda for research and education investment-- questions that will ensure future U.S. generations continue 
to reap the benefits of fundamental research in science and engineering. This is the reason NSF developed 
the 'Ten Big Ideas."4 These ideas capitalize on what NSF does best: catalyze interest and investment in 
fundamental research. which is the basis for discovery. invention and innovation. They are meant to suggest 
a set of cutting-edge research agendas and processes that are uniquely suited for NSF's broad portfolio of 
investments, and will require collaborations with industry, private foundations. other federal agencies. 
scientific societies, and education partners ranging from K-12 systems, to community colleges, to 
universities. Funding the research that will advance these ideas, and efforts to develop the talented people 
who can pursue them, will push forward the frontiers of U.S.-based science and engineering, contribute 
innovative approaches to solving some of the most pressing problems the world faces, and lead to 
unimagined discoveries that can change lives. 

The work of today's NSF-funded researchers provides previews of the science and engineering of 
tomorrow. The need for the research to be robust and reliable so that science has the confidence of the 
public and of policy makers is paramount. And. to enable collaboration, replication, and wider access to 
science, concepts of open science are developing, being enacted, and advancing rapidly in all fields. 
Because the complex problems being addressed by scientists and engineers frequently require expertise 
from multiple disciplines, the science of tomorrow is increasingly interdisciplinary and convergent across 
multiple fields of science. And finally. tomorrow's science and engineering advances will be accomplished 
by people who are being educated today- both in our nation's formal education systems ranging from K-
12 schools through graduate school, as well as in informal and self-directed learning environments that 
range from educational television, to museums, to Massive Open Online Courses (MOOCs), to certificate 
and badging programs. Thus the preparation of the STEM and STEM-capable workforces is essential. 

Interdisciplinarity and Convergence in Science and Engineering 

The National Academies of Sciences defines interdisciplinary. or convergent, research as "a mode of 
research by teams or individuals that integrates information. data, techniques, tools. perspectives, concepts. 
and/or theories from two or more disciplines or bodies of specializccl knowledge to advance fundamental 
understanding or to solve problems whose solutions are beyond the scope of a single discipline or area of 
research practice."' 

NSF has long recognized the value of interdisciplinary research in pushing fields forward and accelerating 
scientific discovery. Important research ideas often transcend the scope of a single discipline or program. 
NSF also understands that the integration of research and education through interdisciplinary training 
prepares a workforce that undertakes scientific challenges in innovative ways. Thus, NSF gives high 
priotity to promoting interdisciplinary research and supports it through a number of specific solicitations. 
NSF also allows unsolicited interdisciplinary proposals for ideas that are in novel or emerging areas 
extending beyond any particular current NSF program. 

Numerous NSF programs are designed explicitly to be interdisciplinary, often involving several NSF 
directorates. The NSF Understanding the Brain Initiative, for instance, involves multiple NSF directorates: 

4 https:l/www.nsf.gov/ablmtlcongress!repm1s/nsf_big_ideas.pdf 
5 Convergence: Facilitating Transdisciplinary Integration of Life Sciences. Physical Sciences. Engineering. and Beyond (2014) 
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the Biological Sciences; the Mathematical and Physical Sciences; the Social, Behavioral, and Economic 
Sciences; and Computer and Information Science and Engineering. NSF also develops activity portfolios 
focusing on areas of national interest, often in collaboration with other federal agencies. For example, NSF 
has considerable investment in Safe and Trustworthy Computing, another initiative that spans several 
directorates including: Computer and Information Science and Engineering; Engineering, Mathematical 
and Physical Sciences; Social, Behavioral, and Economic Sciences: and Education and Human Resources. 
In addition other agencies, including the Department of Homeland Security and the Office of Personnel 
Management are involved, because of the need for workforce development. 

Because the challenges that we face as a society are often complex and require an integrative, collaborative 
approach, these areas are often interdisciplinary and NSF is poised, as a nimble agency with flexibility, to 
arrange for funding opportunities that address them as they emerge. NSF's Centers and programs are 
designed to bring together interdisciplinary research teams, and NSF promotes interdisciplinary research 
through programs that support development of the next generation of researchers. such as the NSF Research 
Tralneeship Program. 

Robust and Reliable Science 

In order for advances in science and engineering to proceed and have impact it is critical that the public and 
policymakers have confidence in the robustness and reliability of science. It is also critical that scientists 
he able to rely on the results of others and build on them. Producing and disseminating scientific knowledge 
are at the heart of the research enterprise and are central to the mission of NSF. To succeed in our mission, 
the Foundation is constructing and implementing a framework for fostering scientitlc "reliability" the 
term used within NSF to encompass characteristics of published results in which others have confidence 
and on which they can build. Because different research practices are appropriate and effective in different 
scientific and engineering domains, any such framework must accommodate the substantial variety of 
research that NSF funds. While there are common themes such as clear presentation of methods, 
appropriate and rigorous statistical analyses, and long-term availability of data that contribute to the 
reliability of all research, constructing a useful framework requires a broad view of research results as more 
than observations and conclusions but also as data, calculations, analytic methods, and simulations along 
with the models and software on which they rest. 

A number of factors can contribute to lack of reproducibility of scientific results. Several of those factors 
have to do with the ways in which research is reported. For instance, details about workflows, 
methodological steps, and statistical analyses employed need to be clearly specified. NSF is directly 
addressing the problem of irreproducibility with a multi-pronged approach. We have entered an agreement 
with the National Academy of Sciences. as specified in the American Innovation and Competitiveness Act, 
where an Academy committee will assess research and data reproducibility and replicability issues in 
interdisciplinary research, and make recommendations for improving rigor and transparency in 
scientific research. Each NSF directorate also has taken up deeper looks into the particular issues of robust 
and reliable science for their own disciplinary domains, where the nature of scientific inquiry varies 
considerably. For instance, issues of replicahility for mathematicians proving theorems are quite ditferent 
from those of engineers designing tools and devices, or for social scientists conducting ethnographic 
inquiries. The education of the next generation of researchers is important and will vary by field. Also, 
standards and expectations in scientific journals, the research community, and professional societies have 
an important part to play in emphasizing the critical nature of replication and reproducibility in science. 

To further inform continued development and implementation of our framework for fostering scientific 
reliability, the Foundation is engaged in a wide-ranging examination of issues related to scientific reliability 
both internally and in consultation with our scientific communities. All of the NSF directorates are 
examining the nuances of reliability relevant to their scientific disciplines, and all have had specific agenda 

6 
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items on the topic during their respective Advisory Committee meetings in recent years. Several 
directorates have funded pilot reproducibility studies, and sponsored workshops on the topic to hear from 
a broad range of stakeholders in the research enterprise, including investigators, other federal agencies, 
business and industry. private foundations. journal editors, and professional societies. 

These activities are ongoing and are expected to inform an agenda that deepens our knowledge about factors 
that compromise scientific reliability and guides our efforts to improve it in NSF-funded work. An internal 
working group has been tasked with proposing NSF policy and practice changes to improve scientific 
reliability in NSF-funded work. Possibilities include strengthening the agency's guidelines for data 
management plans and the reporting requirements for the research we fund. Ensuring reliability of 
scientific findings rests on efforts from all corners of the research enterprise and therefore NSF will continue 
to operate in a transparent fashion, inviting input on its activities from staff across the Foundation and the 
external scientific communities that we serve. 

Opportunities for Open Science and Data Sharing 

Openness and data sharing in science are already leading to acceleration of discovery, efficiency in 
analyses, more rapid efforts to conduct replication studies, and innovation in approaches to analysis and 
methodologies. In addition, when open science principles are applied to government -funded science, new 
levels of access and transparency are available to the public as well as the private sector, generating the 
potential of wider and more effective use of funded work. NSF has an agency priority goal aimed at 
public participation in scientific research which builds on the idea of"citizen science", encouraging the 
public to participate in data collection, as in the bird observations collected through the Cornell 
Laboratory of Ornithology, and also in tlnding patterns and events, as is possible with various public data 
sets from astronomy. 

With technological advances that allow for more ubiquitous data collection through sensors and other 
instrumenting of our environment, the potential for science to advance through open science and data 
sharing increases. Indeed, one of NSF's 'Ten Big Ideas" is Harnessing Data for 21" Century Science and 
Engineering. And, with this emphasis on open science comes the development of new fields of scientific 
practice and inquiry, such as data science. NSF is already funding efforts to determine how to best 
educate the next generation of scientists who can be leaders in data-enabled science and engineering. 

NSF is part of the movement toward open science through a variety of approaches. In 2015, NSF 
developed. a plan outlining a framework for activities to increase public access to scientit1c publications 
and digital scientific data resulting from research the foundation funds. The plan, entitled "Today's Data, 
Tomorrow's Discoveries"6

, sets forth the requirement that NSF funded investigators are expected to share 
with other researchers, at no more than incremental cost and within a reasonable time, the primary data, 
samples, physical collections and other supporting materials created or gathered in the course of work 
under NSF grants. Grantees are expected to encourage and facilitate such sharing. NSF also requires that 
articles derived from NSF-funded research that appear in peer-reviewed scholarly journals and papers in 
juried conterence proceedings or transactions be deposited in a public access-compliant repository and be 
available for download. reading and analysis within one year of publication. And, since 2011, NSF has 
required all proposals to provide information about plans for data management and sharing of the 
products of research. Prospective principal investigators must outline in detail such things as the 
standards to be used for data and metadata format and content, and policies for access and sharing with 
attention to issues of privacy, confidentiality, and intellectual property, and plans for archiving. 

6 https:/lwww.nsf.gov/pubs/20l5/nsfl50521nsfl5052.pdf 
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Preparing the STEM Workforce and a STEM-Literate Society 

In our efforts to advance the frontiers of knowledge and spur innovation, and in ensuring the success of the 
progress of tomorrow's science and engineering, NSF also aims to develop the nation's talent pool and 
support the creation of a highly skilled workforce that can be engaged in STEM in a variety of ways, at a 
variety of levels. This has a profound, and lasting, impact. NSF's education and STEM workforce 
investments, centered in the Directorate for Education and Human Resources (EHR) and spanning the entire 
agency, fund activities that support students, teachers, researchers, and the public. The EHR investment in 
fundamental STEM education research helps build the nation's knowledge base for strategically and 
efficiently improving STEM learning. 

NSF-funded research is characterized by its breadth across all fields of science, and by the assumption that 
we cannot predict which field of science, or which interdisciplinary mix, will give rise to the next most 
important discovery that could reshape our lives or society. NSF, with its commitment to investing in 
fundamental research, has long recognized that any science being applied to practical problems, whether it 
be developing strong encryption for cybersecurity, to training soldiers in visual recognition as they 
encounter unfamiliar enemies, rests on fundamental results, theory. and principles. Thus our investment in 
the training of PhD level scientists and engineers, who become expert in the fundamentals of the NSF­
supported disciplinary areas as part of their training, are essential in advancing that work to the new levels 
that can ultimately offer solutions to problems in the national interest. 

For America to continue to lead the world in science and technology innovation, it must have the most 
knowledgeable and skilled STEM workers in the world. NSF prioritizes the integration of its education 
and science investments. Our programs support learners at all ages, inside and outside of school, with the 
goals of inspiring them in STEM and helping them gain access to the complex and powerful concepts and 
tools of the STEM fields. This is not just the smart thing to do- it is the right thing to do for our country. 
By drawing on the spectrum of talents and backgrounds of America's diverse populace, we can bring new 
approaches to scientific discovery, new vantage points to engineering design, and new insights to ensure 
innovation. And, by helping a public have access to the inspiration and wonder of science and engineering, 
we build the future. This is essential as we strive to remain competitive in the diverse intemational 
marketplace. 

A long-standing focus of NSF's workforce development portfolio is on broadening the context of what it 
means to prepare the entire STEM workforce. With STEM playing an increasingly important role in the 
nation's technological innovation and economic growth, it is important that we provide the technical skills 
and infrastructure required for all workers to contribute to and take full advantage of today's economy. 
NSF has supported both two-year institutions and students enrolled in associate's degree programs and 
undergraduate research. 

Conclusion 

In today's high-tech economy, the supply of new jobs is inextricably linked to the health of the nation's 
innovation endeavor. NSF support drives all aspects of innovation; NSF not only funds the discoveries that 
directly become the innovations of tomorrow, we fund the development of the discoverers. 

Industry continues to rely upon government support for the high-risk, high-reward fundamental research 
that powers their successes. It is no accident that our country's most productive and competitive industries 

including computers and communications. semiconductors, biotechnology, advanced manufacturing, 
health fields, and aerospace - are those that benefited the most from sustained federal investments in 
research and development. 
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I believe that America can continue to be on the leading edge of ideas and research. Through strong federal 
leadership, we can maintain the standing of our businesses and universities. We must not only maintain 
our position, we must actively seek to increase our strengths: leadership in fundamental discovery, 
including high-risk, high-reward transformational research; state-of-the-art facilities and scientific research 
infrastructure; and a world-class science and engineering workforce. With a firm commitment to these 
fundamental building blocks of our high-tech economy, we can solidify America's role as the world leader 
in innovation. 

I've touched on just a handful of examples from NSF's diverse and vibrant portfolio. NSF's research and 
education activities support the nation's innovation enterprise. America's present and future strength, 
prosperity and global preeminence depend directly on fundamental research. 

Madam Chairwoman and members of the Subcommittee, I hope my testimony explains NSF's 
transformative role in building our nation's future prosperity and continued leadership at the frontiers of 
discovery, innovation and learning. NSF investments in fundamental science and engineering have paid 
enormous dividends, improving the lives and livelihoods of generations of Americans. 

This concludes my testimony. I thank you for your leadership. I will be pleased to answer any questions 
the Members may have. 
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Chairwoman COMSTOCK. Thank you. I now recognize Dr. Zuber. 

TESTIMONY DR. MARIA ZUBER, CHAIR, 
NATIONAL SCIENCE BOARD 

Dr. ZUBER. Good morning. Thank you very much. Chairman 
Comstock, Ranking Member Lipinski, and Members of the Sub-
committee, I appreciate the chance to speak with you on challenges 
and future opportunities for science. I would also like to acknowl-
edge Chairman Smith in absentia and Ranking Member Johnson. 

In 1945, after radar and the atomic bomb changed the course of 
World War II, Vannevar Bush outlined a vision for the future. In 
Science, the Endless Frontier, he wrote, scientific progress is one 
essential key to our security as a nation, to our better health, to 
more jobs, to a higher standard of living, and to our cultural 
progress. Bush’s vision resulted in the National Science Founda-
tion. 

For nearly 70 years, NSF has trained scientists and catalyzed 
discoveries in all fields of science and engineering. Our unwavering 
commitment to promoting the progress of science has opened new 
windows on the universe, made possible new industries, and im-
proved the lives of all Americans. 

NSF investments have given us the internet, touchscreen tech-
nologies, and better natural disaster warning systems. These dis-
coveries have put millions of Americans to work and improved our 
nation’s prosperity and security. 

The question before us is will the world’s richest, most-powerful 
nation continue to invest in our future? Do we still want to be the 
first to know, to understand, to discover, to invent? The Board is 
fully aware of these challenges: budget constraints, questions about 
priorities in the role of government, and of course, growing com-
petition. Our government plays a unique role as a supporter of 
basic research. The private sector will not, cannot, invest large 
sums in open questions for 20-plus years as we did for the LIGO 
gravitational wave detector, for example. 

The discoveries of the past 70 years were made possible by Con-
gress, presidential administrations, and the research community 
working together with a common purpose. We cannot allow today’s 
challenges to unravel the partnerships that have supported NSF’s 
core mission and benefitted our country. 

I offer three suggestions for how to move ahead. First, maintain 
the Federal Government’s unique investment in discovery research 
across all fields of science and engineering. Second, prepare a 
STEM-capable workforce so that all Americans can participate in 
and benefit from scientific progress. And third, for the research 
community, maintain the trust and confidence of the American 
public. 

One of the Board’s key responsibilities is to help NSF realize its 
vision. The Foundation must continue to push the frontiers of 
science investing wisely without fear of failure. This means in part 
identifying and setting priorities that will serve our long-term na-
tional interest. NSF has not picked winners and losers or deter-
mined in advance what discoveries will emerge in a project or even 
a field of science. Instead, NSF must continue to take advantage 
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of the creativity and ingenuity of the best minds in America to 
drive science progress and let discovery be our guide. 

While the education and training of scientists and engineers re-
mains at the heart of NSF’s mission, to secure our future, we need 
a STEM-capable U.S. workforce at all educational levels. On the 
farm, the factory floor, the laboratory, and everywhere in between, 
workers are using STEM capabilities to innovate, adapt, install, 
and debug. This workforce must include women, underrepresented 
minorities, and blue-collar workers who have been hard-hit by au-
tomation and globalization. 

NSF is realizing this future through its unique integration of 
basic research and education and through its investments in funda-
mental research into STEM. Investing in people not only ensures 
that all Americans have the tools to thrive but it also guarantees 
that U.S. businesses will have the talent necessary to compete in 
a global economy. 

Finally, the scientific community must do its part. We must be 
champions of transparency. Our processes, institutions, and the 
conduct of research itself must be unassailable. We must work to-
gether to stamp out fraud, be forthright about the limits of our 
knowledge, and hold ourselves to our highest ideals. We must pub-
lish our data and describe our methods clearly so our peers can cri-
tique our results. For NSF, this means ensuring the integrity of 
merit review, advancing the best ideas, and promoting the progress 
of science in a way that is transparent, accountable, and can be un-
derstood and appreciated by taxpayers. 

As this Committee has recognized throughout its history, pro-
moting the progress of science is essential to America’s future. We 
look forward to working with you toward a reauthorization of NSF 
that empowers the nation’s scientists to explore those endless fron-
tiers. Thank you. 

[The prepared statement of Dr. Zuber follows:] 
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"National Science Foundation Part II: Future Opportunities and Challenges for Science" 

Introduction 

In July I 945, Vannevar Bush, the head of the Office of Scientific Research and Development during 
World War II and one of my predecessors at MIT, sent the White House a landmark report titled, Science 
- the Endless Frontier. In that report, Bush outlined a vision for national investment in fundamental 
scientific research and the next generation of scientists. As Bush wrote in his letter of transmittal, 
"Science offers a largely unexplored hinterland for the pioneer who has the tools for his tasks. The 
rewards of such exploration both for the Nation and the individual are great. Scientific progress is one 
essential key to our security as a Nation, to our better health, to more jobs, to a higher standard of living, 
and to our cultural progress." 

Bush's observations about the value of fundamental research to the Nation came from direct experience. 
He and his colleagues had witnessed how insights from fundamental physics research conducted over the 
previous 20 years earlier had unexpectedly found application in the atomic bomb and other tools of the 
U.S. victory in World War!!. Bush also saw firsthand the contributions of academic scientists. He led the 
Radiation Laboratory on MIT's campus during the war years, driving improvements in radar that changed 
the course of history. 

Bush also realized that had it not been for the speci!ic circumstances of the war, other nations might have 
reaped the fruit of fundamental research that had been conducted largely in Europe. Peacetime federal 
investment in research and scientists, Bush realized, would not only allow the United States to surpass 
European nations as a source of basic research, but it would, if sustained, release the United States from 
its dependence on other nations for the basic scientific knowledge foundational to our security and 
prosperity. 
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The result of Bush's vision was the National Science Foundation (NSF). For nearly 70 years, NSF has 
catalyzed pioneering basic research in all fields of science and engineering (S&E). This research has 
opened new windows on our universe, made possible new industries, and given all Americans life­
changing and life-saving technologies. Last year, NSF researchers-through the LIGO experiment (the 
Laser Interferometer Gravitational-Wave Observatory)-observed gravitational waves. These ripples in 
the fabric of the universe confinned a key prediction of Einstein's theory of general relativity and opened 
a new approach to studying fundamental questions about the universe. LIGO is but one of NSF's many 
successes. NSF-funded research led to the invention of core routing protocols of the Internet, the original 
algorithms for the Googlc Search engine, and the lithium ion batteries and touch screen technologies of 
the iPhone. These and other developments have put hundreds of thousands if not millions of Americans to 
work and improved our Nation's prosperity and security. 

Thanks to nearly 70 years of sustained federal investment in basic research, today's hinterlands of science 
differ from those of 1945. However, Bush's conviction about the importance of fundamental research to 
the United States' future economy, security, and prosperity remains every bit as relevant. As the second 
decade of this new century draws to a close, we find ourselves in an increasingly competitive global 
landscape with challenges that only the insights of science and technology and the ingenuity of the 
American workforce can help us address. 

Meeting challenges and seizing the opportunities of today and tomorrow requires NSF, Congress, the 
Administration, and the research community to continue to work together to support U.S. S&E 
leadership. The past 70 years has provided us with a blueprint: sustained, predictable federal investment 
in curiosity-driven research across all fields ofS&E, preparing a STEM-capable U.S. workforce, and 
maintaining the faith and confidence of the American public. Only by working together will our Nation 
realize the promise of the future. 

Basic Research The Bedrock 

Fundamental, curiosity-driven research supported by NSF forms the basis of the U.S. science and 
technology ecosystem. As the largest source of federal support for non-medical, basic S&E research at 
U.S. colleges and universities, NSF drives the earliest stage of research. By building deep domain 
knowledge across all fields of S&E and laying the groundwork for commercialization through our 
Innovation Corps, Small Business Innovation Research, and Small Business Technology Transfer 
programs, NSF creates the foundation for the mission-oriented science pursued at other agencies and 
technological innovations that industry develops and brings to market. 

Building the foundation for the science and technology enterprise is a critical task, not the least because 
science and technology have been responsible for over half of the growth in the U.S. economy since 
World War Tl. For its part, NSF fuels this enterprise by supporting a robust portfolio that includes a mix 
of core and directed research in all fields of S&E. Priorities for this portfolio are set using a mixed 
bottom-up and top-down approach that incorporates extensive input from the research community, NSF 
senior leadership, National Science Board (NSB; Board), the Administration, Congress, and industry. To 
ensure that every proposal NSF funds represents the best science in the national interest we use NSF's 
internationally-acclaimed merit review system. 
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Unsolicited core research allows researchers to follow the science and deepen fundamental knowledge in 
all fields. Rather than picking winners and losers a priori, this core research takes advantage of the 
creativity and ingenuity ofthc best minds America has to offer to drive science progress-often in 
unanticipated, groundbreaking directions. This crowd-sourced, grass-roots approach to finding ideas and 
research opportunities is the bedrock of NSF's success. It has created a stock of knowledge, tools, and 
methodologies that can be drawn on by industry, inventors and entrepreneurs, other scientists and 
engineers, and even the public for generations. Core research also lays the foundation of knowledge 
critical for path breaking work at the intersection of fields-what is often called interdisciplinary or 
convergent research. 

NSF couples unsolicited core research with initiatives that encourage research germane to timely 
concerns and/or opportunities for U.S. scientific leadership. Directed initiatives help to break down 
disciplinary silos, accelerate progress on particularly challenging matters, and move science in directions 
that provide opportunities for strengthening U.S. global leadership. At the Board's urging, this year NSF 
identified 10 Big Ideas to help drive NSF's long-term research agenda. These ideas, which NSF has 
generated in concert with us and the community, provide a blueprint for today's scientific hinterlands that 
are ripe for exploration. The Big Ideas, which range from data science and the quantum leap to the 
human/technology frontier and the new Arctic, would enable NSF and the United States to push the 
boundaries of science, seize new opportunities, and ensure U.S. leadership on topics that are of national 
interest and global competition. 

Scientific discoveries advance in concert with tools and technology, as the recent LIGO detection 
underscores. NSF's major facilities, including research vessels, supercomputers, telescopes, laboratories, 
and more, span the United States and the globe. These assets are vital to new discoveries and to 
sustaining the Nation's S&E enterprise. As we evaluate our facilities portfolio, NSF must balance 
continued operations and maintenance of our existing highly productive research infrastructure with the 
development of new, cutting-edge facilities. In addition, funding for facilities must be balanced against 
funding for research. 

Workforce of the Future 

Ensuring the long-term strength of the Nation's scientific workforce has always been a core component of 
NSF's mission. Our workforce has been-and continues to be~--the essence of American innovation, 
economic competitiveness, and national security. In 1950, Vannevar Bush wrote that "the responsibility 
for the creation of new scientific knowledge- and for most of its application- rests on that small body of 
men and women who understand the fundamental laws of nature and are skilled in the techniques of 
scientific research." At that time, and for the next several decades, this meant scientists and engineers 
engaged in research and development (R&D) in government, academic, or industry laboratories. 

How we think about this workforce has evolved-and expanded-since NSF's founding. While the 
education and training of scientists and engineers who perform fundamental research-our Nation's 
"Discoverers"-remains at the heart ofNSF's mission, we now recognize that STEM capabilities are 
important to the entire U.S. workforce. As we look towards the next 70 years, the NSB believes that for 
our Nation to continue to thrive and lead in a globally competitive knowledge- and teclmology-intcnsive 
economy we must do more than create a "STEM workforce"; Congress, the Administration, business 
leaders, educators, and other decision-makers must work together to create a STEM-capable U.S. 
workforce. 
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Why is this so important to our Nation's future? Scientific and technological advances have transformed 
the workplace, especially in traditionally middle-class, blue-collar jobs such as manufacturing. These and 
many other jobs now demand higherlevcls of STEM knowledge and skill. In 2013, about 13.3 million 
U.S. workers were employed in a STEM job. Yet in a survey of individuals with at least a four-year 
degree, including many working in sales, marketing, and management, an estimated 17.7 million reported 
that their job required at least a bachelor's degree level of STEM expertise. And the number of non­
STEM jobs requiring these skills is growing. Fostering a STEM-capable U.S. workforce ensures that all 
Americans are prepared to meet evolving workplace demands. Likewise, it ensures that existing and new 
American businesses have the talent necessary to compete and win in a global economy. 

Creating a STEM-capable U.S. workforce requires a more expansive vision for STEM. This vision 
includes students and workers at all education levels, working on the farm, the factory floor, the 
laboratory, and everywhere in between using STEM capabilities to learn, adapt, install, debug, train, and 
maintain new processes or technologies. This vision includes women, traditionally underrepresented 
groups, and blue-collar workers who were hard hit by transformations in the domestic and global 
economy. This vision of a STEM-capable U.S. workforce does not replace what Vannevar Bush 
originally envisioned. It builds on that foundation to more fully mobilize what he called the vigorous 
"pioneer spirit" within our Nation and all of its people. 

Turning this vision into a reality requires the public, private, and nonprofit sectors working together to 
ensure that all Americans have access to high-quality, affordable education and training. NSF is at the 
forefront of training the next generation of scientists and engineers, weaving education and training 
throughout our research grants in addition to dedicated Education and Human Resources (EHR) 
programs. I will focus on a few specific examples of how NSF contributes to achieving this vision. 

NSF's Graduate Research Fellowship Program is the country's oldest fellowship program that directly 
supports graduate students in all STEM fields. Since 1952, NSF has funded over 50,000 Graduate 
Research Fellowships. NSF Fellows represent our future leaders and experts who can contribute 
significantly to research, teaching, and innovations in STEM. Currently, 42 Fellows have gone on to 
become Nobel laureates, and more than 450 have become members of the National Academy of Sciences. 

Individuals with advanced degrees in STEM not only generate new knowledge through R&D activities 
that fuel innovation, but they also add value throughout our economy in STEM and non-STEM jobs alike. 
The NSF Research Traineeship (NR T) program ensures that graduate students develop the skills, 
knowledge, and competencies to pursue a range of STEM careers, especially in areas of national need, 
such as cybersecurity and data science, brain research, and the food-energy-water nexus. NRT 
emphasizes institutional capacity building and encourages partnerships with the private sector, non­
governmental organizations, government agencies, national labs, and other relevant groups. 

In addition to the fellowships and traineeships aimed at graduate students, NSF contributes to the 
education and training of the next generation of STEM-capable workers in other critical ways. The 
Research Experiences for Undergraduates (REU) program supports active research participation by 
undergraduate students in the areas of research funded by NSF. EHR Core Research (ECR) supports 
fundamental research into STEM learning and learning contexts, both fonnal and informal, from 
childhood through adulthood, for all groups, and from the earliest developmental stages of life through 
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participation in the workforce. ECR provides a coherent foundation of research evidence to guide and 
improve STEM learning, STEM workforce development, and Federal STEM investment strategies. 

Deeply embedded in the vision of a STEM-capable U.S. workforce is the imperative that all Americans 
be afforded the opportunity to participate in and reap the benefits of our Nation's great scientific 
endeavor. NSF supports this goal through its numerous investments aimed at tapping into populations 
historically underrepresented in STEM. For example, NS~- INCLUDES ("Inclusion across the Nation of 
Communities of Learners of Underrepresented Discoverers in Engineering and Science") is a national 
initiative designed to ensure that all Americans have access to educational and career opportunities 
enabled by STEM. Multiple NSF programs focus on elucidating how students can better understand and 
employ skills in computer science and computational thinking. The Advanced Technological Education 
(ATE) program is focused on two-year colleges and supports the education of technical workers who 
fonn the backbone of our S&E enterprise. 

This vision for the future workforce can be realized only through the bipartisan efforts of Congress and 
the Administration. Recently, the President signed into law two bipartisan bills that exemplify this. The 
Promoting Women in Entrepreneurship Act mandates that NSF should "encourage its entrepreneurial 
programs to recruit and support women to extend their focus beyond the laboratory and into the 
commercial world." The Inspiring the Next Space Pioneers, Innovators, Researchers, and /:,xplorers 
(INSPIRE) Women Act directs NASA to "encourage women and girls to study science, technology, 
engineering, and mathematics, pursue careers in aerospace, and further advance the Nation's space 
science and exploration efforts." 

The bipartisan American Innovation and Competitive Act recognizes NSF's critical contributions to the 
development of a skilled, diverse, and globally competitive STEM-capable U.S. workforce. The NSB 
believes that NSF is poised to lead this development through its unique integration of basic research in all 
scientific fields with the education and training of a STEM-capable workforce. If we do not take 
advantage of this opportunity, U.S. businesses could look elsewhere to find the STEM-capable workers 
they need to compete. With the support of Congress, NSF will continue to make investments that ensure 
our Nation takes full advantage of the creativity, ingenuity, and hard work of all Americans. 

Reproducibility, Transparency, and Confidence in Science 

As scientists and engineers, we must be champions of transparency. It's not enough for the scientific 
community to point to our many accomplishments and expect pnblic support. Our process, our 
institutions, and the conduct of research itself need to be unassailable. For the Foundation and Board this 
means ensuring the integrity of merit review and making sure that our grants and priorities fund the best 
ideas from the community and serve the national interest. It also means doing all of this in a way that can 
be understood and appreciated by taxpayers. NSF also needs to continue to work in partnership with 
research institutions to make sure that they comply with fiduciary requirements with the lowest possible 
administrative burden. 

Scientists must work together to stamp out fraud, be honest about the limits of our knowledge, and 
generally hold ourselves to our highest ideals. Indeed, the reason we publish is to present our data and 
describe our methods openly to our colleagues and to the world. We want to help others to independently 
verify our conclusions, by reproducing our experiments where possible, and hy designing and executing 
complementary experiments to test our conclusions. This openness is critical to maintaining credibility 
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among our scientific peers and with the public. This requires not just the traditional sharing of 
experimental techniques and measurements, but also openness into underlying data, algorithms, and 
software. 

Public support for civilian science has served our Nation well over the past 70 years. This support has 
been made possible in large part due to the trust and confidence of the American people. In 2014, 90% of 
Americans expressed "a great deal" or "some" confidence in the leaders of the scientific community­
second only to the military.' But we must not be complacent, and reports over the last few years of 
irreproducible results should concern all scientists. They certainly concern the Board. 

Science is an ongoing process of hypothesizing, observation, experimentation, and testing. The scientific 
theories that arc derived from this process are the product of many repetitions of this cycle. By its very 
nature, reproducibility and repeatability are essential to science. However, the process of science is not 
simply one of direct duplication of results-repeating the same experiment using the same data and 
identical protocols. Not every study is exactly repeatable-for example, studies that use data from one­
time events such as natural disasters or observations of astronomical phenomena. Instead, the process 
involves doing multiple experiments or making multiple observations of the same or similar objects or 
phenomena (often by independent investigators), perhaps with different data sets, perhaps with a variety 
of techniques, that together lead to a recognition and verification of the underlying processes that can 
explain the observed results. These constitute the built-in mechanisms for reproducibility and self­
correction-mechanisms that depend on transparency. 

Of course, science is a human endeavor, and, as such, is replete with frailties and imperfections. Scientists 
need to recognize that and vigorously embrace our self-correcting norm, addressing the reported rise in 
irreproducible findings and retractions with sunlight and experiments designed to cross-check published 
results. As the sociologist of science Robert Merton put it more than half a century ago "the activities of 
scientists are subject to rigorous policing, to a degree perhaps unparalleled in any other field of activity." 
Instances when scientists detect and address flaws in work constitute evidence of success, not failure, 
because they demonstrate the underlying protective mechanisms of science at work. In fact, it is not 
always the case that the inability to reproduce a result indicates unreliable data, protocols, or analysis. 
Sometimes, the lack of reproducibility is the sign of a fundamental discovery. 

We also recognize that scientists currently have few incentives to reproduce the work of others. In 
academia, researchers encounter institutional pressure to focus on work tbat will lead to publications, in 
order to land a job in an extremely competitive academic market, to progress in their careers, and to 
obtain grants to continue to pursue their research. It is challenging to publish studies focused on 
reproducibility in high-impact, high prestige scientific journals where emphasis is placed on novel, 
positive results. The incentives and outlets for publishing negative findings or null results are limited. 
Recognizing this issue, there are now a few journals devoted to publishing reproducibility studies. 
However, these journals arc still new and relatively low-impact. This presents both a challenge and an 
opportunity. As we strive to raise our standards of scientific excellence ever higher, we must evolve the 
incentive structure in academia to reward quality over quantity, and to value the vital work of enhancing 
scientific credibility through independent corroboration of published results. 

1 National Science Board (2016). Science and Engineering Indicators 2016. Chapter 7: "Science and Technology: 
Public Attitudes and Understanding." 
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Open access to data also presents a major opportunity and a challenge for science. We live in a data-rich 
age. "Big data" is already revolutionizing every area of science, allowing researchers to tackle previously 
elusive problems, including questions in the social, behavioral, and economic sciences that are among the 
hardest to crack. To hamess the vast potential of these data streams, and to use the built-in mechanisms 
of science to ensure the integrity of published results, requires that the community have access to the 
underlying data. In addition, it is important that the protocols, experimental design, and techniques used 
to analyze the data be made available to the scientific community. 

NSF's commitment to data sharing, and to clear and open communication of research findings, is long­
standing. However, the issues surrounding open data are complex. For example, much biomedical 
research relies on medical and clinical data for which there are strong legal and institutional protections to 
preserve privacy. These protections often prohibit data-sharing with other researchers or with the public. 
Likewise, industrial data may be proprietary. Another factor to be considered is the sheer volume of 
data-terabytes or even petabytes per day----that are generated by many modem experiments such as 
LIGO, particle physics experiments, and major astronomical surveys. The infrastructure required to make 
all data output from these facilities fully open access may have significant budgetary and personnel 
impacts for academic institutions and scientific laboratories. These factors, which will only grow in 
prominence in the future, should all be considered when developing "open access" policies, keeping in 
mind that a "one-size-fits-all" approach may prove problematic. 

To increase public access to scientific publications and the data resulting from research funded by the 
Foundation, NSF has already implemented a plan consistent with the objectives set forth by the Office of 
Science and Technology Policy in February 2013. For all awards resulting from proposals submitted 
since January 25,2016, NSF requires that either the version of record or the final accepted manuscript be 
deposited in a public access compliant repository; be available for download, reading, and analysis free of 
charge no later than 12 months after initial publication; have a minimum of two machine-readable 
metadata elements available free of charge upon initial publication; and be managed to ensure long-term 
preservation. 

Protecting the integrity of science is the responsibility of everyone in our community. All researchers 
need to recognize that the best science is produced when they persistently search for flaws in their 
arguments. Industry as well as academia should publish its failed efforts to reproduce scientific findings. 
Grant funding agencies and professional scientific societies should continue to educate their communities 
about ways to communicate key scientific findings more effectively to the public. Joumals should 
continue to ask for higher standards of transparency and reproducibility. 

To protect the hard-earned confidence soc_iety has in the scientific enterprise, to preserve the role of 
science and innovation as drivers of our economy, and to sustain the dynamic progress that has brought 
such benefits to our society and our world, we scientists must hold ourselves to the highest standards. Just 
as preserving a system of govemment requires unceasing dedication and vigilance, so too does preserving 
the integrity of science. 

As this Committee has recognized throughout its history, science and technology are essential elements to 
America's future. We look forward to working with you toward a reauthorization of NSF that empowers 
scientists to ask fearless questions about ourselves, our world, and our universe and which supports 
exploration of those endless frontiers and hinterlands that represent the next steps in humanity's collective 
search for truth and understanding. 

7 
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Chairwoman COMSTOCK. Thank you, Dr. Zuber. Now we’ll hear 
from Dr. Spies. 

TESTIMONY OF DR. JEFFREY SPIES, 
CO-FOUNDER AND CHIEF TECHNOLOGY OFFICER, 

CENTER FOR OPEN SCIENCE AND 
ASSISTANT PROFESSOR, UNIVERSITY OF VIRGINIA 

Dr. SPIES. Chairwoman Comstock, Ranking Member Lipinski, 
Ranking Member Johnson, other Members of the Subcommittee, 
thank you for inviting me to speak with you today. 

I’m the Co-Founder and Chief Technology Officer of the Center 
for Open Science, a non-profit technology company missioned to in-
crease openness, integrity, and reproducibility of scholarly re-
search. 

NSF has had a tremendous record of success by trusting sound 
scientific process. My recommendations today are in service of 
making an already-efficient process work better. To be clear, the 
issues that I will describe are not the same as headline-grabbing 
cases of fraud or misconduct, which are relatively rare. Science 
doesn’t have an honesty problem. It has a communication problem. 

Scientific results gain credibility by demonstrating that evidence 
can be independently reproduced. This means that someone else 
can obtain similar evidence with the same data or with the same 
methodology. Reproducibility requires that the process used to ob-
tain a result is described in sufficient detail. But science is com-
plex. Brief descriptions of scientific papers cannot provide enough 
detail to capture the nuance necessary to facilitate reproducibility. 

We need to fall back on two simple concepts that everyone 
learned in elementary school: show your work and share. Because 
if much of the scientific process is open as reasonably possible, the 
materials, methods, data, software analyses, then replication can 
occur more easily, more frequently, and with greater efficacy. 
Openness should be the default for scientific communication, but 
currently it is not. The reward system in science is built around 
publishing. Getting published, however, has very little to do with 
research being reproducible. It has to do with novel results and 
clean narratives. But science is often messy and ambiguous. And 
if we hide the messiness away, we hamper scientific progress. We 
need to show our work and we need to share. 

These same solutions can also prevent and correct those rare 
cases of misconduct. And even when we can’t show all of our work, 
for example when data must be kept private, there are still incre-
mental steps that can increase credibility. 

Openness has another benefit. If paired with outreach and edu-
cation, individuals who would otherwise not be able to participate 
in science would now be able to do so. And because these individ-
uals are likely to be from groups typically underrepresented in 
science, we would see greater efficiency not only from an increased 
number of contributors but from the benefits that diversity brings 
to collaboration and innovation. 

NSF has already taken steps to encourage openness. In my writ-
ten testimony submitted for the record I detail recommendations to 
expand upon that process. These fall into five categories. 
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First, metascience. NSF could fund investigations of reproduc-
ibility and reproducible practices. 

Second, infrastructure. NSF could fund technology that could, for 
example, facilitate open reproducible practices or enable the anal-
ysis of data that must remain private. 

Third, training. NSF could add reproducibility training to its re-
search fellowships and trainingships. 

Fourth, incentives. NSF could encourage the release of preprints 
for rapid dissemination of research. It could also fund pilots, like 
registered reports, where publication and award are based upon 
the importance of the research question and quality of the method-
ology, rather than the outcome. 

And fifth, community. NSF could convene stakeholders to discuss 
and adopt guidelines that would increase the pace of change. 

The scientific process that continuously improves our current un-
derstanding of the world is itself continuously improving. Critique 
and new evidence lead towards understanding. When we invest in 
NSF, we’re investing in this process. When we invest in openness 
and reproducibility, we are making the path towards under-
standing easier to navigate. This path leads us incrementally to-
wards the next innovation that will increase the quality of life here 
and abroad. I would like to see us get there as quickly as possible, 
and I believe that an increased focus on openness and reproduc-
ibility will do just that. 

Thank you for this opportunity, and I look forward to your ques-
tions. 

[The prepared statement of Dr. Spies follows:] 
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Chai1woman Comstock, Ranking Member Lipinski, and Members of the Subcommittee, on behalf 

of myself and the Center for Open Science, thank you for the opportunity to discuss the role of the 

National Science Foundation in promoting openness and reproducibility in science. 

The impact of science and the results of National Science Foundation (NSF) funding are readily 

observed in our everyday lives: in the food that nourishes us, the transportation that moves us, the 

buildings that shelter us, the technology that connects us, and the medicine that heals and saves us. 

The return on investment of NSF-funded science is immense no matter how the impact of that 

investment is measured, be it dollars, jobs, or lives. This makes sense. NSF has a diverse portfolio, 

and science is a very safe bet, for it is a process that is ever improving, self-corrects, and results in 

increased understanding no matter the substance outcome. 

I am the co-founder of the Center for Open Science, a nonprofit technology company based in 

Charlottesville, Virginia. Our mission is to increase openness, integrity, and reproducibility of 

scholarly research. As the Chief Technology Officer, I direct the technical strategy of our free, 

open-source products, like the Open Science Framework--a platform for managing workflow as well 
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as collaborating on and sharing research.' I also co-lead SHARE, a partnership with the Association 

of Research Libraries to build a free, open data set about scholarly research across the research life 

cycle2 I very much have an interest in openness, but it is not as some grand ideal--openness is a 

practical means of increasing research efficiency, quality, accessibility, and diversity. Openness 

amplifies the features intrinsic to science--including reproducibility--that make the scientific process 

such an efficient way of learning about the world. 

NSF has had a tremendous record of success by trusting sound scientific process. It is certainly not 

my intent to claim that in some way science is broken and no longer trustworthy. In fact, to discredit 

or ignore any body of evidence that comes from such a process would disrespect the same process 

that has resulted in society-altering advances. Although I will describe challenges that science 

currently faces, my recommendations to NSF on incentivizing openness and reproducibility through 

its grant programs is only in service of making an already efficient process work better. 

The Challenge of Reproducibility 

Scientific results gain credibility by demonstrating that evidence can be independently reproduced (a 

word I \vill use interchangeably "'~th replication although their meaning can differ). This means that 

someone else can take the same data and observe the same outcomes; that someone else can repeat 

the essential part of the methodology, collect new data, and obtain similar evidence for the claim; 

and, that someone else can test the same idea with a different methodology and find similar 

evidence. For example, the same earthquake can never be repeated, but a scientific claim 

(hypothesis) can be identified for what should occur when another earthquake that shares the 

essential features occurs again in the future. 

For the last few years, science has been characterized as being in a "reproducibility crisis", partly as a 

consequence of ev·.idence gathered by the Center for Open Science. Collaborating using the Open 

Science FranlCwork, 270 co-authors attempted to replicate 100 studies from three prontinent 

psychology journals3 \'1/e found a rate of replication between .39 and 47~!(, depending on the 

measure. Since then, more than 10 eeanalyses of our data have been reported with varying 

conclusions. These rates are less than one would hope, but "crisis" \Vas not a term we used. 

Moreover, it is something of a misnomer because this movement is actually just an illustration of the 

scientific method in practice. This round of self-skepticism is offering new solutions to improve our 

processes to thus increase the overall efficiency and quality of science. 

'See http:/ /osf.io/. 
'Sec http:/ /sharc-research.org/. 
3 ()pen ~ctence Cnlbbur::tttnn. (:2015). l·:stlma\tng the rcproductbihty of p:;ychological :-~.:icnCl:. Sttt/l(f, 3·+9(6251). dot: 
1 0.112(!;'scienc~.:.aac4"'7 1 (J. E\'crything nt'cdeJ to reproduce rhc study is avaihbk at hnps:/ /osfio/t'zcu1/ 

2 
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A requirement for reproducibility is that the process used to obtain a result is described in sufficient 

detail. And for correction to occur, failed replications must be added to the body of evidence for a 

given result. Neither is happening frequently enough, and that is making science less efficient than it 

could be. To be clear, this is not the same as the fraud or misconduct that has been brought to light 

by failed replications. \'\'bile those cases certainly make for buzzworthy headlines and exciting 

stories, they arc relatively rare occurrences. And NSF, for example, has in place mechanisms for 

investigating and appropriately dealing \\~th offenders. But, again, fraud and misconduct are rare. 

Science does not have a dishonesty problem; it has a communication problem. And it impacts every 

domain of science. 

Much of the problem stems from the simple fact that science is complex. Brief textual descriptions 

in scientific papers often cannot provide sufficient detail to capture the nuance necessary to facilitate 

replication. This is the case for openness as the default standard in scientific communication. If as 

much of the scientific process is open as reasonably possible, then replication can occur more easily, 

more frequently, and with greater efficacy. If false leads are discovered, they can be discarded, and 

correction can occur at a faster pace. 

Open-by-default is not the current norm. The present scholarly culture is closed by default--we have 

to justify why something should be open rather than why it should be closed. The current culture 

docs not incentivize a le,-cl of description that makes reproducibility efficacious. l\lore so, it does 

not facilitate or promote the conducting or communicating of failed replications. Much of this is 

driven by the currency system in science: publication" Scientists arc rewarded for publishing as 

frequently as possible in the most prestigious outlets as possible--this is how they get jobs, 

promotions and tenure, and funding. c;etting published, however, has very little to do \v~th research 

being open or reproducible; it has to do mth novel, positive results and clean, confirmatory 

narratives. Journals have traditionally avoided publishing studies that did not work as expected or for 

which the results are messy and ambiguous. But that is exactly how much of science works--to 

ignore it is to fill the flle drawers with unpublished but potentially important tindings that no one 

has access to, reducing the efficiency by which we can make scientific progress. 

In a competitive environment, researchers are forced to make choices that increase the likelihood of 

publication. These are often umv~ttingly biased decisions that humans have a very difficult time 

avoiding. The result is increased publications, but decreased accuracy. Transparency maximins the 

ability of science to self-correct via critique and replication. And it has the exact same benefit for 

those rare cases of fraud. 

-t ~osek, B .. A., ::-;pies,]. R., & :Motyl, I\L (2015), Scientific Utopia: II. Restructuring incentives and practices to promote 
truth over publishability. PerspectitleJ ott Psychofoc(lt'a! Scimre. 7(6) 615-631. doi:l 0.1177/1745691612459058 
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The Values of Openness 

Reproducibility is a core value of science, and its success depends on the ability to understand how a 

result was obtained. There is often considerable nuance baked into components of the research 

process, including materials, methods, software, and analyses. Scholarly claims become credible via 

transparent communication of the supporting evidence and the process of acquiring that evidence. 

This way, independent observers can evaluate the quality of evidence for supporting the claim. If 

bias crept into the process or interpretation of results, it would be detectable when the process is 

open. 

\Vhile openness can certainly benefit science with respect to amplifying its corrective features, it has 

another benefit: accessibility and inclusivity. If the goal of scholarly research is the public 

accumulation of knowledge--if knowledge is a public good--then a default of openness is the first 

step in removing exclusionary criteria for participation (e.g., monetary cost). If paired with an 

environment that facilitates and fosters participation through active invitation and education, 

individuals who would othenvise not be able to contribute to science would be able to participate. 

Because the individuals most often excluded are minorities in the sciences, science would see 

efficiency gains not only from the increased number of contributors but from the benefit that 

diversity brings to collaboration and innovation. 

On both of these two dimensions--credibility and accessibility--there are varying degrees of 

openness that can be incrementally applied to increase the efficiency and quality of science. It is not 

all or nothing. There are occasions ·when openness is not possible or when a degree of open is good 

enough or better than nothing. For example, if data is protected health information and cannot be 

shared publically in the interest of human participants, there arc a number of methods to still 

increase the credibility of the work. These include opening other components of the research 

process wltile excluding the data or making data available to authorized individuals for the purpose 

of auditing. In the fotTncr, you ·would still see benefits of accessibility, ·while in the latter, the focus 

would be on improving the credibility of the work. 

j\:[ost of the changes that can help science operate more efficiently and maximize knowledge 

accumulation are related to two simple concepts that everyone learned in grade school: show your 

work and share. 

Show your work. If scientists transparently show how they arrive at their claims, then the 

marketplace of ideas, critique, and self-correction can operate efficiently. If others cannot see the 

outcomes, the data supporting the outcomes, and the process by which those outcomes were 

produced, then it is harder to identify their strengths and limitations. 

4 
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Share. If scientists share their materials and data openly, others can independently reproduce 

the findings and reuse the materials to challenge or extend t.he work. \v'ithout sharing, it is much 

more difficult to accumulate evidence and move toward certainty. 

Recommendations 

I would make the following recommendations to any funder in the sciences with an interest in 

increasing research efficiency and quality via openness and reproducibility. They fall into five 

categories: 5 

• Metascience, collecting evidence to encourage change. 

• Infrastructure, developing technology to enable change. 

• Training, disseminating knowledge to enact change. 

• Incentives, promoting reasons to embrace change. 

• Community, fostering inclusion and connection to propagate change. 

NSF has already taken steps to encourage the values of openness and reproducibility, but, as one of 

the largest funders of the sciences, NSF has a unique platform to continue promoting and thus 

accelerating the adoption of open and reproducible practices. 1\ cultural shift must take place, and 

NSF's continued endorsement can quicken the pace of change. 

• Fund efforts to investigate reproducibility through metasciencc. Studying 

reproducibility is not as glamorous as producing new science, but NSF could create strong 

incentives for this critical work by creating dedicated funding mechanisms to pursue 

investigations of reproducibility and create a robust science of reproducibility to determine 

best practices and advance our knowledge of the efficacy of reproducible practices. 

• Fund public goods infrastructure to improve openness and reproducibility across the 

research lifecycle. In order to get robust participation in openness and reproducibility 

efforts, especially while incentives are not aligned with these practices, technolo~ory is needed 

to make that participation as effortless as possible for scientists. At COS we are building 

open-source platforms for data sharing and access to research description (i.e., metadata). 

NSF could dramatically expand the infrastructure available to scientists by funding the 

development and testing of new platforms and collaborations. 

• Fund curation activities and infrastructure to link research workflow, people, and 

institutions in order to aid in discovery, reuse, analytics, and metascience. As 

components of the research process are made openly available (e.g., data, code, 

softwarc)--likdy on disparate platforms--it is important that they are related in a way that 

discovery of one leads to discovery of the others. This includes the use of persistent 

' These are the same categories that we use at COS to organize the tasks necessary to meet our mission. See more in our 
strategic plan at https:/ /osf.io/x2w9h/. 
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identifiers for content, people, and institutions. This "~11 accelerate reproducibility and reuse 

and aid metascicncc efforts. 

• Fund the development of techniques and infrastructure that would allow for the 

analysis of sensitive data that cannot be made open. There are a number of research 

areas and endeavors that would allow for reproducibility and reuse while data remain private. 

For example, secure (multi-party) computation uses cryptography to conduct analyses on 

data that is never exposed. 

• Fund development and dissemination of training to improve reproducibility. Shifts in 

culture start with training. NSF could add reproducibility training to its research fellowship 

and traineeship programs, ensuring that new scientists are being mentored in these areas. 

NSF could also include reproducibility in training requirements like Responsible Conduct of 

Research training. 

• Fund projects to develop and test new models of scientific investigation and 

communication, including Registered Reports-' NSF could fund pilots where awards 

and publications are based upon a review of the importance of the research question and the 

quality of the methods. Presently, a bias against reporting negative or null results exists 

because the perceived likelihood of having those results published is very low. Registered 

Reports include peer review before results are known to eliminate this reporting bias--the 

rewards are earned regardless of the outcome. Further, peer feedback occurs early enough to 

meaningfully impact the research rather than after the work has been completed and the 

manuscript has been vnittcn. Another model that could be developed is that of adversarial 

collaboration, where a study is conducted by two experimenters with competing hypotheses. 

The experimenters collaborate on the design and methods until both are satisfied that their 

hypotheses can be fail'ly tested. This model could be especially useful to make progress on 

conl"enrious issues. 

• Promote and support the release ofpreprints for the rapid dissemination of research. 

i\ preprint is a manuscript that precedes a peer-reviewed publication. The latter can take 

rnonths to years to reach the scientific comn1unity. Peer-review is an irnportant aspect of 

science, but discourse, evaluation, and feedback can occur within the community prior to 

publication if it is made available to them. Preprints are standard practice in some fields (e.g., 

physics) and mostly unknown in others (e.g., life sciences). Promotion could include 

encouragement for the immediate release of manuscripts as preprints as ·well as citation of 

preprints in grant applications and reporting. 

• Promote and fund the sharing and reuse of all components of the research workflow 

including publications and data; study the outcomes of an open approach. 

Momentum is increasing around the opening of publications (open access) and data (open 

data), but there are other components of the scientific process useful for reproducibility and 

''See https:/ /cos.io/rr/. 
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reuse including soft\vRre and analyses. Rather than waiting for momentum to build around 

each of these individual components, an open workflow approach could be adopted 

immediately--encouraging the sharing of as much of the research process as possible. 

• Convene communities to discuss and adopt recommendations and guidelines to shift 

incentives in order to align scientific values with scientific practices.' Cultural change 

could be accelerated by a multi-faceted approach across stakeholders in the ecosystem, 

including journals, societies, and tenure committees. 1\lignment with other stakeholders or 

recommendations to other stakeholders could create the momentum needed to increase the 

pace of change. 

Closing 

The scientific process that continuously improves our current understanding of the world is itself 

continuously improving. The knowledge acquired by this process is only made better by critique and 

new evidence because the process can only lead in one direction: towards understanding. At any 

given time, that understanding may not be what we want to hear, or it may be more ambiguous than 

we would like--indicating that the problem is perhaps more complex than we thought. Either way, 

we may choose to go in the opposite direction, ignoring the signs that read "\'iirong Way" and "Turn 

Back". Regardless of how stubborn we are, the process will continue working, and, when we are 

ready to trust it again, it will steadily lead us back towards understanding. 

When we invest in NSF, we are investing in this process. And when we invest in openness and 

reproducibility, we are making the path towards understanding more recognizable, the terrain easier 

to navigate, the trek less lonely, and the warning signs more insistent. 

This path leads us incrementally towatds the next innovation that increases the quality of life here 

and abroad. I would like to see us get there as quickly as possible, and I believe that an increased 

focus on openness and reproducibility will do just that. 

\Y!e at the Center for Open Science would be glad to continue this discussion and support the 

efforts of this committee and NSF in pursuit of increased openness and reproducibility. 

Thank you for the opportunity to speak with you today. I will be happy to answer any questions you 

may have. 

7 As an example, see http: II cos.io/ top for the Transparency and Openness Promotion (rOP) Guidelines developed by 
community stakeholders and endorsed and adopted by journals, funders, and societies. 
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Chairwoman COMSTOCK. And now we will hear from Dr. 
Yamamoto. 

TESTIMONY OF DR. KEITH YAMAMOTO, 
VICE CHANCELLOR FOR SCIENCE POLICY AND STRATEGY, 

UNIVERSITY OF CALIFORNIA, SAN FRANCISCO 

Dr. YAMAMOTO. I am Keith Yamamoto, Vice Chancellor for 
Science Policy and Strategy and a molecular biologist researcher at 
the University of California, San Francisco. 

Thank you for the opportunity to discuss with you today two top-
ics important for consideration of the future of NSF. First, the op-
portunities, imperatives, and barriers to achieving 
transdisciplinary science, and second, the wisdom and perils of 
prioritizing research around scientific or societal needs and chal-
lenges. 

First, transdisciplinary science which is virtually a merger of the 
physical and natural sciences, engineering, and computation as dis-
tinct from interdisciplinary or multidisciplinary interaction or co-
operation between distinct endeavors. 

Reports from the National Academy of Sciences and the Amer-
ican Academy of Arts and Sciences call for the construction of a 
computational knowledge network that detects the relationships 
between different concepts, data, and technologies, enabling assem-
bly of transdisciplinary teams, each team member with different 
specialized expertise working together to tackle difficult, important 
problems. 

Importantly, the role and need for specialization is maintained, 
but a general transdisciplinary literacy would fuel network ap-
proaches to solving problems that are invisible or intractable with-
in siloed disciplines. Transdisciplinary teams would elevate the risk 
profile of academic research and increase the number of spectac-
ular, unexpected advances. 

Of the 25 or so federal agencies that currently support scientific 
research, NSF is the best situated to establish transdisciplinarity, 
thanks to Vannevar Bush who we heard about before who proposed 
creation of the NSF in his remarkable report, Science, the Endless 
Frontier. 

He proposed the NSF as the sole federal agency to support all 
U.S. basic research and education programs. It is wholly possible, 
wholly probable, he said, that progress and the treatment of refrac-
tory diseases will be made in subjects unrelated to those diseases, 
perhaps in chemistry or physics. 

Support of all basic research and advanced science education 
should be centered in one agency because separation of the sciences 
in more than one agency would retard scientific knowledge as a 
whole. 

While Bush lost the battle for a single basic science agency, to-
day’s NSF is divided into seven disciplinary directorates that cover 
much of the scientific landscape necessary for today’s and tomor-
row’s research and education. However, bureaucratic and fiscal silo 
walls establish intellectual silos as well, inhibiting effective 
transdisciplinarity. 

To achieve transdisciplinary research and education, actions are 
needed both within and outside of NSF. Within NSF, I suggest cre-
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ation of a new organizational layer that floats above the direc-
torates and are sectored into big idea or big challenge research pro-
grams that cross directorate boundaries. The directorates would re-
tain most of the funds to be awarded—let’s say 90 percent—with 
the remainder transferred to the idea or challenge programs which 
would oversee the peer review process and supplement awards to 
transdisciplinary projects, in effect, returning funds to directorates 
that choose to co-host transdisciplinary teams. 

Education programs would continue to emphasize specialized ex-
pertise but would additionally build transdisciplinary literacy to 
motivate team-based research. 

Outside of NSF, the OSTP, for example, might be charged with 
framing a few societal grand challenges with funding to incentivize 
multiple federal agencies to develop joint programs to leverage 
their particular strengths and resources. This would begin to ad-
dress current inefficiencies, fragmentation, and competition be-
tween federal agencies. 

My second topic examines prioritization of NSF research around 
scientific or societal needs and challenges. Despite Vannevar 
Bush’s passionate prioritization of curiosity-driven basic research, 
careful development of NSF grand challenges, or big ideas, is justi-
fied by the urgency to address certain societal needs and by the im-
peratives of social justice to correct disparities in access to social 
services. 

Well-enunciated grand challenges will broaden the minds of 
those who participate and will broaden the tent to attract new par-
ticipants. Imagination will still rule. 

The scale and scope of the challenges will determine if they best 
reside within NSF or rather merit attention and support across 
multiple agency boundaries. 

In conclusion, NSF meets its mandate to support a broad spec-
trum of basic research. However, the well-justified organizational 
boundaries that separate its directorates create barriers to achiev-
ing transdisciplinary science. Novel organizational approaches 
should be considered both within NSF and between agencies to 
lower those barriers. 

Finally, NSF can stay true to its mission to support basic dis-
covery and even improve upon it by careful framing of support pro-
grams in the context of big ideas and grand challenges. 

This concludes my testimony. I would be pleased to answer any 
questions that you might have. 

[The prepared statement of Dr. Yamamoto follows:] 
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Good morning, Chairman Comstock, Ranking Member Lipinski and Members of 

the Subcommittee. Thank you for the invitation to present a statement before you today. 

I am Keith R. Yamamoto PhD, Vice Chancellor for Science Policy and Strategy, Director 

of Precision Medicine and Professor of Cellular and Molecular Pharmacology at the 

University of California, San Francisco. I received a Bachelor of Science from Iowa State 

University and a PhD from Princeton University before migrating to San Francisco, 

where I have been on the faculty for 41 years. My molecular biology lab has been 

studying the detailed mechanisms by which small molecules made in our bodies, 

hormones, control important physiological processes such as metabolism, stress 

responses and immunity; that research has been recognized by my election to the 

National Academy of Sciences, the National Academy of Medicine and the American 

Academy of Arts and Sciences, among other honors, and in the course of that work, I 

have had primary responsibility for mentoring approximately 100 PhD students and 

postdoctoral scholars. Our research has been funded continuously by grants from NIH, 

and commonly from NSF; we are currently funded by both agencies. 

For over 35 years, I have also been active in matters of science and public policy, 

leading or serving on dozens of committees focused on a broad range of issues, 

challenges and opportunities, including matters of merit review, on which I testified in 

2011 to this subcommittee. In particular, I chaired the Board on Life Sciences for the 

National Academy of Sciences, which produced two reports, "A New Biology for the 

21st Century" and "Toward Precision Medicine: Building a Knowledge Network for 

Biomedical Research and a New Taxonomy of Disease", and co-chaired a study 

committee for the American Academy of Arts and Sciences that authored a report, 

"ARISE 2: Unleashing America's Research and Innovation Enterprise". These exercises 

and a range of related activities have provided me with a perspective on two topics 

essential for consideration of the future of NSF: [1] opportunities, imperatives and 
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barriers to achieving transdisciplinary science; and [2] wisdom and perils of prioritizing 

research around scientific or societal needs and challenges. In my testimony today, I 

shall address each of these matters from the context of a fundamental question: "If we 

were to start from scratch today, how would we organize the NSF to ensure that it 

motivates, identifies and supports the boldest, most innovative science with greatest 

intellectual and societal impact?" 

Opportunities, imperatives and barriers to achieving transdisciplinary science 

The New Biology, Precision Medicine and ARISE 2 reports all call for 

development of transdisciplinary science, virtually a merger of concepts and 

technologies of physical and natural (including cognitive and social) sciences, 

engineering and computation, as distinct from interdisciplinary or multidisciplinary 

interaction and cooperation between these endeavors. According to this concept, 

scientists would employ a computational "knowledge network" that identifies 

relationships or correlations between different concepts, data and technologies, enabling 

assembly of teams of highly trained specialists, each team member with different 

expertise, to form dynamic aggregations set to tackle difficult, important problems. 

Thus, the role and need for specialization would be maintained, but a general 

"transdisciplinary literacy", coupled with computer-identified linkages of ideas and 

people, would open new and powerful networked approaches to address and solve 

problems that are intractable within any of our currently siloed disciplines. I have 

suggested elsewhere that if each investigator were to be involved in multiple (say, 5-10) 

such teams, he I she would comfortably include several very high risk problems, as other 

projects in his/her "portfolio" would be already succeeding or enjoy relatively high 

feasibility; de-stigmatizing failure, a cultural standard in Silicon Valley, could 
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dramatically change the risk profile of academic research, and increase the proportion of 

spectacular advances. 

Of the -25 federal agencies that support scientific research, NSF is best situated 

organizationally and philosophically, thanks to the remarkable vision and wisdom of 

Vannevar Bush, who proposed in his brilliant 1945 report, "Science the Endless Frontier" 

creation of the NSF to provide federal extramural support for all U.S. basic research and 

education programs. He could not have stated the rationale and the imperative more 

clearly: "new knowledge can be obtained only through basic scientific research", "no 

amount of achievement in other areas can insure our health, prosperity, and security as 

a nation", "it is wholly probable that progress in the treatment of.. .refractory diseases 

will be made .. .in subjects unrelated to those diseases, perhaps ... chemistry, physics", "a 

new agency should be established ... devoted to the support of scientific research and 

advanced scientific education alone", "these functions should be centered in one 

agency", "separation of the sciences in compartments, as would occur if more than one 

agency were involved, would retard and not advance scientific knowledge as a whole." 

Bush proposed five divisions: medical research; physical and natural sciences; 

national defense; education; publications and collaboration. Medical research, of course, 

was largely lost to NIH. Today's NSF has seven Directorates: biological sciences; 

computer and information science; education; engineering; geosciences; mathematical 

and physical sciences; social, behavioral and economic sciences. While these are 

generally reasonable and necessary specialty foci (except for the absence of health 

research) for today's and tomorrow's research and education, even within NSF, where 

some admirable multidisciplinary activities are in place, it is a natural outcome that 

bureaucratic and fiscal silo walls harden intellectual siloes as well, inhibiting in many, 

likely most cases, effective transdisciplinarity. 
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Actions are needed both within and outside of NSF to achieve the imperative for 

transdisciplinary research and education. Within NSF, I suggest creation of a new 

organizational layer that "floats" above the directorates, sectored into broad 

transdisciplinary "big idea" or "big challenge" research and education programs (see 

next section) that cross directorate boundaries. The directorates would retain most (say, 

90%) of the funds to be awarded, with the remainder transferred to the idea/ challenge 

programs, which would oversee the peer review process, and supplement awards to 

transdisciplinary projects, in effect returning funds to directorates that "co-host" 

transdisciplinary teams. Education programs would continue to emphasize specialized 

expertise, but would additionally seek to build transdisciplinary literacy that would 

promote team-based approaches to research problems. 

Outside of NSF, I propose that a chosen body secure supplements to agency 

funds (including philanthropy and public-private partnerships) to highlight and 

approach a few societal-scale grand challenges (analogous in some ways to OSTP's 

Presidential Initiatives in the Obama administration), that would incentivize multiple 

federal agencies to develop joint programs that leverage their particular strengths and 

resources, e.g., biomedical approaches at NIH coupled with materials and device 

engineering, and machine learning and high performance computing at NSF and DOE 

national labs. This would begin to address the fragmentation of federal support for 

scientific research across many agencies that currently communicate and cooperate 

sparingly, and indeed typically compete. 

Wisdom and perils of prioritizing research around scientific or societal needs and 

challenges 

"The Usefulness of Useless Knowledge", penned nearly 80 year ago by Abraham 
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Flexner and just renewed in a companion essay by Robbert Dijkgraaf, is a stirring and 

timeless assertion that untargeted, curiosity- and imagination-driven basic research is 

the sole essential enabling component behind the development of every society­

transforming tool and technology. V annevar Bush's aforementioned report echoes that 

assertion and charges NSF to uphold the mantle for basic research: "new products and 

processes are not born full-grown. They are founded on new principles and new 

conceptions which ... result from basic scientific research. Basic research in scientific 

capital"; "the most important ways in which the Government can promote industrial 

research are to increase the flow of new scientific knowledge through support of basic 

research, and to aid in the development of scientific talent"; "there are within 

Government many groups whose interests are primarily in applying fundamental 

knowledge to the special problems of [their] Departments"; "there should be a focal 

point within Government [to] furnish the funds needed to support basic research in the 

colleges and universities". 

Is there justification, then, for NSF to embrace grand challenges or big scientific 

goals, and can they be framed in ways that do not inhibit, indeed that stimulate scientific 

curiosity and imagination? Interestingly, yes. Perhaps the primary justifications are 

urgency (there are societal needs and challenges that must be addressed efficiently) and 

social justice (there are disparities in access to social services, e.g., health care, clean air 

and water, that must not stand), and the hope is that putting a bright light on these 

issues will hasten fundamental discoveries that will in turn produce solutions. What 

greater Broader Impacts could there be? 

Importantly, a well-framed grand challenge or big goal neither constrains 

curiosity and imagination, nor narrows the range of basic discoveries that can contribute. 

Indeed, a well-enunciated grand challenge cannot be addressed with current concepts 

and technologies, and is framed in ways that captures curiosities and imaginations, and 
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then involvement, of scientists thought at first to be outside the field, unable to contribute. 

Such was the case with the man-to-the-moon project in the 1960's, and the human 

genome project in the 1990's. 

Thus, the right kinds of big ideas broaden the minds of those who contribute, 

and broaden the tent to new contributors. The scale and scope of the challenges will 

determine if they best reside within NSF or rather merit attention and support from 

multiple government branches and agencies. Good examples include some of the 

recently announced "Ten Big Ideas for Future NSF Investments" such as predicting 

characteristics of biological organisms, and creation of technologies that "collaborate 

with humans to enrich their lives in the workplaces of the future", or some of the grand 

challenges issued in 2015 by the National Academy of Engineering, such as "Reverse 

Engineer the Brain" or "Provide Access to Clean Water" or" Advance Health 

Informatics". 

Perspectives 

NSF is the federal agency that is best positioned to define, defend and support 

the broad spectrum of basic research that must receive public funds in order for our 

society, its citizens and its economy to thrive. In general, it addresses that challenge 

admirably, although it is constrained by organizational barriers that separate its 

disciplinary directorates at a time where true transdisciplinary science is essential to 

achieve the most significant advances. There are organizational approaches within and 

outside of NSF with potential to reduce or eliminate those barriers, and merit 

consideration. Although it is essential that NSF stay true to its mission to support basic 

discovery, it can meet that challenge, and perhaps even improve upon it, by framing its 

support programs in the context of big ideas and grand challenges. 
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This concludes my testimony. I would be pleased to answer your questions or 

address your comments. Thank you again for the opportunity to discuss these important 

matters with you. 
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Dr. Keith Yamamoto is UCSF vice chancellor for science policy and strategy, director of 
precision medicine for UCSF, vice dean for research in the school of medicine, and 
professor of cellular and molecular pharmacology at UCSF. He is a leading researcher 
investigating transcriptional regulation by nuclear receptors, which mediate the actions 
of essential hormones and cellular signals; he uses mechanistic and systems approaches 
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served on numerous national committees focused on public and scientific policy, public 
understanding and support of biological research, and science education; he chairs the 
Coalition for the Life Sciences, and sits on the National Academy of Medicine Council 
and the National Academy of Sciences Division of Earth and Life Studies Advisory 
Committee. As Chair of the NAS Board on Life Sciences, he created the study 
committee that produced "Toward Precision Medicine: Building a Knowledge Network for 
Biomedical Research and a New Taxonomy of Disease", the report that enunciated the 
precision medicine concept, and he has helped to lead efforts in the White House, in 
Congress, in Sacramento and at UCSF to implement it. He has chaired or served on 
many committees that oversee training and the biomedical workforce, research funding, 
and the process of peer review and the policies that govern it at NIH. He is a member of 
the advisory board for Lawrence Berkeley National Laboratory and the board of 
directors of Research! America. He was elected to the National Academy of Sciences, the 
National Academy of Medicine, the American Academy of Arts and Sciences, and the 
American Academy of Microbiology, and is a fellow of the American Association for the 
Advancement of Science. 
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Chairwoman COMSTOCK. Thank you all. And I now recognize my-
self for five minutes. 

I appreciate the three guidelines, Dr. Zuber, that you laid out, 
maintain the investment. And I know we’re not addressing the 
budget at all today but I can say for myself and probably a few oth-
ers here, we are very interested in maintaining that budget. And 
so we are seeing discussion of cuts elsewhere. I think this is a very 
important time and very important work that we need to maintain 
that type of investment. And of course, the STEM-capable work-
force that you mentioned is another important area to both create 
that pipeline but then also make sure those kids know that we are 
going to maintain the investment. So this is going to be a contin-
ued priority for us. And then thirdly, maintaining the trust and 
confidence of the public, which you’ve all addressed today. 

And so I wanted to focus a little bit on that transdisciplinary ap-
proach and how we are going to take advantage of this opportunity 
I think we have now where you have the private sector very inter-
ested in investment, you need to maintain the public investment, 
and how are we best going to maximize both? And I want to em-
phasize that anything private is not a substitute for the public be-
cause we still need that basic research, and much of the private 
can often be a little bit more risk taking. And I often hear that in 
talking to people who are interested in the private research, that 
they realize they are going to have opportunities that are a little 
riskier or a little more outside the box than by nature some of the 
public research. 

But I wanted to follow up with Dr. Yamamoto. What has been 
your experience when sort of taking outside-the-box ideas to the 
National Science Foundation and how can we make that easier for 
them? And what guidelines might be the best to adjust or how do 
we best make that work? 

Dr. YAMAMOTO. Right. So let me start by saying that I think that 
NSF is as an agency quite welcoming to broad-based ideas. But as 
I said, the barriers that are intrinsic to bureaucratic separation of 
directorates in this case are problematic. And my own experience 
in carrying some big transdisciplinary ideas and approaches to the 
NSF was sort of met with being handed an org chart of NSF and 
said go out and shop your idea around to the separate directorates. 
There’s not a home, an intrinsic home, for these big kind of ideas. 

So my idea would really be to create such a home, to be wel-
coming of those kinds of approaches for every grant application 
that’s made, that currently, that when they cross those boundaries, 
struggle to find a natural home and may struggle in peer review 
as well for that reason. And so I think that that is the kind of thing 
that is necessary. I might say that this idea of kind of pro-
grammatic focus that floats over the boundaries that separate dis-
ciplinary approaches is basically the way that we’ve organized the 
research approaches at UCSF where we have conventional depart-
ments like every other institution that are separated by these dis-
ciplinary approaches, and then floating over those are research pro-
grams that really have a big say about how resources are deployed, 
how we reach into different departments and bring together inves-
tigators that can merge their skills and really go after problems 
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that otherwise would not be solvable or even detectible by indi-
vidual researches. 

So this is an idea and a way that has been tested and I think 
would help to address this challenge and opportunity for 
transdisciplinarity. 

Chairwoman COMSTOCK. Thank you. And Dr. Spies, could you 
address when we have more openness and we get that, how that 
both helps the public research as well as the private and how that 
might help us maximize the value in both areas as well as make 
them more usable, data and information, and how you would see 
that working in an ideal situation. 

Dr. SPIES. Yeah. I appreciate the question. In an open frame-
work, we think about knowledge as a public good, and therefore its 
accessibility and the credibility that openness brings to it is avail-
able to anyone. Obviously we need to facilitate that sometimes, but 
that basic accessibility is still there. 

We’ve heard many examples of what has come out of the NSF 
from a basic science standpoint. So if we can increase the quality 
of that and increase the efficiency of that work, the work that 
comes out of this basic science programs, we can see then these end 
users receiving those benefits. They’ll see the same efficiency gains. 
They’ll see the lower risk perhaps because the quality would have 
been increased. 

Chairwoman COMSTOCK. And maybe in terms of the community, 
is there some of the fear as you were talking about that everybody 
makes mistakes. We were talking about how we find problems and 
things. But is there sort of a cultural fear of having that out there 
instead of sort of understand, well, let’s have a whole bigger com-
munity that’s finding those mistakes sooner that we all make and 
sharing it in a way that helps for collaboration? You know, Thomas 
Edison obviously had to go through a lot of experiments before 
things got right. If he was sharing this in a bigger community, it 
might have all happened faster, right? Not that you don’t want to— 
you know, when you have your research, you want to maybe keep 
that to yourself, too. I understand. But do we have a culture in the 
scientific community that makes it sort of punishing to have that 
information out there and shared? 

Dr. SPIES. This is certainly a cultural issue, and I don’t know if 
it’s necessarily punishing, but we don’t really allow discourse 
around failure. Peer review happens after the work has been done. 
And so there’s really very little influence that that can have be-
cause you already did the work. 

And so it’s a cultural issue. The perhaps fear I think is across 
any area. No one wants to make mistakes, and no one wants to be 
seen for these mistakes. But we need to embrace them. That’s a 
critical role in science. It’s a very important part of the scientific 
process. 

Chairwoman COMSTOCK. Okay. I know I’m over my time, but if 
our other witnesses had anything to comment in that area, I just 
wanted to give you an opportunity, too. 

Dr. ZUBER. So I would just say that, you know, in science, if you 
make a mistake, it’s okay. But it’s better if you correct the mistake 
yourself rather than have somebody else correct the mistake. So I 
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think we ought to incentivize a system where mistakes within 
groups are—that it’s recognized in a positive way. 

Chairwoman COMSTOCK. Okay. 
Dr. FERRINI-MUNDY. I would just add, and perhaps we’ll have 

more time to talk about this later, that issues of open science and 
the ways in which sharing can occur happen in very different ways 
across different scientific fields. And so learning across fields in 
fields like astronomy, for example, where public data has been a 
norm for so long, we have a lot to learn about how mistakes are 
determined and how we can share and accelerate findings. 

So there’s a lot on this topic that’s of great interest to us at NSF. 
Chairwoman COMSTOCK. Great. Thank you. And I now recognize 

Mr. Lipinski for five minutes. 
Mr. LIPINSKI. Thank you. I want to start with Dr. Spies. I want 

to applaud your work on making data more open. We know there 
are issues around that that sometimes there’s reasons why there 
have to be—some data cannot just be all put out there directly as 
it is. But some have proposed that government agencies should 
only be allowed to make regulations based on studies that have 
posted all their data on line. But in practice, this would make the 
majority of available research off-limits to government agencies. 

Are there ways the government can increase the openness of the 
research it relies on without undermining its ability to use all the 
available science? 

Dr. SPIES. Yeah, there are many cases where we simply can’t be 
completely open with work with respect to data privacy, security, 
or even just proprietary advantage. Some people need to maintain 
that intellectual property. But there are many, many ways that you 
can still be open, you can still be transparent and really, gaining 
that efficiency and credibility and accessibility by taking certain 
steps. It’s not an all-or-nothing thing. 

For example, with data privacy, there’s a concept called secure 
computing where the data can remain private, but you can still 
analyze it. Other people can still analyze that, but the data is 
never made fully available. Or you could release your methods and 
materials. So keep the data private but release everything else 
around it, and this adds to the credibility. It might not add to the 
accessibility of that data, but you can still have a credible experi-
ence. You can still allow people to come into that and audit that 
process if need be. So we can still gain that credibility that we need 
in science. 

Mr. LIPINSKI. Thank you. I want to move on. I want to ask Dr. 
Yamamoto, can you just briefly say what is the difference in your 
mind between interdisciplinary and transdisciplinary research? 

Dr. YAMAMOTO. Sure. Transdisciplinary research really attempts 
to merge the sciences. I think we have an opportunity to do that 
now. It’s quite remarkable, in which the concepts, the driving con-
cepts that are at the basis of different disciplines are applied and 
used to move forward, other disciplines that haven’t had those con-
cepts before or approaches. And so—— 

Mr. LIPINSKI. Okay. Let me come back to you. I just want to 
make sure that we had that out there because I had that—— 

Dr. YAMAMOTO. Right. 
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Mr. LIPINSKI. —question. I just wanted to make sure I under-
stood that that’s what it was. I want to ask Dr. Ferrini-Mundy, a 
few years ago there were funds that were set up to fund inter-
disciplinary research at NSF, and that no longer is there. What 
happened with that? How did that go? 

Dr. FERRINI-MUNDY. I think you may be referring to our IN-
SPIRE Program? 

Mr. LIPINSKI. Yes. 
Dr. FERRINI-MUNDY. And that ran as a pilot. One thing that 

we’re finding now at NSF over time is that our work across the di-
rectorates is just as prevalent for us as our work within direc-
torates. And so we have already initiated a number of efforts at 
NSF that are transdisciplinary as well as interdisciplinary, new 
language that is in the same family as convergence research that 
brings together experts from multiple fields. 

And so I would put examples on the table. Our innovations at 
the nexus of food, energy, and water systems is one of the initia-
tives that we started that was meant to draw in scientists from 
multiple fields to solve challenging problems. Understanding the 
brain is another. Risk and resilience is yet another, NSF includes 
as another. 

So what we’ve been moving toward are a variety of efforts that 
signal our serious commitment to promoting science that cuts 
across disciplines in various ways. 

We also do have a follow-up within our sort of options for con-
tinuing to propose interdisciplinary research that occurs and it’s 
called RAISE. It’s an interdisciplinary program that has some of 
the same elements as INSPIRE had. It’s a way that people who 
bring an idea that doesn’t squarely fit a particular discipline can 
at least follow a set of steps to bring that idea to the Foundation. 

But what we are seeing in our efforts is a lot of interest that 
spans directorates, a lot of partnerships among directorates to en-
courage this kind of research. 

Mr. LIPINSKI. And Dr. Yamamoto, do you think that this—you 
had talked about some things that you would like to see. Is there 
anything else that you believe NSF could do better in order to en-
courage this type of research? 

Dr. YAMAMOTO. I think what NSF is doing is quite good. I think 
that my concern is that we’re missing opportunities because pro-
grams, investigators, teams of investigators that come to the NSF 
with ideas that cross disciplinary boundaries are sort of viewed as 
secondary, secondary case. Not as secondary citizens but secondary 
case in which they really need to find, go out and find a home. 

And what I would suggest is that NSF recognize this opportunity 
for transdisciplinarity by setting itself up to welcome and support 
every application that comes forward in this mode to ask where are 
the best ways, what are the directorates that can best support this 
kind of approach that’s being brought forward to us so that it’s not 
a special case, that every case that comes forward recognizes that 
we have an opportunity to use transdisciplinarity and that it’s not 
something that’s new or separate. 

Mr. LIPINSKI. Thank you. I yield back. 
Chairwoman COMSTOCK. I now recognize Mr. Hultgren. 
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Mr. HULTGREN. Thank you, Madam Chair. Thank you all so 
much for being here. I appreciate your work and I also appreciate 
you coming here, testifying today. This is a very important subject 
to me, I think for all of us. But I am grateful. Being from Illinois, 
the great ecosystem of science that we enjoy in Illinois, some won-
derful universities, our great laboratories, the cooperation that we 
see between them, mutual benefit. And so with all of that, I think 
there’s a reason why Illinois is well-represented on this Committee. 
I’ve got some great members that we really enjoy working together, 
getting good things done in science in Illinois. 

One thing that has been important to me is access for research-
ers to the most advanced scientific infrastructures at facilities such 
as Blue Waters supercomputer at the University of Illinois. I’ve 
also had the opportunity to tour Stampede down in Texas last year. 

Dr. Ferrini-Mundy, if I could address my questions to you, how 
does NSF look at the capabilities of a tool like Blue Waters when 
taking into account the different kinds of questions researchers are 
asking? Many researchers have described to me the issues with 
data management being more important than just raw speed for 
certain types of problems. Does NSF need to have differing capa-
bilities in computing infrastructure, and how does NSF plan to ad-
dress any type of gap when one of these tools goes off-line? 

Dr. FERRINI-MUNDY. Thank you for your question, sir. NSF, 
through its Office of Advanced Cyber Infrastructure, supports the 
development, acquisition, and provision of state-of-the-art cyber in-
frastructure resources as you know. Those include tools and serv-
ices, and they focus both on the high performance computing capa-
bilities, such as those at Blue Waters, that are essential to the ad-
vancement of science and engineering research as well as—so we 
call that leadership computing. Those are the unique services and 
resources to advance the most computationally intensive work such 
as what is carried out at Blue Waters. 

We also focus on what we call innovative high-performance com-
puting resources. So these are a set of diverse, highly usable re-
sources at large scale. The work at Stampede that you mention is 
in that category. 

So regarding Blue Waters, it’s not appropriate for me to comment 
here on any future solicitations or investments, but we are mindful 
of the importance of avoiding gaps in our leadership computing 
services. I also would point to a recent National Academy study ti-
tled Future Directions for NSF Advanced Computing Infrastruc-
ture. That has a number of recommendations, one of which is that 
NSF should provide one or more systems for applications that re-
quire a large, single, tightly coupled parallel computer. And we cer-
tainly take the strategic advice of the community very seriously. 

Mr. HULTGREN. Okay. Thank you. Dr. Ferrini-Mundy, I’m going 
to continue with you if that’s all right. But switching gears a little 
bit, the average age for a first-time principal investigator for NIH- 
funded research has risen to 43 years of age. Albert Einstein, as 
we know, was in his 20s when he presented his theory of relativity. 
He was 46 when he won the Nobel Prize. An average age of 43 for 
first-time PI seems to miss the most creative and productive years 
in a scientist’s career. I wondered, do you know the average age of 
a scientist receiving their first regular NSF grant? 
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Dr. FERRINI-MUNDY. So thank you for the question. We actually 
do not request information about age or date of birth in our appli-
cations, and we do make an optional check box for people to indi-
cate the date of their degree. So we can speak in terms of date of 
receipt of the Ph.D. in terms of age. And what we have seen is that 
in general, the early career, which would be people who are seven 
years or less from their Ph.D. at the time of proposal action, the 
funding rate for our early career folks in comparison to those who 
are past that time, who are later, is quite close, roughly 18 percent 
for our early career folks, 22 percent or thereabouts over the years 
for our people coming in from later careers. So that is, you know, 
like 18 percent of the early career applicants are getting awards 
versus 22 percent of the later career applicants. 

In terms of the percentages, sort of how the balance of our port-
folio looks, it’s sort of about a 20/80 balance with about 20 percent 
of the awards going to the early career PIs and about 80 percent 
going to those of later careers. 

Mr. HULTGREN. Would that be with regular awards or is that 
special set-aside programs? 

Dr. FERRINI-MUNDY. Those are—that’s across the full spectrum 
of awards. We do have a wonderful program called the Faculty 
Early Career Award Program that is meant to bring people in 
within some number of years of their Ph.D., and that’s really a spe-
cial program for us. 

Mr. HULTGREN. I appreciate the conversation. I do think it’s im-
portant for us to continue to discuss this—— 

Dr. FERRINI-MUNDY. Yes. 
Mr. HULTGREN. —of making sure that we’re maximizing opportu-

nities to those who are younger, you know, more quickly after 
they’ve gotten their degree. Sounds like there’s some steps there, 
but I want to make sure that we keep that focus. So thank you. 
My time’s expired. I yield back. Thank you. 

Chairwoman COMSTOCK. Okay. I now recognize Ms. Esty. 
Ms. ESTY. Thank you, Chairwoman Comstock and Ranking Mem-

ber Lipinski and to our members of the panel for this very impor-
tant hearing today. 

We had some discussion some of us last week at a briefing with 
NSF and the Department of Energy about the critical importance 
of infrastructure, the basic scientific infrastructure for attracting 
the best minds. There’s been discussion, all of you to some extent, 
are talking about the importance of supporting researchers but en-
couraging and supporting that STEM workforce. 

So Dr. Ferrini-Mundy, could you talk a little bit about that? I 
look at the fact that, for example, the discussions we had about the 
Hadron collider last week. I look at Yale University just outside my 
district and the work that’s being done there on precision detectors 
and how that fits into these larger investments. Could you talk 
about that for a moment, please? 

Dr. FERRINI-MUNDY. Sure. And there are so many factors that re-
late to these decisions. It’s a lot about prioritization and how the 
National Science Foundation, in partnership of course with the sci-
entific community, with the Congress, with the National Science 
Board, with the Administration, how we actually set priorities, and 
it’s an activity that’s under way constantly with us. And one very 
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strong commitment, of course, for the agency has been our invest-
ment in infrastructure over may decades through our Major Re-
search Equipment Facilities Construction Account where we are al-
ways looking at advice from the community. So decadal surveys are 
quite critical for us as we think about what next infrastructure is 
needed. 

But at the same time we need to take some risks, and we’ve 
heard about LIGO, and we know that there will be some piece of 
that infrastructure investment that needs to be focused towards 
the high-risk and potentially high-reward investments that we 
can’t predict where the science will take us. 

The other balancing piece in this business of prioritizing, of 
course, is in ensuring that we have the adequate resources to fund 
the basic research that occurs in that infrastructure. And so it’s a 
constant calculation for us where we’re considering lots of inputs 
and lots of factors. But suffice it to say, we’re certainly committed 
to our role with scientific infrastructure as we have been for so 
long. 

Ms. ESTY. Thank you, and I again want to underscore what 
many of you’ve talked about. And it has been a bit of a contention 
in the last few Congresses about whether Congress should be di-
recting that research or not, and frankly, I think for the basic re-
search, I would rather rely on scientists who have a better sense 
of where the science may be going and my commitment to continue 
to support that. 

I know in fact many Members of Congress tend to be science- 
phobes. We may not be the best people to be directing that. That’s 
not that we don’t have an oversight role. Of course, we do. But I 
think as you’ve amply illustrated, that the United States has a 
leadership role in basic science, and we have to follow that where 
it takes us. 

You’ve all also mentioned the importance of interdisciplinary and 
interdirectorate work. So a quick answer. If people have ideas, are 
there things Congress should or could be doing that would 
incentivize or remove barriers for that interdirectorate work? 

Dr. ZUBER. Well, the most important thing that Congress could 
do is not take steps to create additional silos, okay? And so by 
specifying funding in directorates, that, of course, creates silos. 

Ms. ESTY. Thank you. And again, that goes back to my earlier 
point about deferring somewhat to the scientific community to have 
the flexibility to move funding where the research takes us. 

Dr. Spies, you talked a little bit, actually quite a lot, about the 
incentives to share work. This is something we discussed a lot over 
the last Congress or two. Can you help us think a little bit about— 
and this is probably a subject for another hearing—this problem 
about publication and the incentives to publish something novel 
and not to share results that don’t turn out in a novel way or that 
don’t actually lead to something directly actionable but in fact is 
really important for other people to know about because you may 
know this is not a profitable avenue. How do we square this right 
now? We have this problem about needing to publish to get re-
search money, and yet if people are hiding their results because it 
doesn’t seem actionable, it means you may have wasted money 
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with a lot of people kind of following down that same path. Anyone 
have thoughts on that point? 

Dr. SPIES. Yeah. We have an incentives problem around pub-
lishing. And so we need to find a way to incentivize people to be 
more open, to take the risk, to be okay with failure, to put that out 
there and realize that that is adding to the corpus of knowledge. 
Any evidence is valuable in thinking about science. 

And so there are ways to do this. We really need to think more 
about this and test some of these things. The field of metascience, 
we need more of a commitment to that to really understand what 
are the most efficacious ways to incentivize these things? Reg-
istered reports I think is a very good example where we review the 
work based on the impact of the questions and the soundness of 
the methodology. And then no matter what the outcome, you still 
get a publication. Scientists still get funding. They still get the pub-
lication. They still get that reward. And so they have no reason 
then to need to hide things or gloss over details to sell it to jour-
nals. 

Ms. ESTY. Thank you very much. I’m seeing that I’m over, but 
maybe we could have a hearing on this issue because I think it is 
really important and it’s something we could contribute in the field 
right now because a lot of scientists are very frustrated with the 
imperative right now. So maybe we could ask the Chairman and 
Ranking Member to do that. Thank you very much. 

Chairwoman COMSTOCK. Thank you. And I now recognize Ms. 
Bonamici for five minutes. Oh, I’m sorry, Mr. Webster for five min-
utes. Sorry. 

Mr. WEBSTER. Thank you, Madam Chair. Dr. Yamamoto, I had 
a question about one of the things you said. You talked about an 
additional organization layer, and we here in Congress are fan-
tastic at doing that in government. And I’m just wondering, does 
that add to maybe an inefficiency to it or give me a little more ex-
planation. 

Dr. YAMAMOTO. Sure. Yeah, the kind of knee-jerk response to any 
additional bureaucratic layer is that it’s going to slow things down 
or add complexity. The object of this additional layer is in fact to 
have research programs that float over the disciplinary direc-
torates. And so it crosses those boundaries in a natural way. So 
that would be the idea of this additional layer and that they would 
define the elements of the different directorates that would come 
into play, that cooperate together to work in a given research pro-
grammatic area. 

So that’s the object, is to undo the damage, the natural damage, 
that bureaucratic boundaries do in setting up an organization 
that’s necessary to have such separate entities. But anytime you do 
that, you’ve created a silo. And so this additional layer would float 
over those and cross those barriers. 

Mr. WEBSTER. So would it be more free-flowing? 
Dr. YAMAMOTO. That would be the idea is that every grant appli-

cation, for example, that would come into the NSF, would flow first 
into these research areas. And that entity would then say this is 
an opportunity to draw from these two or three or four directorates 
that could best come together to address this. 
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So I would imagine, I would hope, that downstream what we 
would see increasingly is that teams of researchers composed of in-
vestigators with very different backgrounds and expertise would 
come to the NSF with ideas that definitely don’t fit into any single 
directorate. But by going into this additional layer, they would al-
ways have a home and that that additional layer would then sort 
out which directorate would be able to contribute to that applica-
tion. 

Mr. WEBSTER. Thank you very much for that answer. Dr. Spies, 
would your—matter of fact, I liked what you had to say about an 
open process. We need some of that here, too. But my question 
would be would this open process add to or maybe remove from the 
subjectivity of the grants and resources and the distribution there-
of? 

Dr. SPIES. Open scientific process is going to be adding to what 
we know about science. And so as much as the quality of that is 
increased, I would think that it would increase decision-making. 
Related to subjectivity, the scientific process doesn’t care about out-
come. It’s not an important part of it. The outcome is what happens 
from the scientific process. And so if we focus more on the process, 
more on the work flow, more on these other components that lead 
us to these outcomes, which we as humans really appreciate, which 
you appreciate in making policy, but if we focus on that process, 
then we can have more objectivity I think just across the board. 
And so again, if that can aid decision-making, then it should do so 
with regards to that process, to those methods. 

Mr. WEBSTER. So you would believe that the better the process, 
the more perfect the outcome? 

Dr. SPIES. The better the process, the smoother the way towards 
understanding, whatever that is. I won’t say perfect. Science ad-
mits that it’s never perfect. We are always incrementally moving 
forward. But process, good process, open process, can make that a 
more efficient track down that road. 

Mr. WEBSTER. Thank you very much. I yield back. 
Chairwoman COMSTOCK. Thank you. I now recognize Ms. 

Bonamici for five minutes. 
Ms. BONAMICI. Thank you very much, Chair Comstock, and 

Ranking Member Lipinski. And thank you to all of the witnesses 
for being here today. It’s been a very good discussion and kind of 
a continuation of our earlier hearing. 

One of the things I wanted to follow up on, Dr. Ferrini-Mundy, 
you talked a little bit about risk taking. And that’s something that 
we have to recognize as policymakers when—I share the concerns 
raised by some of my colleagues about the problems of having 
Members of Congress decide which directorates to fund at certain 
levels. Do we have oversight responsibilities as Ms. Esty said? Of 
course, but making those decisions when we don’t know what’s 
going to be at the end of the research is something that we have 
to keep in mind as we’re deciding funding. Can administrations set 
priorities? Absolutely, but they shouldn’t be at the risk of other 
areas. 

So I’ve enjoyed several times participating in the Golden Goose 
Awards, an event that the American Association for Advancement 
of Science, AAAS, has helped launch and organize each year to rec-
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ognize the importance of federally funded basic scientific research. 
We don’t know what discipline the next innovative transformative 
research will come from, but we know that NSF-supported basic re-
search has led to advances in technology, in medicine, agriculture, 
and many more fields. 

Last year one of the Golden Goose Awardees was the honeybee 
algorithm. So in the late 1980s, several engineers collaborated with 
a bee researcher, and they studied how honeybee colonies allocate 
foragers. And years later then, two researchers applied that hon-
eybee foraging model to shared web hosting servers, something 
that wasn’t thought of in the early ’80s when they were doing the 
original modeling. And their research resulted in an algorithm that 
speeds up the process every time we check our bank account bal-
ances, do an internet search, check the score of a March Madness 
game which some people might be doing at this moment. 

So a question for all of the panelists, that the honeybee algo-
rithm is a great example of obscure or perhaps silly sounding basic 
research that led later to technological advances. So what might be 
lost by withholding federal funding from research areas where we 
don’t know what the benefits will be at the outset? We don’t know 
where that research will go. 

So what are the problems? What do we lose by withholding fund-
ing because of that uncertainty or that risk? Dr. Ferrini-Mundy, 
let’s start with you. 

Dr. FERRINI-MUNDY. Sure. Thank you. Thank you for the ques-
tion and the great explanation of the honeybee algorithm. Very 
helpful. 

First of all, it needs to be—we need to be clear that all at NSF 
take very, very seriously the responsibility of carefully investing 
taxpayer dollars—— 

Ms. BONAMICI. Of course. 
Dr. FERRINI-MUNDY. —and being prudent and responsible. At the 

same time, as you point out, it’s very difficult to tell with certain 
basic research proposals what the long-term impact and payoff on 
the country, on our economy might actually be. 

And so we have so many wonderful examples. You’ve pointed out 
one, but there are wonderful boons to industry that started with 
no obvious commercial applications. And we have results about 
GPS, the internet, AI and computers where at any stage some of 
that basic funding in its proposal form might have not looked like 
it would lead to anything. 

So I think I certainly agree that we need to stay open. We need 
to use the expertise of the scientific community to select the, you 
know, one in five grants that we are able to fund, both for those 
that will continue to move science along incrementally as is needed 
and for those that look like long shots but that have great promise 
in terms of their basic contribution. There’s one other point I’d 
want to make on this which has to do with choosing among areas 
of science. It’s a tricky business because keeping the basic invest-
ment going in all areas of science, the fundamental research invest-
ment, is quite important so that there is this constant pipeline and 
flow of new ideas accumulating, new theories being developed, 
which may then find their use someplace else. 
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Ms. BONAMICI. Thank you. I’m going to try to get in another 
question. Dr. Ferrini-Mundy, the social, behavioral, economic 
sciences grants have funded ground-breaking research across the 
nation including at Oregon State University some important re-
search on how communities research extreme weather events. If 
funding for the SBE grants at NSF were to be cut significantly, 
some are suggesting by 50 percent, this would also result in fewer 
SBE program officers within the agency. So given the breadth of 
research in the directorate currently, there could be gaps in exper-
tise. So is that a reasonable assumption and how might this affect 
the ability of the agency to review SBE grants for their merit or 
potential to benefit the nation? And maybe we can get Dr. Zuber 
in the last couple seconds as well. 

Dr. FERRINI-MUNDY. So I just want to reiterate our central com-
mitment to the importance of the social, behavioral, and economic 
sciences investments. The benefits coming that we have seen in cy-
bersecurity, disaster preparedness, detecting reading problems 
early on—all of these fan from fundamental research that would be 
missing if we were not able to invest in the ways that we do. 

Dr. ZUBER. Again, if I could just add, you know, trying to think 
about research that actually serves the nation, a couple of things 
in SBE—facial recognition studies actually went into the analysis, 
the algorithmic analysis of identifying the marathon bombers in 
Boston. And another recent study, that violent extremism, the 
tendency to go into it, isn’t just an economic thing, that there are 
actually moral imperatives. So if one is trying to dissuade young 
people from joining extreme groups, one needs to find a moral al-
ternative. 

And another thing that I think is really the 800-pound gorilla is 
that we need to think about jobs and job retraining. And that is 
squarely a social science issue. And so I think at this time where 
we have so many issues in the country that really affect people, 
okay, that the social sciences really has an ever more important 
price to pay. 

Ms. BONAMICI. Thank you. My time is expired. I yield back. 
Thank you, Madam Chair. 

Chairwoman COMSTOCK. Thank you. And I now recognize Mr. 
Beyer for five minutes. 

Mr. BEYER. Thank you, Madam Chair, very much. And thank all 
of you for being here. This is—the best part about being on the 
Science Committee is being able to talk to you. 

I wanted to pile on to Congressman Hultgren’s comments about 
the age mismatch. Some quick research. Albert Einstein was 27, 
1906, in Bern, Switzerland, when he came out with Brownian mo-
tion, photoelectric effect, special relativity. Werner Von Heisenberg 
was 26 when he articulated the uncertainty principle. Marie Curie 
was 30 when she articulated, discovered radioactivity. 

And I’d be very grateful if you and Dr. Cordova would look at the 
80/20 mix and figure out where to make it 20/80. It’s sort of part 
of the—I’m not a mathematician, but I’ve heard again and again 
that there are very few genius mathematicians beyond age 30. Al-
most all prodigies are young. Doctor? 

Dr. FERRINI-MUNDY. Thanks so much, and I would just add to 
that, we have a significant investment in young professionals 
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through the graduate student programs and through post-doctoral 
programs, too. So we really are working very hard to make sure 
that we keep that next generation ready and able to lead us in 
science in the future. 

Mr. BEYER. Great. Thank you. Dr. Yamamoto, I’m going to pick 
on you because you’re a professor of cellular and molecular phar-
macology. And I love the physical sciences, you know, particle 
physics and cosmology and relativity and biochemistry. But equally 
important are all these social sciences, the SBE that we’ve talked 
about. 

I’m especially thinking, you know, Daniel Kahneman, in his 
Thinking Fast, Thinking Slow, has gotten so much attention about 
how we make decisions which, given that we’re here in U.S. Con-
gress, is phenomenally important. 

Can you look at it as a biologist, chemist, physicist, on what you 
think the importance of the social and behavioral sciences are? 

Dr. YAMAMOTO. I can approach this through an issue that’s very 
important to me. I was involved in launching this notion of preci-
sion medicine. And precision medicine has at its heart an under-
standing of biological processes that is founded in understanding 
the mechanisms of the ways that those processes function. And so 
when you start thinking about disease, you come up right against 
the complexity of biological systems and realize that the Human 
Genome Project, for all the things that it brought us, the genome 
is just one element that goes into the risk of an individual for get-
ting a disease, the course of that disease when they get it, and so 
forth and other elements. There are many other elements that 
come into play, objective, scientific elements like small molecules 
that are in the bloodstream, the microbiome that inhabits all of us. 
But in addition, the impact of environmental factors, social and be-
havioral elements that very much contribute. So what precision 
medicine says is that we need to mound all of these layers of infor-
mation in a Google Maps like way that allows us to see correlations 
and connections that were otherwise invisible when the disciplines 
are maintained separately. 

And so if we can do that, build that Google Maps and be able 
to establish what the links are between a given behavioral compo-
nent or environmental component and what we see in the gene or 
small molecule or a microgut’s inhabiting of the organism, then we 
can begin to better understand what the various components that 
contribute to a biological process or a disease. 

So it’s a long way of saying that I think it’s really essential that 
as biological scientists that are sort of bound by collecting objective 
evidence, that these other components are just as important and 
we really need to build that in. 

So it’s great that the National Science Foundation understands 
that and has a directorate that really is focused in that way. 

Mr. BEYER. Thank you, Doctor, very much. And Dr. Zuber, just 
a few seconds of building on that. Looking at psychology, especially 
as a so-called soft science, SBE, as Chairman of the National 
Science Board, what’s your perspective on the importance of invest-
ing that for America’s mental health? 

Dr. ZUBER. So obviously it’s crucially important, and NSF of 
course does the fundamental science, the basic science, that then 
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feeds into the more directed, health-related work that’s done at the 
NIH, okay, and there really is very good cross-agency discussions 
on these and other basic science/more disease-related problems. 

But I just wanted to make the point here that we are on the 
verge of a real revolution in the social sciences. So right now, com-
putation in the social sciences, high-performance computing, 
they’re using as much in those fields as math and physical sciences 
that NSF used ten years ago, okay? So something that’s considered 
a soft science is really becoming very data-driven, very quan-
titative. And you know, we’re essentially at the beginning of a gold-
en age here. So it would be a shame to cut it back. 

Mr. BEYER. Thank you very much. Thanks, Madam Chair. 
Chairwoman COMSTOCK. Thank you. And I know Dr. Zuber and 

I had talked about young people yesterday and the importance of 
having them engaged. And I just wanted to, in addition to having 
Eric Young here from Dominion High School, shadowing us here 
today, I know we had some other students here. But I wanted to 
just mention, because this is such an extraordinary young man who 
I was able to meet with yesterday, I think he’s interested in the 
precision medicine area and has now been accepted at MIT but has 
a few other options available. But let’s see. He just won—his name 
is Pratik Naidu. It’s N-a-i-d-u if I’m not doing it justice. But he is 
a senior at Thomas Jefferson High School, and he was one of the 
ten finalists in the Regeneron Science Talent Search, one of our na-
tion’s oldest and most prestigious science competitions for seniors 
in high school. And he created a machine learning software that 
can now examine how cancer genomes interact and help with new 
drug therapies. He was working with researchers up in Boston. So 
he is partnering with them from his high school up in Boston. So 
I’m sure they’ll be thrilled if he goes to MIT and is up in that area. 
It was titled The DNA Looper. And this device can actually learn 
and give new insight in the ongoing search for cures for cancer. 

And then just for an add-on because he was such a charming 
young man, he happened to be an Eagle Scout in eighth grade. So 
clearly an overachiever here. And then also on the side he had 
founded a reading group for veterans, and he called it The Classics 
Project where he was studying classical war texts and how they re-
late to our current society. And he was—of course, he took Latin 
so he was reading these I guess in the original, Homer’s Odyssey, 
and then taking that and working with our veterans. 

So I think that kind of leads to the overlapping of how you have 
somebody like this who whatever project he might come to in the 
future, we’ll want to have some type of box to fit him in. But he 
clearly was a very talented young man here. So I think it kind of 
brings to life all the testimony that you all have given today. Dr. 
Yamamoto, if you’d like—— 

Dr. YAMAMOTO. I wonder if I could just comment on this age 
issue. I think it’s terrific that NSF, NIH, other agencies are build-
ing programs to single out early investigators that are coming to 
these agencies for funding. But in my view, the harder the problem 
is not that we’re not giving enough grants for young investigators. 
It’s that they’re getting to the system too late. The training is tak-
ing far too long, and I think that we need to go back and look at 
sort of first principles of what is needed for a Ph.D., for example, 



76 

in the sciences? And there’s a National Academy study that is just 
getting going. I’m on the committee to look at STEM graduate edu-
cation and see if we’re really doing the right thing. That is, are we 
really providing students with what they need to then emerge as 
Ph.D.s and go out and be successful? How important is the post- 
doctoral study period? What should be in that element and how 
does it contribute or not? Are we just aging our trainees because 
we need them to be the workforce to do experiments in our labora-
tories, for example? And I think that going back and looking at 
those principles is really critical. In my view we could shorten the 
training period a lot and really—my own goal would be to say can 
we develop a system that goes from the first day in graduate school 
to being independent investigators from what it is now to some-
thing in the four- to six- to eight-year range, getting registered to 
being an assistant professor applying for an NSF grant? And I 
think that that’s a very doable thing. We’ve been remiss in not 
looking at those principles, and I think that we’ve fallen into the 
trap of thinking that we need this mass of people to man our lab-
oratories and carry out our experiments, rather than thinking 
about what is it that they need, when can they use their energy 
and creativity in the most efficient way? 

Chairwoman COMSTOCK. Right. I think that was that ecosystem 
that you talked about creating. So, thank you for that additional 
insight. And I’m sorry, we had two people come back. So we recog-
nize Ms. Rosen for five minutes. 

Ms. ROSEN. Thank you, Madam Chair, Ranking Member Lipin-
ski, and to our panel for being here today. And Dr. Yamamoto, my 
husband did his medical residency at UCSF along with many of his 
friends. And so we have a soft spot in our household for UCSF. And 
I thank you for all the work you do there and the kind of graduates 
I know you produce. So I’ll just go to that. 

So I’d like to hear—I love my husband. So I have to put that plug 
in, right? So I’d like to hear your thoughts on several related topics 
on how we consider evaluating and funding scientific research, the 
value of course our basic research core areas and how they relate 
to our national interest. Because oftentimes it’s unclear. You know, 
I’m a former computer programmer systems analyst who started 
writing software in the 1970s. No PCs. No cell phones. There’s 
more right here than we could have ever imagined when I was at 
University of Minnesota writing on computer card decks in the 
BASIC lab in the math department, right? 

So we’ve come a long way, and we couldn’t predict it. So we want 
to be able to allow for these kinds of research that have no—that 
we can’t even imagine what’s going through. So following up on 
Representative Bonamici’s question, I’d like to ask you all, what is 
lost to the nation if we stop funding research in a whole discipline 
because somebody doesn’t see the potential? If we stop funding core 
fields like biology, chemistry, or physics because we think all the 
discoveries have been made, which they have not. And like you go 
to the mistakes, a lot of mistakes turn out to be the foundation for 
something else in the future. And if we refuse to fund a field we’ve 
never heard of, that might be a key that unlocks mysteries that are 
yet untold. 
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So the wholesale defunding of particular fields of science, is that 
really a wise way for us to go? 

Dr. YAMAMOTO. I think it’s a disaster. I think that the existence 
of the National Science Foundation as proposed by Vannevar Bush 
really puts a stake in the ground for basic research, research where 
you actually don’t know where it’s going to lead. And we are very 
far from—you know, the amount that we don’t know still so vastly 
outweighs what we do know, that stopping any of those investiga-
tions would mean that our future for being able to have knowledge 
that we can then apply will go away. So we absolutely have to 
maintain this. 

I might just say one more thing about reproducibility that bears 
on your question and that is at least in the biological sciences. 
There’s an element of reproducibility that hasn’t been addressed 
here that I think bears mentioning and that is that because of past 
successes, we are now able to work in experimental systems includ-
ing populations of human beings that are vastly more complex than 
we’ve been able to work on before. 

So the scientific ideal for planning an experiment is to control all 
the variables except the one you’re trying to test, right? We’re very 
far from that now, and it’s good news that we are, that we under-
stand enough to work on more complicated systems. But we need 
to acknowledge that when we do that, that when we control all the 
variables we can think of, underneath that is a vast number of 
variables that we don’t know about, right? I call it the Rumsfeld 
effect. And acknowledging that says that the attempt to reproduce 
an experiment, ending up with a different result, doesn’t mean that 
either experiment was wrong. I have to point out that it also 
doesn’t mean that either experiment was right. And it simply 
means that the robustness of being able to reproduce it is not 
there. It very often will be it’s not there because there are un-
known variables below what you’ve tested. So just to give you a 
silly example that I think makes it easy to understand is that no 
reviewer of a grant application or a finished product that is sub-
mitted to a journal for publication would say, oh, this looks really 
terrific. You’ve really carried it out. It’s a beautiful set of experi-
ments. Could you please go back and do them all again at a tenth 
of a degree lower temperature, right? And that could be the vari-
able that would change all the results and make two attempts, two 
very solid attempts to reproduce the study, come out with different 
results. 

And so remembering this is that we don’t know about the 
robustness of a lot of these complex studies because of those un-
known variables. And I think it calls into question in a way at-
tempts to fund studies, to simply try to reproduce complex results, 
understanding robustness is critical. But being able to label some-
thing as right or wrong based on whether it’s reproducible I think 
is problematic. 

Ms. ROSEN. Thank you. I appreciate that. And I thank you for 
what you’re doing, especially in creating a quicker path for people 
in STEM, people like myself who started their career. It’s so impor-
tant that we build that people pipeline, create opportunities as 
early as possible in the youngest grades so people know it’s creative 
and innovative and not boring in the least sense and that they can 
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all do it and not be science-phobes as someone else said. We need 
to generate that excitement. So I thank you for what you’re trying 
to do with a lot of the programs you’re working on. I yield back. 

Chairwoman COMSTOCK. Thank you. I now recognize Mr. Tonko 
for five minutes. 

Mr. TONKO. Thank you, Madam Chair, and I find this discussion 
very uplifting, especially in light of President Trump’s budget pres-
entation which seems to disinvest in America, which is a trouble-
some notion. 

I’m concerned, Dr. Ferrini-Mundy, that cuts to the geosciences 
could hurt our national security, our economic security and our 
public health and safety. Are you aware of any NSF-funded re-
search that came out of the geosciences directorate that produced 
valuable results? 

Dr. FERRINI-MUNDY. Thank you for the question and of course 
the research that goes on in our geosciences directorate spans a 
very broad range of topics and areas. Fundamentally, we fund re-
search that helps us better understand our planet. And so let me 
just give a couple of examples. We fund research to understand 
how the physical and chemical processes in the ocean and the at-
mosphere affect how ecosystems operate. And that not only brings 
us fundamental understanding of how heat redistribution happens, 
but it generates knowledge about marine ecosystems that ulti-
mately can have applications about informed management of the 
fisheries industries, for example. 

Another area where we do terrestrial research has to do with 
knowledge generation that gets us understandings of groundwater 
and surface water systems that contribute to informed decisions 
about the use of water resources and therefore have implications 
for agriculture, potable water supplies, and recreations. 

Those are just a couple of areas where investment in the geo-
sciences has affected our country in serious and important ways. 

Mr. TONKO. Thank you. And Dr. Zuber? 
Dr. ZUBER. Yes, since I’m in earth science, I can add a few things 

to this. So one example is that subsurface prospecting and the 
study of subsurface materials really has provided the scientific 
framework for hydraulic fracking, okay, which has brought this 
country really far in the direction of energy independence. 

And I will also add that NSF’s earth science program also in-
cludes the space environment surrounding Earth. And so for exam-
ple understanding solar storms and their effects on, you know, if 
the GPS constellation goes out, if our cell phones go out, if the elec-
tric grid goes out, obviously that’s bad for America, okay? And 
those studies are crucial in understanding that. 

Also the health of the oceans, coastal erosion factors that affects 
so many people that live along our coasts. And finally I would add 
that the geo program supports the polar programs including fully 
the Antarctic program. 

Mr. TONKO. Sounds like very valuable information that can guide 
us with some very important actions that we may need to put into 
place. 

New York State has had a number of devastating natural disas-
ters in recent years including devastation from Super Storm Sandy, 
certainly Hurricane Irene, and Tropical Storm Lee. In New York’s 
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20th District, my home district, we used to talk about storms that 
came once every 100 or once every 500 years. This type of talk is 
no more with devastating weather events happening time and time 
again. 

I’ve sat with families who have lost everything and have wit-
nessed the exorbitant costs that we are still trying to pay off from 
these extreme events. Extreme weather events are incredibly ex-
pensive to our communities and our nation. So my question to the 
panel is does research in the geosciences help to ensure better pre-
dictions or better understanding of natural environmental hazards? 
Dr. Zuber? 

Dr. ZUBER. Okay. Well, the answer to that is yes. So actually, 
there are studies that are being done and the state of prediction, 
near-term weather prediction and extreme storms, that work is un-
derway. And it’s critically important and we need to invest greater 
in it. There have been some studies done and they need to be 
verified that as severe storms move up the East Coast, they typi-
cally go out to sea, okay? However, with the loss of sea ice, okay, 
over the Arctic Ocean, it changes the wind patterns so that there’s 
a higher probability of a storm coming up the coast, not taking a 
right turn. 

And so one can just envision what the economic consequences 
would be if we have more Hurricane Sandys coming up and hitting 
the East Coast. And that’s just a single example. You know, obvi-
ously severe storms, droughts, and floods, are devastating to the 
economy. And so this requires field work. It requires data collec-
tion. It requires greater investment in high-performance com-
puting. So it’s really, really cross-discipline. 

Mr. TONKO. And I would hope it would instruct us and issues of 
climate change and greenhouse gas emissions. 

Dr. ZUBER. Well, certainly, but so you know, understanding 
weather on a short-term timescale is really fundamental in under-
standing if we’re going to be able to extend those models to under-
stand future climatic situations. 

Mr. TONKO. Dr. Zuber, I thank you. And Madam Chair, I yield 
back. 

Chairwoman COMSTOCK. Thank you. And I thank today’s wit-
nesses for their testimony and the Members for their questions. We 
really appreciate your insight and ideas, and I think we certainly 
have more food for thought for future hearings also. So thank you. 
And thank you for your good work in this arena. And the record 
will remain open for two weeks for additional written comments 
and written questions from Members. This hearing is now ad-
journed. 

[Whereupon, at 11:44 a.m., the Subcommittee was adjourned.] 
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To meet these challenges, NSF must be as nimble and innovative as the speed of 
technology development, and as open and transparent as information in the digital 
age. 

These are not easy tasks for any government organization. I hope to hear how NSF 
keeps up with the pace of rapidly evolving science as well as recommendations for 
how the Foundation can do better. 

One challenge I would like to take a moment to highlight is research reproducibility. 

Reproducibility addresses and can prevent fraud and poorly designed and executed 
research. Unfortunately, there is evidence of the increasing frequency of non­
reproducible experiments, particularly in certain fields of science. 

A recent survey by Nature magazine found that more than 70% of researchers have 
tried and failed to reproduce another scientist's experiments, and more than half have 
failed to reproduce their own experiments. Additionally, over half of the researchers 
surveyed called it a "significant crisis" for science. 

That should be of concern to every scientist and advocate for science. If a critical 
mass of scientists and research becomes untrustworthy, Americans may soon be more 
skeptical about the science corning from our science agencies. 

As an illustration, there is the recent case of two highly regarded social scientists who 
conducted a project aimed at linking political ideology to mental illness. 

The researchers concluded that conservatives were much more likely to manifest a 
personality pattern typified by aggressiveness and interpersonal hostility than liberals. 

However, this conclusion was based on a mathematical error that even a grade 
school student should have been able to spot. In fact, the research data actually 
indicated the opposite- that liberals, not conservatives, were disposed to these 
behaviors. 

It was three full years after their mathematical error was brought to the researchers' 
attention until they acknowledged their mistake and retracted their findings. 

In the meantime, several peer-reviewed journals featured their work and dozens of 
other articles cited it. Corrections received no where near the same coverage. 

This episode does point to both individual and media bias, which may well hurt the 
scientific community's credibility. 

The new AICA law requires NSF to contract with the National Research Council to 
better understand the root cause of failed research reproducibility and replicability 
and to present recommendations to address the problems associated with it. The 
National Research Council will begin that work this year. 
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I look forward to hearing the witnesses' thoughts on these and other issues as we move 
toward reauthorizing the National Science Foundation. 

### 
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