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Athe beginning of her talk at the
symposium marking the 75th anni-
versary of Vannevar Bush’s report that
shaped science policy in the United
States, France Coérdova, then director
of the US National Science Foundation
(NSF), presented a statuette of Vannevar
Bush, referring to it as the “Oscar” for sci-
ence. The statuette is based on a replica
of a Bush statue housed in the lobby of
the NSF building.

Cordova handed the statuette to Mar-
cia McNutt, president of the US National
Academy of Sciences, who co-sponsored
the one-day symposium, “The Endless
Frontier: The Next 75 Years in Science,”
with The Kavli Foundation and the Alfred
P. Sloan Foundation in Washington, DC,
on February 26, 2020.

To introduce the symposium, McNutt
said, ““Science as practiced today is far more

international, more collaborative, more
interdisciplinary, more dependent on data
and observations from novel and expensive
facilities, more important to economic pros-
perity, and a greater driver of social change
than it was when Dr. Bush laid down the
roadmap for the endless frontier.”

Policymakers, scientists, and CEOs
from government, academia, industry, and
philanthropic foundations paid respect to
Bush’s vision and launched discussions of
what the science policy blueprint should be
for the next 75 years.

Materials science fits

prominently in the future of R&D
As the bedrock from which “stuff” is
made, materials science fits prominently
in the future of R&D. Among the NSF’s
“10 Big Ideas,” for example, is the
“Quantum Leap,” which funds research

France Cérdova, former director of the US National Science Foundation, stands with the agency’s
reproduction of the Vannevar Bush statue from the collections of the National Museum of American
History, Smithsonian Institution. This 3D-printed statue is made of a photosensitive resin that
is cured from viscous liquid to a solid by exposure to UV light. After printing, the cured Bush
statue was primed and painted with automotive paint to simulate the patina of aged bronze.
Credit: Anne DuVivier for the National Science Foundation.
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The next 75 years: Symposium sparks upgrade
to US policy model for R&D

in quantum materials to revolutionize
technologies such as sensors, computers,
modeling, and communications (see MRS
Bulletin, doi:10.1557/mrs.2020.76). “The
endless frontier continues to be a human-
technology frontier, posing ethical chal-
lenges,” said Coérdova. Therefore, NSF
approaches future scientific challenges
“through the combination of diverse exper-
tise,” she said, that will be propelled by
machine learning, artificial intelligence,
the Internet of Things (IoT), and robotics.
At the symposium, L. Rafael Reif,
president of the Massachusetts Institute of
Technology (MIT), reiterated that artificial
intelligence, machine learning, quantum
science, and clean energy, as well as the
next wave of telecommunications, make
his short list of critical science and technol-
ogy (S&T) fields. Republican US Senator
Lamar Alexander said, within his introduc-
tory remarks at the symposium, that clean
energy solutions is his proposed “Man-
hattan project.” Alexander, who chairs
the Subcommittee on Energy and Water
Development within the Senate Commit-
tee on Appropriations, said that meeting the
grand challenges for energy “would create
breakthroughs, for example, in advanced
nuclear reactors, natural gas, carbon cap-
ture, better batteries, greener buildings,
electric vehicles, cheaper solar, and fusion.”
He lauded Oak Ridge National Laboratory,
part of the original Manhattan Project, in
his home state of Tennessee, which con-
ducts the “most complete advanced materi-
als research, the building block for almost
every sort of technological innovation.”

Data sharing at the national

and international level

The massive complexity of emerging
research topics, many panelists agreed,
requires international cooperation to
share research information as well as to
collaborate on research projects. Gabriela



Gonzalez of Louisiana State University
and a member of the Laser Interferometer
Gravitational-Wave Observatory (LIGO)
Scientific Collaboration, said, “Data shar-
ing is essential to scientific progress.”
She said that researchers now tackle large
projects that require sizable, multinational
research teams for which students, for
example, are not trained.

Kristen J. Baldwin, deputy direc-
tor for strategic technology protection
and exploitation at the US Department
of Defense, also called for the reinforce-
ment of a US and ally partnership in the
next 75 years. She advocated for interna-
tional agreements and co-sponsorship of
R&D funding for megaprojects such as
advanced materials for additive manu-
facturing, quantum science, and artificial
intelligence. To make such partnerships
succeed, she said the United States needs
to train and educate faculty and university
researchers about threats and policy expec-
tations because faculty is accustomed to
openness in research. The US Government
has recently been enforcing the need for
disclosures among faculty members not
only for defense, but for protection of intel-
lectual property for economic reasons.

In the next 75 years, panelists said US
R&D policy needs to balance the risks
of national and economic threats with
the necessity of international openness.
Sharing information globally has partic-
ularly shown its importance during the
novel coronavirus COVID-19 pandemic.
Materials researcher Robert Langer, who
is the David H. Koch Institute Professor
at the Massachusetts Institute of Tech-
nology, has benefited from open data in
his work on developing a vaccine for the
virus. According to the timeline given by
acompany Langer co-founded, Moderna,
Inc., researchers in China uploaded the
genetic sequence of the novel coronavirus
to a public database on January 11, 2020,
and within two days, the research team
at Moderna, together with the National
Institutes of Health (NIH), finalized the
sequence for mRNA-1273, which is now
the basis for the company’s lipid nanopar-
ticle-based vaccine. The mRNA is taken
to immune cells where it instructs cells
to synthesize the spike protein as if they
have been infected by COVID-19. By
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Marcia McNutt, president of the US National Academy of Sciences and co-sponsor of the
Endless Frontier symposium “The Endless Frontier: The Next 75 Years in Science,” with The
Kavli Foundation and the Alfred P. Sloan Foundation in Washington, DC, on February 26, 2020,
gives the opening address. Credit: Karen Sayre, Eikon Photography.

March 16, the Phase 1 study for mRNA-
1273 had begun.

For treating COVID-19, however,
Thomas Webster, the Art Zafiropoulo Chair
in Engineering at Northeastern University,
pointed to the general lack of an immedi-
ate international roadmap for sharing data.
He works with nanoparticles to simultane-
ously diagnose and treat various diseases,
anew medical field called theranostics. In
order to develop nanoparticles to attach
to and disrupt the COVID-19 virus’ abil-
ity to replicate, his laboratory needed to
know quickly the numerous mutation
structures of the virus. However, he was
unable to obtain information instantly
from the US Centers for Disease Control
(CDC) and found no early portal on the
CDC website with information concern-
ing the numerous COVID-19 mutations
that were being reported from around the
world. Further mutation structures are now
known through scientific publications, but
because of delays in the traditional pub-
lication process, Webster was frustrated
with the lack of immediate availability of
such data and points to a general flaw in
the research process both nationally and
internationally.

Nationally, he told MRS Bulletin, the
various US agencies that fund individ-
ual research groups seem to have had no
coordination when this pandemic started or
even now with one another, internationally
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with other funding agencies, universities,
national laboratories, and industry that
could enhance COVID-19 research. For
example, Webster said, for COVID-19
research, federal agencies could say, “Once
funded, this is the lab that you could con-
tact to test your materials, or these are the
people who have authorization to deal with
COVID-19 who can see if your material is
effective.” Pandemics such as COVID-19
will continue to occur, Webster said, and
they will need to be better solved by break-
ing the funding silos at the international
and national levels.

Models of community
involvement necessary

for scientific R&D

More than cooperation across borders,
Gabriela Gonzalez said at the symposium,
“[We] get the best science done with diver-
sified people.” Diverse demographics is
a major priority within NSF, too. Among
the 10 Big Ideas formulated and pursued
by NSF is inclusion, Cérdova said. “We
know that having a diversity of voices and
perspectives enables us to make greater
progress,” she said.

Gonzalez went beyond a diversified
community of scientists, however. She
advocated placing patients, for example,
to sit on review committees to align sci-
entific research with patient priorities. The
Bill & Melinda Gates Foundation, known
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for funding research to improve global
health, has consistently put patients at the
center. Several years ago, the Foundation
approached Robert Langer to develop an
ingestible, long-lasting, drug delivery
device. The purpose is to enable patients
who have difficulty reaching medical
clinics or affording medications, particu-
larly in developing countries, to receive
adequate medication.

In response, Langer’s research group
developed a device constructed from
gel polycaprolactone (PCL), a nontoxic,
degradable polyester that can reside in the
stomach long enough to release medica-
tion for over a week before dissolving. The
device is shaped like a star in which the
arms hold the medication, but the body of
the capsule does not serve as an obstruc-
tion in the stomach. Langer told MRS Bul-
letin that the pill is also useful, in general,
for the 50% of patients worldwide who
forget to take their daily medication.

At the symposium, Shobita Par-
thasarathy, professor of public policy at
the University of Michigan, said citizens
feel they have no voice about the direction
of science and technology, which leads
them to distrust scientists. For example,
the status of public health shows that seg-
ments of the community have been mar-
ginalized, she said. Social context needs
to be integrated into research funding and
regulatory decisions.

Science writer and materials scientist
Ainissa Ramirez agrees. But before that
can happen, Ramirez told MRS Bulletin,
“the general population is going to have to
be educated so that they know more about
science and feel comfortable asking ques-
tions and know that science isn’t always
about having the answers.” And scientists,
she said, have to be educated to listen.

While writing her book The Alchemy
of Us—which was recently released—
Ramirez became far more aware of the
unintended results of science on society.
For example, she looked into the inven-
tion of the incandescent light bulb, since
she was interested in the materials that
went into it. From discussions with physi-
cians and medical researchers, however,
she learned that artificial light puts peo-
ple’s bodies into constant “daytime” mode,
which leads to a number of health ailments,

THE END
FRONTI

Actor Alan Alda gives the keynote talk coupled with a demonstration showing how to engage the
public in a conversation about science. In the background (left to right): Cristin Dorgelo, president
and CEO of the Association of Science and Technology Centers and Elizabeth Christopherson,
president and CEO of Rita Allen Foundation. Credit: Karen Sayre, Eikon Photography.

aside effect of the easy availability of light
at all times (see the book review in MRS
Bulletin, doi:10.1557/mrs.2020.110).

The symposium brought in actor Alan
Alda, founder of the Alda Communica-
tion Training Company, to give the key-
note talk about science engagement with
the public. While his work has centered on
training researchers to communicate their
enthusiasm for science in a way the general
population can understand, his demonstra-
tion at this symposium went beyond that.
“When science is looking for funding,”
Alda said, “there are biases in the culture
that can form resistance.” Alda said he is
talking not just about clarifying scientific
terms, but engaging people. In order to
develop their “message,” researchers need
to establish a personal connection with the
audience, and training in improvisation
exercises—similar to the performance of
actors without a script—can accomplish
this. Alda said scientists actually need to
“use the connection that they develop with
the audience to formulate the message, so
the message is not just based on what’s in
their head. The message is based on some-
thing that they understand about the audi-
ence ... what they’re thinking and feeling.”

Ramirez discovered that a way of mak-
ing connections is through stories. She real-
ized that for years she had been explaining
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science to people to make them scientists.
“But,” she told MRS Bulletin, ‘1 wanted to
bring more people to the table, and I know
that stories are stickier than just explaining
data and explaining phenomena.”

Scientists need to translate their
research not only to the public, but also to
one another, Alda said. For example, with
the NIH Brain Initiative aimed at revolu-
tionizing scientific understanding of the
human brain, collaboration between neu-
roscientists and nanoscientists will not
only improve with better communication,
but explaining their work to colleagues in
another field will help them “understand
their own work even better,” Alda said.

In addition to seating patients at the
table, panelists illustrated other ways of
including society in scientific research
planning. Mahmud Farooque, Arizona
State University and associate director
of the Consortium for Science, Policy
& Outcomes in Washington, DC, said
when researchers go to society, “the con-
versation changes.” Regarding autono-
mous vehicles, while researchers may be
thinking of vehicle safety, first respond-
ers wanted to know how to rescue pas-
sengers from such a vehicle, and drivers
expressed their desire for “assistance”
from the vehicle rather than a fully auton-
omous vehicle.



Along-term research project on sustain-
ability underway at the University of Cali-
fornia, Davis (UC-Davis) includes studies
on autonomous vehicles. A year ago, the
university announced its experiment of an
automated, all-electric shuttle placed in its
sustainable community called West Village.
According to the university’s news release,
“We want to see how residents respond to
the vehicle before and after their experi-
ence with it to see if there are attitudinal
changes,” said Yunshi Wang, director of
the UC-Davis China Center for Energy and
Transportation. “We’d like to better under-
stand how people embrace or resist vehi-
cles like this and their potential to help with
ride sharing or carpooling,” Wang said.

In areport submitted to the Public Utili-
ties Commission of the State of California
this year, the university presented neces-
sary changes to its pilot test for a shared
autonomous vehicle program. “The areas
for improvement in the existing frame-
work include fares, fare-splitting, pooling,
data collection, ensuring service for people
with disabilities, ensuring service to dis-
advantaged areas, and service to airports.”
Indeed, the report recognizes that the “con-
vergence of new shared mobility services
with automated and electric vehicles prom-
ises to significantly reshape our lives and
communities.” UC-Davis demonstrates
how various institutions have already been
moving in the direction of public-centered
research that embraces stakeholders from
different sectors of society.

At the symposium, Cristin Dorgelo,
president and CEO of the Association of
Science and Technology Centers and for-
mer chief of staff at the White House Office
of Science and Technology Policy during
the Obama administration, offered several
ways to engage the public, beginning with
“transparency.” Dorgelo also referred to
the Brain Initiative as an example, where
researchers have to explain a 10-year R&D
agenda to a society that wants to urgently
cure diseases. By engaging the public with
the ethical issues involved in the Brain Ini-
tiative, researchers involve the public in
the process of the research, she said.

David P. Norton, who chairs the Gov-
ernment Affairs Committee of the Mate-
rials Research Society, told MRS Bulletin,
“We talk about materials research as if it
were a defined linear process where spe-
cific targets of our work are well defined
but with long, excruciating timelines. That
is, in fact, not how it actually works.” He
said that basic research builds a broad,
diverse foundation of knowledge that
offers opportunities that are often unfore-
seen, and the public needs to see the value
of that. The COVID-19 pandemic, he said,
serves as a perfect illustration.

As vice president of research at the
University of Florida (UF), Norton is well
versed in the advantages of multidisci-
plinary work in research laboratories across
the campus. UF virologist John Lednicky
has been studying viruses in wildlife for
more than 35 years, including coronaviruses

(Left to right): Adam F. Falk, president of the Alfred P. Sloan Foundation and co-sponsor of the
symposium; Mary Woolley, president of Research!America; and Eric D. Isaacs, president of the
Carnegie Institution for Science talk about the revolutionary work Foundations enable. Credit:
Karen Sayre, Eikon Photography.
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found in bats. “Little did Dr. Lednicky real-
ize that the basic research he was doing
years back on coronavirus in animals would
become the most critical scientific and med-
ical challenge of this century,” Norton said
as Lednicky is now applying his work to
detect COVID-19 in humans. “The value of
basic research is found in the knowledge it
provides for future challenges, some predi-
cable, others unimaginable,” Norton said.

Therole of philanthropy

in scientific R&D

Philanthropists know well the benefits
of public-centered endeavors, as well as
financing high-risk research. When dis-
cussing the science enterprise at the sym-
posium, Mary Woolley, president of
Research! America, included civil society
and “the business community that also fuels
research and, in the process—and in many
wonderful cases—has created great wealth.
We’re all in it together.” Woolley’s organi-
zation builds a strong base of citizen support
for medical research and innovation.

In a panel on philanthropy, the president
of Rensselaer Polytechnic Institute, Shirley
Ann Jackson, pointed to the support phi-
lanthropists have given to early research
ideas that were unable to garner federal
funding, to infrastructure within universi-
ties that would not exist otherwise, and to
partnerships across university departments
and with corporations. Jackson said, “Foun-
dations many times just inherently support
new directions and risk-taking.”

In the same panel, president of the
Carnegie Institution for Science, Eric D.
Isaacs, reinforced that philanthropy sup-
ports unconventional, revolutionary ideas
and enables scientists to focus entirely on
their research. Robert Langer, with sup-
port from the Gates Foundation, founded
Lyndra Therapeutics, Inc. with its revo-
lutionary idea of changing the method of
drug delivery instead of trying to change
human behavior. Among the benefits of
receiving funding from the Foundation,
Langer said, is his ability to see the impact
of his work on the patient. With its focus
on a practical mission, the Gates Founda-
tion is proactive as it continues to fund
Langer’s research, he said. The Founda-
tion, Langer told MRS Bulletin, is eager
to move research forward. This resulted in

9
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multimillion-dollar grants to Lyndra as the
researchers developed its capsule platform
capable of treating numerous diseases.

Adam F. Falk, president of the Alfred
P. Sloan Foundation, which co-sponsored
the symposium, said that what makes phi-
lanthropy-based science distinctive from
other sources is its higher tolerance for
risk, thus high tolerance for failure. Foun-
dations, he said, are not responsible for
supporting the entire enterprise, but can
focus on emerging areas, interdisciplinary
projects, and young researchers, and they
are free from answering to complicated
legal environments.

Small pockets of government funding
programs involve high risk, and more and
more government programs fund multi-
disciplinary research teams. US Senator
Chris Van Hollen, Democrat, represent-
ing the state of Maryland, who serves on
the Senate Appropriations Committee,
referred to the success of the govern-
ment high-risk funding agency, Advanced
Research Projects Agency-Energy or
ARPA-E. The projects supported by this
agency, he said in his remarks at the sym-
posium, “have improved our solar panels,
our electric car batteries, and many other
inventions that have reduced our reliance
on fossil fuels ... and helped keep the
United States competitive in high-growth
economic sectors.” But, he said, the gov-
ernment needs a new strategy to main-
tain its technological edge. Panelist Ron-
ald Daniels, president of Johns Hopkins
University, said the government needs
to identify what “mechanism of philan-
thropy should be emulated and find its
way into the federal funding system.”

Paradigm shift needed in
industry and higher education
Norman R. Augustine, retired chair and
CEO of Lockheed Martin Corporation,
said the average stockholder used to
hold shares for eight years, but now they
will hold a share for four months. The

Audience members ask questions during The Endless Frontier: The Next 75 Years in Science
Symposium at the National Academy of Sciences, February 26, 2020. Credit: Karen Sayre,
Eikon Photography.

unintended consequence is short-term
research by industry. Augustine told the
audience that a paradigm shift needs to
include “intermediate organizations to
move innovations into industry that can
apply them.” Rafael Reif had also said,
near the opening of the symposium, that
the current system of venture capitalism
forces researchers to try to commercialize
their inventions too soon. He said the sci-
ence enterprise needs to “experiment with
novel ways to help entrepreneurs get their
ideas to market faster.”

Panelists called for a shift in the
advanced educational system as well.
Laurie Leshin, president of Worcester
Polytechnic Institute (WPI), promoted
an educational system that makes R&D
relevant. Students at WPI, for example,
have to work on problems that “intersect
with science, technology, and the world,”
Leshin said.

With the launch of a nonprofit higher
education institution called Stationl
(stationl.org), founders Morris Cohen
Professor of Materials Science and Engi-
neering Christine Ortiz and Historian of
Science and Technology, Ellan Spero,

both at MIT, have developed an insti-
tution that is based on a newly devel-
oped model of inclusive and socially
driven science and technology educa-
tion, research, and innovation. With a
custom-designed learning space and resi-
dential apartments based in a historic mill
in Lawrence, Mass., students come from
across the country and the world to par-
ticipate in an all-expenses paid fellowship
that involves a unique cross-disciplinary
curriculum on socially directed STEM
integrated with undergraduate research
internships in emerging STEM fields.

“Reforms of STEM education,”
Ortiz told MRS Bulletin, “will need to go
beyond surface structural and incremen-
tal changes.” She said, “Given the current
healthcare crisis and the amplification of
inequities in our higher education system,
we are observing a shift from a mind-set
of recovery to reconstruction and rede-
sign, in particular at the intersection of
equity and resiliency.”

The February symposium, reported the
National Academies, “marked the start of
a year-long conversation.”

Judy Meiksin

THE ENDLESS FRONTIER

%
View the event webcast at /

The Next 75 Years in Science = ___———

vimeo.com/showcase/6859817
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