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Research Support

Research Expenditures (MIT FY2015)
Cambridge Campus
$696.9 million
Lincoln Laboratory*
$890.2 million
SMART*
$31.9 million
Total
$1,619.0 million

MIT has historically viewed teaching and research as
inseparable parts of its academic mission. Therefore,
the Institute recognizes its obligation to encourage
faculty to pursue research activities that hold the
greatest promise for intellectual advancement. MIT
maintains one of the most vigorous programs of
research of any university and conducts basic and
applied research principally at two Massachusetts
locations, the MIT campus in Cambridge and MIT
Lincoln Laboratory, a federally funded research and
development center in Lexington.

*Totals do not include research performed by campus laboratories for Lincoln Laboratory and Singapore-MIT Alliance for
Research and Technology (SMART).

All federal research on campus is awarded competitively based on the scientific and technical merit of
the proposals. In FY2015, there were 2,723 active
awards and 396 members of research consortiums.

MIT pioneered the federal/university research
relationship, starting in World War II. Initially called
upon by the federal government to serve the national
war effort, that relationship has continued into the
present day, helping MIT fulfill its original mission of
serving the nation and the world.

Research activities range from individual projects to
large-scale, collaborative, and sometimes international endeavors. Peer-reviewed research accomplishments form a basis for reviewing the qualifications of
prospective faculty appointees and for evaluations
related to promotion and tenure decisions.
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Campus Research
The Institute provides the faculty with the infrastructure and support necessary to conduct research,
much of it through contracts, grants, and other
arrangements with government, industry, and foundations. The Office of Sponsored Programs provides
central support related to the administration of sponsored research programs, and it assists faculty, other
principal investigators, and their local administrators
in managing and identifying resources for individual
sponsored projects. In addition, a Research Council—
which is chaired by the Vice President for Research
and composed of the heads of all major research
laboratories and centers that report to the Vice President for Research—addresses research policy and
administration issues.

The Resource Development Office is available to work
with faculty to generate proposals for foundation or
other private support.
The Institute sees profound merit in a policy of open
research and free interchange of information among
scholars. At the same time, MIT is committed to
acting responsibly and ethically in all its research
activities. As a result, MIT has policies related to the
suitability of research projects, research conduct,
sources of support, use of human subjects, sponsored programs, relations with intelligence agencies,
the acquisition of art and artifacts, the disposition
of equipment, and collaborations with researchoriented industrial organizations. These policies are
spelled out on the Policies and Procedures website
and on the Office of Sponsored Programs website.
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Campus Research Sponsors

Laboratory begins on page 79. Expenditures funded
by industrial sponsors are shown on page 95 in the
MIT and Industry section. Federal research expenditures include all primary contracts and grants, including sub-awards from other organizations where the
federal government is the original funding source.

The tables and charts for campus research expenditures below, and on the following pages, show the
amount MIT expended by fiscal year (July 1–June
30). These figures do not include expenditures for
MIT Lincoln Laboratory. Information for Lincoln

Campus Research Expenditures (in U.S. Dollars)
Fiscal Years 2006–2015
2006
Federal

2007

382,784,774

373,603,371

2008
369,008,780

2009

2010

381,459,466

430,154,479

Non-federal

114,361,780

114,389,201

132,487,316

158,595,887

184,216,417

Total

497,146,554

487,992,571

501,496,096

540,055,353

614,370,896

Constant dollars*

591,295,439

565,776,227

560,656,987

595,451,903

670,897,854

2011

2012

2013

2014

2015

Federal

469,520,579

472,582,743

465,946,679

454,938,599

459,979,141

Non-federal

191,304,692

208,496,567

208,401,668

223,473,071

236,912,028

Total

660,825,271

681,079,310

674,348,348

678,411,670

696,891,169

Constant dollars*

707,421,238

708,349,648

689,867,045

683,350,357

696,891,169
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*Constant dollars are calculated using the Consumer Price Index for All Urban Consumers weighted with the fiscal year 2015 equaling 100.
†National Institutes of Health data includes expenditures from other Department of Health and Human Services agencies which account for less
than 1% of expenditures per year.
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Campus Research Expenditures by Primary Sponsor
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*National Institutes of Health data includes expenditures from other Department of Health and Human Services agencies which account for
less than 1% of expenditures per year.
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Department of Defense
Selected Projects
For stronger, lighter, cheaper materials, scroll up
Water filters of the future may be made from
billions of tiny, graphene-based nanoscrolls. Each
scroll, made by rolling up a single, atom-thick layer
of graphene, could be tailored to trap specific
molecules and pollutants in its tightly wound folds.
Billions of these scrolls, stacked layer by layer, may
produce a lightweight, durable, and highly selective
water purification membrane.
But there’s a catch: Graphene does not come cheap
in its pure, unblemished form. Seeking an alternative,
a team of researchers is looking to graphene oxide—
graphene’s much cheaper, imperfect form. The team
fabricated nanoscrolls made from graphene oxide
flakes and was able to control the dimensions of
each nanoscroll, using both low- and high-frequency
ultrasonic techniques. The scrolls have mechanical
properties that are similar to graphene, and they can
be made at a fraction of the cost, the researchers say.
Graduate student Itai Stein and Carlo Amadei,
a graduate student at Harvard University, have
published their results in the journal Nanoscale. This
work was supported, in part, by the Department of
Defense through the National Defense Science and
Engineering Graduate (NDSEG) fellowship program.
http://bit.ly/1raCpyJ
Rogue wave ahead
Sailing history is rife with tales of monster-sized
rogue waves—huge, towering walls of water that
seemingly rise up from nothing to dwarf, then deluge,
vessel and crew. Rogue waves can measure eight
times higher than the surrounding seas and can strike
in otherwise calm waters, with virtually no warning.
A prediction tool developed by MIT engineers may
give sailors a 2-3 minute warning of an incoming
rogue wave, providing them with enough time to
shut down essential operations on a ship or offshore
platform. The tool, in the form of an algorithm, sifts
through data from surrounding waves to compute a
probability that the wave group will turn into a rogue
wave within the next few minutes.
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To understand and predict rare events such as
rogue waves, scientists have typically taken a
leave-no-wave-behind approach. This extremely
detailed approach is computationally expensive,
as it requires a cluster of computers to solve equations for each and every wave, and their interactions
with surrounding waves. Themis Sapsis and former
postdoc Will Cousins have devised a much simpler,
faster way to predict rogue waves, given data on the
surrounding wave field.
Sapsis and Cousins have published their results in
the Journal of Fluid Mechanics. This research was
supported, in part, by the Office of Naval Research,
the Army Research Office, and the American Bureau
of Shipping.
http://bit.ly/1THUakf
Breaking through the bacteria barrier
Genetically engineering any organism requires first
getting its cells to take in foreign DNA. To do this,
scientists often perform a process called electroporation, in which they expose cells to an electric field.
If that field is at the right magnitude, it will open up
pores within the cell membrane, through which DNA
can flow. It can take scientists months or even years
to figure out the exact electric field conditions to
reversibly unlock a membrane’s pores.
A new microfluidic device developed by MIT engineers may help scientists quickly home in on the
electric field “sweet spot”—the range of electric
potentials that will be strong enough to puncture
the membrane temporarily, but not so strong as to
do so permanently, which would cause a cell to die.
In principle, the simple device could be used on any
microorganism or cell, significantly speeding up the
first step in genetic engineering.
Cullen Buie and his colleagues, including postdoc
Paulo Garcia, graduate student Zhifei Ge, and
lecturer Jeffrey Moran, have published their results
in the journal Scientific Reports. This research was
supported, in part, by DARPA and the National
Science Foundation.
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Campus Research
Department of Defense Campus Research Expenditures (in U.S. Dollars)
Fiscal Years 2011–2015
2011

2012

2013

2014

2015

Campus research

107,753,196

117,457,789

127,966,747

122,761,059

125,853,521

Constant dollars*

115,351,066

122,160,785

130,911,630

123,654,733

125,853,521
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*Constant dollars are calculated using the Consumer Price Index for All Urban Consumers weighted with the fiscal year 2015 equaling 100.

Leading Departments, Laboratories, and Centers
Receiving Support in Fiscal Year 2015

In fall 2014, the Department of Defense funded the
primary appointments of graduate students with 291
research assistantships and 89 fellowships.

Research Laboratory of Electronics
Computer Science and Artificial
Intelligence Laboratory
Institute for Soldier Nanotechnologies
Biological Engineering
Mechanical Engineering
Sociotechnical Systems Research Center
Laboratory for Information and Decision Systems
Chemistry
Aeronautics and Astronautics
Microsystems Technology Laboratories

Twenty-eight current faculty and staff have received
the Office of Naval Research Young Investigator
Program Award.

(Shown in descending order of expenditures)
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Department of Energy

network, to provide pathways for the helium to leak
back out instead of being trapped within the metal,
where it could continue to do damage.

Selected Projects
New chemistries found for liquid batteries
Liquid metal batteries, invented by Donald Sadoway
and his students a decade ago, are a promising candidate for making renewable energy more practical by
storing large amounts of energy and thus even out the
ups and downs of power production and power use.
Now, Sadoway and his team have found yet another
set of chemical constituents that could make the technology even more practical and affordable, and open
up a whole family of potential variations that could
make use of local resources.
The latest findings are reported in the journal Nature
Communications, in a paper by Sadoway and postdoc
Takanari Ouchi, along with Hojong Kim (now a
professor at Penn State University) and PhD student
Brian Spatocco. They show that calcium, an abundant
and inexpensive element, can form the basis for both
the negative electrode layer and the molten salt that
forms the middle layer of the three-layer battery.
The research was supported by the U.S. Department of Energy’s Advanced Research Projects Energy
(ARPA-E) and by the French energy company Total S.A.
http://bit.ly/23BLpbW
Carbon nanotubes improve metal’s
longevity under radiation
One of the main reasons for limiting the operating
lifetimes of nuclear reactors is that metals exposed
to the strong radiation environment near the reactor
core become porous and brittle, which can lead to
cracking and failure. A team of researchers at MIT and
elsewhere has found that, at least in some reactors,
adding a tiny quantity of carbon nanotubes to the
metal can dramatically slow this breakdown process.
Helium from radiation transmutation takes up
residence inside metals and causes the material to
become riddled with tiny bubbles along grain boundaries and progressively more brittle, the researchers
explain. The nanotubes, despite only making up a
small fraction of the volume—less than 2 percent—
can form a percolating, one-dimensional transport
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The findings are described in the journal Nano
Energy, in a paper by Ju Li, postdocs Kang Pyo So and
Mingda Li, research scientist Akihiro Kushima, and 10
others at MIT, Texas A&M University, and universities
in South Korea, Chile, and Argentina. The work was
supported by the U.S. Department of Energy and the
National Research Foundation of Korea.
http://bit.ly/1WkAvZC
New finding may explain heat loss in fusion reactors
One of the biggest obstacles to making fusion
power practical—and realizing its promise of virtually limitless and relatively clean energy—has been
that computer models have been unable to predict
how the hot, electrically charged gas inside a fusion
reactor behaves under the intense heat and pressure required to make atoms stick together. A
long-standing discrepancy between predictions and
observed results in test reactors has been called “the
great unsolved problem” in understanding the turbulence that leads to a loss of heat in fusion reactors.
Solving this discrepancy is critical for predicting the
performance of new fusion reactors.
Researchers at MIT’s Plasma Science and Fusion
Center, in collaboration with others at the University
of California at San Diego, General Atomics, and the
Princeton Plasma Physics Laboratory, say that they
have found the key. For the first time, researchers
show two types of turbulence within plasma that
cause significant heat loss. It turns out that interactions between turbulence of electrons and of ions,
can account for the mysterious mismatch between
theory and experimental results.
The new findings are detailed in a pair of papers
published in the journals Nuclear Fusion and AIP
Physics of Plasmas, by research scientist Nathan
Howard, doctoral student Juan Ruiz Ruiz, Anne White,
and 12 collaborators. The research was supported by
the U.S. Department of Energy.
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Campus Research
Department of Energy Campus Research Expenditures (in U.S. Dollars)
Fiscal Years 2011–2015
2011

2012

2013

2014

2015

Campus research

89,562,126

90,940,035

88,987,983

88,450,656

81,528,299

Constant dollars*

95,877,311

94,581,264

91,035,853

89,094,557

81,528,299

Research Expenditures in Millions
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*Constant dollars are calculated using the Consumer Price Index for All Urban Consumers weighted with the fiscal year 2015 equaling 100.

Leading Departments, Laboratories, and Centers
Receiving Support in Fiscal Year 2015

In fall 2014, the Department of Energy funded the
primary appointments of graduate students with 191
research assistantships and 22 fellowships.

Plasma Science and Fusion Center
Laboratory for Nuclear Science
Mechanical Engineering
Chemical Engineering
Nuclear Science and Engineering
Research Laboratory of Electronics
Materials Science and Engineering
Materials Processing Center
Nuclear Reactor Laboratory
Chemistry

Twenty-five current faculty have received the Department of Energy Outstanding Junior Investigator
award or Early Career Research Program Award.

(Shown in descending order of expenditures)
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National Institutes of Health
Selected Projects
A new paper-based test for the Zika virus
A test developed at MIT and other institutions can
diagnose Zika virus infection within a few hours. The
test can be stored at room temperature and read
with a simple electronic reader, making it potentially
practical for widespread use. The new device is based
on technology that James Collins and colleagues
previously developed to detect the Ebola virus.
Currently, patients are diagnosed by testing whether
they have antibodies against Zika in their bloodstream, or by looking for pieces of the viral genome
in a patient’s blood sample. However, these tests can
take days or weeks to yield results, and the antibody
test cannot discriminate accurately between Zika
and dengue. The researchers showed that the new
device can make this distinction and detect viral RNA
concentrations as low as 2 or 3 parts per quadrillion.
Collins and colleagues from MIT and Harvard University’s Wyss Institute for Biologically Inspired Engineering and other institutions described the new
device in the online edition of Cell. The research was
funded by the Wyss Institute for Biologically Inspired
Engineering, MIT’s Center for Microbiome Informatics
and Therapeutics, the Defense Threat Reduction
Agency, and the National Institutes of Health.
http://bit.ly/1SUZ8ZK
Engineers develop a pill for long-term drug release
Researchers from MIT and Brigham and Women’s
Hospital have designed a new type of pill that, once
swallowed, can attach to the lining of the gastrointestinal tract and slowly release its contents. The tablet
is engineered so that one side adheres to tissue, while
the other repels food and liquids that would pull it
away from the attachment site. Such extended-release
pills could be used to reduce the dosage frequency of
some drugs, the researchers say. For example, antibiotics that normally have to be taken two or three
times a day could be given just once, making it easier
for patients to stick to their dosing schedule.
Giovanni Traverso, a research affiliate at MIT’s Koch
Institute for Integrative Cancer Research, a gastroenterologist at Brigham and Women’s Hospital, is one
of the senior authors of a paper describing the device
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in the journal Advanced Healthcare Materials. Robert
Langer is also a senior author of the paper. The
research was funded by the Bill and Melinda Gates
Foundation, the National Institutes of Health, and the
Alexander von Humboldt Foundation.
http://bit.ly/1StoInj
Why some tumors withstand treatment
New cancer drugs allow doctors to tailor treatment based on the genetic profile of a patient’s
tumor. However, these drugs don’t work at all in
some patients, and they lose their effectiveness in
others. A study from MIT and Massachusetts General
Hospital (MGH) reveals why a certain class of these
drugs, known as kinase inhibitors, doesn’t always
halt tumor growth.
The researchers found that while kinase inhibitors successfully shut down their targets, they also
provoke cells to turn on a backup system that can
take over for the one knocked out by the drug. The
researchers showed that certain proteins can be
detected in blood samples from patients, and that
high protein levels show if there is a lot of potential
for the backup system to kick in, and kinase inhibitors to not be effective. The team also showed that
disrupting both systems with a combination of drugs
yields much better results, in a study of mice.
“The discovery seems to identify those patients
who will go on to receive long-term clinical benefit
versus those whose tumors will quickly adapt and
circumvent treatment, by virtue of a blood-based test
that can be performed at baseline or within days of
initiating treatment,” says Keith Flaherty, an author of
the paper and director of developmental therapeutics at the MGH Cancer Center, who hopes to begin
performing this kind of test in patients.
Douglas Lauffenburger is the senior author of the study,
which appears in online edition of Cancer Discovery.
The lead authors are Miles Miller, a former graduate
student who is now a postdoc at Harvard Medical
School, and Madeleine Oudin, a Koch Institute postdoc.
The research was funded by the National Cancer
Institute Centers for Cancer Systems Biology program.
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Campus Research
National Institutes of Health Campus Research Expenditures (in U.S. Dollars)*
Fiscal Years 2011–2015
2011

2012

2013

2014

2015

Campus research

152,664,013

133,687,332

119,908,451

115,074,564

116,469,457

Constant dollars†

163,428,625

139,040,157

122,667,889

115,912,281

116,469,457

Research Expenditures in Millions
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*National Institutes of Health data includes expenditures from other Department of Health and Human Services agencies which account for less than
1% of expenditures per year.
†Constant dollars are calculated using the Consumer Price Index for All Urban Consumers weighted with the fiscal year 2015 equaling 100.

Leading Departments, Laboratories, and Centers
Receiving Support in Fiscal Year 2015
(Shown in descending order of expenditures)

Koch Institute for Integrative Cancer Research
Biology
Biological Engineering
Picower Institute for Learning and Memory
Chemistry
McGovern Institute for Brain Research
Computer Science and Artificial
Intelligence Laboratory
Center for Environmental Health Sciences
Research Laboratory of Electronics
Institute for Medical Engineering and Science

In fall 2014, the National Institutes of Health and other
Department of Health and Human Services programs
funded the primary appointments of graduate students
with 167 research assistantships and 32 fellowships.
Ten current faculty or staff have received the NIH Director’s Pioneer Award. The recipients are Edward Boyden,
Emery Brown, Arup Chakraborty, James Collins, Hidde
Ploegh, Aviv Regev, Leona Samson, Alice Ting, Mehmet
Yanik, and Feng Zhang.
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NASA

J1426.5+3508 (or IDCS 1426), is the most massive
cluster of galaxies yet discovered in the first 4 billion
years after the Big Bang.

Selected Projects
First temperature map of a “super-Earth”
reveals lava world
Astronomers from MIT, Cambridge University, and
elsewhere have generated the first temperature map
of a “super-Earth” exoplanet, revealing an inhospitable world covered in rivers and lakes of boiling hot
magma. Temperatures on the planet are so high that
any atmosphere is likely to have been burned off or
vaporized into space. The results are published in the
journal Nature.
The planet, named 55 Cancri e, resides in the constellation Cancer, at a relatively close 40 light years
from Earth. It’s thought to have a rocky, rather than
gaseous, composition, and at roughly twice the
size of our planet, it is considered a super-Earth. 55
Cancri e is essentially a heat-seeking fireball, orbiting
extremely close to its star. It circles in just 18 hours.
The new temperature map shows that it’s scorching
orbit can’t explain its blistering heat; in fact, the
planet may be boiling from the inside out.
The scientists, including postdoc Julien de Wit and led
by former postdoc Brice-Olivier Demory, generated
the temperature map from observations of the planet
made by NASA’s Spitzer Space Telescope. The Spitzer
Space Telescope is operated by the Jet Propulsion
Laboratory (JPL) and Caltech, under contract to NASA.
Support for this work was provided by JPL/Caltech.
http://bit.ly/1UjMJ2x
Most distant massive galaxy cluster identified
Astronomers at MIT, the University of Missouri, the
University of Florida, and elsewhere, have detected
a massive, sprawling, churning galaxy cluster that
formed only 3.8 billion years after the Big Bang.
Located 10 billion light years from Earth and potentially comprising thousands of individual galaxies,
the megastructure is about 250 trillion times more
massive than the sun, or 1,000 times more massive
than the Milky Way galaxy. The cluster, named IDCS
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In 2012, scientists using NASA’s Spitzer Space Telescope first detected signs of IDCS 1426 and made
some initial estimates of its mass. To get a more
precise estimate of the galaxy cluster’s mass, Michael
McDonald and his colleagues used data from several
of NASA’s Great Observatories: the Hubble Space
Telescope, the Keck Observatory, and the Chandra
X-ray Observatory.
McDonald and his colleagues presented their results
at the 227th American Astronomical Society meeting
in Kissimmee, Florida. Their findings will also be
published in The Astrophysical Journal. This research
was funded, in part, by NASA.
http://bit.ly/1Xuz5uj
NASA gives MIT a humanoid robot to develop
software for future space missions
MIT’s Computer Science and Artificial Intelligence
Laboratory (CSAIL) is one of two university research
groups nationwide that will receive a 6-foot,
290-pound humanoid robot from NASA to test
and develop for future space missions to Mars and
beyond. A group led by CSAIL principal investigator
Russ Tedrake will develop algorithms for the robot,
known as “Valkyrie” or “R5,” as part of NASA’s
upcoming Space Robotics Challenge, which aims to
create more dexterous autonomous robots that can
help or even take the place of humans “extreme
space” missions. (NASA’s challenge is divided into a
virtual competition using robotic simulations, and a
physical competition using the robot.)
Tedrake’s team, which was selected from groups that
were entered in the Defense Advanced Research
Projects Agency (DARPA) Robotics Challenge, will
receive as much as $250,000 a year for two years
from NASA’s Space Technology Mission Directive.
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Campus Research
NASA Campus Research Expenditures (in U.S. Dollars)
Fiscal Years 2011–2015
2011

2012

2013

2014

2015

Campus research

28,079,693

30,203,575

29,834,713

32,062,601

41,739,692

Constant dollars*

30,059,642

31,412,923

30,521,295

32,296,010

41,739,692

Research Expenditures in Millions
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*Constant dollars are calculated using the Consumer Price Index for All Urban Consumers weighted with the fiscal year 2015 equaling 100.

Leading Departments, Laboratories, and Centers
Receiving Support in Fiscal Year 2015
(Shown in descending order of expenditures)

In fall 2014, NASA funded the primary appointments
of graduate students with 53 research assistantships
and 24 fellowships.

Kavli Institute for Astrophysics and Space Research
Earth, Atmospheric and Planetary Sciences
Aeronautics and Astronautics
Haystack Observatory
Center for Global Change Science
Media Laboratory
Civil and Environmental Engineering
Research Laboratory of Electronics
Laboratory for Manufacturing and Productivity
Microsystems Technology Laboratories
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National Science Foundation
Selected Projects
First-ever 3D printed robots made of both
solids and liquids
In a new paper, researchers at MIT’s Computer Science
and Artificial Intelligence Laboratory (CSAIL) present
the first-ever technique for 3D printing robots that
involves printing solid and liquid materials at the same
time. The new method allows the team to automatically 3D print dynamic robots in a single step, with no
assembly required, using a commercially-available 3D
printer. To demonstrate the concept, researchers 3D
printed a tiny six-legged robot that can crawl via 12
hydraulic pumps embedded within its body. They also
3D printed robotic parts that can be used on existing
platforms, such as a soft rubber hand for the Baxter
research robot.
“Our approach, which we call ‘printable hydraulics,’
is a step towards the rapid fabrication of functional
machines,” says CSAIL Director Daniela Rus, who
oversaw the project and co-wrote the paper. “All
you have to do is stick in a battery and motor, and
you have a robot that can practically walk right out
of the printer.”
The paper, which was accepted to IEEE International
Conference on Robotics and Automation (ICRA),
was co-written by postdoc Robert MacCurdy and
PhD candidate Robert Katzschmann, as well as
Harvard University undergraduate Youbin Kim. The
team’s work was funded, in part, by a grant from the
National Science Foundation.
http://bit.ly/1PWf6wP
Gravitational waves detected 100 years after
Einstein’s prediction
For the first time, scientists have observed ripples in
the fabric of spacetime called gravitational waves,
arriving at the Earth from a cataclysmic event in the
distant universe. This confirms a major prediction of
Albert Einstein’s 1915 general theory of relativity.
Gravitational waves carry information about their
dramatic origins and about the nature of gravity
that cannot otherwise be obtained. Physicists have
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concluded that the detected gravitational waves were
produced during the final fraction of a second of the
merger of two black holes to produce a single, more
massive spinning black hole. This collision of two black
holes had been predicted but never observed.
The gravitational waves were detected on September
14, 2015 at 5:51 a.m. Eastern Daylight Time (09:51
UTC) by both of the twin Laser Interferometer
Gravitational-Wave Observatory (LIGO) detectors,
located in Livingston, Louisiana, and Hanford, Washington, USA. The LIGO Observatories are funded by
the National Science Foundation (NSF), and were
conceived, built, and are operated by Caltech and
MIT. The discovery, accepted for publication in the
journal Physical Review Letters, was made by the
LIGO Scientific Collaboration (which includes the GEO
Collaboration and the Australian Consortium for Interferometric Gravitational Astronomy) and the Virgo
Collaboration using data from the two LIGO detectors.
http://bit.ly/20XHKpE
Machines that learn like people
Object-recognition systems are beginning to get
pretty good. But object-recognition systems are typically trained on millions of visual examples, which
is a far cry from how humans learn. Show a human
two or three pictures of an object, and he or she can
usually identify new instances of it.
Four years ago, Tomaso Poggio’s group at MIT’s
McGovern Institute for Brain Research began developing a new computational model of visual representation, intended to reflect what the brain actually
does. In the journal Theoretical Computer Science, the
researchers prove that a machine-learning system
based on their model could indeed make highly
reliable object discriminations on the basis of just a
few examples. In both that paper and another that
appeared in PLOS Computational Biology, they show
that aspects of their model accord well with empirical
evidence about how the brain works.
The researchers’ work was sponsored, in part, by
MIT’s Center for Brains, Minds, and Machines, which
is funded by the National Science Foundation.
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Campus Research
National Science Foundation Campus Research Expenditures (in U.S. Dollars)
Fiscal Years 2011–2015
2011

2012

2013

2014

2015

Campus research

74,859,339

81,487,208

79,255,278

78,978,705

78,952,919

Constant dollars*

80,137,804

84,749,947

81,079,170

79,553,652

78,952,919
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*Constant dollars are calculated using the Consumer Price Index for All Urban Consumers weighted with the fiscal year 2015 equaling 100.

Leading Departments, Laboratories, and Centers
Receiving Support in Fiscal Year 2015

In fall 2014, the National Science Foundation funded
the primary appointments of graduate students with
287 research assistantships and 199 fellowships.

Computer Science and Artificial
Intelligence Laboratory
Research Laboratory of Electronics
Earth, Atmospheric and Planetary Sciences
Biological Engineering
McGovern Institute for Brain Research
Kavli Institute for Astrophysics and Space Research
Haystack Observatory
Mathematics
Chemistry
Media Laboratory

The National Science Foundation has awarded
Faculty Early Career Development (CAREER) Awards
to 160 current faculty and staff members.

(Shown in descending order of expenditures)
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Other Federal Agencies

natural phenomenon that can act to clear the air of
pollutants like soot and organic particles.

Selected Projects
Fertilize the ocean, cool the planet?
Phytoplankton, the microalgae at the base of most
oceanic food webs, photosynthesize in sunlight. Many
phytoplankton species also release dimethyl sulfide
(DMS) into the atmosphere, where it forms sulfate
aerosols, which can directly reflect sunlight or increase
cloud cover and reflectivity, resulting in a cooling
effect. The ability of phytoplankton to draw planetwarming carbon dioxide from the atmosphere and
produce aerosols that promote further cooling has
made ocean fertilization an attractive geoengineering
method to reduce global warming.
But undesirable climate impacts could result from
a large-scale operation, which would significantly
increase emissions of DMS. In a study published in
Nature’s Scientific Reports, senior research scientist
Chien Wang and others, found that enhanced DMS
emissions, while offsetting greenhouse gas-induced
warming across most of the world, would induce
changes in rainfall patterns that could adversely impact
water resources and livelihoods in some regions.
The researchers hope their investigation will inspire
further studies of more realistic ocean fertilization
scenarios, and of the potential impacts on marine
ecosystems as well as human livelihoods. Further
research will be needed, they say, to fully evaluate
the viability of ocean fertilization as a geoengineering
method to offset greenhouse gas-induced warming.
The study was funded by the Singapore National
Research Foundation through the Singapore-MIT Alliance for Research and Technology Center for Environmental Sensing and Modeling, and grants from the
National Science Foundation, Department of Energy,
and Environmental Protection Agency.
http://bit.ly/1EUMfu0
Can rain clean the atmosphere?
As a raindrop falls through the atmosphere, it can
attract tens to hundreds of tiny aerosol particles to
its surface before hitting the ground. The process by
which droplets and aerosols attract is coagulation, a
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Atmospheric chemists at MIT have determined just
how effective rain is in cleaning the atmosphere.
Given the altitude of a cloud, the size of its droplets,
and the diameter and concentration of aerosols, the
team can predict the likelihood that a raindrop will
sweep a particle out of the atmosphere.
Dan Cziczo says the results published in the journal
Atmospheric Chemistry and Physics, represent the
most accurate values of coagulation to date. These
values, he says, may be extrapolated to predict
rain’s potential to clear a range of particles in
various environmental conditions.
The paper’s co-authors are postdoc Karin ArdonDryer and former postdoc Yi-Wen Huang. This
research was funded, in part, by the National Oceanic
and Atmospheric Administration.
http://bit.ly/1EmOgPh
Measuring climate change action
Reducing global greenhouse gas emissions could
have big benefits in the U.S., according to a report
released by the U.S. Environmental Protection
Agency (EPA), including thousands of avoided deaths
from extreme heat, billions of dollars in saved infrastructure expenses, and prevented destruction of
natural resources and ecosystems.
The report, “Climate Change in the United States:
Benefits of Global Action”, relies on research developed at the MIT Joint Program on the Science and
Policy of Global Change to estimate the effects of
climate change on 22 sectors in six areas: health, infrastructure, electricity, water resources, agriculture and
forestry, and ecosystems.
The report is part of the ongoing Climate Impacts and
Risk Analysis (CIRA) program, an EPA-led collaborative
modeling effort among teams in the federal government, MIT, the Pacific Northwest National Laboratory, the National Renewable Energy Laboratory, and
several consulting firms.
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Campus Research
Other Federal Agencies Campus Research Expenditures (in U.S. Dollars)
Fiscal Years 2011–2015
2011

2012

2013

2014

2015

Campus research

16,602,212

18,806,804

19,993,508

17,611,014

15,435,252

Constant dollars*

17,772,863

19,559,826

20,453,616

17,739,219

15,435,252
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*Constant dollars are calculated using the Consumer Price Index for All Urban Consumers weighted with the fiscal year 2015 equaling 100.

A few of the leading other federal agencies providing funding are: the Department of Commerce, the
Department of Transportation, the Federal Aviation Administration, the Intelligence Advanced Research Projects
Activity, and the Environmental Protection Agency.

Leading Departments, Laboratories, and Centers
Receiving Support in Fiscal Year 2015
(Shown in descending order of expenditures)

In fall 2014, other federal agencies funded the
primary appointments of graduate students with 50
research assistantships and 1 fellowship.

Center for Transportation and Logistics
Aeronautics and Astronautics
Computer Science and Artificial
Intelligence Laboratory
Sea Grant College Program
Civil and Environmental Engineering
Urban Studies and Planning
Mechanical Engineering
Center for Global Change Science
Materials Processing Center
Sociotechnical Systems Research Center
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Nonprofit Organizations
Selected Projects
Physicists prove energy input predicts
molecular behavior
The world within a cell is a chaotic space, where the
quantity and movement of molecules and proteins
are in constant flux. Trying to predict how a protein
or process may fluctuate is essential to knowing
how well a cell is performing. But such predictions
are hard to pin down. Physicists at MIT have proved
that at least one factor can set a limit on a given
protein or process’ fluctuations: energy. Given the
amount of energy that a cell is spending, the fluctuations in a particular protein’s quantity must be
within a specific range; fluctuations outside this
range would be deemed impossible, according to
the laws of thermodynamics.
This idea also works in the opposite direction: Given
a range of fluctuations in, say, the rate of a motor
protein’s rotation, the researchers can determine
the minimum amount of energy that the cell must be
expending to drive that rotation.
“This ends up being a very powerful, general statement about what is physically possible, or what is
not physically possible, in a microscopic system,”
says Jeremy England. “It’s also a generally applicable
design constraint for the architecture of anything you
want to make at the nanoscale.”
Jeremy England and his colleagues, including Physics
of Living Systems Fellow Todd Gingrich, postdoc
Jordan Horowitz, and graduate student Nikolay
Perunov, have published their results in Physical
Review Letters. This research was supported in part
by the Gordon and Betty Moore Foundation.
http://bit.ly/1TKvDdN
No more insulin injections?
In patients suffering from Type 1 diabetes, the immune
system attacks the pancreas, eventually leaving
patients without the ability to naturally control blood
sugar. These patients must carefully monitor the
amount of sugar in their blood, measuring it several
times a day and then injecting themselves with insulin
to keep their blood sugar levels within a healthy range.
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A possible treatment would be to replace patients’
destroyed pancreatic islet cells with healthy cells
that could take over glucose monitoring and insulin
release. The treatment has been used with one major
drawback—the patients’ immune systems attack the
transplanted cells, requiring patients to take
immunosuppressant drugs for the rest of their lives.
Now, a new advance from MIT, Boston Children’s
Hospital, and several other institutions may offer a way
to fulfill the promise of islet cell transplantation. The
researchers have designed a material that can be used
to encapsulate human islet cells before transplanting
them. In tests on mice, they showed that these encapsulated human cells could cure diabetes for up to six
months, without provoking an immune response.
The work was supported, in part, by the JDRF, the
Leona M. and Harry B. Helmsley Charitable Trust,
the National Institutes of Health, and the Tayebati
Family Foundation.
http://bit.ly/23pRcUG
In the world: Remote Mexican village uses solar
power to purify water
Deep in the jungles of the Yucatan peninsula, residents of the remote Mexican village of La Mancalona
are producing clean drinking water using the power
of the sun. For nearly two years now, members of the
community have operated and maintained the water
purification system engineered by researchers at MIT.
The system consists of two solar panels that convert
sunlight into electricity; these, in turn, power a
set of pumps that push water through semiporous
membranes in a filtration process called reverse
osmosis. The setup purifies both brackish well water
and collected rainwater, producing about 1,000 liters
of purified water a day for the 450 residents.
Now, in a study published in the journal Desalination,
the MIT team reports that residents have successfully
run the solar-powered system, having been trained
by MIT researchers to operate and maintain the
system. This work was supported, in part, by the W.K.
Kellogg Foundation.
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Campus Research
Nonprofit Organizations Campus Research Expenditures (in U.S. Dollars)
Fiscal Years 2011–2015
2011

2012

2013

2014

2015

Campus research

44,436,470

48,373,460

58,226,616

72,117,488

78,666,639

Constant dollars*

47,569,765

50,310,328

59,566,578

72,642,488

78,666,639
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*Constant dollars are calculated using the Consumer Price Index for All Urban Consumers weighted with the fiscal year 2015 equaling 100.

Leading Departments, Laboratories, and Centers
Receiving Support in Fiscal Year 2015
(Shown in descending order of expenditures)

Koch Institute for Integrative Cancer Research
Masdar
Computer Science and Artificial
Intelligence Laboratory
Economics
Civil and Environmental Engineering
Research Laboratory of Electronics
Mechanical Engineering
McGovern Institute for Brain Research
Biological Engineering
Materials Processing Center
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