Building a better future
through innovation
and entrepreneurship

Supplement to the Princeton Alumni Weekly

WELCOME TO
PRINCETON INNOVATION
Princeton Innovation
is on the rise!
Welcome to Princeton’s university-wide
initiative to support and promote innovation,
entrepreneurship and partnerships that extend
the benefits of Princeton’s scholarly research and
creativity beyond our campus. We desire to help
create a better future by ensuring that Princeton’s
innovations become available to the broader
public. The University's initiative is especially
important at this time in our history, as we
confront multiple interwoven global challenges.
Our faculty and professional research staff
are increasingly involved in translating their
scholarly research into creative solutions to
address societal challenges. Our students, both
undergraduate and graduate, are choosing to
make a difference by commencing their careers
as entrepreneurs, launching new ventures to
provide solutions in areas ranging from social
justice to technology. Our alumni’s encouragement
and support of Princeton innovation and
entrepreneurship are invaluable.
At Princeton, we encourage and facilitate external
partnerships. We are open to engagement. We
invite industry, foundations, nonprofit organizations
and government to partner with Princeton to
expand the relevance of our rigorous academic
research. Through these collaborations, Princeton
researchers are developing solutions to problems
in many areas, from energy and the environment
to life sciences and communications.
Our innovation ecosystem, created by the
convergence of science, engineering, the liberal
arts and the social sciences, is grounded in the
understanding of the human experience. This
convergence, combined with inclusivity, will lead
to unbounded possibilities. It makes Princeton
innovation unique. As our innovation initiative

grows, its bold mission, values and goals will serve
as the foundation for developing strategies and
new programs, and provide a benchmark against
which to measure success and pivot as necessary.
We invite you in these pages to learn about
the landscape of Princeton innovation and
entrepreneurship, as well as the groups and
individuals that work in a collaborative manner
to make it all possible. You’ll find we have many
new programs for faculty and students. You will
also meet some of our faculty who are engaged
in translating their work into valuable solutions to
benefit humanity.
The year 2020 has been like no other. While our
lives were disrupted by a global pandemic, we
were reminded of the persistence of racism in
our society and its devastating consequences.
Princeton must be a part of the solution and stand
with those most impacted. Black lives matter.
Black innovators matter. Black entrepreneurs
matter. Innovation is a societal process that is
enhanced by the participation of all.
As Vice Dean for Innovation, I am firmly
committed to fostering a culture and environment
that is diverse and nurturing — it has always been
a core value of my work. It will be critical to our
success in innovation and entrepreneurship.
Under my leadership, Princeton innovation is
inclusive innovation.
I welcome you to Princeton Innovation.

Rodney D. Priestley
Vice Dean for Innovation
Professor of Chemical and Biological Engineering
innovation.princeton.edu

Princeton
innovation is
collaborative,
bold, open,
inspirational,
inclusive
and evolving.
It is you.
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FRONT COVER:
Top: Dancers interact with nets to explore resilient structures
in a collaboration between Associate Professor of Civil and
Environmental Engineering Sigrid Adriaenssens and Senior
Lecturer in Dance Rebecca Lazier in the Lewis Center for the
Arts. Middle: A computer chip providing speed and efficiency for
artificial intelligence has been created by Professor of Electrical
Engineering Naveen Verma and team. Bottom: Innovations give
rise to solutions to secure our energy and environmental future.

Rapid changes to technology and society are making the connections between
world-class research and the innovation ecosystem more important than ever.
At Princeton, we are eager to see those connections ﬂourish. Our students and
faculty are enthusiastically collaborating with both industry and the nonproﬁt sector
to discover and implement ideas that will help address the world’s challenges.
Christopher L. Eisgruber, Princeton University President

In the Nation's Service and the Service of Humanity

WELCOME TO
PRINCETON INNOVATION
In the nation’s service and
the service of humanity
From the University’s informal motto
emerges Princeton’s commitment
to innovation.
Our faculty, students and staff researchers combine
the pursuit of curiosity-driven knowledge with the
desire to solve the major challenges of our time
through innovation and entrepreneurship.
Princeton Innovation aims to nurture and unleash
this enterprising spirit through the expansion of our
programs, spaces and strategic relationships.
We connect ideas to the innovation ecosystem to
transform University discoveries into technologies that
make a difference in people’s lives.

Student
entrepreneurship
groups

“

Princeton's human scale, research
intensity and culture of collaboration
across disciplinary boundaries create
a rich environment where new ideas
and ingenuity thrive.
Deborah A. Prentice,
Princeton University Provost

“

Research forms the foundation of
tomorrow’s innovations. The Office of the
Dean for Research is proud to oversee
Princeton’s expanding innovation initiative,
which extends the benefits stemming from
research and scholarship to the world.
Pablo G. Debenedetti,
Princeton University Dean for Research
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BOLD IN THOUGHT
AND ACTION
Capitalizing on world-renowned fundamental research and a
vibrant community, Princeton is broadening opportunities for
external engagement through a variety of new programs.
This year’s unprecedented disruption, uncertainty and
societal challenges have galvanized our community to
advance innovation like never before. During the past
several months, Princeton has ramped up support for
the enterprising spirit of the University’s faculty, students,
staff and alumni to help them turn their ideas into
technologies that make a difference in people’s lives.
Through Princeton Innovation and its partners
across campus, the University is offering a variety
of new programs.

ENGAGE
2020
November
4-6

Innovation.
Collaboration.
Impact.

Engage 2020 brings together innovators in the fields of
science, engineering, social sciences and humanities
from both Princeton University and the larger innovation
ecosystem. Sessions range from keynotes about
broad societal issues to specialized programming and
workshops:
• Celebrate Princeton Innovation, highlighting 		
		 Princeton discoveries that have the potential to 		
		 improve the quality of life
• Academic-industry partnerships in chemistry, 		
		 technology, engineering and the life sciences
• Panel discussions and skill-building workshops on
		 a range of entrepreneurial topics
•

A showcase of Princeton-related startup companies

• How academia, industry and government can work
		 together to improve communities

Research facilities and services available at 		
		 academic institutions in New Jersey
•
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New programs and opportunities
Empower 2021: Inclusive Innovation Conference, Spring

Princeton/Techstars Program

Highlighting ways in which entrepreneurship and innovation
thrive when people of diverse backgrounds come together, this
conference will feature Princeton faculty, students and alumni
who are company founders, investors and policymakers in the
innovation landscape. The event will offer opportunities for
women and underrepresented minority founders to network with
venture capitalists and investors, provide workshops and training
on how to foster a culture of inclusive innovation, and discuss
research related to diversity in innovation and entrepreneurship.

Princeton is entering into a collaboration with Techstars, a
leading startup accelerator and global innovation network.
Techstars’ network of mentors, founders, partners and
investors will provide graduate students and postdoctoral
scholars with the tools and insights to push their innovations
closer to realization. The Techstars program will provide
hands-on exploration of business strategies tailored for the
development of each founder team’s innovation. Participants
will learn about customer discovery, product-market fit,
strategy development, pitching investors, presentation skills
and more.

Princeton/Wharton Program
Bringing world-class entrepreneurship training to Princeton,
the new Princeton-Wharton program will provide faculty
members with customized executive education that helps them
step into advisory roles at companies formed around innovations
from their laboratories and scholarship. Drawing on the extensive
curriculum and expertise of the Wharton School of the
University of Pennsylvania, sessions will provide instruction on
go-to-market strategies, fundamentals of entrepreneurship,
how to start and manage a business, and what makes
businesses fail.

Lectures in Faculty Entrepreneurship (LIFE)
A new lecture series designed for faculty innovators from
across the disciplines will share strategies to help Princeton
professors broaden the impact of their research discoveries
through startups and other forms of entrepreneurship. The
lectures will explore entrepreneurship and innovation in STEM
fields as well as in the humanities and arts. The series, which
started in fall 2020, features leading experts in topics such
as legal incorporation, funding strategies, effective
team-building and product-market fit.

Faculty appearances include:
Andrea Goldsmith, Princeton’s Dean of the School of
Engineering and Applied Science, Arthur LeGrand Doty
Professor of Electrical Engineering and co-founder
of Quantenna Communications and Plume WiFi, will
discuss her vision for Princeton engineering.

Marshall Brown, Associate Professor of Architecture
and Director of the Princeton Center of Architecture,
Urbanism and Infrastructure, will join a panel on
how universities, government and industry can
work together to improve communities.

David MacMillan, the James S. McDonnell
Distinguished University Professor of Chemistry,
will address the importance of industry partnerships
in bringing academic discoveries to life.

Jennifer Rexford, the Gordon Y.S. Wu Professor in
Engineering and Chair of the Department of Computer
Science, will appear on a panel on the role of
computational science in research and innovation.

Bonnie Bassler, the Squibb Professor in Molecular
Biology and Chair of the Department of Molecular
Biology, will speak as part of a panel on life-science
research collaborations.

Leonard Wantchekon, Professor of Politics and
International Affairs, will talk about co-founding
the African School of Economics in Benin.

Celebrate Princeton
Innovation, now in
its 12th year, brings
together faculty
researchers with
members of the
investment and
business communities.
Princeton Innovation 2020
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ENGAGING
WITH THE WORLD
Princeton University is more committed than ever to working with
partners regionally and around the globe to advance research and
innovation as the world confronts this time of uncertainty.

Building relationships:
Corporate Engagement and Foundation Relations
Princeton’s intellectual culture is collaborative: On an intimate campus filled
with the curious minds of a distinguished faculty, interdisciplinary explorations
naturally thrive, leading to breakthroughs unbounded by academic fields.
The power of collaboration extends to our work with external partners. Over the
past several years, Princeton’s relationships with industry and foundations have
dramatically expanded and deepened: bringing new perspectives, resources
and insights to Princeton research; offering new opportunities to our graduate
students and postdocs; and spurring the translation of science and knowledge
into innovation that benefits humanity.
The mission of the Corporate Engagement and Foundation Relations team is
a reflection of Princeton’s innovative and entrepreneurial culture. We work with
Princeton faculty from all academic areas to build strategic relationships with
industry and nonprofit organizations, and to enhance the University’s connections
and contributions to the state, regional and global innovation ecosystem.
Whether you are a Princeton faculty member or a potential partner, we are eager
to discuss the many opportunities to work together.

Princeton’s Corporate
Engagement and
Foundation Relations
team stands ready to
help create connections
between University
researchers and the
broader community.

“

As we look to the future, our team is committed to
developing creative approaches to build support
for research collaborations and innovation
across the University.”
Coleen Burrus
Director
Corporate Engagement and Foundation Relations
cefr.princeton.edu
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World-class research centers and facilities
An Engine of Innovation:
The Princeton Plasma Physics Laboratory
With the goal of making available the beneficial technologies that emerge from
fundamental research, the U.S. Department of Energy’s Princeton Plasma
Physics Laboratory (PPPL), located three miles from the Princeton campus, has
several new programs to encourage researchers to grow their interest and skills
in innovation and entrepreneurship:

“

• The Technology Transfer Research Liaison Program trains PPPL scientists
		 to facilitate increased participation in technology transfer.

Innovation and entrepreneurship
are gateways for laboratory
discoveries to reach the
marketplace to provide solutions
to challenges in sectors such as
energy sustainability, medicine
and computing.”
Sir Steven Cowley
Director
Princeton Plasma Physics Laboratory
Professor of Astrophysical Sciences

• The Improving Tech Transfer Outcomes through Partnership program
		 evaluates PPPL’s patent portfolio and develops go-to-market 		
		recommendations.

Laurie Bagley
Head of Technology
Transfer
Princeton
Plasma Physics
Laboratory
lbagley@pppl.gov

• The Diversity and Inclusion in InVentorship and EntrepReneurship 		
		 Strategies and Engagement (DIVERSE) program aims to encourage
		 women and underrepresented minorities in entrepreneurship.
• Energy I-Corps Lite enables researchers and engineers to improve their
		entrepreneurial skills.
pppl.gov

Andlinger Center for Energy
and the Environment

Princeton Institute for the Science
and Technology of Materials

Princeton Catalysis
Initiative

Dedicated to developing technologies
and solutions for a secure energy
future, Princeton’s Andlinger Center for
Energy and the Environment addresses
the century’s greatest energy and
environmental challenges. One major
initiative is Rapid Switch, a project to
accelerate the global transition to a
sustainable energy future. Princeton
E-ffiliates Partnership, the center’s
corporate membership program, enables
companies to engage with Princeton’s
energy and environmental experts
through research collaborations,
facilitated meetings and access to
students and faculty.
acee.princeton.edu

The Princeton Institute for the Science
and Technology of Materials (PRISM)
offers industrial affiliates and academic
collaborators access to world-leading
instrumentation, state-of-the-art facilities
and the technical expertise needed to
obtain results. The 15,000 sq. ft. PRISM
cleanroom houses several instruments
including a nanotech fabrication facility
with a variety of tools and processes.
The Imaging and Analysis Center provides
a selection of technologies for studying
hard and soft materials, including
biological specimens.
materials.princeton.edu

The Princeton Catalysis Initiative (PCI)
aims to accelerate interdisciplinary
research on catalysis across the
University and in collaboration with
industry. The initiative reaches beyond
the Department of Chemistry, the
traditional home of catalysis research,
to create innovative partnerships
across the campus and beyond.
Through PCI, scientists, engineers
and scholars are bridging disciplinary
boundaries to create and explore new
research areas.
chemistry.princeton.edu

Forrest Meggers, Assistant Professor of
Architecture and the Andlinger Center
for Energy and the Environment, and
colleagues have pioneered a sensor
that scans indoor spaces and provides
thermal data that helps improve
occupant comfort and save energy.

Ian Davies
Director
Princeton Catalysis
Initiative
idavies@princeton.edu

Princeton Innovation 2020
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IMPACT THROUGH
ENTREPRENEURSHIP
Our community of faculty, postdoctoral and staff researchers,
graduate students, undergraduates and alumni are committed to
making a difference through entrepreneurship.

Strengthening connections:
Princeton Entrepreneurship Council
Princeton Entrepreneurship Council (PEC) engages with all
entrepreneurially minded Princetonians in all sectors and with
all types of corporate structures. PEC supports the Princeton
entrepreneurial ecosystem through programming, mentoring and
funding. New programs being introduced this year will expand
programming in entrepreneurship for faculty, postdoctoral
researchers and graduate students.
In a move that strengthens Princeton University’s continuum from
research through entrepreneurship, earlier this year PEC became
part of the Office of the Dean for Research, which is Princeton’s
home to Innovation and the home office for Vice Dean for
Innovation Rodney Priestley.

PEC collaborates with alumni groups to present Startup
Showcases, including ones that highlight Black Princeton
founders, women founders and underrepresented minority
founders. Alumna startup founder Sheila Marmon speaks
at the 2019 Thrive conference celebrating Princeton's
Black alumni.

PEC continues to strengthen:
• Connections between Princeton’s underrepresented minority
		 and women founders and possible funding sources
• Its many signature events, including our TigerTalks,
		 Tiger Entrepreneurs Conferences, OfficeHours and more
• Programming in Arts and Entrepreneurship to
		 support the synergies and collaborative potential
		 of entrepreneurship and the creative arts
• Educational programming opportunities such as the new
		 Princeton/Wharton and Princeton/Techstars programs

“

We look forward to continuing the growth of the
Princeton Entrepreneurship Council through entrepreneurial
education programs designed for our faculty, postdoctoral
researchers and graduate students.”
Anne-Marie Maman
Executive Director
Princeton Entrepreneurship Council
entrepreneurs.princeton.edu

8

innovation.princeton.edu

Ed Felten, Princeton’s Robert E. Kahn Professor of
Computer Science and Public Affairs, speaks at a
TigerTalks on the Road panel discussion in California
on blockchain and cryptocurrencies.

Princeton Innovation Center BioLabs,
a premier incubator for technology and life-science startups in New Jersey,
offers lab and office space for companies formed by Princeton’s faculty,
students and alumni, as well as by members of the wider New Jersey
community. The facility offers networking opportunities and educational
events for New Jersey entrepreneurs and innovators.

“

We’re ready to help you
build your startup.”

Beth Rowley

33,000
square feet
of shared lab
and office space

Networking
and Educational
Events

Director of Operations
princetonbiolabs.com
Princeton Innovation 2020

9

EXPERIENCES
AND COACHING
Through educational experiences for our students,
and coaching for our faculty and their teams,
we help Princeton researchers realize their
entrepreneurial goals.

Societal impact through innovation:
The Keller Center
The Keller Center for Innovation in Engineering Education offers the knowledge,
mentoring and resources that students need to conceive and execute entrepreneurial
projects of personal and societal impact. The center’s educational opportunities
bridge STEM fields and the liberal arts, with classes and programs organized around
design, design thinking, and entrepreneurship, all at the intersection of technology
and society.
With over 25 courses and two certificate programs, the center reaches over 1,500
students per year. Hundreds more participate in the accelerator, social-impact
program, global startup-immersion internship program and yearly Innovation Forum.
Over 2,500 participate in the robust set of talks and workshops put on by the center
every year.

eLab Summer Accelerator
Among the many offerings, the eLab Summer Accelerator nurtures student-conceived
startups through the stages of market exploration, product development, marketing,
fundraising and many other steps needed to form a successful company. Since its
inception in 2012, the program has graduated 59 startups, with two-thirds of the
founders still operating. Over a third are social-entrepreneurship ventures and almost
half were founded or led by women or underrepresented groups.

Innovations from across campus
are celebrated at the Keller Center's
annual Innovation Forum, which
affords faculty, postdocs and graduate
students an opportunity to pitch
innovations with commercial, social
and cultural impact to an audience
of investors, industry, government and
not-for-profit experts.

“

The Keller Center envisions a community rooted in knowledge and shared
interest in solving challenging societal problems, where students proactively
and confidently work together with on- and off-campus stakeholders, 		
harnessing innovation to create and implement sustainable solutions.”
Cornelia Huellstrunk
Executive Director
Keller Center for Innovation in Engineering Education
kellercenter.princeton.edu
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Lumentee, a 2020 eLab
Summer Accelerator
team, is a targeted social
media platform that helps
first-generation and lowincome college applicants
communicate with current
college students to obtain
advice and support about
the application process.

GradFUTURES Professional
Development, The Graduate School
Graduate students are at the heart of innovation and
entrepreneurship, creating new knowledge, accelerating
discovery and leading in ways that serve humanity. Launched
by the Office of the Dean of the Graduate School, the
GradFUTURES™ campus-wide professional development
initiative prepares graduate students for the future of work
while broadening the reach and impact of Princeton’s
doctoral training across diverse fields of endeavor.
GradFUTURES offers a learning framework to support the
acquisition of professional skills and competencies essential
for career success within the academic, private and public
sectors. With custom-designed programs for Ph.D. and master’s
students, including interdisciplinary learning cohorts, seminars,
alumni mentorship, networking and a wide range of immersive
experiences, graduate students are empowered to forge their
unique paths.

Princeton Entrepreneurship Club (E-Club)
E-Club offers students opportunities to go beyond classroom
experiences and engage in activities with real-world impact.
Students develop their ideas and build out ventures through
events such as HackPrinceton, open to students not just
from engineering but from all backgrounds, and the E-Club’s
incubator, Make Ventures Princeton (MVP). TigerLaunch, one
of the largest student-run entrepreneurship competitions in
the world, gives students the opportunity to raise funding
and form deep relationships with venture capitalists. Through
TigerTreks, students meet influential entrepreneurs in Silicon
Valley, New York and Israel.
As the largest student group on campus, E-Club is home to
diverse and inclusive communities of student entrepreneurs
engaged in a variety of meaningful ventures, from social
entrepreneurship to hands-on experiences with
industry partners.
princetoneclub.com

Several interdisciplinary learning cohorts bring faculty, graduate
students, alumni and industry partners together to explore
societal, industry or global trends and offer experiential
components for students. The new GradFUTURES Fellows
program provides opportunities to gain experience while
receiving one-on-one coaching from an industry mentor.

Rehack, an E-Club initiative, seeks to reverse the hackathon
approach to create solutions for healthier relationships
between people and technology.
Graduate Consulting Club

Princeton's Entrepreneurial Hub hosts numerous workshops
and programs, including the GradFUTURES Venture Capital and
Startups Learning Cohort, a crash course for graduate students
interested in understanding the world of VC funding and startups.

“

Graduate Consulting Club offers opportunities in consulting
to graduate students interested in pursuing consulting as
a career path, including access to volunteer consulting
initiatives, case-study practice sessions and an invitational
seminar series featuring experts in the field. Open to all
graduate students and postdoctoral researchers, the club
strives for an inclusive and diverse community.
pugcc.mycpanel.princeton.edu

GradFUTURES provides immersive learning experiences
for graduate students to build professional skills and
competencies that catalyze inclusive leadership,
interdisciplinary collaboration and innovation.”
Eva Kubu
Associate Dean and Director of Professional Development
GradFUTURES
gradfutures.princeton.edu
Princeton Innovation 2020
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CREATING A
BETTER FUTURE
We help transition technologies to companies
and other entities who can develop Princeton
discoveries for societal benefit.

Transforming today’s innovations:
The Office of Technology Licensing
The Office of Technology Licensing facilitates the transformation of scientific and
technological discoveries into products and services for societal benefit in a manner
consistent with Princeton University’s emphasis on preeminent research, education
and dedication to public service.
We help faculty researchers and their teams navigate the complexities of the
technology transfer process, from disclosing an invention to patenting, startup
formation, licensing and more.
Our licensing specialists work with members of the investment and entrepreneur
community to help identify opportunities, match technologies with business needs,
and facilitate interaction between researchers and industry partners.

Some of the ways we help expand the benefits
of Princeton research:

With support from
Princeton’s Intellectual
Property Accelerator Fund,
Alexander Ploss, Associate
Professor of Molecular
Biology (second from left),
and postdoctoral fellow Lei
Wei (far right) are working
to develop a treatment for
chronic hepatitis B virus,
which has infected more
than 250 million people
globally and causes liver
disease and cancer.

• Our Executives in Residence offer entrepreneurial
		 expertise to faculty, students and staff.
• The Intellectual Property Accelerator Fund supports
		 research to bring projects to the stage where they
		 are attractive to outside investment.
• The Faculty New Ventures Fund provides funding
		 to support entrepreneurial faculty.

“

The University’s support for innovation and entrepreneurship has grown
substantially over the past several years in recognition of our researchers,
who want to bring inventions out of the lab and to the public where they
can provide societal benefit and economic growth.”
John Ritter
Director
Office of Technology Licensing
patents.princeton.edu
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Optimal Dynamics uses
artificial intelligence to
improve logistical decision
making in the trucking
industry and beyond. The
technology is based on
research by Warren Powell,
Professor of Operations
Research and Financial
Engineering, Emeritus.

Startup focus: Optimal Dynamics drives
logistical decisions with AI
Optimal Dynamics aims to bring artificial intelligence to bear
on the complex resource-allocation questions facing industries
today. The company creates software that automates and
optimizes decision making in situations where the sheer
number of possible options for deploying resources makes
planning difficult on the human scale.
Spun out from nearly 30 years of optimization research at
Princeton, the company earlier this year raised $4 million
in venture capital and now has 14 employees. Established
in 2017, the company builds on the work of Princeton’s
Warren Powell, Professor of Operations Research and
Financial Engineering, Emeritus, and co-founder of the
company, regarding decision making under uncertainty.
The first challenge the company is tackling is the automation
of trucking-fleet operations. Fleet managers make numerous
decisions about how to assign drivers and trucks
to carry loads. Often, managers make these complex
decisions by studying maps and juggling lists of load
capacities and driver schedules.
The company has developed a software-as-a-service product
called CORE.ai to optimize the planning and decision-making
process for freight-fleet managers. For example, the software
can calculate the trucking routes that minimize driver fatigue
and fuel usage while factoring in load capacity and meeting
the demand from customers who are shipping goods.

The ultimate goal is to reduce time spent on planning
and execution, while maximizing the use of resources and
cutting costs.
Juliana Nascimento, who earned her Ph.D. at Princeton
working with Professor Powell, is the company’s head of AI
development. The team has developed statistically based
methods involving artificial intelligence that quickly calculate
the possible solutions to problems to derive the optimized
solution.
The company eventually plans to offer optimization software
for many industries and applications, such as supply-chain
management, that involve making resource decisions.

“

We aim to transform industries in
which complex decisions are being
made manually by providing automated
systems capable of optimizing the use
of resources in ways that unlock greater
capabilities and save the customer
money and time. By delivering better
planning and operations, we free up
the time of employees to tackle more
rewarding challenges.”
Daniel Powell
CEO and Co-founder
Optimal Dynamics

Tony Williams assists Princeton company founders with market discovery, team building,
fundraising, intellectual property strategy and licensing, and finding service providers.

“

We try to be a one-stop shop to support faculty and other
campus researchers who want to start companies.”
Anthony Williams
New Ventures Associate, Office of Technology Licensing
anthonyw@princeton.edu
Princeton Innovation 2020
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COVID-19 AND
PRINCETON INNOVATION

FEATURED
INNOVATORS

Princeton faculty and students have pivoted toward
finding solutions to COVID-19, whether through
basic research on the virus itself or new treatments.
A few highlights:
• In April 2020 the University dedicated nearly a half-million dollars 		
		 to faculty research to combat the pandemic, from vaccine and treatment
		 research to the study of social and economic factors.
• Optimeos Life Sciences, a startup based on Princeton discoveries made
		 in the laboratory of Professor Robert Prud’homme, will receive small		 business funding to develop a COVID-19 vaccine formulation.
•
		
		
		

NeuTigers is developing an AI-powered technology that can detect
coronavirus infection using data collected from wearable medical sensors.
The technology is based on research performed in the lab of Professor of
Electrical Engineering Niraj Jha.

• Princeton Entrepreneurship Council executive director Anne-Marie Maman
		 co-organized a daylong conference on New Jersey’s Opportunities in
		 the COVID-19 Innovation Economy.

Princeton’s faculty
researchers are making
discoveries across the
disciplines that have
the potential to improve
everyday life, protect
our planet, grow
the economy and
benefit society.

NeuTigers is a startup that is developing a wearable
sensor for detecting coronavirus infection.

Shawn Maxam helps ensure that Princeton
Innovation offers equal opportunity to all,
broadening participation among those traditionally
underrepresented in entrepreneurship.
Shawn Maxam
Senior Associate Director for Institutional Diversity
and Inclusion, Office of the Provost
provost.princeton.edu
14
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INNOVATOR: DALTON CONLEY
A rating method for improved accuracy
of customer evaluations
A virtual rating method for online user reviews promises
to improve the accuracy of customer evaluations in
e-commerce, workforce review and business development.
The method improves customer ratings by imposing small costs, such as more
time spent, on the person giving the review. Classic economic theory suggests
that minimizing cost would yield the best results, but studies by Dalton Conley
and colleagues show the opposite. The researchers found that free online ratings,
such as those that ask customers to give one to five stars, are less trustworthy
than those that have some cost to giving extreme ratings at either end of the
scale. In other words, when the reviewer finds it hard to give a one-star or a fivestar rating, the quality of the information obtained improves dramatically.

Innovator: Dalton Conley,
the Henry Putnam University
Professor in Sociology
Co-inventor: Ofer Tchernichovski,
Hunter College, City University
of New York
Development status: Patent
protection is pending. Princeton
is seeking outside interest for the
development of this technology.
Learn more:
dconley@princeton.edu
scholar.princeton.edu/dconley

This finding conforms to everyday experience. When something has a cost in
time, money or energy, we find it to be more valuable. In ecological terms, this is
known as “costly signaling theory,” which states that costly activities signal higher
quality. For example, a peacock’s richly colored tail signals a valuable choice of a
mate.
To impose a cost on extreme ratings, Conley and Ofer Tchernichovski, a professor
of psychology at Hunter College, built a virtual rating method that imposes costs
through interactive “physics,” including an intuitive sliding scale with friction. The
additional effort required to give extreme scores improves the accuracy of ratings
while reducing the sample size needed to detect true trends.

“

Simply put: Making rating goods or services as easy
as possible, as many e-commerce sites try to do, is
counterproductive. Ratings are more accurate instead
when they cost something to give.” – Dalton Conley

Dalton Conley and colleagues
built a virtual rating method that
provides more accurate results
because it imposes costs on users.

Princeton Innovation 2020
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INNOVATOR: CRAIG ARNOLD
A wristband that makes I.V. injections
safe, quick and reliable
A portable intravenous injection device aims to
allow quick and reliable intravenous access for
anyone at any time, in any place.

Innovator: Craig Arnold,
the Susan Dod Brown Professor
of Mechanical and Aerospace
Engineering and Director,
Princeton Institute for the Science
and Technology of Materials

Miles Cole, Class of 2022, began working on the device as a first-year student at
Princeton University. Diagnosed at birth with a rare blood disorder, Cole performs
venous injections on himself daily and is well acquainted with the challenges of
venous punctures. Upon doing some research, he found that needle-injection
technology hadn’t changed in a century, and nearly a quarter of all needle
insertions fail on the first attempt. He envisioned creating a device that could be
attached to the arm like a watch. The user would simply press a button and inject
medicine into the vein. The device could also be used to draw blood.
To build the technology, Cole teamed with Craig Arnold, a professor of mechanical
and aerospace engineering, to develop a new, miniaturized injection technology.
The Princeton approach relies on precise detection of the vein with the help of
novel sensing methods and advanced robotic positioning systems to detect the
appropriate injection site, leading to accurate and safe insertion of the needle.
The team envisions packaging the technology in a device that patients can
use to perform convenient injections at any time. Medics in remote locations,
battlefields, or in the back of ambulances would be able to inject drugs and
draw blood with safety and accuracy. The device has the potential to save many
thousands of dollars per year by replacing surgically installed catheter devices
used to deliver chemotherapy, for example.

“

Working with outstanding students to transform
ideas into groundbreaking technologies that can solve
real-world problems is one of the most rewarding aspects
of being a professor at Princeton.” – Craig Arnold

Co-inventor: Miles Cole,
Class of 2022
Development status: Patent
protection is pending. A startup
company, Invictis Technologies, is
developing this innovation.
Funding: Princeton Intellectual
Property Accelerator Fund
Learn more:
cbarnold@princeton.edu
invictistechnologies.com

Invictis Technologies aims to make
intravenous infusions easier via a
vertical injection technology.
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INNOVATOR: NING LIN
A hurricane generator for
conducting risk analyses
An artificial intelligence system that spawns synthetic
storms could help governments, businesses and the public
prepare for risks under future climate scenarios.
Researchers and planners often use computerized, or synthetic, storms to help
them predict risk, but these approaches have typically modeled storms using
present-day conditions, not future climate scenarios. The AI technology developed
by Ning Lin and graduate student Renzhi Jing generates synthetic hurricanes
under both current conditions and those predicted as the planet warms.
Like previous storm generators, the new AI-based system, known as the Princeton
environment-dependent probabilistic tropical cyclone (PepC) model, simulates
the behavior of the storm as it germinates, moves over the ocean and makes
landfall. But whereas most models in use today rely on relatively simple statistical
tools and data from historical storms, the Princeton model utilizes machine
learning, a subcategory of AI, in addition to storm and environmental data.
Machine learning in this model involves algorithms that learn from studying the
atmospheric and oceanic conditions from previous storms to predict the trajectory
and intensity of future storms.

Innovator: Ning Lin,
Associate Professor of Civil and
Environmental Engineering
Co-inventor: Graduate student
Renzhi Jing
Development status: Patent
protection is pending. This
technology is available
for licensing.
Funding: National Science
Foundation and National Oceanic
and Atmospheric Administration
Learn more:
nlin@princeton.edu
ninglin.princeton.edu

The approach allows the storm’s intensification to evolve at different rates, from
slow to moderate or rapid, as a response to environmental variables such as
relative humidity, wind shear, and ocean conditions along the storm’s projected
path. The synthetic-storm-generation model can be combined with climate
models and other storm hazard models to project wind, storm surges and rainfall
under various climate conditions. The results can help with engineering designs,
updating building codes and zoning regulations, making flood maps, estimating
insurance costs, conducting cost-benefit analyses and optimizing resources.

“

If we can predict the potential consequences of climate
change on storms and their associated hazards then we
can make better decisions in terms of risk mitigation
and adaptation.” – Ning LIn

Ning Lin and graduate student
Renzhi Jing developed an artificial
intelligence-based approach to
modeling hurricanes, helping
planners and policymakers prepare
for future storms under various
climate-change scenarios.
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INNOVATOR: DAVID MACMILLAN
A “flashlight” to identify cellular proteins
for drug discovery
A technology for illuminating proteins on the cell surface
promises to boost the success of drug discovery, aid in
basic research, and may even assist in finding antiviral
treatments for COVID-19.
The ability to “see” proteins in the neighborhood around drug receptors and
other cell-surface proteins could help reduce the risk of unforeseen biological
interactions that lead to toxicity or side effects. The technique, known as
MicroMap (µMap), acts like a flashlight that can illuminate the identities of
proteins. It does this using a photocatalyst, a molecule that when activated by
light spurs a chemical reaction. The photocatalyst — in this case, an organic
metal compound — can be configured to attach to any one of some 40,000
proteins on a cell’s surface.
The technique identifies the 10 or 15 nearest protein molecules by converting the
protein of interest — the drug receptor, for example — into a kind of antenna. When
researchers shine blue light on the cell, the antenna converts the light’s energy
into chemical energy, which in turn activates the formation of fluorescent carbenes
that attach to nearby proteins, making them visible. The team is collaborating
with researchers in the Princeton Department of Molecular Biology to explore this
technology for understanding proteins near the spike protein of COVID-19.
To make it easier for the technology to be adopted, the researchers created a
spinout company, Dexterity Pharma LLC, to produce kits containing the needed
chemical reagents. The goal is to lower the barrier to entry for chemical biologists
to incorporate µMap into their studies.

“

We are now able to label things within
a very short distance of a protein we
are studying. And that’s never been
done before.” – David MacMillan

Innovator: David MacMillan,
the James S. McDonnell
Distinguished University
Professor of Chemistry
Co-inventor: Postdoctoral
research fellow Jacob Geri
Collaborators: Princeton visiting
fellow Aaron Trowbridge,
postdoctoral research associate
Ciaran Seath, and graduate
students Benito Buksh, Beryl Li
and James Oakley; Merck & Co.
scientists Olugbeminiyi Fadeyi,
Erik Hett, Stefan McCarver,
Rob Oslund, Dann Parker, Tamara
Reyes-Robles, Frances RodriguezRivera, Keun Ah Ryu, Adam
Schwaid, Paul Tawa, Tao Wang
and Cory White; Dexterity Pharma
Chief Scientific Officer Joel Austin
Development status: The
technology has been patented
and licensed exclusively to
Dexterity Pharma LLC.
Funding: National Institutes
of Health, National Science
Foundation, Princeton Faculty
New Ventures Assistance Fund
and Merck & Co.
Learn more:
sales@dexteritypharma.com
dexteritypharma.com

David MacMillan (far right) and
his research team are developing
a technology that lights up
proteins near drug receptors.
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INNOVATOR: NAVEEN VERMA
A computer chip that speeds AI and
slashes power use
A new type of computer chip boosts performance and
reduces the energy demands of artificial intelligence
systems by employing in-memory computing to break
through computational bottlenecks.
The new chip provides speed and efficiency for AI applications such as self-driving
cars, smart cities and factories, and healthcare. Such applications rely on deeplearning algorithms that allow computers to perform complex tasks by learning
from data sets. The chip’s energy savings make it especially useful for “Edge
AI,” where AI operates quickly and securely on smaller devices, ranging from
wearables to on-premise servers.
The speed and energy savings derive from rearranging the chip’s architecture
so that computation happens at the same location as the computer’s memory,
eliminating the time and energy needed to retrieve data stored far away. To place
the computational components within the tightly packed memory circuits, Naveen
Verma and his students came up with an ingenious solution: Introduce tiny
electrical components called capacitors right above the memory cells using the
metal wires that have always existed in a chip, and harness these to implement a
highly precise form of analog computation. While the transistors, commonly used
for computation, suffer from various forms of variation and noise, capacitors can
be much more precisely controlled and can be easily integrated into the circuit of
a static random access memory (SRAM).

Innovator: Naveen Verma,
Professor of Electrical Engineering
Co-inventors: Graduate students
Hongyang Jia, Jin Lee,
Murat Ozatay, Rakshit Pathak, and
Yinqi Tang; postdoctoral research
associate Hossein Valavi
Additional team members:
Graduate students Peter Deaville
and Bonan Zhan
Development status: Patent
protection is pending.
Funding: U.S. Department of
Defense, Defense Advanced
Projects Research Agency and
Princeton Intellectual Property
Accelerator Fund
Learn more:
nverma@princeton.edu
nverma.princeton.edu

The team has integrated the in-memory computing architectures into a
programmable chip that works with common computer languages, such as C,
as well as the software frameworks commonly used to design deep-learning
systems, such as TensorFlow.

“

In-memory computing shows a lot of promise in
addressing the energy and speed of computing systems.
With our design, this promise can scale to the AI
applications we really care about.” – Naveen Verma

A new type of computer chip that
boosts performance and slashes
the energy demands of artificial
intelligence could be particularly
useful on phones, watches and other
devices with limited battery life.
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INNOVATOR: SUJIT DATTA
A method to spy on bacterial behavior in
complex environments
A new approach makes it possible to track
how bacteria move through complex and uneven
environments akin to the tissues of the body or the
sediments of underground aquifers.
The new method makes it possible for researchers to study bacteria’s motion,
self-organization, community structure and behavior in varied and porous
environments. Sujit Datta and his team inject the bacteria into a transparent
matrix made of hydrogel, a solid material that holds water in its three-dimensional
network of cross-linked polymers. The advance makes it possible to study how
microbial interactions might occur in the gastrointestinal tract, lungs and other
parts of the body where the microbiome — a complex community of bacteria
— resides. The technique can also answer questions about how bacteria move
through underground aquifers or other natural locations where bacteria play a role
in environmental contamination and cleanup.
Gels and sediments typically consist of intricate mixtures of solids and fluids that
scientists call disordered porous media. The solid particles form a mesh through
which liquid and gas flow, creating a complex and tortuous space that is difficult
to describe with mathematics. The mixture contains uneven concentrations of
material that can impede bacteria’s movement and squeeze them together.
The transparent hydrogel material allows researchers to see the location of
bacteria as they migrate through the material. The researchers can also recover
the bacteria after their journey to study them. They can simultaneously study
several bacterial communities, visualize their structure and development, and,
by labeling them with fluorescent tags, probe biological processes.

“

Co-inventor: Postdoctoral research
associate Tapomoy Bhattacharjee
Collaborators: Zemer Gitai, Edwin
Grant Conklin Professor of Biology,
and Mohamed Donia, Associate
Professor of Molecular Biology
Additional team members:
Graduate students Daniel Amchin
and Jenna Ott; Glenda Chen,
Class of 2020
Development status: Patent
protection is pending. Princeton
is currently seeking partners
for further development of
this technology.
Funding: National Science
Foundation, Princeton’s Project X
Innovation Fund, Andlinger Center
for Energy and the Environment,
Eric and Wendy Schmidt
Transformative Technology Fund,
and Princeton Catalysis Initiative
Learn more:
ssdatta@princeton.edu
dattalab.princeton.edu

By better predicting how bacteria move in
complex spaces, we can better understand
how pollutant-degrading bacteria spread in a
groundwater aquifer, or how pathogens
spread in the body during infection.” – Sujit Datta
MATRIX
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Innovator: Sujit Datta, Assistant
Professor of Chemical and
Biological Engineering

innovation.princeton.edu

Researchers created a transparent
porous matrix that closely mimics
conditions where bacteria thrive,
enabling the tracking of individual
bacterial cells through
the complex geometry.

INNOVATOR: NIENG YAN
Platform that sharpens images of proteins
under the microscope
Molecular biology researchers have developed a
technology to bring into view crisper images of
individual proteins and other molecules using a
highly advanced microscope.
The innovation, a new type of gridded platform that holds the protein sample still
so that it freezes uniformly, promises to help researchers explore protein functions
and activities. The platform works with a technology called cryogenic electron
microscopy (cryo-EM), which has become one of the most powerful techniques to
reveal the atomic structures and mechanisms of biological molecules.
Capturing images of very small features requires first freezing the proteins to
quell normal molecular vibrations. Researchers place a small drop of solution
containing millions of copies of a single protein on a grid to promote even freezing
prior to imaging the sample with the microscope. The new grids contain graphene,
a nanomaterial consisting of a single layer of carbon atoms. The uniform nature
of the graphene grid enables the solution to freeze into a thinner ice layer with an
increased protein density compared to existing grids, two factors that improve the
resolution of the resulting images.
Nieng Yan and her team developed a convenient and inexpensive approach to
fabricating the graphene grids that involves the application of ultraviolet light
to generate ozone gas that gently oxidizes the surface. The fabrication process
takes only a few hours, and hundreds of grids can be produced simultaneously.
Graphene’s broad compatibility with a variety of other materials supports
customized grid designs for specific proteins.

“

Innovator: Nieng Yan,
the Shirley M. Tilghman Professor
of Molecular Biology
Co-inventor: Postdoctoral research
fellow Xiao Fan; Yimo Han, former
Princeton postdoctoral researcher,
now Assistant Professor of Materials
Science and Nanoengineering at
Rice University
Collaborators: Nan Yao, Senior
Research Scholar, Princeton
Institute for the Science and
Technology of Materials, and
Director of the Imaging and
Analysis Center; Christopher Tully,
Princeton Professor of Physics;
Jing Kong, Professor of Electrical
Engineering and Computer Science,
Massachusetts Institute
of Technology
Development status: Princeton is
seeking outside interest for the
development of this technology.
Funding: National Science
Foundation, the Simons Foundation
and the John Templeton Foundation
Learn more:
nyan@princeton.edu
scholar.princeton.edu/yanlab

The high quality of these graphene grids will be
particularly useful for the studies of membrane
protein structures and activities in their native
environments.” – Nieng Yan

A new graphene-based device for
cryo-electron microscopy makes it
possible to obtain sharper images
of molecules such as this
streptavidin protein.
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