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RANSLATION

Computers are not good at translating
Arabic dialects and here’s why.

Arabic ¥

@uudl a1 Mg Wgnll atic

<

The wool is thick and
does not bleed

English =

Have you ever translated an Arabic Facebook or
Twitter post only to be baffled by the English
result? You’re not alone. Bad Arabic machine
translations — translations carried out by a com-
puter — are a common frustration. Arabic is a tough
language for computers to figure out because it has
dozens of dialects, millions of unique words, and

there are many ways to say the same thing.

“Humans learn language through immersion and
repetition, constantly absorbing and picking up
linguistic cues from our social environment while
computers learn using algorithms and data samples
that we provide them,” explained Nizar Habash,
associate professor of computer science at NYU
Abu Dhabi. For computers to produce accurate
results, computational linguists need to input more

information about the language.

There are quite a few quirks to the process though.

NYU ABU DHABI

The literal meaning of the above proverb in the UAE
Arabic dialect is ‘old wool is better than new silk’,
implying that appearances can be deceiving, but
the Google translation is way off — only one word
is correct. However, Arabic news articles translated
by Google usually yield more accurate results. Why

the discrepancy?

“Humans learn language
through immersion and
repetition ... while computers
learn using algorithms and data

samples that we provide them.”

Habash says computational linguists have access
to large collections of parallel English and Modern
Standard Arabic (MSA) data that can be used for



“In the context of multilingual social media, the world’s

understanding of Arabs and their culture is tied to the quality and

reliability of Arabic machine translation. As Arabs, it’s in our interest

to make sure our voice is well presented.”

training machine translation systems. MSA is the
form of Arabic used only in news reports and formal
communications in Arab countries. But Arabs don’t
use MSA in their day-to-day interactions online or

in conversation. With over two dozen dialects in

use today on social media, there is a lot of dialectal
data, but lack of parallel translations, which explains
the wide discrepancy between translations of news
articles on one hand versus poetry and dialectal

texts on the other.

These challenges present themselves in other
applications too. “An Arabic chatbot similar to

Siri or Alexa should ideally be able to understand
any dialect and accent but they don’t,” explained
Habash. “Compared to English or Chinese, research

on Arabic chatbots is still in its early stages.”

Habash and his research team at NYU Abu Dhabi
are creating new and updated datasets, algorithms,
standards, and tools for computers to learn Arabic,

but it’s a monumental task.

One of the problems to overcome is the use of dia-
critics; optional signs above or below a letter used to
indicate short vowels, which can alter the meaning
of a word depending on where they’re positioned.
These signs are often dropped when writing and
hard to interpret if there’s no context. MSA words
also have, on average, 2.7 core meanings. Some
could have even more; a word like (gu / bayn can

mean different things based on how it’s read:

* bayn - between/among
¢ bayyana - he clarified

¢ bayyin - clear

¢ biyn - Ben (name)

¢ biyan - in Yen (Japanese currency)

An additional roadblock for computational linguists

is that Arabic verbs can have up to 5,400 conjuga-

tions while English verbs typically have five (such
as the verb to go: go, gone, went, goes, and going).
Furthermore, Arabic dialects do not have standard

spelling rules.

NYU Abu Dhabi is tackling these challenges in
multiple ways by creating datasets that include a
collection of over 100 million Gulf Arabic words
(Gumar Corpus), building comparative sets of
sentences in different Arabic dialects from 25 cities
paired with their English-French-Arabic equiva-
lent to be used as the foundation for machines

to identify dialects, and manually disambiguating
200,000 words from a number of Emirati Arabic

online novels.

“Compared to English or Chinese,
research on Arabic chatbots is

still in its early stages.”

Habash is also developing a toolkit that will provide
solutions to basic problems such as identifying
dialects and exploring how words are structured or
formed. This will enable other researchers to work
on different kinds of applications that can expand
Arabic artificial intelligence capabilities similar to
work done in major languages such as English,

Chinese, and French.

Arabic has to start keeping up with other lan-
guages, he says, not just from the perspective of
technology but also to ensure that language is not a

barrier in any way.

“In the context of multilingual social media, the
world’s understanding of Arabs and their culture is
tied to the quality and reliability of Arabic machine
translation. As Arabs, it’s in our interest to make

sure our voice is well presented.”
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Preserving the Past

NYU Abu Dhabi has amassed an extraordinary collection
of rare and unique materials that shed new light on the

cultural and social history of the region.

Old photographs, personal letters, maps, rare books,
films, and music are carefully archived in the University’s
state-of-the-art library. Some of the materials are
digitally scanned for global audiences to see online,
while others are cataloged and preserved for research

purposes and personal enrichment.

6 NYU ABU DHABI






Akkasah: Center for Photography

Akkasah is an archive of photographs that reveal the histories of everyday
life, social change, and cultural development across the Middle East and
North Africa. Many of the photos have been donated by institutions and
individuals committed to preserving a visual record of the region’s past.
Others have been found hidden away in shoeboxes or coffee tins, carefully
stored in private homes, or found gathering dust on the shelves of old photo
studios, and in street markets. Together, Akkasah'’s collections allow us to see
the cultures of the Middle East and North Africa as they are rarely seen.
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Archives and Special Collections

The role of the Middle East as a cultural, commercial, and geographic

v
crossroads is reflected in primary source materials housed in Archives ;'
and Special Collections. Rare books that document the transmission of _:
scientific knowledge from the Arab world to medieval Europe, 400-year- :
old maps of the Arabian Peninsula, 1930s business records of a Bahraini -___'-_.

merchant family, the works of Gulf filmmakers that screened at local film
festivals in recent decades, and other one-of-a-kind resources are available
to meet the research needs of students, faculty, and the wider community,
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Library of Arabic Literature

The Library of Arabic Literature works exclusively on translations of important
literary pieces from the Middle East and Africa spanning the 7th to the

19th centuries. The collection, available online, is critical to understanding

the history, culture, and literary traditions of the region, and introduces
scholars and figures from the past who had deep, meaningful insights and
observations about their times.



David Wrisley
Associate Professor of Digital Humanities

one need only look
back 30 years and remember how scholarship used
to be carried out. Finding books and articles meant
looking through scores of print catalogs and bibliog-
raphies. Fledgling institutional digital catalogs

existed, but hardly contained everything we needed.

In today’s connected world, a stunning variety

of virtual, networked resources are available to
researchers such as electronic books and document
delivery, digitized archival collections, platforms for
scholarly communication, data curation and web
publishing, open data repositories, and even cloud
and high performance computing. Not all humanists
are using these resources, but increasing numbers
are, and as a result, our scholarly work is taking on

a creativity of new forms.

A term exists for this modern era of computational,
data-rich, software-intensive humanities research:
digital humanities. And while digital humanities
have taken root and are flourishing in major univer-
sities around the world, they are very new in the
Middle East. NYU Abu Dhabi is establishing itself as
a regional leader in this exciting new research area
that brings with it new possibilities for transdisci-

plinary scholarship.

It’s clear that digital humanities mean more than just
the use of technology in teaching and research. The
compatibility of traditional and digital methods has
become more and more apparent in recent years,
opening research to new scales of analysis and to new
audiences. Far from promoting a hasty embrace of
digital tools, digital humanities research casts a critical
eye on the technologizing of research and provides
new humanistic perspectives on technology, helping

us imagine a future world in which we want to live.

Blending technology and humanities scholarship
also raises important questions: How does digital
technology lead to new kinds of knowledge produc-
tion? How does embracing new research methods
act as a unifying and enabling force within a univer-
sity? How might digital humanities help researchers
strengthen dialogue with the public and, in turn,

create new, globally significant research questions?

Digital humanities are particularly suited to NYU Abu
Dhabi’s distinctive identity as a research and liberal
arts institution. Classes in digital humanities form
part of the communicative and rhetorical craft that
students must master in order to be critical actors in
a knowledge-based society. Furthermore, they create

new opportunities for undergraduate research.

Strong digital infrastructure, access to research
computing and data services, in addition to its
geographic location and highly multilingual faculty
and student body, make NYU Abu Dhabi an ideal
environment for digital humanities to flourish and
contribute to a transformative, global conversation

about the future of the humanities in our time.
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SOCIOLOGISTS AND OTHER RESEARCHERS have
moved to NYU Abu Dhabi from around the world to
study other migrants. It's a timely subject: the Inter-
national Organization for Migration’s latest figures
show that more than 257 million people — 3.4 percent
of humankind — have moved to a new country since
birth. Not all of them left home willingly and many
have nowhere to go; the world has almost 20 million

refugees, the IOM says.

In migration research, from the Mediterranean to
Myanmar to Mexico, academic rigor and ethical
requirements intersect with natural human empathy.

How do scholars navigate those challenges?

“There are a number of ethical issues involved in
studying vulnerable groups,” such as involuntary
migrants, says Social Research and Public Policy
Professor Hannah Brlckner. Refugees “can be vulner-
able. They have fewer rights, fewer resources, often

less education” than others.

Research on human subjects, in every discipline,
occurs within a sturdy ethical framework. Like all
universities, NYU Abu Dhabi uses an Institutional
Review Board to measure the effect of projects

on those being studied. Brlickner says researchers
“have to think about how to interact” with migrants,
for example, “without engaging in coercion. This is
not just a requirement, but also the spirit in which

you want to do your research.”

But it’s not the only concern. In addition, “we

want to represent their voices accurately; that’s
sometimes difficult if you come from a different
place in the world and in society,” says Brlckner.
Her own work includes investigating, with Swethaa
Ballakrishnen, NYU Abu Dhabi faculty fellow and
socio-legal scholar, the effects of labor migration on
gender inequality in Kerala, the Indian state of ori-

gin for many in the Gulf region’s migrant workforce.

Migration studies come naturally to scholars at NYU
Abu Dhabi says Social Research and Public Policy
Program Head David Cook-Martin. “I'm a migrant

myself,” he notes. (“Me too,” Brlickner adds.)

14 NYU ABU DHABI
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“This is at least my third major migration,” Cook-Martin

continues, “and | come from a family that has migrat-
ed over generations. Empathy with people who have
experienced migration can change the way you think

conceptually about an issue.”

“Empathy with
people who have
experienced
migration can
change the

way you think
conceptually
about an issue.”

Even when he’s not examining migration policies at
the national level, “the way | conceptualize issues is

often driven by my experiences in talking to mi-

16 NYU ABU DHABI

grants.” He offers an example: “Currently in the US, a
lot of scholars focus on the legal aspect of immigra-
tion policy but major policies are happening at the

level of bureaucratic implementation.” Theory should

be informed by real life events.

Brlckner notes that “recent events in my country

of origin, Germany, and the US” have brought some
“increased urgency” to migration studies. “The
mission of NYU Abu Dhabi is to foster cosmopoli-
tanism, tolerance, and diversity,” she says, “but what
is happening in many places in the world seems to

go in the other direction.”

Ballakrishnen, too, knows that her work is timely.
“When | started grad school, studying South Asia or
elite gendered hierarchies outside the global north
was not traditional in a sociology department. But
in the 15 years since, (now) everyone wants some
piece of this.” She, too, takes her work personal-

ly: “It’s hard to do this research without feeling
emotionally committed,” because “what | study is
also my life ... | study South Asian women, work, and

power struggles.”

The findings from migration studies can have tricky
repercussions in the wider world. In Cook-Martin’s

recent work examining various governments’
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migration policies and practices, he has found that
migration crises are sometimes being misrepresent-
ed. “But if you bring attention to that, you can’t
anticipate how people will respond. For example, if |
say ‘the real crisis is not Europe’s crisis, it’s in Syria’
.. you can have people take that information and
shift policy in a way that actually ends up hurting

people on the ground. That’s a challenge.”

Anthropologist Nathalie Peutz, assistant professor
and head of the Arab Crossroads Studies program,
studies Yemeni migrant and refugee communities in
Somaliland and Djibouti, and has worked on the Ye-
meni island of Socotra. For her, personal connection
with the people she studies is “where my responsibil-
ity is.” Anthropology, she says “has long pointed out

3

that we’re not just independent, objective observers.

“l write articles, | get published (or not), | get pro-
motions, based on what people share with me and
their trust in me ... but that doesn’t do anything for
them,” Peutz says. Some of the Yemenis she speaks
to “hear the word ‘article’ and imagine that their
family stories will be on the front page of The New
York Times and people will say ‘oh we’re so sorry,
come to America.’ They don’t all understand what
it means to have the article appear in an academic

journal” or perhaps why it’s important.

The more positive side, she says, “is the personal rela-
tionship. So | feel obligated to be emotionally involved,

emotionally present ... to treat them as | would friends.”

“| feel obligated
to be emotionally
involved.”

And being in Abu Dhabi has made that possible, she
adds. “As soon as | moved from the US to Abu Dhabi, |
became comprehensible to my Socotran interlocutors
in a different way. When | moved here my life made
sense to them, because they have family members in
the Gulf ...

become a resource upon whom people can draw.”

| don’t want to say I'm like kin, but | have

In Yemeni culture, that’s normal, Peutz goes on. “I
can’t help everyone financially” but “they’re never
just subjects for me ... Sometimes all | can do is say
‘what you’re going through is incredibly difficult

and I’'m witnessing it’... But | would not be able to
keep doing this research if | didn’t feel that emo-

tional connection.”

RESEARCH 2018



HOW CAN
WE REDIRECT

- PUBLIC DEBATE
ON REFUGEES?

Melina Platas
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THE ONGOING CONFLICT IN SYRIA provides

a critical opportunity for political scientists to
understand what it will take for the rest of the world
to adopt inclusionary behavior toward refugees

and encourage governments to help those seeking
asylum. Millions of Syrians have fled the country or

are displaced within Syria’s borders.

In the US, we conducted a nationally representative
survey in the weeks leading up to the 2016 presiden-
tial election to find out whether perspective-taking
— an exercise that asks participants to see things
from someone else’s viewpoint — would increase the
likelihood of them writing an anonymous letter to

the White House in support of Syrian refugees.

Americans who participated in the perspective-tak-

ing exercise answered three questions:

1. Imagine that you are a refugee fleeing persecu-
tion in a war-torn country. What would you take
with you, limited only to what you can carry

yourself, on your journey?

2. Where would you flee to or would you stay in

your home country?

3. What do you feel would be the biggest chal-

lenge for you?

- -

’

The results of the study show that perspective-tak-
ing can make a difference in a person’s willingness

to take action for a vulnerable group.

20.8 percent of Americans who participated in
the perspective-taking exercise opted to write a
supportive letter to the White House, compared to

18.8 percent who didn’t take the exercise.

Importantly, the effects of perspective-taking were
strongest among those who already held positive
attitudes toward refugees, suggesting that perspec-
tive-taking doesn’t necessarily change opinions but

rather nudges people to act.

It is a useful strategy for political activists seeking
to redirect public debate on refugees. The most
popular online petitions to Presidents Obama and
Trump to increase US commitments to accept
refugees target between 75,000 and 100,000 signa-
tures. Our research suggests Americans who are
asked to relate their own experiences to those of a

refugee might be more willing to sign.



GROWING UP GLOBAL

Early-childhood experiences can prove to have lifelong
impact on the direction our lives take.

RESEARCH AT NYU ABU DHAEBI by Theodore
Waters and Antje von Suchodoletz, both assistant
professors of psychology, seeks to determine
similarities and differences related to childhood

development across cultures.

Waters studies how the bonds we form with caregiv-
ers shape the way we come to understand ourselves,
our relationships, and the world. “Some children learn
that they can trust their caregivers, while others learn
that they can’t rely on their caregivers all the time,”
Waters said. “I'm trying to figure out what determines
the quality of the bond between child and caregiver,
how that early trust relationship is built, and how it

cascades forward to affect people later in life.”

“I’m trying to figure out
what determines the quality
of the bond between child
and caregiver ... and how it
cascades forward to affect

people later in life.”

Waters’ research, and the work of others in the field,
argues that there are far-reaching implications for
how these early relationships shape an individual

and place him or her on a particular developmental
trajectory. For example, the way in which an individual
cares for his or her own children, and builds that
caregiver-child bond, is correlated with the way the
individual was raised. These formative experiences ex-
tend to other relationships we build as well: “If you're
married, or in a long-term relationship, is the quality
of that trust relationship related to how you related to

your caregiver early in life?” Waters thinks so.

20 NYU ABU DHABI

Von Suchodoletz is also interested in the contexts in
which children develop, particularly in the home and
at school, and how these contexts interact to impact
children’s development. Her research is both qualita-
tive and quantitative, and encompasses observations
of children, parents, and teachers, cognitive tasks
(such as tests of executive function), behavioral

measures, eye-tracking technology, and analyses of

the hormone cortisol from saliva and hair.

Von Suchodoletz has conducted research in kinder-
garten and secondary schools in Abu Dhabi, where
she analyzed teacher-child interactions and deter-
mined classroom resources and techniques can lead
to high-quality learning environments. Through this
research, von Suchodoletz found that, overall, children
were able to perform better and exhibited less stress
— measured by the level of cortisol — when they
experienced classroom environments in which the
teacher provided a high level of emotional support

and structured the day in a predictable manner.

In the very best classrooms, von Suchodoletz noted,
“there was a back and forth exchange between
teacher and student, and the teacher was not focused
on the students’ getting one right answer, but allowed

the students to elaborate on their thought processes.”



CULTURE QUESTIONS

In addition to the research von Suchodoletz is con-
ducting in the UAE, she has also worked in various
other countries, including Germany, Finland, Kosovo,
Ukraine, India, and Jordan, while Waters has con-
ducted research in Europe and China. Both are doing
comparative work that seeks to determine similari-
ties and differences in child-caregiver relationships

across cultures.

Though there is much to gain by analyzing these
early-childhood experiences in different parts of the
globe, there are obstacles as well. “If you want to
include different cultures in one study, you are chal-
lenged by using exactly the same measures across

cultures,” von Suchodoletz said.

Most measurements that are common in the dis-
cipline have been developed based on Western
theories, she explained, and these measurements
might not accurately reflect what is happening

in non-Western cultural contexts. “So in drawing
any conclusions about cross-cultural similarities or
differences, one has to be very careful about what

measures are being used and how the results are

interpreted,” von Suchodoletz said.

That being said, conducting these studies in different
cultures allows researchers to ask questions that
they wouldn’t be able to otherwise, as this kind of
research “helps us disentangle what is universal

and what is context specific related to learning and

development,” she noted.

For Waters’ project in China, he and collaborators
from NYU New York and NYU Shanghai are studying
the relationships between over 200 children and
their mothers. In this investigation, they hope to
learn how the manner in which mothers play with
their children can predict the level of attachment

years from now.

“My goal with my research in China is not to show
that all parents behave the same way, but rather
that the developmental process by which a child
learns to trust, or not trust, their caregiver accord-
ing to the way the caregiver treats them is culturally

universal,” Waters said.

RESEARCH 2018
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HOW CAN ANYONE BEGIN TO MAKE sense of this
big, complicated world? At universities around the
globe, scholars in the social sciences and human-
ities are working to understand many aspects of

human behavior.

Do modern academics really know more and more
about less and less, as the cliché asserts? As knowl-
edge and understanding become more detailed,

we often hear, researchers in effect wall themselves
into innumerable obscure silos. Not true, say some
of NYU Abu Dhabi’s top scholars, who report that
academic work is becoming steadily more interdis-
ciplinary and interconnected. Researchers work in
full awareness of the changing world around them,
even while maintaining a scholarly distance from

the clamor of events.

Ernesto Reuben, associate professor of economics,
researches gender-bias perception in hiring, among
other topics. He says current headlines on gender
issues have clearly “triggered more research. You
draw inspiration from what’s going on around you.”
He jokes that scholars initially “react to what’s on the
news by doing the same research they were doing

before, but changing the introduction. However, cur-

rent issues do eventually inform and shape research in

important ways.”

Jocelyn Bélanger, assistant professor of psychology,
studies self-sacrifice, including suicide bombing.
Although the topic frequently makes headlines, he
cautions that social scientists “are not doing journal-
ism, or history ... not just responding to the zeitgeist
of social issues.” On the surface, protracted conflicts
might look different from one another, yet they often
share important similarities, the root cause can be
the same. “From a scientific standpoint, the goal is to
understand the common dynamics of conflicts and
develop interventions that are tailored to the social

context,” he says.

PJ Henry, associate professor of psychology, agrees
that research problems can “change as the issues do,
but as social scientists we work on theory more than
social issues,” and theories “are less susceptible to

fashion (but rather are) rooted in tradition.”

24 NYU ABU DHABI

Few disciplines are more theoretical than philos-
ophy. Matthew Silverstein, associate professor of
philosophy, says research in his field “consists almost
entirely of just reading what other philosophers have
said. Philosophers think of themselves as joining an
ongoing conversation. In some cases, a conversation

that’s been going on for thousands of years.”

But even in his subject the outside world can push

in. Philosophers’ methods and broad subjects don’t
change with current events, Silverstein says, but “as
certain questions become pressing in parts of society,

philosophers begin thinking about them more acutely.”

He gives the example of pending amendments to

the United Kingdom’s Gender Recognition Act. Such
public debate over transgender and related issues has
“prompted an increased level of philosophical discus-
sion,” Silverstein says, “in official standard venues like

journals, but also in blogs,” and elsewhere.

WHAT’S UNIVERSAL
ABOUT SOCIETIES?

NYU Abu Dhabi brings a spectacularly cosmopol-
itan element to a leading global university, which

is part of a worldwide trend toward international
scholarship in the humanities and social sciences, the

professors agree.

Social psychology, Henry says, “has been most popu-
lar in @ Western context, and a lot of the theories we
developed were tested on (Western) samples. But
now ... we're starting to recognize that culture plays
an important role. Processes once seen as true and
universal are now known to vary with cultural con-

text. That gives us better insight into human nature.”

Bélanger offers an example: “The need for positive
self-regard is universal, however, there is cultural
variability in how it is attained. Western societies, for
example, put greater emphasis on individual accom-
plishments, whereas collective accomplishments are

given more importance in the East.”

Henry, whose research focus is prejudice and dis-

crimination, adds that this kind of comparative study



“My office is between a group of climate
scientists and a group mathematicians.
There’s a lot of sharing of ideas.”

is a win-win proposition: “Some of the excitement

of working cross-culturally is to see our theories
replicated from one cultural context to another. But
that’s not always true and when things don’t replicate,

that opens up a whole new gquestion.”

For decades, says Reuben, almost all economics
research was conducted in Western countries,
where data access has been relatively easy. Now,
the revolution in data availability is opening other

regions to research, in many fields.

Meanwhile, “increasing pressure to publish in interna-
tional journals” has made English more than ever the
lingua franca of research worldwide, he adds. And

the internet is greatly simplifying scholarly collabora-

tion across distance.

Online journals, too, Silverstein adds, have enhanced
cross-cultural studies in many fields. In philosophy,
“the American and European tradition has long been
influential,” but there is finally increased interest in
doing comparative work, “putting Western scholar-

ship in dialogue with Asian and other traditions.”

RESEARCH WITHOUT BORDERS

Social science and humanities studies are also
crossing the boundaries of disciplines, “much more
than ever before,” Bélanger says, partly because
granting agencies are “increasingly asking people to

work together” across traditional department lines.

For example, Reuben notes, in recent decades
economics “has changed dramatically ... Research
guestions in behavioral economics are more similar
to psychology or sociology questions than to tradi-

tional economics.”

In his field, Silverstein says, this trend is clearest

in the philosophy of physics, where some research
“is no different from the most theoretical work
that physicists are doing. There’s a lot of overlap,
conferences where physicists and philosophers
come together.” Meanwhile, he adds, “philosophers
of mind will spend a lot of time talking to cognitive
scientists.” And the economics of game theory

verges on philosophy.

NYU Abu Dhabi is on the cutting edge of this trend.
“There is a temperament to the faculty here that lends
itself to cooperation ... collegiality,” says Henry and
“because we’re a small campus there are opportuni-
ties for interdisciplinarity. At my old university, | would
never have gone to a talk on sociology or political

science, but here | do all the time.”

Bélanger says opportunities to talk with colleagues
in other fields are consistently rewarding. “My office
is between a group of climate scientists and a group
of mathematicians. There’s a lot of sharing of ideas,
conversations you would not have expected. Proximi-

ty helps with the cross-fertilization of ideas.”

For now, however, formal research collaboration
across subjects is still rare. There are some interdisci-
plinary journals but the current model, Reuben says,
is more about researchers “talking to each other, and
then each one goes and does the work.” Academic
structure is one reason for that: each scholar needs
to publish in their own subject, since that’s the font
of tenure and grants, he says. “It’s an element of

academia that you have to be tenured somewhere.”
Still, Reuben adds, many at NYU Abu Dhabi “are
trying to break some of those barriers. We’ll see over

time how successful that is.”

RESEARCH 2018

25



We mailed money to the wrong houses and
here’s what happened.

Nikos Nikiforakis
Professor of Economics

A POPULAR BELIEF THAT THE RICH are more
selfish than others is, to some extent, understand-
able. There’s a lot of evidence to suggest the rich
behave selfishly. They’re more likely to evade taxes,
more likely to violate traffic laws, and less likely to

give to charity.

The rich hold an ever-increasing fraction of the
world’s resources, so if it’s true that the rich don’t

care about others, we need to worry.

To address this important question, we misdelivered
envelopes to some of the richest and poorest house-

holds in a mid-sized city in the Netherlands.

Inside every envelope was either a bank note or a
bank check. Someone who decides to return the
envelope, shows immediately they’re willing to help
someone else at a personal expense, for no personal

benefit. This is what we call altruistic behavior.

This research technique allows us to measure proso-
ciality without bias, or a person’s willingness to help

someone else.
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The study results are not what we expected and
contradict the popular view. Across our experimental
conditions, we found that the rich were substantially
more likely to return a misdelivered envelope than

the poor.

And when we looked at the data more closely, we
saw an interesting pattern. Immediately after payday,
the poor were nearly as likely as the rich to return
envelopes containing bank checks. However, as time
went by, week by week, they were less and less likely
to return them. In the week before their next payday,

no envelopes were returned.

Our research provides clear evidence that the financial
pressure the poor are under crowds out their willing-

ness, or ability, to behave prosocially.

We started this study to find out if the rich are more
selfish than the poor, but in the process we also
discovered that poverty has a negative impact on
prosocial behavior. So, by reducing poverty, we can

make society, in a sense, less selfish.



- IT°S WHO YOU KNOW

It pays to know someone at the job you want.

Kinga Makovi and Malte Reichelt

Assistant Professors of Social Research and Public Policy

THE KEY TO GETTING A BIGGER PAYCHECK is_not
just applying for a job with a higher salary but also
applying to a company where you know people, either
a former coworker or an acquaintance. If more women
did this, labor market research suggests, the wage

gap between men and women could be reduced.

Wage inequality between men and women, and also
between a country’s natives and immigrants, is a
well-established social fact. Existing social science
research has shown that job seekers and employers
access information about job opportunities and
prospective hires in different ways. Information
about new jobs is actively shared among colleagues
and acquaintances, and employers rely heavily on
candidate referrals from their own employees. Both
sources of information have been shown to enhance
job search outcomes, and studies showing the
importance of such information are among the most

cited works in social science.

Survey and interview-based studies have pointed
out thét women, compared to men, reach out to
fewer contacts when searching for jobs and are also
less likely to be referred. Likewise, experiments and
audits have shown that minority groups’ referrals
don’t hold as much weight. These studies are limited
to single firms or speciﬁ'c industries, which makes
generalizing to all labor markets extremely difficult.

Big data helps broaden the scope of existing work.

Governments collect extensive data on entire labor
markets for tax purposes or social security contribu-
tions. All workers are meticulously tracked through
the labor market, indirectly measuring overlapping
employment spells in the same firms.‘This provides

researchers a unique opportunity to document

similarities and differences across industries, and
evaluate which minority groups and markets ex-
perience more or less wage inequality induced by

co-worker networks.

We built a dataset from government records of the
entire labor market in Berlin over a two-decade period
and measured the differences between wage trajec-
tories of different social groups and their connections
in the labor market. Preliminary findings show that
wages not only go up when you switch jcl)bs, but that
knowing someone at your new company is also a
factor for getting paid more. Specifically, having an
inside connection, such as a former coworker, was

found to have a significant surplus effect.

Both men and women benefit from the presence of
former coworkers at their new jobs, however, the
impact is significantly larger for men compared to
women. A potential explanation may be that men are

more likely to utilize their network to its full potential.

As we continue to develop the research, we will
investigate how the gender-segregated nature of
certain sections of the labor market shapes these
differences further. For example, it may be the case

that in male-dominated industries, differences in

wage gains for men and women (based on employee -

v
networks) are even more pronounced.

We will also evaluate if a similar pattern emerges
among Berlin’s Turkish immigrants and non-immi-
grants, and see if the gender or immigration status
of coworkers at new firms has any effect on wage
gains. For example, we want to find out if the gains
are dependent on which gender is able to refer or

pass information along about job opportunities.
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FOR MILLENNIA, CITIES HAVE both lured and
challenged humankind. Today, more than half of
the world’s people live in urban areas, the United
Nations says, and by 2050 two-thirds of us will. As
cities become more numerous, bigger, and more
complex, the study of these agglomerations is also
booming. At NYU Abu Dhabi, researchers from
many disciplines are working together to under-
stand and improve the complex and interrelated

networks that make up urban life.

Technology has already changed cities in unpredict-
able ways, says Pablo Hernandez-Lagos, assistant
professor of economics. “For example, nobody could
have predicted that sewage systems would allow us to
increase the density of cities by such a big margin. And
then elevators increased population density, so you can
have artists living right next to tycoons and right next

to workers. That cross-fertilization spawns new ideas.”

And new technologies just keep on coming. Saif Jabari,

assistant professor of civil and urban engineering, says

the switch to autonomous vehicles may change daily

life every bit as much as the shift from television to
internet has done. In both cases “all of a sudden there’s
two-way communication” and new possibilities blos-
som. Very soon, “cars will be able to share information
with roadside devices; we’ll have cheaper devices, we’ll

get a lot more bang for our buck.”

Technological change of this kind also brings
exciting new challenges for engineers, adds Jabari’s
colleague Monica Menendez, associate professor of
civil and urban engineering. “If autonomous vehicles
increase the number of kilometers traveled, the
system could become more congested. There will
be some advantages in monitoring, but traffic as a

whole might wind up much worse.”

Etienne Wasmer, professor of economics, has a
suggestion there: Changed work habits could help.
People do not need to be in the workplace five days
a week. If everyone worked from home just one day
a week, he says, “that would reduce congestion
drastically.” But change of that kind “takes time,

maybe generations.”
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.‘\!/ ve decided to live in
densely populated areas where
human complexity prevails.

And we like that.”

IT°’S A TWO-WAY STREET

Major transformations, in traffic or any other field,
demand political will, which can be paralyzed by
complexity. Tarek Abdoun, global professor of civil
engineering, studies the problems cities can face
from earthquakes, hurricanes, and other risks. “Big
data” is useful in many ways, he observes, but “in
decision-making, having too much data that you
don’t know what to do with is as bad as not having

any data. Handling big data is a big issue now. A

lot of people who make decisions, if they’re over-

whelmed with information, basically ignore it.”

Wasmer adds that when he was consulted about
plans to expand the Paris Métro (subway), “they
asked me for simple models” but often complex
problems do not permit uncomplicated solutions.
“It’s hard for us to provide the simplicity they ask
for. That’s a big challenge.”
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Menendez says one way for researchers to address
this issue is to involve decision-makers early in the
process, “to challenge our thinking and our solutions
and to give us feedback on what’s useful and what’s
not.” Doing that, she says, would “increase the likeli-

hood of adopting what academic experts suggest.”

“There is no
challenge that
cannot be
addressed.”

Increasingly, the challenge of managing modern
cities demands interdisciplinary research. Abdoun
says that’s because teamwork is required to “take
whatever the engineering data tells us, and convert
it to decision-making tools so stakeholders and
owners can know what to do with it.” If he’s assess-
ing flood risks to a city’s infrastructure, for example,
he says, “it’s not just a structural engineer working
on it. Social science gets into it, human factors,
financial ...” And then all the findings, from different
perspectives, must be merged into “one simple
frame of decision-making.” That’s why multidisci-
plinary cooperation is booming in urban studies.

“Research is becoming broader,” Abdoun says.

That’s true for individuals as well as for group
research. Economist Hernandez-Lagos sounds more
like a social psychologist when he cites a keystone
of his work: Cities intensify human interaction, and
“the most important feature of ... human interaction
in general is that our decisions about whether we're
going to collaborate with others depend on what

we believe the other people are going to do.”

That concept, familiar to many undergraduates

as the prisoner’s dilemma game, is a foundation
block of urban studies, and things are becoming
remarkably elaborate in our high-tech age. “Today,”

Menendez says, “we don’t understand even half of
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the complexity around cities. If we were to electrify
a whole vehicle fleet, for example, what effects

would that have on the energy grid?”

Wasmer’s work has focused on identifying the
factors that encourage the expansion of urban
agglomerations, and those that do the opposite.
Not all natural brakes on growth are as obvious as a
rising price for land, he says. “We never know which
one will strike first. It can be pollution, or traffic, or

even a shortage of sand and cement.”

BIGGER CITY, BIGGER RISK

Then there’s security, an urban problem since the
days when cities had walls. Safety has new urgen-
cy in the era of climate change and high-impact
terrorism. Increasing risk is a natural concomitant of
urban expansion, security expert Abdoun observes.
“Ancient cities usually developed in the best areas
to populate, near rivers, with good land. But as
populations increased, they started getting into

areas with engineering challenges.”

He cites New Orleans, in the US: The oldest part of
the city, now called the French Quarter, was built on
high ground. “But as they expanded, they went to

swamp land below the water level.” People there are

still suffering the consequences.

“The city will
continue to be
attractive as
long as humans
are adaptive.”

Or consider Dubai. “The city is flourishing, and so to
expand they started reclaiming land from the Gulf,”
Abdoun says, referring to the Palm Jumeirah and

similar projects. “This kind of land is ... known to be



at hazard” in earthquakes, for example. The bigger

the city, the more it can be at risk.

Despite all the problems, NYU Abu Dhabi scholars
are generally optimistic about the world’s urban
future. “The city will continue to be attractive as
long as humans are adaptive,” says Jabari - and

technology makes us more adaptive.

Wasmer is more sweeping: “There is no challenge

that cannot be addressed by the human brain.”

And Hernandez-Lagos puts it this way: “We’ve
decided to live in densely populated areas where
human complexity prevails. And we like that. | don’t
see any way in which we are going to go back to

the countryside.”

RESEARCH 2018
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JUSTADDSSALI

A more susta
Mmake cement

CAN CEMENT BE MANUFACTURED from the salty
slush left behind after water desalination? NYU Abu
Dhabi researchers think so, and that the UAE is
uniquely positioned to be a leader in this exciting

new frontier in sustainable construction.

There are more than 70 desalination plants in

the UAE that supply potable water to millions of
people. All this drinking water comes with a hefty
environmental price tag though. Not only are a lot
of fossil fuels burned to heat up seawater, releas-

ing carbon dioxide into the atmosphere, but the
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leftover waste (highly concentrated salt water) is
dumped back into the Gulf, increasing the salinity of
what is already one of the saltiest bodies of water

in the world.

Traditional cement factories leave an even bigger
carbon footprint. Portland cement, developed in
19th century England and named so due to its
likeness to stones quarried from the Isle of Port-
land, is the most commonly used type of cement
in the global construction industry. It's produced in

factories with massive kilns where limestone, clay,



“This kind of cement is not just environmentally sustainable but it’s

also cost-efficient because desalination plants could start selling

their waste to cement manufacturers, and profit from it.”

and shale are heated to extremely high tempera-
tures (1450 to 1550 degrees Celsius) to produce the
familiar ash-colored powder that is the lifeline of
the construction industry. These high temperatures
are achieved by heating fossil fuels, which make
cement factories one of the largest emitters of

greenhouse gases.

By-products from other industries provide a sustain-
able alternative to Portland cement, explains Kemal
Celik, an assistant professor of civil engineering at
NYU Abu Dhabi. One such option, he says, is reactive
magnesium oxide, of which the UAE has access to an
enormous supply. It can be derived from the residual

brine in the process of seawater desalination.

Reactive magnesium oxide cement is produced at
much lower temperatures than Portland cement, “so
factories wouldn’t burn as much fuel, and it’s carbon

neutral,” he explained.

In fact, Celik’s special brand of cement “absorbs
carbon dioxide during the hardening process

because its strength depends on it, and can contin-

ue to absorb carbon dioxide long after it has been
mixed into the concrete, making it carbon negative.”
So, roads and buildings made with it could actually
absorb carbon dioxide from the atmosphere over

the years and help combat climate change, he says.

“This kind of cement is not just environmentally
sustainable but it’s also cost-efficient because
desalination plants could start selling their waste to
cement manufacturers, and profit from it. It’s a win-

win situation for everybody.”

Lab tests have proven that cement made with
reactive magnesium oxide is just as strong as the
Portland variety, Celik says, and further studies will
tell them what kind of other internal reactions are
taking place over the long-term that could impact
the way it’s used. Work is also ongoing to speed up

the carbonation process.

Celik’s research team is currently collecting seawater
from the Arabian Gulf to make test batches, and they
hope to start sourcing material from local desalina-

tion plants soon.
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ON THIN ICE"-

Our environment is changing, fast.
Glaciers are melting at an alarming
speed, extreme weather patterns
are shifting, and warming oceans
are threatening precious marine
ecosystems. How will all of this
impact life on Earth? The answers
lie in scientific research.

NYU Abu Dhabi researchers have
a critical global role in determining
how environmental conditions

today will affect us in the years
to come. Their work sheds an
important light on the precarious
condition of our planet. e ool
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Scientists are worried that fisheries and tourism could
be badly affected by a vast dead zone in the Arabian
Sea. Dead zones are areas of the ocean where the lack of

t survive. The Arabian

-~ 100 meters and goes down to 1,500
from Oman to the coast of India.
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Climate change isn’t the only threat to the planet’s coral

reefs. They are also exposed to deadly underwater diseases

and, not unlike humans, depend on their own built-in defense
mechanisms to fight them off. Corals, though stationary, can

alter their surroundings by producing uniqgue molecules that

can help recruit healthy surface microbiomes and fight parasitic
microbes. Scientists may be able to predict when diseases

and bleaching occur and perhaps even prevent them if they

can better understand the types of molecules corals need to

maintain a healthy surface microbiome. £

»

.-_L‘~ -






Warm, dusty air from the Sahara Desert has caused ice to
melt and temperatures to rise by up to 10 degrees Celsius

in southern parts of Greenland. About half of the Arctic’s
warming conditions are attributed to increased moisture and
heat fluxes transported to the region from elsewhere on Earth.
Dust-laden air hitchhiked across the North Atlantic Ocean
from Africa in a newly discovered polar jet stream circulation.

i
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A gigantic chunk of the Western Antarctic ice
sheet could break off in our lifetime, triggering a
potentially catastrophic rise in global sea level. A
team of international experts from the US and UK
face dangerous fieldwork conditions to determine
why the remote Thwaites Glacier is so unstable,
and predict when it might collapse. It’s an urgent
mission because 40 percent of the world’s
population lives near water.
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On Jun& 22, 2018 at 11:30pm, 10 billion tons of
_ _Ar_’“c"'ﬁtic'ice fell from a giant glacier into the ocean
%, [T inEastern Greenland. The extraordinary ice

i

.;'ca'lving event, caught on camera by researchers,

" lasted about 30 minutes. It’s estimated the
resulting iceberg stretches four miles, the distance
from lower Manhattan to Midtown in New York
City. The effect on sea level is not yet known.
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 MOTHER NATURE’S

UNTAPPED HEALING
POTENTIAL

MANY OF THE DRUGS THAT HAVE been approved by the US
Food and Drug Administration (FDA) over the past 50 years
have come from natural products. These include antibiotics and
cancer drugs that have saved or improved the lives of countless
people. For the past few decades, however, the rate at which
drugs derived from nature that have been approved has slowed.
But researchers at NYU Abu Dhabi are again looking to nature to
find potential treatments and to better understand fundamental
biological processes that relate to human health.
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Kristin Gunsalus leads a lab that has been active in
the emirate since NYU Abu Dhabi opened in 2010.
When Gunsalus launched the lab, she decided she
wanted to explore how microbes that live in the
unique environment of the region could be used to
produce drug treatments. Gunsalus is co-director of
the NYU Abu Dhabi Center for Genomics and Sys-
tems Biology, director of bioinformatics, an affiliated
faculty of science at NYU Abu Dhabi, and associate
professor of biology at NYU New York.

“Micro-organisms communicate with chemicals
because they don’t have eyes and ears,” Gunsalus
explained, “and most of the FDA approved drugs

in the past few decades have come from or are in-
spired by natural products, and many derive directly

from microbes.”

Rare bacteria and other micro-organisms can be
found in the Gulf itself, which has a particularly

high salt content and sees extreme temperature
fluctuations, while the mangroves that line the coast
and the inland salt flats — or sabkhas — hold other

intriguing bugs.

“We started isolating bacteria from different areas in
the region and started growing them up in our lab, and
we developed assays to look at their activity on differ-
ent kinds of organisms,” Gunsalus said. “A promising
approach we are developing is called high-content
screening, in which we monitor many aspects of cellu-
lar function at the same time, increasing our chances

of detecting molecules with a range of effects.”

In one particular project, she and her team studied
how chemicals derived from microbes can be used

to kill a type of parasitic worm called a nematode.

“These parasites infect about a billion people

each year and cause a huge amount of damage to
livestock and crops,” she said. “Plant parasites sap
the energy of crops, which leads to reduced yields.”
Her team has developed some promising results for
compounds that are effective in killing nematodes
that infect plants, and they are exploring how they

might bring these chemicals to market.

Going forward, Gunsalus hopes to use the technology
and methods she has developed at NYU Abu Dhabi
to study the impact of drug combinations, or “cock-
tails,” to fight diseases like cancer. This combinatorial
technigue holds great promise: “If you can target a
disease or a parasite from multiple directions at once
using different mechanisms, you can decrease the
chance that drug resistance is developed,” she said.
“We’d like to identify good combinatorial drug tar-
gets, because if you can identify drugs that synergize
with each other, you can deliver all of them at a much
lower dose than is required to achieve efficacy than

with one drug alone.”

TECHNOLOGY DRIVES
DISCOVERY

Associate Professor of Chemistry Timothy Dore’s re-
search is concerned with understanding interactions

between molecules and determining the mechanism

“If you can target a disease or a
parasite from multiple directions at
once using different mechanisms, you
can decrease the chance that drug
resistance is developed.”
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of action of complex biological and chemical pro-
cesses that underlie cancer, seizure disorders, and
drug addiction. To do this, Dore’s lab has developed
a number of new technologies that drive innovative

research in his lab and in others.

“We try to develop technologies that allow people to
ask questions they couldn’t ask before,” Dore said.
He describes it as a kind of “laddering effect,” where
the development of a particular technology allows
researchers to examine a biological or chemical
process, and the knowledge that is gained from that
research spurs the evolution of a new tool. “The
development of these technologies is leading me

as a chemist to be able to ask far more complicated

guestions than | could before,” he said.

One of Dore’s specific research areas is the study

of an enzyme, called Ras converting enzyme. Ras

is a protein that is often implicated in incidences

of cancer, and Dore is studying the function of Ras
converting enzyme and its impact on Ras regulation
in cancer. To do this work, his lab uses computational
and biological screening and synthetic chemistry to

create small molecule inhibitors of the enzyme.

“Ras has become such an important target for cancer
therapies, and there has been a lot of work on Ras
signaling downstream,” and the way it induces the
growth of tumors, Dore explained. “But | think that
there is a lot going on upstream related to Ras, and
there are important questions to be answered in the

regulation of Ras and its larger family of proteins.”

RESEARCH “RENAISSANCE”

Assistant Professor of Chemistry Alan Healy, whose
research is focused on natural product drug discovery,

explains that one of the reasons natural products
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“Natural product research went out of
focus for 10 or 20 years, but it’s seeing
a renaissance at the moment.”

are so useful is because they are structurally com-
plex from a chemical perspective. “Their diverse 3D
structures are often coupled with selective and potent
biological activity through their interaction with mac-
romolecules like proteins and DNA,” he said. “Natural
product research went out of focus for 10 or 20 years,
but it’s seeing a renaissance at the moment due to

technological and conceptual advances.”

One innovation is the rapid reduction in cost and time
it now takes to sequence a genome. Recent research
using this technique has shown that natural prod-
ucts that are isolated by traditional methods in the
laboratory represent only a small fraction of what is

predicted to exist in nature, Healy explained.

“We may find
a wealth of
potential drug
molecules.”

For example, it’s been estimated that less than

10 percent of small molecules that bacteria make
have been isolated in the lab, which is an important
insight, as these molecules have proven to be a rich
source for new pharmaceuticals. “If we can tap into
the greater 90 percent that haven’t been isolated, we
may find a wealth of potential drug molecules and
chemical tools that can be used to perturb diverse

cellular pathways,” Healy said.
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A major challenge to accessing these molecules is
that the vast majority of bacteria cannot be cultured
in the lab environment. Another is recreating the
complexity bacteria experience in their natural
habitat, which triggers them to produce these
molecules, either for defense or nutrient acquisition.
Research groups are developing innovative tech-
niques to induce the microbes to generate a wider
range of molecules — but isolation and biological
investigation of these molecules remains a lengthy

and challenging process.

Healy is developing a synthetic process to access these
natural products in the lab, which has been inspired

by the field’s growing understanding of how bacteria
produce these molecules. This platform will take
advantage of advances in the automation of chemical
synthesis to provide rapid access to a catalog of

natural products for preclinical drug development.

“For me, the ultimate goal, which is still very far
reaching, would be to be able to sequence a bacteria
or a fungus and directly synthesize the molecules
they produce, thus bypassing the significant hurdle
involved in their isolation, and then to assess the
molecules using cellular assays or model organisms
in order to understand their mechanism of action
and identify promising drug leads in a much shorter

period of time,” Healy said.



Some popular North African dates like Medjool
and Deglet Noor are distinctly different from
other dates. This might be why.




GENOME ANALYSIS REVEALS THAT North African
date palms are a hybrid between cultivated date
palms from the Middle East and a different, wild
species of palm that grows on the island of Crete
and in small areas of Southern Turkey. These findings
shed new light on the evolutionary history of one of
the earliest domesticated tree crops in the world,
which remains a major fruit crop in North Africa and
the Middle East.

Previous studies have shown that while dates from the
Middle East and North Africa belong to one species -
Phoenix dactylifera - the date palms from these two
regions are genetically different. The distinct nature
of North African dates, which include such popular
date varieties as Medjool and Deglet Noor, has led to
guestions as to how they originated. There have been
suggestions, for example, that North African date
palms may have been domesticated independently
from date palms in the Middle East.

To solve the mystery of the origin of North African date
palms, the researchers at NYU Abu Dhabi, and working

with colleagues from NYU in New York and researchers
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in Greece, France, Switzerland, and the UK, sequenced
the genomes of a large sample of date palms from the
Middle East, North Africa, and South Asia, as well as
palms from a related but distinct wild species.

The genome analysis found that hybridization
between date palms and P. theophrasti, a species
known as the Cretan wild palm found in the Eastern
Mediterranean, is the source of the mixed ancestry

and genetic distinction of North African date palms.

The researchers have shown that 5 to 18 percent of
the North African date palm genome is derived from
the Cretan wild palm. The hybridization of Middle
East varieties with wild Phoenix theophrasti has led
to increased genetic diversity in North African date
palms compared to date palms from the Middle East.
The hybridization with P. theophrasti may also lead
to new genes being introduced to cultivated date
palms that could help in providing better date palm

varieties, including for disease resistance and yield.

Today, P. theophrasti is found in 10 populations in the

island of Crete, with a population near the popular




beach resort of Vai considered to be the largest palm
forest in Europe. It is also found in small populations
on various islands in the Aegean Sea, in mainland
Greece, and Southern Turkey. Although this species
looks similar to the cultivated date palm, the fruit of
P. theophrasti are thin and fibrous and are generally
inedible. The International Union for Conservation of
Nature classifies P. theophrasti as “near-threatened”
in status, which indicates that this species, while

not an immediate cause for concern, may find itself

threatened with extinction in the near future.

Based on these findings, NYU Abu Dhabi researchers
suggest that date palms were initially domesticated
in the Middle East, possibly in the Gulf region. Cer-
tainly the oldest archaeological evidence for Phoenix
dactylifera is found in Dalma Island in the United
Arab Emirates, and in Kuwait, during the Arabian

Neolithic Period about 7,000 years ago.

However, in the movement of the domesticated date
palms from the Middle East, P. dactylifera encoun-

tered populations of Phoenix theophrasti when they

reached the Eastern Mediterranean, and hybrids
between these two species then led to the origin

of the date palms that now grow in North Africa.
Based on archaeological evidence, the hybridization
that created the North African date palm likely took
place approximately 3,000 years ago.

The study was published in the journal Proceedings
of the National Academy of Sciences of the United
States of America. Much of the work was done by
Jonathan Flowers, a research assistant professor,
under the direction of Silver Professor of Biology and
Dean for Science at NYU Michael Purugganan. The
research is part of the Date Palm Genome Diversity
project led by Purugganan. The project’s goal is to
learn more about the traits and evolution of the date
palm through analysis of the plant’s genome, both to
help understand how date palms have originated and
evolved, and also to help future efforts at agricultural

improvement of this important fruit crop.




New Perspectives on

Old Traditions

In a few short years, NYU Abu Dhabi scholars have
produced an impressive collection of academic books
and articles about the Arab world’s rich intellectual,

religious, and cultural history.

THEIR WORK EXPLORES a range of topics from fal-
conry, philosophy, poetry, and gender studies, to the
history of oil and incense burners, and has helped
position NYU Abu Dhabi as a significant global con-
tributor to humanities research on the Middle East

and its geographical and historical connections.

Vice Provost of Intellectual and Cultural Outreach
Reindert Falkenburg says NYU Abu Dhabi’s Hu-
manities Research Fellowship Program, of which
he is the principal investigator, “aims to create an
energetic, multi-faceted research environment for

the humanities,” and it has.

Since 2014, the program has awarded 37 fellowships
to senior researchers and postdoctoral fellows from
around the world, including a handful to PhD stu-
dents from NYU New York. In that time, researchers
have collectively produced more than 35 publi-
cations and held over 20 academic events, many

attended by 100 or more international scholars.
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The power of the program, Falkenburg says, is that
it has the potential to reach out beyond Abu Dhabi.
“We are open to a wide variety of disciplines, from
history, culture and heritage, to museum studies, and

all variations of humanities.”

“We’ve received fantastic applications from young
scholars as well as senior researchers at many of the

world’s leading universities,” he added.

“Each fellow gets to host a mini-workshop where
he or she can invite leading experts to Abu Dhabi
to work on that particular project or research area,
and that has been very successful,” explains Vice
Provost of Academic Policies and Governance
Martin Klimke, one of the fellowship’s co-principal
investigators, and the program head for history at
NYU Abu Dhabi.

The fellowship is open to scholars working in all

areas of the humanities, but Klimke says specific



“It’s critical research,
which seeks to reflect
the Arab world from
various angles.”

themes have emerged in the program’s first five
years, such as (Early) Islamic culture, Bedouin
poetry, history and culture of falconry, Gulf Council
Countries leadership studies, and museum and
heritage studies. Topics are particularly relevant to
the Gulf, Middle East, North Africa, and South Asia,
and often connect thematically to existing research
initiatives in the divisions of Arts and Humanities

and Social Science.

Moving forward, Klimke expects to see even more
crossovers and collaborations with researchers
across NYU Abu Dhabi.

“It’s critical research, which seeks to reflect the Arab
world from various angles: its rich literature and his-
tory, its cultural and artistic heritage, and its manifold

connections with other cultures, past and present.”

RESEARCH 2018 59



ALL THINGS

MUST ADAPT

As environments change, so do the animals,
plants, and people living in them.

AS THE EARTH’S CLIMATE continues to warm,
insights developed by researchers who study adap-
tation may help us understand how climate change
will affect species across the globe. The research
that’s happening related to the study of adaptation
at NYU Abu Dhabi is both local and global in the
most literal sense, as it ranges from the Emirati pop-
ulation of the UAE, to the Horn of Africa, to remote

corners of the world’s oceans.

Stéphane Boissinot, professor and program head of
biology, is an evolutionary biologist who conducts
fieldwork in Ethiopia, the UAE, and the southeastern
US, and combines that fieldwork with genomic

analyses in the lab.

Boissinot is interested in the evolutionary paths
organisms take to adapt to their environment, and
whether those paths are similar across different
species and locations. “If you look at snakes or
geckos in the Namib desert, they look similar to
those we have here in the Arabian Peninsula, yet
they are completely unrelated,” he said. “We want
to know if evolution is taking the same path to
respond to a given environment, which is why we

study multiple organisms in multiple locations.”

Boissinot says that when it comes to global climate

change, organisms will often first shift their range
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to locations that are more hospitable, instead of
following a path of genetic adaptation. But this is,
of course, only a possibility for organisms that are
mobile. For sedentary organisms like plants and
corals, moving house isn’t an option. But whether
or not they move from one location to another, a
species’ response to climate change will be de-
pendent on its genetic variation, and whether its
genetic diversity will make adapting to a changing

environment possible, Boissinot says.

“If you look at snakes or
geckos in the Namib desert,
they look similar to those
we have here in the Arabian
Peninsula, yet they are

completely unrelated.”

Shady Amin, assistant professor of biology, stud-
ies tiny ocean organisms like phytoplankton and
bacteria, and the fundamental role they play in the
global carbon cycle, the process by which mole-
cules like oxygen and carbon dioxide are processed,
recycled, and made available for use by organisms.

“The carbon cycle drives life on Earth,” Amin notes.



“Plants are an important part of the carbon cycle,
but so are phytoplankton and ocean bacteria that
channel carbon molecules back and forth between

carbon dioxide and other organic molecules.”

When Amin considers changes that are occurring in
the world’s oceans related to global climate change,
he sees not only a rising temperature, but also an
increase in acidification. “Ocean acidification is

a major problem because a rise in acidity alters

the chemistry of seawater,” making carbonate,

and other elements like iron, less accessible for
phytoplankton and other organisms who rely on

it, Amin said. “Phytoplankton may be much more
stressed because of ocean acidification, and all the
organisms higher up in the food chain who rely on

phytoplankton may suffer too.”

“Ocean acidification is a
major problem because arise
in acidity alters the chemistry

of seawater.”

Amin notes that perhaps only one percent of
microbes in the ocean have been identified and
characterized — the rest remain a mystery. “One of
the central questions I'm interested in is to identify
these microbes and the molecules they create and
determine how they contribute to the global carbon

cycle that drives life on Earth.”

LIKE NATURE,

HUMANS ADAPT TOO

Youssef Idaghdour, assistant professor of biology,
points out that even human physiology cannot
avoid the consequences of being subjected to a
rapidly changing environment. “The UAE is one of
the best places to study interactions between genes
and the environment because of the rapid changes
in lifestyle that have happened here,” over the past
50 years, ldaghdour says.

The Emirati population evolved over the course

of thousands of years to accommodate itself to a

traditional, nomadic lifestyle where food and water
were scarce, and survival depended on travel by foot

or animal through harsh conditions.

“The UAE is one of the best
places to study interactions
between genes and the
environment because of the
rapid changes in lifestyle that

have happened here.”

The rapid development of the UAE in the late 20th
century led to a new, urban environment to which
the local populations were not properly adapted,
Idaghdour explained. “With this rapid change,
there was a significant increase in the incidence of
cancer, cardiovascular disease, diabetes, and other
complex diseases,” Idaghdour said. “The genetic
make-up of a population does not change in two
generations, but changes of the environment

act much faster on human physiology through
gene-environment interactions, gene expression

regulation, and epigenetic mechanisms.”

At the same time Idaghdour is studying the
gene-environment link in Abu Dhabi as part of

the UAE Healthy Future Study, he is also running
another project in Burkina Faso, a country in West
Africa, where he and his colleagues are trying to
explain the wide variation in symptoms between in-
dividuals who contract malaria — why some become

extremely sick, while others do not.

This project combines fieldwork in Burkina Faso
with sophisticated genomic analysis techniques
done in the lab in Abu Dhabi. “I try to embrace
complexity in my research and capture the effects
of as many factors as possible,” Idaghdour says. “It’'s
about bringing the environment back to genetics,
and we try to design experiments that capture envi-

ronmental and genetic effects at the same time.”
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A tiny sensor under the
skin can track your
blood sugar level
quickly and painlessly.

OVER A MILLION PEOPLE in the UAE suffer from
diabetes, and the number continues to rise at a
rapid rate compared to the rest of the region and

the world.

While doctors and scientists search for clues as to
why, technology experts are working on new, efficient
ways for diabetics to manage their disease. One such
solution: a millimeter-sized implantable sensor that
can continuously track a patient’s blood sugar level

and process the results quickly via an app.

Self-monitoring, or continuous glucose mon-
itoring (CGM), is essential for diabetic pa-
tients because it helps with diagnos-
tics, prevention, and treatment of
diabetes-related conditions such
as kidney disease and heart
problems. Unlike conventional,
wearable CGM sensors, which
need to be replaced regular-
ly, implantable sensors are
much smaller, wireless, and
can potentially operate for

multiple years.

About the size of a grain of sand,
“the sensors we’re developing are
among the smallest sensors in the world,”

said Sohmyung Ha, assistant professor of electrical
and computer engineering at NYU Abu Dhabi.

“We use semiconductor fabrication technology

to miniaturize all the required electronics into (a)

single sensor.”

The sensors will be equipped with everything

required to measure glucose levels from start to

“The sensors we’re
developing are
among the smallest

in the world.”

finish, including electrodes for electrochemical
sensing of glucose in the extracellular fluid, and

antennas for wireless power and communication.

The sensor, explains Ha, will be implanted under the
skin (subcutaneously) right below a smartwatch or
digital belt that will receive the signals transmitted by
the implant and relay the information via an app to the
patient or to healthcare providers who can then mon-
itor the patient’s glucose levels remotely. He hopes it
will be more efficient and comfortable than the current
practice of pricking a finger and testing blood using
portable glucose monitoring kits at home, possibly

replacing the need for these kinds of kits entirely.

The main component of the sensors will be silicon
integrated circuit chips, and the implants will be
coated with a biocompatible material to prevent the

body’s immune system from rejecting them.

It’s still early in the design stage. The research
team at NYU Abu Dhabi has been designing
an integrated circuit in the sensor for
about a year, and is hopeful fabrication

will start soon.

Ha’s glucose sensors incorpo-
rate some of the technology
he developed during his
previous work on neural
sensors, which his lab is also
working to perfect. These
neural sensors can be utilized
as a crucial component of a
brain-computer interface for
patients suffering from paralysis,
Ha explains, where they can “control

external devices just by thinking.”

“These implants on the surface of our brain, record
and send out brain signals to an external device
wirelessly ... We can utilize that information to
control external devices like a computer or robotic
arm. We fabricated several prototypes and validated
them electronically. Now, we are working on the next

version for in vivo brain research.”
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IS OUR ENVIRONMENT
CONTRIBUTING TO FATTY

LIVER DISEASE?

Zebrafish exposed to low doses of arsenic got
sick after a few days of exposure. What could

that mean for humans?

ARSENIC, A COMMON COMPOUND naturally present
in the Earth’s crust that can be lethal to humans in
high doses, causes fatty liver disease in zebrafish
exposed to lower levels over a longer period, NYU

Abu Dhabi researchers have discovered.

Fatty liver disease, the most common liver disease in
the world, is defined by fat accumulation in cells in the
liver. This makes the liver vulnerable to other forms of
injury, promoting progression to more advanced liver

diseases such as cancer or cirrhosis.

Researchers hypothesize the disease can be caused
or accelerated by a combination of factors, such as
genetics, dietary habits, and lifestyle choices. The
study brings to light, however, the role environmental

toxicants can play in this cocktail of factors.

Arsenic, along with other toxicants such as lead, nickel,
and zing, is present in the Earth’s bedrock and soil

in varying concentrations around the world. It gets
into groundwater systems but is usually filtered out

according to global safety standards.

“A lot of the toxicants that we’re exposed to are not
from any human activity at all — they’re just part

of the bedrock, which then makes its way into our
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drinking water,” said Kirsten Sadler Edepli, NYU Abu
Dhabi associate professor of biology and senior
investigator on the study published in the journal

Disease Models and Mechanismes.

Sadler’s research team found that arsenic alone is
capable of causing fatty liver disease in zebrafish and
“almost all the fish ended up getting sick after four or

five days of exposure.”

While obesity and diabetes are common risk factors
for people to develop liver disease, there’s a gap in
knowledge to explain why seemingly healthy individu-

als are contracting it, she says.

Most public health research in this area focuses on
nutrition and activity levels but Sadler emphasizes “this
isn’t enough” because “we should also be looking into

the environmental factors we are being exposed to.”

Additional studies from researchers at Emory
University and the University of lllinois at Chicago
have found that people exposed to arsenic and other
metals are at increased risk for fatty liver and met-
abolic disease, underscoring how “basic research in
animal models informs our understanding of human

diseases,” Sadler concluded.



“A lot of the toxicants that we’re exposed to are not from any

human activity at all— they’re just part of the bedrock.”
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MAGNETIC N
RESONANCE =
IMAGING o

NYU ABU DHABI IS HOME to the Gulf
region’s only non-invasive MRI scanner
dedicated solely to brain research. 9

Psychologists use MRI to study the

brain’s structural features and functional
activities so they can better understand I
how we perceive and remember things

and how we process language. Their work l
provides groundbreaking insights into the
cognitive human experience.
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KARTIK SREENIVASAN

\Ne ASSISTANT PROFESSOR OF PSYCHOLOGY
2N\

“Most of my research focuses on short-term
memory — things we remember to complete
immediate tasks like grocery shopping or
following directions. | use MRI and MEG as
complementary technigues. Another area

is understanding how consciousness is
implemented in the brain. We are using MRI
to look at the difference in brain activity when
someone is aware of having seen something

( and when they’re not aware.”

\N¢

DIOGO ALMEIDA

' 4 ASSOCIATE PROFESSOR OF PSYCHOLOGY
S\

“l study language, and language is something
that happens very fast. We speak at a rate

of about four words every second. There

are a lot of areas of the brain related to the
language network that we can try to isolate

— in the MRI. For me, it’s a way to get a better
— sense of the complex network that the brain

uses to make language happen.”

OLIVIA CHEUNG

ASSISTANT PROFESSOR OF PSYCHOLOGY

“My research focus is on how our brains make sense

of what we see. We are highly efficient in recognizing
thousands of different people and objects. Our expertise
in recognizing various familiar things like faces, words,
and artifacts leads to specialization in different brain
regions and networks. The use of MRI is crucial for me
to understand how the human brain perceives visual
information and transforms them into concepts.”
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These drones are learning to fly and figure out
directions all on their own. In a natural disaster,

they could help save your life.

WHEN HURRICANE KATRINA MADE LANDFALL in
the US in 2005, drones were deployed to survey the
destruction and relay critical, life-saving information

from places where communication lines were down.

Today, drones are commonly used in search-and-
rescue operations around the world to assist during
accidents or natural disasters like earthquakes and
avalanches. Drones act as the eyes and ears for
rescue operators. They can survey and photograph
hard-to-reach places, and cover large areas that

would take longer if done on foot.

NYU Abu Dhabi is spearheading research for a new
generation of search-and-rescue drones capable
of doing all that and more. The key difference —
drones of the future are autonomous. They can

fly without an operator, communicate with other

drones when part of a fleet, recognize where they

NYU ABU DHABI

are at any given time, and detect, map, and avoid

obstacles in their path.

Autonomous drones are equipped with a suite of
sensors and powerful computers that enable them
to fly around and collect data on their own, without
human intervention. They’re intelligent, adaptive,
perceptive, and as aware of their surroundings as

humans are, all thanks to built-in technology.

Anthony Tzes, professor and head of electrical

and computer engineering at NYU Abu Dhabi, has

spent his career developing new types of drone

technologies, plus robotics, and control engineer-

ing applications.

For autonomous drones to work, he says, they “need
to communicate with each other. They can commu-

nicate as long as they know where they are,” which




is easiest outdoors using GPS. Inside a collapsed
building or tunnel, however, things become tricky.

“How do drones know where they are?”

In search-and-rescue operations, autonomous
drones need to be uniquely programmed to figure
out where they are on their own, Tzes explains.
Simultaneous localization and mapping technology
helps a drone create a map of its surroundings as
it moves around an unknown environment, and

pinpoint its own location within the map.

To achieve this kind of precision, researchers attach

stereoscopic cameras to the drones — two or more
cameras that can create 3D images — so the drones
can precisely measure where obstacles are located.
The navigation technology they’re working with is
similar to what’s used on commercial airplanes: GPS,

accelerometers, magnetometers, and gyroscopes.

All of this is then combined with computer algo-

rithms to generate maps.

A fleet of autonomous drones is being tested inside
NYU Abu Dhabi’s motion capture lab Kinesis, a
shared research facility that is part of the Core
Technology Platform. Under simulated conditions,
the drones fly around indoors, navigating their way
through a mock obstacle course, while researchers

test their mapping accuracy.

In the near future, Tzes says, NYU Abu Dhabi’s
autonomous drones will also be equipped with
robotic arms that will allow them to come in contact
with objects nearby. “By ‘touching’ the environment,
these drones can be used for inspection purposes or

in medical-related operations.”
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They're after
everything from
bank accounts
to airplane GPS.

IN TODAY’S INTERCONNECTED WORLD, anything
and everything digital is at risk of being hacked,
from your social media profile to your bank account,
even critical communication systems on ships and
aircraft can be compromised. And as new technolo-
gies develop, cyber-attackers adapt, becoming more

sophisticated, persistent, and stealthy.

NYU Abu Dhabi cybersecurity researchers, along

with undergraduate and graduate students, are
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working on interdisciplinary cyber-defenses they say

will not only safeguard sensitive data and systems,

but also protect and mitigate risk to human life.

Among their biggest challenges, says Hoda
Alkhzaimi, director of the NYU Abu Dhabi Center for
Cyber Security, is staying ahead of rapidly changing
technology and identifying vulnerable areas before

attacks happen.

Alkhzaimi, a cryptology expert, designs algorithms
that are trustworthy in both hardware and software
and reliable in the real world, but she says the current
“cryptographic algorithms we’re developing are not
enough. We need to do more to build a holistic and

resilient security design and analysis, on all levels.”

That’s because cyber-threats can affect all types of
applications, said Alkhzaimi, “including avionics, auton-
omous systems, wearable medical devices like insulin

pumps, and chips used to analyze brain activity.”



“Cryptographic algorithms we’re

developing are not enough. We

need to do more.”

“It broke in the news in 2008 ... signals (in pace-
makers) were not encrypted, so attacks were being
facilitated.” It’s now a decade later and there’s finally
efficient cryptography developed for some types of

pacemakers, she says.

Attacks on pacemakers are just one heart-stopping
example of how vulnerable technology can threaten
human lives. Airplane communication and tracking

systems are another.

“We rely heavily on IT systems for communication
and navigation, and many of these systems are

vulnerable to attacks,” explained Christina Pépper,

assistant professor of computer science, who works
on communication security and wireless applications
in her lab at NYU Abu Dhabi.

Satellite navigation systems like GPS, generally, “are
inherently difficult to secure, and prone to insecu-
rities ... because they are an open communication
medium, and based on publicly available data, which
makes them easy to fake.” In GPS spoofing, attack-
ers transmit fake signals that can cause a receiver

to compute and display the wrong location or time,

resulting in wayward navigation.

“GPS signal arrival times cannot

be cryptographically protected.”

Airplanes have a system on board called Automatic
Dependent Surveillance Broadcast (ADS-B), which is
used to announce the aircraft’s position and altitude
without the need for radar. P&pper says the technol-
ogy is not secure and unprotected because of slow

regulatory updates.

To address the lack of GPS cryptographic protection
on airplanes, Pépper’s and Alkhzaimi’s collaborative
research at NYU Abu Dhabi aims to expose security
weaknesses in existing systems, and create a foun-

dation for more secure systems in the future.

In a recent paper, the researchers leveraged multiple
ADS-B receivers to pinpoint, first, that a spoofing
attack was happening, and second, to identify the
origin of the fake transmission. The idea, Popper
explained, “is to process ADS-B signals collected

on the ground in such a way that false data caused
by a GPS spoofer can be detected and leveraged to

localize the spoofer.”

NYU Abu Dhabi Associate Dean of Engineering
Ozgur Sinanoglu is also working on innovative ways
to thwart hackers. His research to securely test and
configure computer chips by third-party companies
received USD 300,000 in funding over three years

from American technology giant Intel Corporation.
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searchmg for somethmg they can-‘t see. If dar

exists, as they say, wh_

SCIENTISTS FROM NYU ABU DHABI and around the
world are working to gain an understanding of the
dark components of the universe — the enigmatic
dark energy and dark matter that theoretically per-

meate the universe, yet have never been detected.

More than 95 percent of our universe is made up

of two unknown substances called dark energy and
dark matter, explains Andrea Maccid, associate pro-
fessor of physics and head of the physics program.
“The first is responsible for the observed acceler-
ated expansion of the universe, while the second is
the glue that keeps galaxies together,” he said.

Maccid studies the impact different theoretical
models of dark energy and dark matter have on
observable properties of the universe and its main
building block, the galaxies. “Since we cannot
recreate a galaxy in a lab, | use complex computer
simulations of galaxy formation to study galaxy
evolution in a universe dominated by dark energy

and dark matter,” he said.

His research has been aided over the past decade

by the development of ever more powerful super-
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is it _s_o_hard ‘_.to._,fllnd?

computers: “What took months ten years ago can
now be done in a few days, if not hours,” Maccio
noted. What’s more, his field has benefited from
more and better data provided by advanced ter-
restrial and space telescopes, such as the Atacama
Large Millimeter Array, in Chile, and Gaia, a space
observatory launched by the European Space

Agency in 2013.

One thing that has evaded discovery, however, and
would dramatically change the field, is empirical
evidence of dark matter. “I would love to see dark
matter detected in a lab to directly confirm its exis-
tence,” Maccio said, “but that discovery depends on

how nature has decided to create dark matter.”

Francesco Arneodo, associate dean of science and
associate professor of physics, and Lotfi Benab-
derrahmane, lecturer of physics, are working on
an international collaboration called XENONIT,
that uses a highly specialized instrument to detect

evidence of dark matter for the first time.

“Proving that dark matter exists, and knowing what

it is made of, would mean that we could probe the



F‘TPEOVi'ng that dark ﬁiatter' exists,
‘and knowing what it’s made of ...
‘would be an incredible step forward

in our knowledge.”

majority of the matter of the universe, which would
be an incredible step forward in our knowledge,”

Arneodo explained.

In order to have any hope of detecting dark matter,
he goes on, one must create an instrument in which
there are nearly no other interactions between
particles. The instrument is buried deep under a
mountain, beneath thousands of meters of rock in

central Italy.

Everything is radioactive, Arneodo explained, and
every square meter of the Earth is bombarded with
hundreds of high-energy particles every second.
“So if | want to create a detector that gets rid of
all background radioactivity and only captures the
signal that is left, | first have to go underground,
under ice, or under the sea to shield my detector
from cosmic rays and other particles,” he said. The
next step is to shield the detector from the rock
itself, and build it out of materials that give off the

least possible amount of radiation.

The result is one cubic meter with the lowest

amount of background radiation ever achieved on

the planet, Benabderrahmane noted. The instru-
ment is filled with liguefied xenon, which emits

light when a subatomic particle interacts within it.

If dark matter interacts with a xenon nucleus, the
liquid will release photons and ionization electrons
with a particular signature. Both components of the
signal will be captured by specialized sensors called

photomultipliers.

Once researchers know the mass and probability of
the interaction of dark matter in relation to stan-
dard matter, researchers would be able to “study
the properties of dark matter, and perhaps produce

them in accelerators,” Benabderrahmane said.

If Arneodo, Benabderrahmane, and their colleagues
uncover dark matter below the mountain of Gran
Sasso, more observations would need to be made
to verify the discovery. But this finding “would
indicate which theoretical model would be the right
one,” and would allow other researchers in the field
to pursue research programs that adhere to those

particular models.
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‘|s there-another _plahet_ like Earth? Why is it important ’co
study the stars? Ask an astronomer at NYU Abu Dhabi and
you won’t need gravity to stay glued to your seat.

r

Space science experts from around the world have come
to NYU Abu Dhabi to pursue faséinating,'significant
research about the Sun, stars, and other mysterious space
phenoména. Their work is helping position the University
as a leader in scientific discovery, and contributes to the.
UAE’s growing vision for spabe explorétio-n.

NYU ABU DHABI SPACE
RESEARCH HIGHLIGHTS

The strongest magnetic fields in the universe are found in magnetars — a
rare, scientifically exotic class of neutron stars, about the size of Abu Dhabi
Island. Neutron stars can be extremely variable across the electromagnetic
spectrum, and magnetars are renowned for their so-called activation
events where X-ray (and possibly radio) flux suddenly increase significantly.
A study of the magnetar discovered near the center of the Milky Way
suggests its highly variable radio emission is somehow produced in the
star’s magnetosphere, instead of its surroundings as suggested.

—~—
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Gigantic planetary waves of vorticity similar
to those that influence weather on Earth also
exist on the Sun. Rossby waves are a natural
phenomenon in the atmospheres and oceans
of planets that form in response to the
rotation of the planet. Solar Rossby waves
move opposite to the Sun’s rotation and are
located only in the equatorial regions.

ol 7 -
e i Sun-like stars rotate up to two and a half times
e £ faster at the equator than at higher latitudes.
:'; Studying how the Sun and stars rotate can inform

us about the generation of their global magnetic
fields by dynamo action. Magnetic fields on the
Sun are known to cause enormous solar storms
that frequently disrupt space satellites and have
knocked out power grids on Earth.

The presence of giant neighboring planets

reduces a terrestrial planet’s chance of remaining

habitable. However, under certain conditions the

presence of a giant planet can actually increase f.
the size of the habitable zone, where there’s '
enough starlight to sustain liquid water — a

remarkable discovery since the gravitational pull

of giant planets on their terrestrial neighbors

mostly spells trouble for habitability. If we can

understand precisely when giant planets become

so-called bad neighbors, we can identify prime

targets in the search for a second Earth.
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