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HELP
WA N T E D
TO CLOSE THE SKILLS GAP

Nearly two decades after the acronym
STEM first entered the national lexicon,
the need for STEM skills remains central to
the national conversation about workforce
readiness. The reality is more complex.
By Joan Lebow, NYAS Contributor

u Sangheon Lee (right), Director of the Employment

Policy Department of the International Labour
Organization (ILO)
u Fabio Manca (below right), Head of the Skills

Analysis team at the OECD Centre for Skills
q Peter Robinson (below), President and CEO,

United States Council for International
Business (USCIB)

A

ccording to the Bureau of Labor Statistics, the fastest
growing occupations over the next decade will be in the
energy, health and education sectors, while the medical and technical sectors will contain the highest paying occupations. All these occupations will require a STEM education.
STEM learning is often cited by the public and private sectors as the way to prepare for a technology-driven future. A
recently published study by Randstad USA, an employment/
recruitment agency, found that 68 percent of U.S. workers surveyed would focus on studying science, technology, engineering and math (STEM) fields, if they could restart their educational journey at age 18.
Spending for STEM education has grown substantially at all
levels of schooling, largely due to the investment of billions of
public and private sector dollars. This trajectory continues even
with the persistent challenge of keeping young people, especially girls, engaged in STEM learning in their elementary years
through higher education.
On the surface, an emphasis on STEM would seem to be all that’s
needed to prepare the next generation workforce. But with projections for employment in STEM related occupations expected

COVER STORY
to grow to more than nine million jobs by 2022 and the steady
drumbeat of corporate leaders saying they cannot find qualified
workers for millions of open positions, the issues surrounding the
so-called “skills gap” are not quite that straightforward.
“To thrive in a digital world, workers will need not only digital
skills, but a broad mix of skills including strong cognitive and socioemotional skills. High level information communication technology skills will also be increasingly important in growing occupations linked to new technologies,” says Fabio Manca, Head of the
Skills Analysis team at the Organisation for Economic Co-operation and Development (OECD) Centre for Skills. The OECD is
an international forum and knowledge hub for data and analysis,
best-practice sharing, and advice on public policies and global
standard-setting. “[Workers] will also need complementary skills,
ranging from good literacy and numeracy to the socio-emotional
skills required to work collaboratively and flexibly,” says Manca.
Analysts agree that more training and more types of abilities are
needed now and in the future for workers to fill those jobs. Along
with STEM knowledge, it’s traits like “flexibility” and “adaptability” that analysts repeatedly mention as signposts to success.
“It’s not just the hard skills, but critical thinking and soft skills
that will be valued,” says Peter Robinson, president and CEO of
the United States Council for International Business (USCIB), a
policy advocacy and trade services organization dedicated to
promoting open markets and representing American business
interests internationally.
Technological advances mean work itself will keep evolving.
Robinson and others call for more public-private partnerships
among business, education and government to help the labor
force prepare for, and respond to change. Without this shared
burden they see a skills gap that will only widen. “You won’t be
able to front load your education. You will have to be adaptable to
change down the road in your career,” says Robinson.
Any one-dimensional academic or on-the-job background, could
pose challenges. As the OECD’s 2019 Report on Skills points out,
“Initial education systems have a key role to play in providing young
people with the skills required for a successful entry into the labor
market. However, deep and rapid changes in technology make it
difficult for initial education to equip young people with the knowledge and capabilities they will need throughout their work life.”
Says the OECD’s Manca, “Recent research by the OECD also
highlights that labor market shortages are widespread in highskilled occupations that make an intense use of communication
and verbal abilities, these latter influencing the acquisition and
application of information in problem solving contexts.”
An ability to collaborate, problem solve, think creatively and
be malleable enough for a future of life-long learning are essential, experts agree. A paradox is emerging. Such skills are often
best learned on the job, and not having them is an impediment
to hiring, the USCIB’s Robinson explains. He says companies will
need to partner with the education system much earlier. “They
can’t just show up on graduation day.”
New approaches to curriculum, modern versions of indus-

trial apprenticeships, and efforts to re-skill existing employees
and returning mid-career employees through “returnships” are
among the ways to accomplish these expanded training needs.
“Employers who want the right work force will also need to invest
in training workers,” says Robinson. “But it will not be just about
training in computers or robotics. Entire industries may change in
ways we don’t foresee.”
“We have an investment gap,” says Sangheon Lee, Director of
the Employment Policy Department of the International Labor
Organization (ILO). The ILO seeks to promote full and productive
employment by developing integrated employment, development and skills policies. Lee also views reinvigorated job training
initiatives as essential to creating a productive workforce.
“The most important thing is to reduce the gap between the
rhetoric and investment” Lee says. “In over 20 countries, people
are learning more and doing more in STEM. But what they are
learning is theoretical and needs to be more reality-based. You
need to come out of your education with some reasonable set of
skills, and the job would train you further.”
Lee and other labor policy analysts concur, a forward-thinking
combination of government, education and industry must support this focus on training and especially life-long learning. For
now, employers are poaching skilled workers from other companies. Says Lee: “They are hesitant to spend money on training
for transferable skills, the very skills that are often important to
success. Instead employers typically want to invest only in training related to a specific job, keeping their investments targeted to
their bottom line.“
This is especially true in the tech sector where innovative businesses are small and agile, but don’t have the money for significant training programs, Lee notes.
Neither students nor individuals seeing their jobs morph midcareer can afford to pay for additional training without help. Public
incentives will be necessary, from apprenticeships to late-career
pivots. According to Lee, new accounting structures, tax incentives for job training, and more up-front government investment
will be important tools bridging the skills gap as work changes.
Another critical issue to address that will ultimately narrow the
skills gap, Lee says, is gender bias. More attention is needed to improve workplace policies and attitudes towards qualified women
in the labor force. STEM skills may land a woman a job, he points
out, but attitudes and stereotypes are a persistent barrier to their
success especially in STEM professions. “There is still a lot of
implicit discrimination. It’s not just about the ability to do the job.”
Labor policy analysts say it’s an over-simplification to
divide jobs of the future into tech and non-tech roles; the
future of work will be far more nuanced than what works for
the STEM haves and have nots. To prepare for what’s ahead
and be able to address changes when the time comes, as
well as to find a workforce with the necessary skills, will take
a longer, collaborative view from many societal sectors. As
the USCIB’s Robinson says, “There needs to be a paradigm
shift, from employment to employability.” 
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Help Wanted: Minding the
Science and Technology Skills Gap
By Alan Dove, Ph.D., NYAS Contributor

Proud to celebrate
Champions of Science

®

• For better health
• For more cures
• For a world without disease
• For a brighter future
• For a longer, healthier, happier life
• For us, our children & grandchildren

In the 21st century, advances in science and technology drive
much of the global economy, employing millions of people
while causing fundamental shifts in the nature of work and the
distribution of wealth. These changes have led many corporate leaders, academics and policy experts to warn of a widening “skills gap,” in which a lack of workers with the necessary training holds companies back and exacerbates inequity.
Traditional labor markets follow the law of supply and demand, where filling a position requires little more than offering
adequate pay and benefits based on the number of workers
able to do the job. When the employer pays the market price
for a position, someone will take it. In some science and technology fields today, however, companies have trouble finding
qualified employees at any price.
Policymakers and educators have offered blanket solutions for the problem, ranging from efforts to boost science,
technology, engineering and math (STEM) classes in public
schools, to retraining skilled adults looking to change fields.
However, discussions with subject experts reveal that the
reality of the skills gap is complex, and suffused with thorny
geographic, economic and political challenges.
SERFS UP
The U.S. unemployment rate, often cited as a major indicator of
economic health, has been falling since 2010 and now hovers
below four percent. Beneath that rosy figure hides a troubling reality, with huge swaths of the population in precarious, low-paying jobs. “The people at the bottom of the skills spectrum have
experienced wage stagnation and lower mobility, while the
people in high skill jobs have seen more job opportunities and ...
great upward mobility,” says Marcela Escobari, Senior Fellow in
Global Economy at the Brookings Institute in Washington, D.C.
The skills gap lies at the core of this bifurcation; educated,
skilled workers, especially in science and technology fields,
enjoy expanding opportunities and growing wages, while

less-skilled individuals see their options narrowing and wages shrinking. Advances in automation promise to make the
problem worse, as computers and robots replace mostly
low-skilled workers. Geography also influences this trend,
with most of the high-skill, high-paying jobs concentrated in
a handful of major cities.
Drawing on large databases of employment and social
trends, Escobari and her colleagues have identified the factors that could drive a more broad-based form of economic
growth. Brookings is now producing a series of reports based
on their findings, to help regions address not only the skills gap
but the broader social and economic forces that exacerbate
it. “For your low-wage workers to be able to take advantage
of opportunities, [they need] affordable housing, accessible
transport, [and] childcare,” says Escobari. Most important,
“cities need thriving industries that create opportunities for
upward mobility” adds Escobari.
Even with the basic services in place, training and re-training workers for fast-evolving businesses will require a major
change in tactics. One recent survey found that the vast majority of CEOs say the skills gap is a big problem for them, but
few have invested in training programs to address it.
Companies that do implement training programs often see
their workers poached by competitors who didn't have to
make that investment. Escobari contrasts that with the situation in many European countries, where strong unions and labor regulations encourage companies to collaborate on training and building the pipeline of talent, “then even when people
move from company to company, they all benefit from having
more highly skilled and technically able people.”
With 44 percent of the American workforce now in lowwage jobs, the problem may be coming to a head. “People are
thinking about this because we are seeing the repercussions not
only in increased inequality, and financial precariousness of low
wage workers, but also in the political sphere,” says Escobari.

Science needs champions!
tB
 rookings Center for Universal Education Senior

Visit www.jnj.com/champions-of-science to learn more.
#ChampionsOfScience

Fellow Marcela Escobari presents her May
2019 report “Growing Cities that Work for All:
A Capability-based Approach to Regional Economic
Development” at the 2019 Building the Workforce of
the Future: Resilient People and Places symposium
Photo: Brookings

The New York Academy of Sciences Magazine • Fall 2019

7

COVER STORY
THE EXPRESS TRAIN
That anger is likely to get worse when the current economic
boom reaches its inevitable end. “It's sort of the calm before
the storm, because you have high employment, [but] as in
any economic cycle, when that starts to go down you're going
to see a major transformation,” says Art Langer, director of
the Columbia University Center for Technology Management
in New York, N.Y. Langer, who also founded the job training
nonprofit Workforce Opportunity Services (WOS), has been
working on multiple fronts to close the skills gap.
Traditionally, students interested in science and technology
have been encouraged to get college degrees rather than vocational certifications, but that's now leaving some industries
shorthanded. “You have advanced manufacturing that is using
all different types of scientific and computerized equipment,
and there are huge skills gaps there,” says Langer. Meanwhile,
the best-trained white collar workers gravitate to trendy hightech companies such as Google and Facebook, leaving insurers,
banks and other traditional businesses short of skilled labor as
they try to adopt more sophisticated technologies.
The irony of these skills gaps is that Americans are attending college in record numbers, and racking up massive debts
to do so. Many graduate with degrees that haven't prepared
them for the jobs that are available.
While many educators and policymakers focus on public
schools and state universities to address the skills gaps, Langer
doesn't have much hope for that approach. “Public institutions
of higher education [are] controlled by political forces,” says
Langer, adding that changes in legislatures and governorships
often jerk policies and funding in different directions every few
years. “This concept that somehow these institutions ... are going to change themselves is a dream,” he says.
Instead, Langer advocates transforming the relationship
between employers and job training programs. WOS, for example, works directly with companies to identify the skills
they need, then finds and trains people for those positions.
By focusing on underserved job seekers, including minorities,
women and veterans, WOS is able to recruit eager, talented
individuals who would otherwise be left out of highly skilled
jobs. As that and other collaborative job training programs
take off, Langer hopes more traditional educational institutions will adopt similar approaches.

u Dr. Art Langer
Photo: ©2019 Columbia University
Center for Technology Management
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THE GOSPEL ACCORDING TO THE PETER PRINCIPLE
Some major universities are already working to boost their vocational training programs, especially online. “Our focus is primarily
on providing online certificate programs that are really focused
on the working professionals [and] online professional development,” says Mark Dembo, director of corporate programs at
Cornell University's eCornell in Ithaca, N.Y. Dembo explains that
eCornell works closely with major employers to determine industries' current needs, and tailors programs to meet those needs.
That perspective reveals two major types of skills gaps. First,
companies need increasing numbers of technically trained people to take on entry-level positions, especially jobs requiring data
analysis and computer programming capabilities. The second
gap, which has received less publicity, comes after those employees have advanced in their fields for a few years. “What
we hear quite often is 'we've got people that have very strong
technical backgrounds, [but] now I need them to lead teams,’”
says Dembo, adding that many companies have “people that are
strong technically, and then they get to a point of failure because
they don't have those softer skills” required to manage people.
In particular, Dembo distinguishes between leadership and
management skills. The former refers to the ability to influence
people and unify teams around common goals, while the latter entails an understanding of budgeting, administration and
group organization. To meet the growing need, eCornell and
other online universities now offer programs to teach both.
Conversely, Dembo says he also hears from established managers who need more technical training to be able to understand what their subordinates are doing.
The rising need for continuing education underscores another
major trend in the labor market; companies want to hire lifelong
learners. “In today's world you're going to have to continue to
adapt because the needs are going to change, of what's needed
in the labor market,” says Dembo. Faculty will also need to adapt,
keeping ahead of trends in employers' needs so they can continue teaching relevant knowledge and skills to their students.
With student loan debt in the U.S. now ballooning past $1.5
trillion, employers' demand for lifelong learners is taking a heavy
toll on their future and present employees. Though he declines to
comment on the student loan issue, Dembo urges people to take
careful stock of their skills and finances, and consider the return
they expect to get from their educational investments.

q Mark Dembo, Cornell University eCornell

GAPS IN THE CLOUDS
The ways technology firms respond to the skills gap reflect
their unique needs, as well as a less appreciated aspect of the
problem: geography. Companies outside major cities have been
hit especially hard. “We ... consistently have to go outside of our
area and outside of our state to source sufficient talent, credentials, experiences and diversity,” says Bill Avey, global head of
personal systems services at Hewlett-Packard in Boise, Idaho.
As a major employer in Boise and a leading manufacturer
of personal computers, HP faces an ongoing struggle to find
and develop the skilled workers they need. The problem extends across the educational spectrum. Almost half of Idaho
children need remedial education as early as kindergarten to
meet minimum standards, and many fail to thrive academically in later years. In response, Avey and leaders in other local
companies have banded together to lobby Idaho's deeply conservative politicians for solutions.
“Business leaders are the one group of folks that can credibly show up in the legislature and say ... something as crazy as
'we suggest you raise our taxes to spend more on education’”
says Avey, adding that “it's very different than a teacher's
union showing up.”
Boosting education budgets is only a partial solution, though.
Even for companies in major metropolitan areas with access to
top university graduates, science and technology businesses
are changing and growing so fast that demand for skills vastly
outstrips supply. “The country produces about 60,000 computer scientists every year, whereas we're seeing more than
700,000 technology jobs open,” says Obed Louissaint, vice
president of talent at IBM in Armonk, N.Y.
The drastic expansion of artificial intelligence technology
is one of the biggest drivers of the skills gap. Previously the
domain of a handful of high-tech companies, AI is now considered indispensable in numerous industries. “We have financial services firms, retailers and insurance companies who are
all looking for people with AI skills or data science capability,
(which) puts a strain on the available talent,” says Louissaint.
IBM is attacking the problem aggressively, with multiple initiatives to retrain many of the same groups targeted by Langer's
team: blue collar workers, veterans and women, who the company then places in rapidly expanding fields. Like others confronting the skills gap, Louissaint also emphasizes the need for workers to change their perspectives on education and training: “They
should be thinking of learning … as a continuous journey.” 
q Obed Louissaint, IBM

q Bill Avey,
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What Do Teachers
Think about the
Skills Gap?
By Robert Birchard, NYAS Staff
If learning is a continuous journey, then teachers are
often its overlooked guides. They loom large in the
conversation about the ills of the education system so
what do they think of the skills gap?
“There’s not so much a skills gap as a skills disconnect,” claims Matthew Martinez, a middle school
technology teacher in New York. “This disconnect is
between what schools are teaching and what employers value.” Federal and state educational standards
attempt to keep up with advancements in technology,
but they're often out of date by the time they're implemented in the classroom. While Mr. Martinez believes
there isn’t any perfect solution, students should have
more choice and flexibility in their education. He thinks
students should further their own learning outside the
classroom in afterschool or vocational programs to
supplement their formal education.
According to Patty Mannion, a high school science
teacher in New York, the pressure to get into college is
also a factor. The emphasis on students to develop the
perfect college resume sometimes leads to misguided
thinking about avoiding anything that could negatively impact their GPA — like difficult STEM courses. “In
science getting an 85 doesn’t mean you’re bad at it.
Not all science tests are designed to score 100 right
out of the gate,” says Mannion. “Difficult courses better prepare students for the rigors of college coursework so, it’s more important for students to challenge
themselves and get out of their comfort zone once in
a while, instead of settling for a better grade in a less
demanding learning environment.” While she does see
a gradual shift towards encouraging STEM programs,
this view is still too common.
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There are Women in Science, the
Challenge is Keeping Them There
By Sonya Dougal, Ph.D., NYAS Staff

Gender equality in science has become a crisis of retention. In the U.S., women now earn approximately
half of the doctoral degrees awarded across life sciences, yet only 30 percent of tenured professors
are women, and even fewer are in academic leadership positions.
Efforts to close the gender gap in STEM by encouraging girls
to study science in school have resulted in more young women considering a career in science, yet systemic biases in
academia create an uncertain future for their careers. Many
women who earn Ph.D.'s in life sciences choose to pursue
non-academic careers during the critical period between receiving their doctoral degree and becoming an independent
investigator. This gender specific phenomenon, described as
a “leaky pipeline,” is a significant source of brain drain for academic and biomedical research.
A BIASED CULTURE
Overt bias against women in the sciences is less common today than in decades past, but implicit bias remains a major
challenge for male and female scientists alike.
According to Virginia Valian, distinguished professor at Hunter College and CUNY Graduate Center and director of the Hunter College Gender Equity Project, bias, whether conscious or not,
shapes attitudes and behavior. “The traits that are perceived to
be better for science are those we often ascribe to men, such as
independence and a focus on the task at hand, while women are
nurturant, communal and express their feelings,” Valian said.
“These gender schemas can impact reality, such that women’s
achievements are systematically slightly under-acknowledged
and men’s are slightly over-acknowledged.”

q The New York Academy of Sciences

is committed to a diverse balance
of program speakers.

10

www.nyas.org

A slew of research studies examining the impact of implicit bias on hiring decisions and career advancement, conference presentations, manuscript authorship and grant funding, confirm Valian’s assertion. For example, in a 2012 study
from Yale University, 100 male and female faculty members
at top research institutions reviewed an identical resume for
a hypothetical lab position with one change — the applicant
was either a man or a woman. The resume bearing a man’s
name was favored over the same resume with a woman’s
name. Male candidates were perceived as more competent
and offered higher salaries, while female candidates were
rated as more likeable.
Navigating the transition from graduate school or postdoctoral researcher to independent investigator hinges largely on
funding, and this too is an area rife with inequalities. While
women receive grants from the National Institutes of Health
(NIH) at about the same rate as their male peers, first-time
female PIs are funded at comparatively lower levels. A further consequence of implicit bias is that female professors
do more of the service work within departments — taking
on additional teaching responsibilities and serving on committees. While this work is essential, it does not support the
attainment of federal and foundation grant funding needed
to advance to academic leadership positions, nor is it valued
during tenure review.

q Anne L. Taylor, M.D.,

Columbia University
Vagelos College of
Physicians and Surgeons

IF YOU CAN’T SEE IT, YOU CAN’T BE IT
NOT JUST WOMEN’S WORK
The difficulties of juggling career and family demands have A culture of mentoring is vital in business — including guidance
especially stark repercussions in the scientific workforce. A on salary negotiation, self-promotion and other skills necessurprising 43 percent of women scientists — and nearly 25 sary to advance in competitive fields — yet this type of support
percent of men — transition to part-time employment or leave is a relative newcomer to academia. For early and mid-catheir careers altogether after having their first child, according reer women scientists, direction from senior colleagues can
to Cech & Blair-Loy’s 2019 study of the impact of parenthood mean the difference between choosing an alternative career
on STEM careers. In response, some institutions have imple- path and advancing to leadership positions. Critically, Taylor
mented policies to address retention of both women and men. highlighted that “the nature of mentorship can vary. Women
“Having children should not be a permanent impediment to are more likely to have mentorship that involves psychosocial
advancement,” said Ann Taylor, M.D., vice dean of academic support and are not provided with tactical career development
affairs at the Columbia University Vagelos College of Physi- strategies.” Columbia recently augmented their leadership and
cians and Surgeons. “Yet when women lessen their workload management programs to address the needs of women and
to accommodate their family responsibilities, we don’t do a diverse faculty by making both types of mentoring available
for all faculty members, along with initiatives to ensure salary
good job putting them back on the path to leadership.”
Taylor believes that gender-neutral policies at Columbia, parity and timely promotions.
Men have so outnumbered women in scientific conference
such as 13 weeks of paid leave for primary caregivers and
an extra year on the tenure clock for each child, “really help programs that a new word — manels — to describe all-male
support careers,” but acknowledges that some difficulties are panels has entered the scientific lexicon. Feminist and activist
harder to address. Grant funds often come with strict time- Marie Wilson popularized the notion “if you can’t see it, you
lines, posing challenges for women and men who temporarily can’t be it” to encourage women’s leadership as role models. To
trim their work responsibilities during the early years of fam- raise the visibility of women scientists, the New York Academy
of Sciences requires gender parity among
ily life. “You don't have the luxury of
conference speakers. Forty-five percent
saying, ‘I'm going to take this three-year
of the speakers in the Academy’s 2018grant and make it a six-year grant,’”
...without men at the
2019 programming cycle were women,
Taylor said. “These are problems we
table,
institutional
change
with an organizational goal of reaching
have to solve, and we are actively thinkwill not happen.
50 percent in the coming year.
ing about how to do that.”
Recently, NIH director Francis Collins
Creating the systemic, institutional
released a statement indicating that he
change that Taylor and others envision
would decline to participate in scientific
requires support from male STEM proconferences where “inclusiveness was not
fessionals as well. Neuroscientist Paul
Greengard — who was Vincent Astor Professor at The Rockefeller evident in the agenda,” writing that these parameters should
University until his death last year — was an early advocate include women and underrepresented groups. Conference organfor gender equality in academia. “There’s absolutely no evi- izers striving to meet that mandate may turn to Request a
dence one way or another as to whether there’s a difference Woman Scientist, a database created by the 500 Women Scibetween the sexes in terms of creativity, the most import- entists initiative — an organization galvanizing public support for
ant parameter of scientific discovery,” Greengard said in an STEM diversity and equality. In less than one year, more than 9,000
interview with The Rockefeller University in 2016. When he women scientists from 133 countries have added their profiles.
won the Nobel Prize in 2000, Greengard donated his share of
the honorarium to establish the preeminent annual prize for THE CHALLENGE AHEAD
women in science — The Pearl Meister Greengard Prize. A 2018 paper by Lerchenmueller & Sorenson of the Yale School
Named for Dr. Greengard’s mother, the prize sparked a robust of Management noted that, “Rather than women dripping out
program of advocacy and fundraising to support women scien- of the STEM career pipe every centimeter along the way, they
tists at Rockefeller. Aaron Mertz, director of the Aspen Institute appear to pour out at one of the critical junctures.” This metScience & Society Program and a former postdoctoral fellow aphor suggests that the first step to gender equality is raising
at Rockefeller, served as the vice president of the professional awareness of the pressure points in women scientists’ careers
development group WISeR (Women in Science at Rockefeller). such as the transition between trainee and independent inves“Men must be active contributors to discussions about gen- tigator. The path forward will require collective action between
der equality, and have a significant role in creating a scientific universities, government agencies and funders to remove sysenvironment in which women can flourish,” he said. “I firmly temic barriers and biases. Momentum is building for those
believe that women’s issues are men’s issues.” Without men at the willing to make the effort. As Taylor emphasized, “Equity and
justice is work every single day.” 
table, institutional change will not happen.
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Not Getting Your Grant Could Be
the Best Thing for Your Career
By Ann Delfaro, NYAS Contributor
As a doctoral student, microbiologist Natasha Frank was
known for challenging assumptions. Her scientific skepticism
and technical skills steered more than one experiment to
safety when it threatened to tank, and classmates routinely
approached her for advice.
Few were surprised, then, when Frank accepted a postdoctoral position at the Pacific Northwest National Laboratory
and started down the path of a traditional academic career.
Later, as a research scientist at Washington State University,
she divided her days between teaching, bench work and grant
applications.
It’s not that Frank particularly wanted to become a professor — that’s simply the path graduate students are steered
down, she says. “I’d heard of a few alternate careers in science
but they seemed out of reach. I always thought, how do you
get into those things?” She eventually accepted a microbiologist position at Clorox, reasoning that industry was basically
science with added job stability.
But that wasn’t quite true, as she discovered when her department was dissolved. While scanning LinkedIn for new
opportunities, she noticed that she met all the qualifications
for a position unlike any other on her CV. She landed the job.
Now she works as a patent agent for a large molecular diagnostics company, using her science training to gauge whether
new products or services might infringe on existing patents.
Suddenly, she says, “I went from thinking alternative careers
were out of reach to having one.”
If Frank’s story seems familiar, that’s because it is. More
and more students are graduating from Ph.D. programs — a
41 percent increase between 2003 and 2013 — but ultimately,
only 26 percent move into tenured or tenure-track positions
in the United States. Others migrate to jobs in business,
government or industry.
And still others leave science entirely. Sort of.

u Chacko Sonny
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DEFINE ‘ANOMALY’
Joseph Brown, a senior data scientist, holds a Ph.D. in biomedical sciences and was working for Thermo Fisher Scientific — writing software to analyze peptide behavior in different conditions — when a friend mentioned the strong culture
and benefits at nearby Netflix.
On a whim, Brown went online and scanned the company’s
job listings. He noticed one for a data scientist to do anomaly
detection; that is, to pinpoint a small number of problematic
servers among the company’s hundreds of thousands of servers. “And I thought, you know — it’s kind of similar to my past
work, identifying individual peptides or genes that are behaving
unusually in a huge swath of the proteome or transcriptome.”
Video streaming might seem a far reach from molecular
biology, but for Brown the shift was a natural progression
of his lifelong interests in statistics and computer programming. “The math is what really tied everything together,” he
says. Now he works alongside other scientists, most holding
doctorates in physics, economics, mathematics or computer
science. While few have a life sciences background, it isn’t unheard of, he says.
REBRANDING THE PH.D.
As it turns out, math isn’t the most critical common denominator. According to David Cox, director of the MIT-IBM
Watson Artificial Intelligence (AI) Lab at the Cambridge
Research Center, “A lot of it is training you how to think,
how to solve problems, how to be resilient.”
During his years as a Harvard professor of engineering,
computer science, and molecular and cell biology, Cox saw
many Ph.D. graduates apply their critical thinking skills to
successful careers in consulting. In particular, he says, the
routine practice of “analyzing data” is now called “data science” — and it’s in high demand. “Scientists have been do-

u David Cox

MIT-IBM Watson
Artifical Intelligence Lab

ing that for a long time and didn’t think anything of it, but COUNTER CULTURE
industry has woken up to the idea that this is an interesting How does one land quite so far from the lab, though?
thing to do with business data,” Cox says. “If you know how
Chacko Sonny, executive producer and vice president
to wrangle data, run statistically valid and rigorous tests to at Blizzard Entertainment, the company behind the game
understand it, that’s a marketable and valuable skill.”
Overwatch, knew he wanted to be an engineer years before
It’s obvious how computer science graduates might leverage enrolling in Stanford’s undergraduate and master’s electrithat skill, but scientists in fields such as neurology can bank cal engineering programs. But what he didn’t count on was
on that, too. The combination of data analysis and specialized eventually applying that training to the video game industry.
knowledge — for example, how the brain and intelligence work
Strategic by nature, Sonny was working as a consultant for
— is especially transferable. “Those skills are often transferable the international strategy firm McKinsey & Company when
to thinking about AI and structuring experiments to understand he realized he craved a change of pace. Specifically, he wantwhat is happening in an artificial system,” Cox says.
ed to use his training in electrical engineering and economics
Sometimes Ph.D.’s need help rebranding themselves to to build and market things, and he wanted those things to
emphasize these marketable skills. That’s where physicist be fun and creative. He saw two options: the visual effects
Alejandro de la Puente comes in. “Nowadays, there are few- industry or the video game industry.
er options in academia and more options elsewhere,” says
Sonny began applying to every game company he could
de la Puente, who completed a postdoc in physics and now think of, finally landing an interview with Los Angeles-based
offers career and professional development for STEM grad- Activision. He noticed a “massive” culture divide between
uates at the New York Academy of Sciences.
the engineering and video game industries. Whereas both
The pressures that discourage recent STEM graduates from his McKinsey and video game colleagues were exceptionally
entering academia are cyclical, de la Puente notes. Few tenure smart, his game industry colleagues were talented across more
positions exist because scientists who
different dimensions that is typically
land those positions tend to stay a long
found in consulting companies. Teams of
“I went from
time and retire late in life. At the same
200 people, consisting of a third each of
time, university enrollment is up. To deal
artists, designers and engineers, colthinking alternative
with the demand, institutions are hiring
laborated on projects that demanded a
careers were out of
more adjuncts or non-tenure track proheterogeneous blend of talent.
reach to having one.”
fessors than in years past.
For one thing, debugging problems
“When you join as an adjunct, most
becomes a massive ordeal for video
of your responsibility is teaching,” de la
games built on millions of lines of code.
Puente explains. “So it’s a circular thing:
“If a character behaves oddly on screen
You want to stay in academia, but most
or doesn’t display an expected behavpositions are not tenure track. And if you’re not tenure track, ior, you need a structured problem-solving approach to figyou’re doing more teaching and less research. That limits your ure out why,” he says. Games can take hundreds of hours to
chances of getting grants and gives you no chance at tenure.” play to completion, so Sonny used his engineering mindset
Through the Academy’s Science Alliance Initiative, de to hone in on small yet critical errors in the code.
la Puente teaches scientists how to transfer their skills to
The consistent challenge and excitement of the game innonacademic jobs, how to broaden their reach — and most dustry propelled him forward, and before long he’d made a
importantly, how to communicate the technicalities of career of it.
their work to a broader audience, including job recruiters.
The program fills an unmet need for graduate students like FORWARD MOMENTUM
Frank, who may hear about alternate careers but have no Like Sonny, Frank has gained valuable, diverse skills since
idea how to pursue one.
leaving the traditional academic route. “I get exposed to
business development and even finance, regulatory, marketing, communications,” she says. She’s learned how to
calculate prospective revenue and determine if the company can afford a certain license.
These challenges keep her engaged, but she hasn’t ruled
out a future career shift. “This experience has created opportunities to do different things, should I decide later on
that I might take a different turn.” 
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I am a Scientist –
Should I be an Entrepreneur?
By Chenelle Bonavito Martinez, NYAS Staff
The days of lifetime employment with one employer are long
gone. Most people will have at minimum half a dozen jobs over
a working lifetime and possibly two or three career paths. And
just as many will try their hand at starting their own business.
Unfortunately, small business statistics show that by the end
of four years more than half of them will be gone.
But being a scientist may have a distinct advantage when
deciding to be an entrepreneur. Forbes contributor and STEM
consultant Anna Powers writes in a 2018 article titled One Scientific Principal Will Make You A Better Entrepreneur, that “...the
process of entrepreneurship mirrors the process of innovation
in science. A lot can be learned [about innovation and entrepreneurship] from science, which has formulated certain guidelines about the process of innovation. Perhaps that is why almost 30 percent of Fortune 50 CEOs are scientists.”
The key to easing the transition from employee to “boss”
is recognizing how the skills you possess for one job, translate into another. This not only applies to a direct transfer of
specific technical knowledge or soft skills like communication
and collaboration, but also how certain skills specific to your
current career, are the same as those you need to possess to
become a successful entrepreneur.
So what does it take for a scientist to become an entrepreneur? Opinions vary, but mostly it starts with a question and a
desire to make an impact. However, deciding to make the leap
from research to start-up doesn’t mean you are leaving your
passion for science behind.
Sean Mehra, Chief Strategy Officer and co-founder of
HealthTap, a digital health company that enables convenient
access to doctors, says, “People think of the decision to be an
entrepreneur as a choice to leave your skills and knowledge as
a scientist behind, when that’s not really the case.” Scientists
u Sunthetics co-founders from left to right:

Professor Miguel Modestino,
Myriam Sbeiti,
Daniela Blanco.
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are innovators and they can easily identify as entrepreneurs.
Mehra cites several examples of skills developed in the lab
that can be applied to starting a business. “Writing grants to
acquire funds for research is not much different than fundraising, corporate development and sales,” he says. “Conducting
experiments is product R&D and market fit. If you have recruited postdocs to work in your lab and guided their work,
then you have hired talent and managed a team. Publishing
and presenting your research at conferences is pretty much
like marketing your vision. And networking and connecting
with colleagues in your field is no different than prospecting
for business connections and talking to your customers.”
Myriam Sbeiti and Daniela Blanco, Co-founders of Sunthetics, met in school and as graduation approached saw an opportunity to launch a viable business. In 2018 they developed
a more efficient and more sustainable electrochemical manufacturing path for a chemical intermediate of Nylon 6,6. The
process uses electricity rather than heat to power the reaction
in a way that uses 30 percent less raw materials and energy,
reducing a variety of harmful emissions in the process.
In the future, Sbeiti and Blanco are planning to apply this
electrochemical process to a variety of reactions, making the
chemical industry green, one reaction at a time. Sbeiti reflects
that a lot of the research and interviews conducted to figure
out if their ideas were viable were very similar to the scientific
method and scientific experiments, i.e. they created a hypothesis and then needed to validate it. The major difference was
that they did not need to confirm their hypothesis through
years of research, instead they needed to talk to potential customers to find the right fit.
As scientists and researchers themselves, both emphasized
that failure was the hardest skill to master. “The chemical
u Sean Mehra, Chief Strategy Officer

and co-founder, HealthTap
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 ed Cho, StartupHoyas MED

industry wasn’t really interested in our original idea and the
fashion industry didn’t really see value.” After a round of customer interviews, they realized they were designing a product
they thought the customer needed instead of the product the
customer said they wanted. In addition, efficacy and cost were
a customer priority so Sbeiti and Blanco pivoted their idea to
develop a product that fit the market. The Sunthetics team is
shaping up to make the impact that was envisioned after graduate school. In fact, Blanco continues to pursue her technology
as part of her Ph.D. research and “thinks of it like R&D.”
Entrepreneurship is definitely a “higher risk and higher reward” scenario says Mehra. Most traditional researchers typically have a lower risk tolerance than the average innovator
or entrepreneur. It can be very uncomfortable for a trained researcher turned entrepreneur to accept failure and pivot away
from their original idea. But Mehra says that “even if the original idea isn’t quite right, there is still a lot of good knowledge
acquired through the process.”
Unlocking the “why” and a desire to create impact at scale
are drivers behind making the shift into entrepreneurship.
While contemplating his own career path, Mehra reflects
that “thinking about my passion for technology, I realized that
technology has a way to scale and have a one-to-many impact on the world. I started to think about ways I could use
my technology skills to help people on a global scale instead
of, for example, treating patients one-at-a-time as a doctor.”
Sbeiti and Blanco also began their journey by observing their
surroundings and asking why. These common traits make up
what Clayton Christensen, the current Kim B. Clark Professor
of Business Administration at the Harvard Business School
of Harvard University, and his co-authors, call The Innovators
DNA. After six years of studying innovative entrepreneurs, executives and individuals, they agree this common skill set is
present in every innovative entrepreneur. Clayton et al. argue
that if innovation can be developed through practice, then the
first step on the journey to being more innovative is to sharpen
the skills. Studies of identical twins separated at birth indicate
that one's ability to think creatively comes one-third from genetics “that means that roughly two-thirds of our innovation
skills come through learning — from first understanding the
skill, then practicing it, and ultimately gaining confidence in
our capacity to create,” says Clayton. The most important skill
to practice is questioning. Asking “why” or “what if” can help
strengthen the other skills and allow you to see a problem or
opportunity from a different perspective.
Ted Cho, President of StartupHoyas MED an organization
dedicated to healthcare startups and innovators at Georgetown University, sees that skill in many of the innovators and
entrepreneurs who are part of the StartupHoyas community.
Like Drs. Jean-Marc Voyadzis and Hakim Morsli who created
Amie, a “virtual surgical assistant” to help patients prepare
for surgery and recovery, entrepreneurs often create their
companies by observing and questioning their surroundings,

identifying a problem, and developing a solution.
Cho says that "one of the most common pitfalls for entrepreneurs is building solutions without problems. Often times
the most successful startups are those that are rooted in problems that the founders experienced firsthand. However, that
doesn't mean that you necessarily have to be an insider. Some
of the most innovative ideas with the greatest potential to create impact have come from outsiders with fresh perspectives
who aren't locked into the conventions that seem to restrict
many of the traditional players in the healthcare space." While
all of the innovators and entrepreneurs in the StartupHoyas
community are focused on improving healthcare, not all are
medical students. In fact, many are students and faculty from
other areas of life sciences.
Starting one’s own company is much like scientific research
— it’s the search for something that’s never been done before,
because there is no product that is exactly like yours. But it’s
important for researchers considering a business launch to
stay flexible. As Cho says “pick something you love, but be
careful not to fall in love with your own science.” 

Innovative entrepreneurs have something called “creative intelligence,” which enables discovery, yet differs
from other types of intelligence. This means innovators
are more than “right-brained individuals.” They engage
both sides of the brain and leverage what the authors
call the “five discovery skills” to create new ideas.
• Associating: Connecting seemingly unrelated
question, ideas or problems from different areas.
• Questioning: Challenging the status quo by
asking “why,” “why not” and “what if.”
• Observing: Scrutinizing common phenomena,
particularly behavior.
• Experimenting: Trying new ideas.
• Networking: Meeting people with different
viewpoints, ideas and perspectives to expand
your knowledge.
Source: Excerpted from “The Innovators DNA.”
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Non-STEM Skills Give an Edge
to STEM Professionals
By Pinelopi Kyriazi, NYAS Contributor

Discipline-specific skill sets are only part of what employers look for in potential employees.
Communication, teamwork, networking and time management are also in high demand.
According to a new report from Cengage, an educational
technology and services company, employers want college
graduates who have “soft skills,” such as being a good listener
or thinking critically, but they have difficulty finding such candidates. Such so-called “soft” skills are highly sought after by
employers, yet they tend to be given short shrift in academic
settings. As a result, while science, technology, engineering
and mathematics (STEM) professionals receive extensive
training on technical skills, their non-STEM skills tend to be
underdeveloped. Nevertheless, a growing body of evidence
shows that soft skills are an indicator for future employment
and earnings compared to technical and manual skills. Hence,
a gap has been created between which skills employers are
looking for, and which skills STEM job candidates provide.
From running a productive lab to leading a research team, a
successful career for scientists hinges on their ability to communicate and collaborate, often with teams that may be in
other departments, other institutions or even other countries.
Take grant writing. Competition for a shrinking pool of funding
is fierce, so academic scientists need to tell a cohesive and
evidence-based story from complicated data to grab the attention of reviewers and secure funding. Translating complex
content in a simple and easy to understand manner is not a
skill frequently practiced until scientists earn their first academic job. By this point, stress is high as job security often
rests on their ability to earn grants to continue their research.
Similarly, managing a team of graduate students or post-doctoral trainees is a daunting task for a new professor. On top of
all that, many have a heavy teaching load, making their time
and project management skills essential to their productivity.
u Joseph Borrello,

Sinai Bio-Design,
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Automation and Artificial
Intelligence Will Accelerate
the Shift in Skills that the
Workforce Needs
Projections of the future workforce into 2030 indicate that the number
of work hours spent on soft skills and technological skills will rise,
while hours on physical, manual and basic cognitive skills will drop.

Source: McKinsey Global Institute Workforce Skills Model; McKinsey Global Institute analysis
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TECHNICAL SKILLS: THE GREAT DECLINE
A recent report by the McKinsey Global Institute, explored
the shifting demand for workforce skills from now until 2030.
They found that technological advancements, including automation and artificial intelligence, are changing the types of
tasks employees are performing. As people increasingly interact with machines, there is a greater need for technological
skills, social and emotional skills and higher cognitive skills.
These include creativity, complex information processing,
empathy, critical thinking and communication. People are still
outperforming machines on such skills, but machines are generally much better at repetitive tasks with explicit rules requiring physical or manual labor.
Historically, technological advancement has created new
types of work while some occupations become outdated.
According to the McKinsey report, while the internet eliminated
many jobs, new positions emerged in computer programming,
application development, social media marketing and search
engine optimization.
Science is undergoing a similar pattern, with mundane tasks
such as repetitive data collection and replication becoming
more dependent on automatation. Scientists are improving their
technological skills such as coding complex algorithmic models,
interpreting multi-dimensional data and managing big data sets.
Social skills are also becoming more prevalent as team work and
communication required for intricate experiments is growing.
Lab sizes are increasing and scientists at various training levels
— from undergraduate students to early career researchers —
must work together to complete large scale projects.
SCIENTISTS IN ACADEMIA AND INDUSTRY POSSESS
MANY NON-STEM SKILLS
Graduate training for scientists is heavily focused on acquiring
technical skills and scientific acumen. But a vital aspect of scientific
research is sharing the knowledge acquired through experimentation in a meaningful and comprehensible manner. Hence communication of scientific data becomes the cornerstone of research.
Joseph Borrello, a Ph.D. candidate and Prototyping Fellow at
Sinai Bio-Design at Icahn School of Medicine at Mount Sinai,
highlights the need to attend scientific conferences and share his
work. “Part of communication is going to places where you can
communicate,” he says, “and knowing that you have something
to share even if it is not completed into a polished publication or
presentation.” Conferences are a great way to interact with other
scientists, but also attending events for a broader audience can
make you a better communicator. “It is hard to condense everything down into an elevator pitch format,” says Borrello. But he
emphasizes that “doing it once is not necessarily enough.” Building up to a confident elevator pitch takes practice and repetition,
just like a good science experiment.
Communication doesn’t only include oral presentations. Scientists must master communicating science through writing as
well. Nida Rehmani, who completed her Ph.D. in Biochemistry

and M.Ed. in STEM, worked on her writing skills after graduate
school as a content/blog editor at Lotus STEMM, a non-profit
organization for South Asian women in STEMM (the second M
stands for medicine). “Activities like writing scientific blogs is a
great way to develop one of the soft skills and should be inculcated in the next STEM generation,” she says.
Academics are not the only scientists who need excellent
communication skills. Those in industry require both scientific and business acumen to get ahead. Savitri Sharma, a biochemist leading the Apparel Research division of Nike Sport
Research Lab, emphasizes that scientists need to develop their
story-telling skills; especially when sharing results with team
members of different backgrounds. “Bottom line up front,”
she says, “being able to connect your work straight to what is
happening at the company will set you apart.” It’s important to
grab the audience’s attention and communicate why someone
should care. Additionally, she underscores that what sets scientists apart in business, is that they can dive into the details
when needed. “Don’t shy away from being the expert that you
are, don’t feel embarrassed or ashamed, be proud,” she says.
Another important non-STEM skill is networking. Regularly
attending both external and internal conferences, receptions
and symposia can help scientists improve their research by
making new connections leading to collaborations. As Borrello
explains, networking is a stochastic process and can feel awkward at first. “All the rules of chemistry and chemical reactions
that apply to solutions, apply to people also,” he says. “Sometimes the randomness in networking can enable positive relationships to develop. The only way to meet a new collaborator
or connect with a potential employer is by attending many networking opportunities and speaking up.”
In industry, networking plays an important role in advancing
your career. Sharma leveraged this skill to land her current role
as a researcher at Nike. Further she emphasized this as one of
the essential skills for her mentees during her tenure as Chair
of Women of STEM network at Nike. After working in various
business functions, she declared her intent to pursue a career
in research and development at one of the events. As a result
of a connection she made, one of the other attendees helped
her apply for the position. Navigating large organizations is
difficult, but effective networking skills can ameliorate the
stress and propel your scientific career forward.
Other soft skills include time and project management,
team work, listening and social skills. Many of these are often
underestimated, but they are all important elements in today’s
work environment and can give you an edge to land the job of
your dreams. “Understanding your own potential and skills is
important in time management,” says Rehmani. Knowing and
articulating your value can make a difference in the productivity of a lab or a team setting. Scientists already possess many
of these skills — continually refining and practicing them will
help researchers to become more valued employees, and, as a
result, advance their careers. 
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The Blavatnik Family Foundation salutes the contributions
of American and foreign-born scientists to the United States,
Israel, and the United Kingdom.
Since 2007, the Blavatnik Awards for Young Scientists have honored
284 young scientists and engineers from 45 countries.
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Meet the rising stars of science who are receiving recognition for their ground-breaking research.
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Young Scientists
National Laureates
By Carina Storrs, Ph.D., NYAS Contributor
LIFE SCIENCES LAUREATE
Heather J. Lynch, Ph.D., Stony Brook University
A pursuit of penguins leads to new territories in technology
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It may be hard for penguin enthusiasts
to believe, yet Heather Lynch Ph.D. says
the “most fun part of the entire year” is
not the four months a year she and her
team spend in Antarctica, but rather
the time spent pouring over the reams
of data when she returns. Lynch was originally drawn to penguins as a post-doc at the University of Maryland because of
the challenge of studying them.
Lynch, now an Associate Professor at Stony Brook University, is tackling the fundamental questions of how many penguins are there and where exactly are they? Those may seem
like simple questions, but they are stymied by data shortcomings, such as not having precise location data from on-theground surveys of the flightless, tuxedo-donning birds. To
subvert the treacherous Antarctic environment, Lynch turned
to the wealth of NASA satellite imagery of the Antarctic that
dates back decades. She and a colleague developed algorithms that scan the thousands of coastal images for signs
of penguins revealed by their pink-hued guano (bird feces).
Then, when they get tipped off to the presence of a large colony of penguins, they bring glacial-ready drones to the areas to
take high-resolution pictures for exact headcounts.
One of the biggest finds was a supercolony of about 1.5 million Adélie penguins on the Danger Islands right off the tip of
the Antarctic Peninsula, which stretches toward South America. No one knew this colony existed — Lynch didn’t believe the
algorithm at first, until she could confirm it with other satellite
imagery. She and her lab have also discovered much smaller
colonies of chinstrap and gentoo penguins on the nearby Aitcho Islands. Without Lynch’s mathematical techniques and

use of satellite technologies to detect guano, these colonies of
penguins may have never been discovered.
Thanks to this multi-pronged approach, Lynch can now pride
herself on the ability to locate nearly all of the penguin colonies
in the Antarctic and is excited about the possibility of discovering even more colonies. Lynch’s game-changing ability to apply
mathematical modeling to ecological data collected from satellites, aerial drones and field work is what earned her the title of
2019 Blavatnik National Awards Laureate in Life Sciences.
Lynch has always had one foot in the technological side.
She was close to getting her Ph.D. in physics when she “came
up for air,” decided she wanted to apply her problem-solving
zest toward environmental issues, and switched to a Ph.D.
program in biology. However, she thinks the expertise that
she acquired in mathematical modeling while working on her
physics Ph.D. has been the secret to her success. She advises students interested in pursuing any STEM field to develop
some statistical and programming abilities. “[They] are that
all-access pass,” Lynch says. “There is not a lab on the planet
that does not need people with those skills.”
Although Lynch’s discoveries have been welcome news for
ecologists and penguin lovers alike, they can appear to belie
the peril facing these birds due to climate change. “All of these
other populations, even other Adélie penguins, are crashing,”
Lynch says. A big part of her research focuses on developing
models to understand why the Danger Island colony is flourishing, while the Adélie penguins on the western side of the
Antarctic Peninsula are declining.
It almost goes without saying that Lynch’s research has
implications for conservation. “When we found the Danger
Island populations, the first email I sent was to the people
who were designing the Marine Protected Area in the region,” Lynch recalls. The Danger Islands had not been considered an important area to protect, but in what Lynch
calls a “dream scenario,” policy makers expanded the area
to include the islands after she told them about the Adélie
supercolony.
Lynch is excited that the Blavatnik Award will bring attention to the recent technological advances in the field of ecology. The synergistic effects of Lynch’s methods will have a
wide-ranging and critical impact in the fields of ecology and
conservation biology in the face of impending, human-induced mass extinctions. Lynch and her lab have already expanded her methods to evaluate Antarctic seal and whale
populations, and scientists can use her methods in the hope
of saving other species all over the world.
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CHEMISTRY LAUREATE
Emily Balskus, Ph.D., Harvard University
Cracking the mysteries of the human microbiome
The first time that Emily Balskus, Ph.D.
worked with a microbiome, the term
for communities of bacteria that live in
our bodies and all around us, she was
knee-deep in the salt marshes off the
southern coast of Cape Cod, collecting
bacteria. Things got pretty messy, but the experience helped
convince Balskus — who was then conducting postdoctoral
research in chemical biology at Harvard Medical School —
that she wanted to bring her chemistry expertise to bear on
the biggest questions about the human microbiome.
Up until those marshy waters, Balskus was doing, as she
puts it, “pretty conventional” chemistry. But early on during
her postdoctoral training she attended a seminar about the
Human Microbiome Project, which would set out to catalogue the microbes living on and within us. It opened her
eyes to the shocking fact that scientists knew almost nothing about what these bacteria were actually doing, and how
they affected our health.
“I couldn’t believe that we could be living so closely with so
many microbes, that we had shared evolutionary history with
them, and there was so much we didn’t know about them,”
Balskus recalls.
Much of what we now know about the goings-on of the
microbiome in our gut — for example, how certain bacterial
residents can increase the risk of heart disease or thwart the
activity of the medications we take — is thanks to the research
group that Balskus has been leading at Harvard University
since 2011. For her work getting to the bottom of microbial
mysteries, Balskus was named the 2019 Blavatnik National
Awards Laureate in Chemistry, which Balskus says is “wonderful” and “very humbling.”
One of the most exciting discoveries of the Balskus lab is connecting how bacteria in the gut microbiome may increase the risk
of colorectal cancer. It had been known for more than a decade
that certain strains of Escherichia coli (E. coli) make a toxic molecule, called colibactin, and that these bacterial strains are more
likely to be found in the gut of people with colorectal cancer.
Balskus and her team focused on determining the chemical
makeup of the mysterious colibactin molecule, which had been
challenging for other chemists to isolate and characterize. The
difficulty of studying this molecule using more conventional
approaches made her consider whether her unique perspective might provide another path.
Balskus’ team explored how colibactin was produced in the
gut without knowing its complete structure. They eventually discovered that the colibactin molecule contains a structure called a cyclopropane ring, which is known to cause
DNA damage that can lead to cancer-causing mutations.
20

www.nyas.org

TALENT SHOWCASE
Importantly, her team showed that exposing human cells in
the lab to the toxic E. coli strain led to a specific type of cyclopropane-dependent DNA damage, whereas cells exposed
to harmless strains of E. coli showed no signs of similar DNA
damage. In future studies, she hopes to determine whether
this type of DNA damage can be seen in cells obtained from
biopsies of colorectal cancer patients, to confirm whether this
toxic E. coli is indeed responsible for increasing cancer risk.
Balskus credits her postdoctoral advisor, Christopher Walsh,
M.D., Ph.D. for suggesting she take the fateful trip to the salt
marshes, which was part of a summer microbiology course held
at the Marine Biological Laboratory in Woods Hole, Mass. This
course equipped her with the tools of microbiology and expertise that she continues to use to probe the human microbiome.
Today, Balskus is a Professor of Chemistry and Chemical
Biology at Harvard University, and a leader in bringing the
worlds of chemistry and microbiome research together. This
spring she helped organize the first scientific conference on
the chemistry of the human and other microbiomes. “Both
[fields] are very excited about this intersection,” Balskus says.
She is also venturing into other scientific fields, such as genetics, and exploring how chemistry’s tools can advance other
areas of biological research.
Balskus hopes to use the Blavatnik Award funds to promote women and other underrepresented groups in science.
She recognizes how much her female science teachers at the
all-women’s high school and the small liberal arts college she
attended encouraged her and were role models for her. Many
young women are not so fortunate. “It is not one thing that
makes it hard, it is a bunch of things that make it difficult for
women to feel like they belong in science,” Balskus says.
PHYSICAL SCIENCES & ENGINEERING LAUREATE
Ana Maria Rey, Ph.D., University of Colorado Boulder
Building the world’s most precise atomic clock
Ana Maria Rey, Ph.D. fell for physics in
high school, the moment she realized
she could use mathematical equations
to predict how a ball will move. It was
an easy love affair, as Rey flew through
physics problems for fun. But at the
university she attended in her native Colombia, a professor
challenged the students with such long physics exams that
students had no time to perform detailed calculations. This
professor, who Rey considers her first role model, taught
them to rely on intuition instead, which could only be acquired
through intensive study of the subject.
It is a lesson that Rey has carried with her throughout her
career. Over the course of her Ph.D. studies at the University of Maryland, through two periods of postdoctoral training,
and now as a Professor of Physics at the University of Colorado Boulder, Rey has delved deep into the world of quantum

mechanics. Quantum mechanics describes the behavior of the
smallest particles of matter: the atoms and sub-atomic particles that make up balls and every other material on Earth. Just
like her early days with physics, Rey is explaining the behavior
of the quantum world using mathematical models. But now she
is the one developing the models, in groundbreaking work that
earned her the honor of being named the Blavatnik National
Awards Laureate in Physical Sciences & Engineering this year.
“Understanding [atomic and sub-atomic] behavior is really,
really important because it can lead to technological development,” Rey says. Although her research is theoretical, its
applications are tangible and far-ranging, from creating GPS
(global positioning system) that can provide more accurate
location data and quantum computers that would be thousands of times faster than today’s machines, to ultimately enabling the direct measurement of gravitational waves, which
are ripples in the so-called fabric of the universe.
At the heart of all these possibilities, and the crux of Rey’s
models, is the ability to build a more precise atomic clock,
which can measure much smaller units of time than modern
clocks — as short as one billionth of a billionth of a second. As
Rey explains, the pendulum of an atomic clock is laser light,
and the thing that measures each swing of the pendulum is atoms. The problem that scientists have to understand, and ideally control, is how the atomic timekeepers move when they
are zipping around and colliding with each other. Because of
Rey’s equations, they are getting closer to that goal. She credits the physicists she collaborates closely with at JILA, where
she is a Fellow, for conducting the breakthrough experiments
with ultra-cold atoms trapped by lasers, making them slower
and easier to track, for informing her calculations.
Rey says the funding and recognition that come with the
Blavatnik Award will allow her to push farther into what she
calls “the most exciting part of the work.” Although her team
has already given the world its most precise atomic clock,
that is nothing compared to what they could achieve if they
could entangle, or link together, atoms in such a way that they
behave as one unit. Entanglement, which has been shown by
allowing atoms to interact and then separating them, would
eliminate the noise that throws off atomic clocks. “This is the
holy grail,” Rey says, adding that, “we should be able to see
what the universe is made of,” such as mysterious dark matter.
Rey believes the key to her success in theoretical physics is
loving what she does and working hard at it. “Things are not
going to come to you. You might be very smart, but I don’t
think it’s enough,” Rey says. Her other great role model, renowned JILA fellow, Deborah Jin, Ph.D., who passed away in
2016, showed Rey that it is possible to have a successful scientific career and a happy family life, and generally to be there
for people. Rey, who was also selected as a MacArthur Fellow
in 2013 and the MOSI Early Career National Hispanic Scientist
of the Year in 2014, says “I hope in some way, I can share the
same type of help with young women scientists.” 
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Collaboration is Key to Breaking
New Ground In Genomics
By Marie Samanovic Golden, Ph.D., NYAS Contributor

Leveraging the complementary strengths of research teams around the globe led to the novel
concept of an emerging family of auto-inflammatory diseases.
Daniel L. Kastner, M.D., Ph.D., Scientific Director for the Intramural Research Program at the National Human Genome
Research Institute (NHGRI), received the 2019 Ross Prize in
Molecular Medicine — an honor established by The Feinstein
Institutes for Medical Research and the Springer Nature journal Molecular Medicine — for his pioneering work on the genomics of auto-inflammatory diseases. “The Ross Prize is the
most memorable, exciting, rewarding prize that I have ever
received,” declared Kastner.
In the 1990s, Dr. Kastner led an international consortium
that identified the gene responsible for familial Mediterranean
fever (FMF), a rare inherited disorder characterized by recurrent fevers and severe inflammation.
What makes Dr. Kastner unique is that he is a master in bringing people together, helping them to leverage complementary
strengths and achieve a common goal. This manifested in the
international FMF consortium, comprising six groups with a total of 46 collaborators located in Israel, Australia and four centers
around the United States. “Ideal collaborations are win-win propositions,” said Kastner, and “trust is the currency of the realm.”
The endeavor was a resounding success. It also laid the
groundwork for the identification of the tumor necrosis factor
receptor-associated periodic syndrome (TRAPS), a second
periodic fever syndrome beside FMF, which led to the novel
concept of an emerging family of autoinflammatory diseases.
Inflammation is now thought to play an important role in a
number of rare monogenic diseases akin to FMF and TRAPS, as
well in more common and genetically complex diseases like gout.
Colleagues of Dr. Kastner, like Dr. Luke O’Neil from Trinity
College Dublin, take the bold position that addressing inflammation could impact any number of ailments. Certainly it is
the case that inflammation plays an important role in several
common diseases such as atherosclerosis and cancer. However, “the inflammatory process is a double-edged sword”
warned Kastner. Indeed, dampening patients’ autoinflammatory diseases with anti-inflammatory agents brings them to a
normal, base-level of immunity — and may even be protective
against other inflammation-mediated disorders. But in most
individuals, a blanket prescription of anti-inflammatories
could prevent their immune systems from performing its most
basic and necessary function: fighting off microbial infections.
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Looking ahead, Dr. Kastner developed a clinical infrastructure
at the National Institutes of Health (NIH) to examine patients
with undiagnosed inflammatory diseases, using genetics to identify the cause of rare diseases and autoinflammatory disorders.
As of 2019, the inflammatory diseases section has seen over
2,000 patients, referred from around the world. This prolific program led to the identification of more than 15 new diseases, and
over half of them now have effective therapies.
Treatments for these diseases, such as cytokine inhibitors or
JAK-kinase inhibitors, target the molecular pathways involved,
but are only effective for as long as patients take them. Thus,
curative measures such as bone-marrow transplants, or potentially gene therapy, are attractive to patients and their families.
But these are not without risk, advised Kastner. For inflammatory
diseases caused by mutations in white blood cells, bone marrow
transplants are appealing and logical in lieu of a lifetime of treatment. However, depending on the clinical circumstances, this
measure may come with a significant mortality rate, he explained.
It is difficult to justify such risk if patients are responding to effective drugs such as colchicine (for the control of FMF), with no
reported long-term side effects in the last 50 years. Dr. Kastner is
constantly working to weigh these risk-benefits with his patients.
Dr. Kastner shared that he owes a debt of gratitude to Dr. Robert Rich, his first research mentor at Baylor College of Medicine,
who not only allowed him, but also expected him to follow his
interests independently as a young scientist. Dr. Rich also urged
him to go back to medical school after his Ph.D., to apply his new
knowledge to the care of patients. Kastner continues this tradition, constantly moving between the bench and the bedside in his
continued quest to understand inflammatory disease.
To nominate a candidate for the 2020 Ross prize, please
make a submission to: molecularmedicine.submittable.com/
submit/137347/2020-ross-prize-in-molecular-medicine 
q Dr. Daniel Kastner (right)

with colleague
Dr. David Beck
(left)

High School Student Inspired
to Help After Experiencing
Natural Disaster
By Mandy Carr, NYAS Staff
Junior Academy student Luis G. Alvarez, 17 of Colegio Integral
Mesoamericano Patzicia in Guatemala lives in a volatile environment that is subject to earthquakes, tropical storms and
volcanic eruptions. And on June 3, 2018, he experienced the
eruption of Volcan de Fuego.
“I remember hearing something like rain falling on the
leaves,” said Alvarez. “At first, I didn't recognize what it was,
but then I realized it was ashes and sand, not rain. I told my
parents, and we quickly got into the car and left.”
According to Reuters, more than 190 people were killed,
many of whom died in their homes because they were unable
to escape. That prompted Alvarez to do something about it.
“This event had a pretty big impact on me. I wanted to do
something so that more people would survive and recover
from these traumatic experiences,” he said.
Alvarez came across The Junior Academy’s Natural Disasters:
Relief & Recovery Challenge sponsored by the S&P Foundation
from a Facebook ad, and saw an opportunity. He promptly
completed the application form on Launchpad, the Academy’s
collaboration platform and was selected by the project team
leader to work on the challenge with three other students
from Hungary, Vietnam and the United States.
Using Hurricane Katrina as their case study, the students
noticed that mental health was a serious side effect of the hurricane, and largely went untreated.
To address this deficit in disaster relief, the team created a
smartphone-based community survey app to gather critical
information in high-risk and disaster-prone areas that would
provide a useful baseline for responders during a crisis. The
survey collects information such as residents' financial and
employment status, mindset, living habits and mental health.
The information is then used to help tailor recovery efforts
when a disaster strikes.
Like his team found in the Hurricane Katrina case study, many
residents in Alvarez’s community suffered physiological damage
following the volcanic eruption. He also found that his community wasn't prepared because they underestimated the devastation caused by the eruption and there was a lack of information
surrounding the event. “We had radio service and a cellphone
signal,” he said, “yet we were never made aware that the volcano
had high levels of activity. All these factors combined to shape
my contributions and suggestions during the project.”

According to Alvarez, while the survey solution is based on
the Hurricane Katrina situation, its principles can be applied to
all natural disaster preparation.
“Natural disasters are often socially and economically disastrous for communities,” said Carolyn C. Cavicchio, Director, Corporate Responsibility; Vice President, S&P Global
Foundation. “The type of solution that these students developed has the potential to reduce valuable time and resources when disasters strike. Moreover challenges like this help
young people to develop and refine important problem-solving skills that are crucial in today’s workplace.”
To learn more about the New York Academy of Sciences
challenges visit: nyas.org/junioracademy. 

CONGRATULATES

BRYAN KNOUSE

Co-Founder, CEO of Project OWL
For his innovative winning solution in the Disruptive
Ideas for Aerospace and Security Challenge
IRIS
A Voice Controlled Interface For Patriot Missile Systems That Will
Assist People In Making Better And More Effective Decisions.
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Innovation Challenges:
STEM Talent Takes Action

So, You Want to Publish a
Scientific Paper?

By Robert Birchard, NYAS Staff

By Douglas Braaten, Ph.D., Chief Scientific Officer, Scientific Publications & Editor-in-Chief, Annals of the New York Academy of Sciences

For more than a decade the Academy has worked with partners
in industry, academia and government to identify solutions to
every day challenges through its innovation challenges. “These
challenges provide a platform for people to hone their STEM
skills on a level playing field — no lab, credentials or financial
commitment required — and apply them in an interdisciplinary,
real world environment,” explains Chenelle Bonavito Martinez,
M.S., Vice President, STEM Talent Programs.
Challenges are not just about working on a solution to a
problem. They also provide an opportunity for students to
practice time and project management, as well as communication and presentation skills. In one such challenge, a team
of five students from The Junior Academy in five different
countries devised a solution to lessen the impact of wildfires. “Not only do [wildfires] destroy homes, they also halt
local economies, raze whole habitats, injure and kill many,
send carcinogens into the air, and so much more,” says Matt
Friedman, 16, United States, a member of the winning Wildfire team. “Understanding the factors related to real-world
problems can help us solve them.”
The team looked at how to best counter the wildfire embers and maintain adequate water supply in pumping stations without electricity. In addition to the scientific and engineering questions, the group also grappled with questions
of cost-effectiveness and how to implement their solution in
already existing communities. “I think it is really easy to fall
into the trap of putting science into neat little boxes where
each idea or development belongs in its own discipline,” says
Wildfire team member Isabelle Robertson, 18, New Zealand.
“But the real world isn't like that and global problems require
us to use collaborative approaches and tie aspects of different
disciplines into one solution.”
Rubi Lopez, Monterrey Institute of Technology and Higher Education and Bianka Martinez, Technological Institute of Morelia
were completing their undergraduate degrees, when they won
the Pepsico Healthy Snack Challenge, devising a healthy snack
that would appeal to children. Their solution required not just
extensive nutrition research, but also thorough market research.
“My experience with this challenge expanded my vision of
the food industry and focused my attention on creating bigger
impact in the world,” says Martinez, a biochemical engineer
who recently finished a Master’s degree in Food Technology
and Innovation at the Polytechnic School of Design in Milan,
Italy. “The best way to solve worldwide problems is by applying scientific skills combined with creative and design skills.
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Science lays the foundations, the procedures and the means
to solve problems, while the design thinking helps us create
innovative and unique solutions by focusing on people.”
“Scientific skills are like a yellow brick road that lead you to the
truth. You don’t know if Oz is near or far, but you know you’re on
the right path,” echoes Lopez an international business major. “I
participated in this challenge despite it not being directly related to my major. I thought my skills could be useful and that this
challenge offered the opportunity to learn new things. It’s not
necessary to have a science degree to generate solutions to real
problems, but critical thinking and constant curiosity are always
necessary to make a positive change.”
“The tools and techniques of science helps people make
breakthrough discoveries in understanding phenomena,” says
Bhavna Mehra, General Manager, Infosys Science Foundation.
“Therefore science and its pursuers and practitioners have the
responsibility, along with the vision, to solve these problems.”
This belief in the responsibilities of a scientist led to the
development of the Infosys Science Foundation Nutrition
Challenge. Originally envisioned as a way to raise awareness about the number of deaths attributed to malnutrition
in children under the age of five, the challenge also gave
participants a platform to develop. “The skills of observing,
experimenting, data collection and applying a concept in a
real-world scenario were all tested as the solvers worked on
the nutrition challenge,” explains Mehra. The top two teams
— team Podible and team Nutri-APP — came up with their
own hypotheses, collected data and applied the results to
come up with executable plans to tackle malnutrition.” Mehra
concludes, “Cultivating an understanding and practice of scientific thinking in all fields will go a long way in helping solve
social, economic and civic issues.” 

p Rubi Lopez (left), Bianka Martinez (center)

and Isabelle Robertson (right)
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set of experimental results has been gathered. Doing so can
reverse the circle from “now that I have a set of data how best
can it be presented?” to “what experiments do I need to do to
finish my paper?” the latter being the wrong way around.
Don’t get caught in the trap of needing to do an experiment
in order to finish a paper. Instead, set out to perform the complete set of experiments necessary for readers (in particular
peer reviewers!) to agree with you that the conclusions are
supported by the data. And then write.

Learning how to craft a scientific paper so that it is accepted
for publication takes practice. It also requires attention to details across many domains. Many advice resources are available, and I encourage any young scientist to carve out time
to focus on what to do — and what to avoid — when writing
scientific papers.
Before starting to write, give some thought to preparation,
process, attitude and goal. Some key points I’ve learned from
reading and editing hundreds of papers at Annals of the New
York Academy of Sciences and Nature Immunology follow. These
two journals have very different aims, scope and readership,
but similar goals of publishing well-written, well-constructed
papers for the sake of readers’ understanding and clarity. Note
the points below are not presented in order of importance or
temporality — all are useful.
PREPARATION
Part of the preparation is learning as much as possible about
scientific publishing in general which will help to make the
process both more enjoyable and successful.
The writing of a scientific paper begins when a lot of hard
work has been done already. Completion of a series of experiments that demonstrate a statistically relevant discovery is
the foundation of all good scientific papers.
That’s not to suggest that one can’t have a reasonably clear
picture of what a paper might look like along the way of performing experiments. Indeed, designing experiments — the
order and what’s required — is often critically informed by
one’s experience in crafting a good scientific paper.
However, it’s never a good idea to start before a complete

PROCESS
Consider who will need to read your paper before it is accepted
for publication.
Among the best papers I’ve read are those that have been
prepared for a particular journal and its readership. Writing
to achieve those goals may not seem as important as simply
describing the data. It’s critical, however, to write for readers
and to prepare a paper with specific audiences in mind. These
two points are often ignored. The journal editors must find it
suitable for their journal, believe a given paper presents good
data, and does so clearly enough to send it out for peer review.
Next, while the process of peer review can vary among journals, papers at most journals are sent to at least two external
peer reviewers. These individuals — very busy scientists, often pressed for time and overloaded with work — volunteer
their time to comment on papers.
More than anything, peer reviewers hate papers that are
overly long, vague and not crafted for readers. By accepting
to review a paper, reviewers by and large give benefit to any
doubt that it presents interesting information and data. Give
them what they want without distractions.
Reviewers and editors are busy individuals — don’t hobble
yourself by ignoring the fact that they can be easily put off by
sloppy and careless writing.
ATTITUDE
Some of the above considerations of process are also considerations of attitude. It's critical for authors to set and maintain
a level of respect and collegiality for everyone involved when
preparing and submitting a scientific paper — from submission,
to peer review, production and every step through publication.
In my experience, the most successful authors are those
whose attitude reflects the ideals of both achievement of work
and an earnest, genuine desire to share important new infor(Continued on page 29)
mation with the scientific community.
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Academy eBriefings

ACADEMY eBRIEFINGS
Learn about the NPCC’s latest research findings and their implications for New York City and other cities seeking to identify
and mitigate the effects of climate change in this summary.

By Lauren Savage, NYAS Staff

eBriefings are online multimedia reports documenting recent Academy events.
Additional reports may be found on the Academy website at: nyas.org/ebriefing.

Full eBriefing by Ashlea Morgan
nyas.org/ebriefings/2019/climate-science-decision-making-in-awarmer-world/

q Vaccines
q Climate Science
Photo: The Day After Yesterday by [mementosis]
available under CC BY-NC-ND 2.0.
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Full eBriefing by Hallie Kapner
nyas.org/ebriefings/2019/cure-create-innovate-the-future-of-researchin-the-uk/
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INNOVATIVE VACCINES: TACKLING INFECTIOUS
DISEASES AND EMERGING THREATS
While the development of vaccines against infectious diseases has had a profound impact on life expectancy, there remain
many resistant and emerging infections for which no effective
vaccines are available, such as malaria, HIV and Zika. Recent
advances in biotechnology and our understanding of human
immunity hold great promise for conquering new diseases. For
example, advances in structural biology allow for the discovery of new antigens that can target broad viral families, such
as influenza, or complex parasites like malaria. Novel clinical
trials for maternal immunizations have shown encouraging results for reducing dangerous diseases in newborn infants. Furthermore, recent progress in DNA- or RNA-based vaccines
holds promise for inexpensive and fast production, which is
especially favorable for responding to emerging epidemics.
Learn more about recent breakthroughs in vaccine development in this summary of our May 20, 2019 symposium, which
gathered the world’s leaders in vaccine development.
Full eBriefing by Rebecca Vaadia
nyas.org/ebriefings/2019/innovative-vaccines-tackling-infectious-diseasesand-emerging-threats/
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CURE, CREATE, INNOVATE: THE FUTURE
OF RESEARCH IN THE UK
On March 7, 2019, nine Laureates and Finalists of the 2019
Blavatnik Awards for Young Scientists in the United Kingdom
gathered for a one-day symposium showcasing some of the
most exciting research underway in the U.K. today. The honorees, whose research spans three scientific disciplines —
Chemistry, Physical Sciences & Engineering and Life Sciences
— delivered brief presentations and engaged in a moderated
panel discussion about the future of their fields. Thought-provoking and exciting, the talks covered a wide range of subjects,
and addressed significant issues facing science and society —
from the challenges and opportunities of genome editing, to
protecting computer hardware against cyberattacks, and the
quest to solve longstanding mysteries about the universe.
Learn more about these young scientists and the cutting-edge research that is shaping the future in this summary
of the symposium.

CLIMATE SCIENCE: DECISION-MAKING
IN A WARMER WORLD
Climate change is a growing threat with global impact. Shifts in
the climate present special challenges for urban areas where more
than half of the world’s population lives. New York City residents,
for example, are already feeling the effects through recurrent
flooding in coastal communities, warmer temperatures across all
five boroughs, and strains in the city’s infrastructure during heavy
downpours and extreme weather events. As a result, cities like
New York require the best-available climate science to develop
tangible policies for resilience, mitigation and adaptation.
On March 15, 2019, climate scientists, city planners, and
community and industry stakeholders attended the Science for
Decision-Making in a Warmer World summit at the New York
Academy of Sciences to discuss how cities are responding to
the effects of climate change. The event marked the 10th anniversary of a successful partnership between the New York
City Panel on Climate Change (NPCC), the New York City government and the New York Academy of Sciences. Established
in 2008, the NPCC has opened new frontiers in urban climate
science to build the foundation for resiliency actions in the New
York metropolitan region.

CANCER IMMUNOTHERAPY:
CHECKPOINT INHIBITORS AND BEYOND
The field of immunotherapy has revolutionized the treatment
of cancer. Since the FDA approved the first immune checkpoint inhibitor drug in 2011, the number of clinical trials using
such blockers has grown drastically. The advantage of immune
checkpoint inhibitors is that they activate a patient’s immune
system to attack the cancer. Despite great successes, clinical
results indicate that these therapies alone are not sufficient
to treat many cancer types and combinatorial approaches are
needed to improve patient responses. On May 14–15, 2019,
the New York Academy of Sciences hosted Frontiers in Cancer
Immunotherapy for the fourth year. This two-day symposium
garnered experts in immuno-oncology to discuss the latest
findings and biological mechanisms in combination therapies.
Full eBriefing by Pinelopi Kyriazi
nyas.org/ebriefings/2019/cancer-immunotherapy-checkpoint-inhibitorsand-beyond/

have made significant progress in uncovering how stem cell
activation and differentiation are regulated by signals from the
stem cell niche and modulated by intrinsic epigenetic changes. These studies have also revealed how these processes can
go awry in aging and disease states, leading to potential therapeutic strategies to target endogenous stem cells or improve
the efficacy of stem cell transplantation. Learn more about recent breakthroughs in stem cell research and the implications
for treating an array of diseases — including various cancers
and age-related tissue dysfunction — in this summary of our
March 14, 2019 symposium.
Full eBriefing by Rebecca Vaadia
nyas.org/ebriefings/2019/advances-in-adult-stem-cells-andregenerative-medicine/

UNDERSTANDING SEVERE ASTHMA:
INFLAMMATION, LUNG REPAIR, AND BEYOND
Asthma is a chronic, heterogeneous inflammatory disease
of the airways, affecting approximately 300 million people
worldwide. Presently, asthma is believed to have a multifactorial diagnosis that includes several underlying diseases or
endotypes. While various forms of asthma have common observable symptoms, or phenotypes, such as wheezing, chest
tightness and shortness of breath, the diversity of endotypes
gives rise to a variety of other phenotypes. Severe asthma,
for example, is defined as an uncontrolled or only partially
controlled form of asthma despite intensive treatment and is
associated with increased morbidity, mortality and consumption of health care resources. It is therefore unsurprising that
there is no cure-all medication to treat asthma. However, novel insights into the pathophysiology of severe asthma, airway
inflammation, and mechanisms of lung repair and remodeling
may lead to new therapeutic approaches. Learn more in this
summary of our April 26, 2019 symposium.
Full eBriefing by Pia-Kelsey O’Neill
nyas.org/ebriefings/2019/understanding-severe-asthma/ 

q Severe Asthma

p Adult Stem Cells

ADVANCES IN ADULT STEM CELLS
AND REGENERATIVE MEDICINE
Despite intense research following the first isolation of embryonic stem cells in 1981, few viable stem cell-based therapies
have emerged in the last 30 years. More recently, researchers
The New York Academy of Sciences Magazine • Fall 2019
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Annals Highlights
Annals of the New York Academy of Sciences is the premier publication of the Academy
offering original research articles and scholarly reviews.

Speech Rhythm —
Naturally Occurring
and Culturally
Transmitted
Rhythm is fundamental to every motor activity. The mechanisms for controlling motor rhythm — inherited by mammals from distant evolutionary ancestors — are shared by
all vertebrates. As speech production is a kind of motor activity, investigating speech rhythm can provide insight into
how general motor patterns have been adapted for more
specific use in articulation and speech production.
Studies on speech rhythm may further provide insight into
the development of speech capacity in humans. The capacity for vocal communication is putatively a pre-requisite
for developing a language faculty, and studies on speech
rhythm may therefore cast light on the mystery of language
evolution in humans.
Although every human individual possesses the same
neural, anatomical and physiological mechanisms for controlling speech rhythm, rhythmic patterns differ across languages. These language-specific patterns of motor activity
are based on the same physiological mechanisms, yet they
are shaped by the peculiarities of the ambient language and
culturally transmitted within human populations sharing a
given language.
In this special Ann. N.Y. Acad. Sci. issue, several authors
explore a number of these key issues, as outlined succinctly
in the following questions:
• How are rhythmic patterns acquired by individuals?
• How do language-specific rhythmic patterns emerge in
populations sharing the same language(s), and which
components of rhythmic cognition in humans are shared
with non-human animals?
• How do rhythmic patterns facilitate communication,
and how might better capacity for rhythmic cognition
enhance the fitness of individual organisms?
• What are the underlying mechanisms that lead to the
emergence of speech rhythm and allow for culture-specific rhythmic modulations within biological constraints,
as well as constraints on learnability and processability?
The collection of original papers in this special issue will find
its readership among an interdisciplinary audience whose
research spans the fields of ecology, evolution and ethology,
28
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linguistics, comparative psychology, human evolutionary
sciences and neuroscience.
The discussions may open doors to the exciting field of
rhythmic cognition for scientists who might not have previously realized that their studies are relevant to a wider
community of ardent professionals working in seemingly
distant disciplines.
Special Issue: Speech rhythm in ontogenetic, phylogenetic
and glossogenetic development
Ann. N.Y. Acad. Sci. 1453
October 2019

E-Cigarettes and
Health of Offspring
Cigarette smoking is a risk factor for the development of
end-stage kidney disease, with nicotine being considered
a major contributor because it accumulates within and is
filtered by the kidneys.
Known for decades now, maternal smoking during pregnancy confers risk to offspring. It restricts intrauterine
growth, leads to reduced birth weight, and underdevelopment of multiple organs, including the kidneys. The many
toxins present in cigarette smoke can pass the blood–placenta barrier, directly harming fetal organs.
The failure of smoking cessation during pregnancy has led to
use of alternative forms of nicotine self-administration. E-cigarettes are perceived by many people as safe and an effective
replacement to tobacco cigarettes. Among some pregnant
women who feel conflicted by their tobacco smoking habits,
e-cigarettes are believed to be safer than cigarettes.
Studies have even shown that some obstetricians believe
that e-cigarette use during pregnancy poses no adverse
health risks to either the user or the offspring. This may be
one reason why e-cigarettes are the nicotine replacement
therapy of choice among pregnant women, being favored
over nicotine patches.
Between 2014 and 2016, the use of e-cigarettes at any
time during pregnancy ranged from 13 to 15 percent, with
dual cigarette and e-cigarette usage (at 8.54 percent) being more popular than either e-cigarette only “vaping” (6.52
percent) or cigarette only smoking (5.62 percent).
The authors of this recently published study determined the

ANNALS HIGHLIGHTS
effects of replacing tobacco smoke with nicotine-containing
e-vapor during pregnancy in a mouse model. They also looked
at continuous e-vapor exposure (both nicotine containing and
nicotine-free e-vapor) during pregnancy on renal development and markers of oxidative stress, inflammation and fibrosis in adult kidneys in the mouse offspring.
They found that while continuous maternal e-vapor exposure throughout pregnancy is detrimental to the offspring's
renal development and induces pathological changes independent of nicotine concentration, the effects of e-cigarette exposure are no worse than cigarettes.
The authors conclude that cessation of both tobacco
cigarettes and e-cigarettes should be encouraged during
pregnancy to reduce the possibility of harming offspring.
Impact of maternal e-cigarette vapor exposure on renal
health in the offspring
Ann. N.Y. Acad. Sci. – Published online ahead of print
doi.org/10.1111/nyas.14174
First published: 17 July 2019 

Additional Recent
Annals Volumes
Special Issue:
Multiple Micronutrient
Supplementation in Pregnancy
Ann. N.Y. Acad. Sci. 1444: 1-51
May 2019

Special Issue:
Risk of Excessive Intake of
Vitamins and Mineral
Ann. N.Y. Acad. Sci. 1446: 1–172
July 2019

Special Issue:
Genetic Novelty and Genomic
Variation by RNA Networks
and Viruses
Ann. N.Y. Acad. Sci. 1447: 1–156
July 2019

(Continued from page 25)

In contrast to that, an attitude of entitlement to be published is immediately noticeable to editors and, especially, to
peer reviewers. I have seen good papers that may have only
needed minor improvements as recommended by reviewers,
upended by rejection because the authors believed they were
in the right and didn't need to make changes.
Even the most experienced scientists know its their responsibility to maintain an open, respectful attitude during the
publishing process. Ignoring this imperils your aims for little
more than an overly needy ego. Consider it a privilege to have
your scientific paper evaluated and published.
GOAL
Much of the above could have been included in a discussion
of scientific author goals. The right preparation, a well-considered process, and a collegial and respectful attitude are
certainly worthy goals.
Less obvious, yet equally important is considering the audience from the perspective of readers who want Open Access
(OA). The interest in scientific papers to be OA is now so intense that it’s important for authors to consider OA for every
one of their papers.
Indeed, so many funders are pushing for not only OA, but
for other forms of pre- and post-publication access to scientific data that it behooves every author to consider both the
laudable goals of OA and the ramifications for scientific publishing. Fortunately, many online forums present extensive
discussions — e.g. oaspa.org.
As the OA movement grows — and there’s no doubt that it
will — authors must consider whether they will submit only to
OA journals to support the goal of open information. At the
same time, they should consider that publishers of OA journals will feel increasing pressure to seek more and more submissions to cover their publication costs as subscription revenue declines. Authors will surely experience this increasing
pressure, as it will undoubtedly affect the publishing process.
For example, more papers to evaluate increases the burdens on everone involved — editors, reviewers, production
staff. Ensuring you do all that you can as a responsible scientific author will likely help achieve your personal aims of
publishing and of contributing openly to scientific progress.
And while much more can be said about how to publish successfully, keeping in mind preparation, process, attitude and
your goal should help. 
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THE LAST WORD

ONE OF SCIENCE AND TECHNOLOGY’S GREAT CHALLENGES FOR THE 21ST CENTURY:

How Can Humans Compete
with Artificial Intelligence?
By Jerry Hultin, Chair, New York Academy of Sciences Board of Governors
Machine learning.
Advanced Manufacturing.
Autonomous Vehicles.
Robotics.
Drones.
Welcome to the rise of smart machines! This revolution —
let’s call it the Intelligence Revolution — offers the world benefit and harm at a scale exceeding that of the three earlier
Industrial Revolutions. But it also raises fundamental questions about what it means to be human.
Will science and technology of the 21st century make
us irrelevant? Will this lead to massive social unrest when
smart machines take worker’s jobs? More fundamentally,
how will a world operate where everyone may have the luxury
of leisure, but not the economic resources to enjoy it?
In 2017, I chaired a study into the impact of artificial intelligence and automation on the Pentagon's “business processes.”
Based on what corporations in America have already achieved,
we estimated that the U.S. Department of Defense could save
nearly $60 billion a year by using the existing tools of automation and artificial intelligence. In addition, the quality and speed
of decision-making in the Pentagon would be quantitatively better. Conversely we cautioned that the job losses and the redistribution of work functions would be huge. Thus the Pentagon
would face a major challenge in finding jobs and providing training for the thousands of displaced employees.
According to a recent McKinsey Global Institute report on
the growing role of automation in the workplace, at least 30
percent of the predominantly repetitive, routine and physical
activities in 60 percent of current jobs can be automated. With
efficiency gains and cost reduction of such magnitude the commercial, industrial, healthcare and construction industries will
see AI and the automation that springs from AI, as compelling.
So how will the accelerating application of AI play out around
the world? Here in the United States, the people most at risk
include 14.7 million young workers, 11.5 million workers over
age 50 and 11.9 million Hispanic and African-American workers. This accounts for more than 20 percent of the full-time
employees in the United States. Amazon, which attributes the
success of its one-day shipping to AI, is now committing some
$700 million to retrain or up-skill its workers for the increasing technical demands of new jobs that will help them stay
ahead of displacement by AI.
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But what about a country like India? With a population over
1.3 billion, nearly 750 million young people under the age of
thirty, and an overall literacy rate of 71 percent, India is striving to radically increase jobs and reduce its level of poverty.
But India may not get this chance if automated technologies
supplant available jobs. Much the same can be said about the
future fate of Africa as its population of approximately 1 billion
people grows to 2 billion by 2050. If Africa only has access to
the educational and economic tools available today, the likelihood that it can match the growth rates of China and other
Asian nations is remote.
The challenges presented by AI require a fundamental reworking of key components of how we learn and live. A recent
Atlantic Monthly “conversation” between Henry Kissinger, Eric
Schmidt and Dan Huttenlocher about the future of AI concluded with the following: The three of us differ in the extent to
which we are optimists about AI. But we agree that it is changing human knowledge, perception, and reality — and, in so doing, changing
the course of human history. We seek to understand it and its consequences, and encourage others across disciplines to do the same.
Fortunately, the Academy under Ellis Rubinstein’s leadership has taken seriously the importance of increasing scientific and technological skills among young people around the
world. Propelled by his concerns about their future prosperity
and security, Ellis enlisted the business community, NGOs and
philanthropists, in an unprecedented series of cooperative
programs designed to increase skills. Through the collective
action of our partners, benefactors and Members, we can lead
a global conversation to better understand, develop and employ the power of AI.
Thank you for your confidence in electing me Chair
of the Academy’s Board of Governors. In future
columns, I will pose other challenges that
merit our attention. As an Academy
Member, you no doubt have excellent
thoughts about what a global conversation
should explore, so I invite you to send your
thoughts to me at magazine@nyas.org. 

Jerry Hultin,
Chair, New York Academy of Sciences Board
of Governors
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SHOW YOUR SUPPORT FOR

STEM EDUCATION
As a professional researcher,
you know effective STEM education
starts with the teacher.
As part of our mission to advance scientific
research, education and policy, the New York
Academy of Sciences is committed to providing
professional development programs that
will help educators develop the skills they
need to allow the next generation of
researchers to fulfill their potential.

FIND OUT HOW YOU CAN HELP SUPPORT THE
ACADEMY’S STEM EDUCATION PROGRAMS.
Contact us at: stemcertification@nyas.org

