
THE SCIENCE IN SOCIETY REVIEW
Vol 21 | Lent 2014 | University of Cambridge A Production of The Triple Helix

The International Journal of Science, Society and Law

ASU • Berkeley • Brown • Cambridge • CMU • Cornell • Georgetown • George Washington • Georgia Tech 
• Harker • Harvard • JHU • NUS • OSU • Oxford • UC Davis • UCSD • UChicago • Melbourne • Yale

         Want to write for The Science in Society Review?
We need writers and editors for the next edition. Email your ideas to eic@camtriplehelix.com

www.camtriplehelix.com

A New Hope

An Alien Eldorado:
Economic and Social Implications of 
Asteroid Mining

“O Tempora
 O Mores”

The Loneliness Factor

Can modern societies really learn 
from their ancestors?

Cover_FINAL.indd   1 1/10/2014   12:59:37 PM



TABLE OF CONTENTS

THE TRIPLE HELIX
A global forum for science in society

The Triple Helix, Inc. is the world’s largest completely student-run 
organization dedicated to taking an interdisciplinary approach toward 
evaluating the true impact of historical and modern advances in science.

Work with tomorrow’s leaders
Our international operations unite talented 
undergraduates with a drive for excellence at 

over 25 top universities around the world. 

Imagine your readership
Bring fresh perspectives and your own analysis 
to our academic journal, The Science in Society 
Review, which publishes International Features 

across all of our chapters.

Reach our global audience
The E-publishing division showcases the latest in 
scientific breakthroughs and policy developments 
through editorials and multimedia presentations. 

Catalyze change and shape the future
Our new Science Policy Division will engage 
students, academic institutions, public leaders, 
and the community in discussion and debate 
about the most pressing and complex issues 

that face our world today.

All of the students involved in The Triple Helix understand that the fast 
pace of scientific innovation only further underscores the importance of 
examining the ethical, economic, social, and legal implications of new 
ideas and technologies — only then can we completely understand 
how they will change our everyday lives, and perhaps even the norms 

of our society.

Come join us!

EXECUTIVE MANAGEMENT 
TEAM

Chief Executive Officer
Yucheng Pan

Executive Editor-in-Chief
Harrison Specht

Chief Production Officer
Cindy Mui

Executive Director of 
E-Publishing
Arthur Jurao

Executive Director of Science 
Policy
Siddhartha Jena

Co-Executive Directors of 
Internal Affairs
Missy Cheng
Khatcher Margossian

Executive Director of High 
School Outreach
Kathryn Scheckel

Chief Operations Officer, North 
America
Brittany Hsu

Chief Operations Officer, 
Europe
Emilija Emma

Chief Operations Officer, Asia
Tong Worapol

Chief Operations Officer, 
Austrailia
Kristijan Jovanoski

Chief Financial Officer
Palavi Vaidya

GLOBAL LITERARY AND 
PRODUCTION

Senior Literary Editors
Harrison Specht
Mary Fei
Michael Graw
Pallavi Basu
Titas Banerjee
Victoria Phan

Senior Production Editors
Felice Chan
Judy Chan
Andrew Kam 
Emmy Tsang

BOARD OF DIRECTORS

Chairman
Erwin Wang

Kalil Abdullah
Manisha Bhattacharya
Julia Piper
Jennifer Ong
Zain Pasha
James Shepherd
Jennifer Yang

Advisors to the Board
Benn Tannenbaum
Daniel M. Kammen
Robert B. Reich
Francis Slakey
George Lakoff

TRIPLE HELIX CHAPTERS

North America Chapters
Arizona State University 
Brown University 
Carnegie Mellon University 
Cornell University  
Georgetown University 
Georgia Institute of Technology
Harvard University
Harker School
Johns Hopkins University 
Massachusetts Institute of 
Technology 
Northwestern University 
Ohio State University
University of California, 
Berkeley

University of California, Davis
University of California,
San Diego 
University of Chicago 
Yale University

Europe Chapters
University of Cambridge
University of Oxford

Asia Chapters
National University of 
Singapore 

Australia Chapters
University of Melbourne 

evaluating the true impact of historical and modern advances in science.

Work with tomorrow’s leaders
Our international operations unite talented 
undergraduates with a drive for excellence at 

over 25 top universities around the world. 

evaluating the true impact of historical and modern advances in science.

Work with tomorrow’s leaders
Our international operations unite talented 
undergraduates with a drive for excellence at 

over 25 top universities around the world. 

Our international operations unite talented 
undergraduates with a drive for excellence at 

over 25 top universities around the world. 

Bring fresh perspectives and your own analysis 
to our academic journal, The Science in Society 
Review, which publishes International Features CCChhhiiieeefff   OOOpppeeerrraaatttiiiooonnnsss   OOOffffffiiiccceeerrr,,,   AAAssssssiiiiiaaaaa

Our international operations unite talented 
undergraduates with a drive for excellence at 

over 25 top universities around the world. 

Bring fresh perspectives and your own analysis 
to our academic journal, The Science in Society 
Review, which publishes International Features CCChhhiiieeefff   OOOpppeeerrraaatttiiiooonnnsss   OOOffffffiiiccceeerrr,,,   AAAsssiiiaaa

KKKaaattthhhrrryyynnn   SSSccchhheeeccccckkkkkeeeeeelll

CCChhhiiieeefff   OOOOOOpppppeeeerrrraaaattttiiiiioooonnnnssss   OOOOfffffffffiiiicccceeeerrrr,,,,   NNNNoooorrrrtttthhhhhhhh   
AAAmmmeeeeeeerrrrrriiiiiicccccaaaaaaa
BBBBBBrrrriiiiittttttttaaaannnnyyyyy   HHHHHssssuuuuu

CCChhhhhhiiiiieeeeeeffffff   OOOOOOOpppppeeerrraaatttiiiooonnnsss   OOOffffffiiiccceeerrr,,,   

KKKaaattthhhrrryyynnn   SSSccchhheeeccckkkeeelll

CCChhhiiieeefff   OOOOOOpppeeerrraaatttiiiooonnnsss   OOOffffffiiiccceeerrr,,,   NNNooorrrttthhh   
AAAmmmeeerrriiicccccaaa
BBBrrriiittttttaaannnyyy   HHHsssuuu

CCChhhiiieeeffff   OOOOOOpppeeerrraaatttiiiooonnnsss   OOOffffffiiiccceeerrr,,,   

Our international operations unite talented Our international operations unite talented 
undergraduates with a drive for excellence at undergraduates with a drive for excellence at undergraduates with a drive for excellence at undergraduates with a drive for excellence at undergraduates with a drive for excellence at 

over 25 top universities around the world. 
undergraduates with a drive for excellence at 

over 25 top universities around the world. 

to our academic journal, The Science in Society to our academic journal, The Science in Society 

CCChhhiiieeefff   OOOpppeeerrraaatttiiiooonnnsss   OOOffffffiiiccceeerrr,,,   

CCChhhiiieeefff   FFFiiinnnaaannnccciiiaaalll   OOOffffffiiiccccccceeeeerrrrr

CCChhhiiieeefff   OOOpppeeerrraaatttiiiooonnnsss   OOOffffffiiiccceeerrr,,,   

CCChhhiiieeefff   FFFiiinnnaaannnccciiiaaalll   OOOffffffiiiccceeerrr The E-publishing division showcases the latest in 
scientific breakthroughs and policy developments 
The E-publishing division showcases the latest in 
scientific breakthroughs and policy developments 

Our new Science Policy Division will engage Our new Science Policy Division will engage 

through editorials and multimedia presentations. 

Catalyze change and shape the future

through editorials and multimedia presentations. 

Catalyze change and shape the future
Our new Science Policy Division will engage 
students, academic institutions, public leaders, 
and the community in discussion and debate 

Our new Science Policy Division will engage 
students, academic institutions, public leaders, 
and the community in discussion and debate 

Our new Science Policy Division will engage 
students, academic institutions, public leaders, 
and the community in discussion and debate 
about the most pressing and complex issues 

Our new Science Policy Division will engage 
students, academic institutions, public leaders, 
and the community in discussion and debate 
about the most pressing and complex issues 

students, academic institutions, public leaders, 
and the community in discussion and debate 
students, academic institutions, public leaders, 
and the community in discussion and debate 

All of the students involved in The Triple Helix understand that the fast 
pace of scientific innovation only further underscores the importance of 
All of the students involved in The Triple Helix understand that the fast 
pace of scientific innovation only further underscores the importance of 

that face our world today.that face our world today.

All of the students involved in The Triple Helix understand that the fast 
pace of scientific innovation only further underscores the importance of 
All of the students involved in The Triple Helix understand that the fast 
pace of scientific innovation only further underscores the importance of 
All of the students involved in The Triple Helix understand that the fast All of the students involved in The Triple Helix understand that the fast All of the students involved in The Triple Helix understand that the fast 
pace of scientific innovation only further underscores the importance of 
examining the ethical, economic, social, and legal implications of new 
ideas and technologies — only then can we completely understand 

All of the students involved in The Triple Helix understand that the fast 
pace of scientific innovation only further underscores the importance of 
examining the ethical, economic, social, and legal implications of new 
ideas and technologies — only then can we completely understand 

pace of scientific innovation only further underscores the importance of 
examining the ethical, economic, social, and legal implications of new 
pace of scientific innovation only further underscores the importance of 
examining the ethical, economic, social, and legal implications of new 

All of the students involved in The Triple Helix understand that the fast All of the students involved in The Triple Helix understand that the fast All of the students involved in The Triple Helix understand that the fast All of the students involved in The Triple Helix understand that the fast All of the students involved in The Triple Helix understand that the fast 
pace of scientific innovation only further underscores the importance of 
examining the ethical, economic, social, and legal implications of new 

All of the students involved in The Triple Helix understand that the fast 
pace of scientific innovation only further underscores the importance of 
examining the ethical, economic, social, and legal implications of new 

All of the students involved in The Triple Helix understand that the fast 
pace of scientific innovation only further underscores the importance of 
All of the students involved in The Triple Helix understand that the fast 
pace of scientific innovation only further underscores the importance of pace of scientific innovation only further underscores the importance of 
examining the ethical, economic, social, and legal implications of new 
pace of scientific innovation only further underscores the importance of 
examining the ethical, economic, social, and legal implications of new 
pace of scientific innovation only further underscores the importance of 
examining the ethical, economic, social, and legal implications of new 
pace of scientific innovation only further underscores the importance of 
examining the ethical, economic, social, and legal implications of new 
pace of scientific innovation only further underscores the importance of 
examining the ethical, economic, social, and legal implications of new 
ideas and technologies — only then can we completely understand 
how they will change our everyday lives, and perhaps even the norms 

of our society.

Come join us!

pace of scientific innovation only further underscores the importance of 
examining the ethical, economic, social, and legal implications of new 
ideas and technologies — only then can we completely understand 
how they will change our everyday lives, and perhaps even the norms 

of our society.

Come join us!

Issue21_FINAL.indd   2 1/10/2014   12:45:22 PM



10 13 24

TABLE OF CONTENTS

Wikicommons, PD. Wikicommons, PD. Flickr: meme_tn, 
CC-BY 2.0.

Growing Ideas
Green Social 
Psychology 

C
A

M
BR

ID
G

EPerspectives
4      Another of Nature’s Wonders Emilija Emma

5      How the Mouse got its Nose. A Real Life Just So Story. Nicholas Lockyer

Cover Article
6      “O Tempora O Mores” Nicholas Lockyer

Cambridge Articles
10    Environmental Behaviour Change: 
        Making Turning Off  a Turn On  Sophus zu Ermgassen

13    An Alien Elorado: 
        Economic and Social Implications of Asteroid Mining Sophie Anne Harrington

16    Beyond the 1%: 
        Using Metagenomics to Study Uncultured Microorganisms  Elisabeth Richardson

  International Features
19    Stress and Development:
        A Mechanistic Review  Austin Yu, UChicago
  
22    A New Hope Frederick Naison Dong, Cornell

24    The Loneliness Factor: 
        Information and Communications Technology and Social Isolation    Casey Ebner, 

Cornell

26    Neglected Disease and the Outlook for Tropical Pathology   Alessandra Tomasi, Cornell

Online, alone?
Communications 
Technology and 
Loneliness

Like a Diamond 
in the Sky
Mining in Space

Front Cover designed by Justin Koh, Queens’ College, Cambridge. 
Image: Lord-Jim, Flickr. CC-BY 2.0

Back Cover designed by Adam Esmail, Fitzwilliam College, Cambridge:
Blue: To Sign a Contract by shho, stock.xchng. ©sxc.hu.
Red: Overpopulation Event. ©The Triple Helix, Cambridge.
Green: Explanation by Harrison Keely, stock.xchng. ©sxc.hu.
Purple: Woman Using Computer by Ariel da Silva Parreira, stock.xchng. ©sxc.hu.

PerspectivesPerspectivesPerspectivesPerspectivesPerspectivesPerspectives

C
A

M
BR

ID
G

E4      Another of Nature’s Wonders 

5      How the Mouse got its Nose. A Real Life Just So Story. Nicholas Lockyer

Cover Article
6      “O Tempora O Mores” Nicholas Lockyer

Cambridge Articles

C
A

M
BR

ID
G

E4      Another of Nature’s Wonders 

5      How the Mouse got its Nose. A Real Life Just So Story. Nicholas Lockyer

Cover Article
6      “O Tempora O Mores” Nicholas Lockyer

Cambridge Articles

4      Another of Nature’s Wonders 4      Another of Nature’s Wonders 

5      How the Mouse got its Nose. A Real Life Just So Story. 5      How the Mouse got its Nose. A Real Life Just So Story. 5      How the Mouse got its Nose. A Real Life Just So Story. 5      How the Mouse got its Nose. A Real Life Just So Story. 

6      “O Tempora O Mores” 

Cambridge Articles

6      “O Tempora O Mores” 

Cambridge Articles

6      “O Tempora O Mores” 6      “O Tempora O Mores” 

Sophus zu Ermgassen

Sophie Anne Harrington

Sophus zu Ermgassen

Sophie Anne Harrington

Cambridge Articles
Environmental Behaviour Change: 

Cambridge Articles
Environmental Behaviour Change: 

Cambridge ArticlesCambridge ArticlesCambridge ArticlesCambridge ArticlesCambridge Articles
10    Environmental Behaviour Change: 

Cambridge Articles
10    Environmental Behaviour Change: 

Cambridge Articles
Environmental Behaviour Change: 

Cambridge Articles
Environmental Behaviour Change: 

Cambridge ArticlesCambridge Articles

Sophus zu ErmgassenSophus zu Ermgassen
Environmental Behaviour Change: Environmental Behaviour Change: Environmental Behaviour Change: Environmental Behaviour Change: 

        Making Turning Off  a Turn On  

13    An Alien Elorado: 
        Economic and Social Implications of Asteroid Mining 

Environmental Behaviour Change: 
        Making Turning Off  a Turn On  

13    An Alien Elorado: 
        Economic and Social Implications of Asteroid Mining 

Environmental Behaviour Change: 
        Making Turning Off  a Turn On  

Environmental Behaviour Change: 
        Making Turning Off  a Turn On  Sophus zu ErmgassenSophus zu Ermgassen

Environmental Behaviour Change: 
        Making Turning Off  a Turn On  

13    An Alien Elorado: 

Environmental Behaviour Change: 
        Making Turning Off  a Turn On  

13    An Alien Elorado: 

Environmental Behaviour Change: 

        Economic and Social Implications of Asteroid Mining 

Environmental Behaviour Change: 

        Economic and Social Implications of Asteroid Mining         Economic and Social Implications of Asteroid Mining 

        Using Metagenomics to Study Uncultured Microorganisms  

        Economic and Social Implications of Asteroid Mining 

        Using Metagenomics to Study Uncultured Microorganisms  

        Making Turning Off  a Turn On          Making Turning Off  a Turn On          Making Turning Off  a Turn On          Making Turning Off  a Turn On  Sophus zu ErmgassenSophus zu Ermgassen

13    An Alien Elorado: 
        Economic and Social Implications of Asteroid Mining 

16    Beyond the 1%: 
        Using Metagenomics to Study Uncultured Microorganisms  

13    An Alien Elorado: 
        Economic and Social Implications of Asteroid Mining 

16    Beyond the 1%: 
        Using Metagenomics to Study Uncultured Microorganisms  

13    An Alien Elorado: 13    An Alien Elorado: 13    An Alien Elorado: 13    An Alien Elorado: 
        Economic and Social Implications of Asteroid Mining         Economic and Social Implications of Asteroid Mining         Economic and Social Implications of Asteroid Mining         Economic and Social Implications of Asteroid Mining 

        Using Metagenomics to Study Uncultured Microorganisms          Using Metagenomics to Study Uncultured Microorganisms          Using Metagenomics to Study Uncultured Microorganisms          Using Metagenomics to Study Uncultured Microorganisms  

19    Stress and Development:19    Stress and Development:

16    Beyond the 1%: 
        Using Metagenomics to Study Uncultured Microorganisms  

  International Features
19    Stress and Development:

16    Beyond the 1%: 
        Using Metagenomics to Study Uncultured Microorganisms  

International Features
19    Stress and Development:

Elisabeth RichardsonElisabeth Richardson        Using Metagenomics to Study Uncultured Microorganisms          Using Metagenomics to Study Uncultured Microorganisms  

International Features
19    Stress and Development:

International Features
19    Stress and Development:

International FeaturesInternational FeaturesInternational Features
19    Stress and Development:
        A Mechanistic Review  

International Features
19    Stress and Development:
        A Mechanistic Review  

Frederick Naison Dong, CornellFrederick Naison Dong, Cornell

19    Stress and Development:
        A Mechanistic Review  

22    A New Hope 

24    The Loneliness Factor: 
        Information and Communications Technology and Social Isolation    

19    Stress and Development:
        A Mechanistic Review  

22    A New Hope 

24    The Loneliness Factor: 
        Information and Communications Technology and Social Isolation    

Austin Yu, UChicago

Frederick Naison Dong, Cornell

Austin Yu, UChicago

Frederick Naison Dong, Cornell

19    Stress and Development:
        A Mechanistic Review  

22    A New Hope 

19    Stress and Development:
        A Mechanistic Review  

22    A New Hope 

Austin Yu, UChicagoAustin Yu, UChicago        A Mechanistic Review          A Mechanistic Review  Austin Yu, UChicagoAustin Yu, UChicagoAustin Yu, UChicagoAustin Yu, UChicagoAustin Yu, UChicagoAustin Yu, UChicago

Frederick Naison Dong, CornellFrederick Naison Dong, CornellFrederick Naison Dong, CornellFrederick Naison Dong, Cornell22    A New Hope 

24    The Loneliness Factor: 
        Information and Communications Technology and Social Isolation    

22    A New Hope 

24    The Loneliness Factor: 
        Information and Communications Technology and Social Isolation    

Frederick Naison Dong, CornellFrederick Naison Dong, Cornell22    A New Hope 22    A New Hope Frederick Naison Dong, CornellFrederick Naison Dong, CornellFrederick Naison Dong, CornellFrederick Naison Dong, Cornell

C
A

M
BR

ID
G

E
C

A
M

BR
ID

G
E

C
A

M
BR

ID
G

E
C

A
M

BR
ID

G
E

C
A

M
BR

ID
G

E
C

A
M

BR
ID

G
E

C
A

M
BR

ID
G

E
C

A
M

BR
ID

G
E

C
A

M
BR

ID
G

E
C

A
M

BR
ID

G
E

Casey Ebner, Casey Ebner, 

C
A

M
BR

ID
G

E
C

A
M

BR
ID

G
E

C
A

M
BR

ID
G

E
C

A
M

BR
ID

G
E

        Information and Communications Technology and Social Isolation            Information and Communications Technology and Social Isolation    

C
A

M
BR

ID
G

E
Casey Ebner, 

Cornell

Alessandra Tomasi, Cornell
C

A
M

BR
ID

G
E

Casey Ebner, 
Cornell

Alessandra Tomasi, Cornell
C

A
M

BR
ID

G
E

        Information and Communications Technology and Social Isolation    

26    Neglected Disease and the Outlook for Tropical Pathology   

        Information and Communications Technology and Social Isolation    

26    Neglected Disease and the Outlook for Tropical Pathology   

        Information and Communications Technology and Social Isolation            Information and Communications Technology and Social Isolation    

26    Neglected Disease and the Outlook for Tropical Pathology   26    Neglected Disease and the Outlook for Tropical Pathology   26    Neglected Disease and the Outlook for Tropical Pathology   26    Neglected Disease and the Outlook for Tropical Pathology   26    Neglected Disease and the Outlook for Tropical Pathology   26    Neglected Disease and the Outlook for Tropical Pathology   
C

A
M

BR
ID

G
E

C
A

M
BR

ID
G

E
C

A
M

BR
ID

G
E

C
A

M
BR

ID
G

E
C

A
M

BR
ID

G
E

C
A

M
BR

ID
G

E
Blue: To Sign a Contract by shho, stock.xchng. ©sxc.hu.Blue: To Sign a Contract by shho, stock.xchng. ©sxc.hu.

Issue21_FINAL.indd   1 1/10/2014   12:46:27 PM



INSIDE TTHINSIDE TTH

2 THE TRIPLE HELIX Lent 2014 © 2014, The Triple Helix, Inc.  All rights reserved.

Message from the Editors-in-Chief

STAFF AT CAMBRIDGE

EXECUTIVE BOARD

President: 
 Emilija Emma (Newnham)
Chief Operations Offi cer, Europe:
 Emilija Emma (Newnham)
Founder of TTH Cambridge:
 James Shepherd (Caius)
Junior Treasurer:
 Daniel Revere (Magdalene)
Division leaders also sit on the 

Executive Board

LITERARY TEAM

Editors-in-Chief: 
 Emilija Emma (Newnham) 

Rok Nežič (Homerton)
Managing Editor:
 Justin Koh (Queens’) 
Associate Editor: 
 Emilija Emma (Newnham)

 
OUTREACH

Outreach Director:
 Benjamin Taylor (Corpus Christi) 

EVENTS

Events Director: 
 Tom Williams (Pembroke)

 
PRODUCTION

Production Manager: 
Angela Wan (Fitzwilliam)

Managing Production Editor:
 Justin Koh (Queens’)

Dr. Lia Betti
Dr. Emma Pomeroy
Dr. Gillian Sandstrom 
Dr. Sasha Turchyn
Dr. Aylwyn Scally

SENIOR REVIEWERS

ACADEMIC ADVISORY BOARD

Dr David Summers 
Prof Hasok Chang 
Dr Edward Tanner 
Dr Peter Wothers 
Dr Andrew Bell (Senior Treasurer)

Welcome to the twenty-first edition of the Science in Society Review, which is now of legal 
drinking age even in the States. Well, not really, because 21 editions does not equal 21 years, 
but it’s a nice number in any case.

Speaking of numbers: did you know that orchid mantises attract more pollinators than the 
orchids they’re mimicking? Emilija presents an article on that very topic (nothing on the 
female orgasms mentioned in Michaelmas, though… too bad).

We’ve got several articles on genetics, evolution and similar topics lined up for you in this 
edition: Nick first of all briefs us on epigenetics and then plunges into the curious topic of 
evolution and diet, which is our cover story. Is there any science behind the paleo-diets and 
similar fads, or has our optimal diet changed in the past millennia? The topic is completed 
with an article from Beth on metagenomics. 
Fun fact: did you know that your average medieval person’s teeth did not look quite like 
yours? Apart from yours being cleaner, people in medieval times also didn’t have the 
overbite of the upper teeth, because they got worn out more. 

Yes, we watch QI every now and then here at The Triple Helix Cambridge.
Still in the biological sciences, Sophus is analysing behavioural change in his article, and we 
have a piece on stem cells from Cornell.

Now, in a somewhat sombre double-feature, we have articles from Chicago and Cornell 
on stress and depression. It is my opinion that such topics are still not talked about often 
enough, so it’s nice to have them mentioned here, too. If you want something more uplifting 
(pun intended), though, you might prefer to read the peace on potential mining operations 
by Sophie – but there’s a twist: these operations are planned to take place in space, on 
asteroids of our Solar System (see: uplifting, and rockets sent to space, and weightlessness. 
No? Ok, never mind then).

The selection in the magazine is so varied, I’m left with almost no space to mention our 
other projects: we’ve got an outreach team preparing a conference for 6th-form students, 
and we’ve also launched a writing competition for all the UK 6th-formers, with the prize 
being publication of their piece in the Easter edition of this magazine. Exciting times!

Happy reading,
Emilija Emma & Rok Nežič
Editors-in-Chief, The Science in Society Review

P.S.: I (Rok) am actually the only one who wrote all of the above (so it wasn’t Emilija doing 
shameless advertising at the beginning), but Emilija is also Editor in Chief, and frankly I just 
wanted an excuse to use that photo on the side.
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One important mission of the Science and Society Review is to get our readers thinking critically
about the ethical impact of emergent technologies on public policy. There are a number of
organizations that do this, but our efforts are unique because we are an independent, 
studentrun
publication. We offer an unbiased report on the topics that are the most interesting to us, the
young people of this generation. I imagine that years in the future, these articles will serve as a
valuable record of the youth perspective on great scientific debates of our time.
Even as the Triple Helix continues to grow and expand in new directions, the core of what we
do remains the same: creating an open forum for discussion and education. We must embrace
the path forward and expand our readership by broadening our reach. Let us harness the
power of social media to promote our original works so that more people can participate in the
conversation. We are doing well, but I know we can do even better.
It has been a privilege to serve with my dedicated team over the past year. Together,
we have laid the foundations for success to build on in the coming months. To our readers and
our Triple Helix Members, I thank you for your continued support and participation. To our
graduating alumni, I look forward to hearing of the accomplishments of our TTH family. Please
keep in touch so that we may celebrate your successes with you! Finally, I want to thank each of
you for a wonderful term.

With best wishes,
Mridula

Message from the CEO

Welcome to the flagship forum for The Triple Helix organization: the Science in Society Review, 
a journal produced entirely by a network of undergraduate students spread across the world. 
We dare you to read on and see what the next generation of thinkers and leaders has identified 
as the most important issues that require interdisciplinary solutions.
We want to remind you that part of what makes our product worthy of the time and effort 
of dedicated undergraduate TTH members, and worthy of the attention of its readers, is the 
thoughts behind the words. Consider one of this issue’s international articles: light pollution has 
usually been only pointed out by astronomers looking for dark skies, but Michael Yanagisawa 
from Brown University points out that city lights don’t only make nice scenery for overnight 
flights and a nightmare for the astronomers (as well as a memorable Charlie Chaplin movie) - 
they might be ruining all our lives, as well as those of animals. Suddenly the matter is relevant 
for a much broader range of people than one might have initially expected.
As the Executive Editor-in-Chief for the past two years, I especially want to thank our TTH 
members and long time readers for working with me and enjoying the past issues of the Science 
in Society Review. It has been a rewarding experience, and I am happy to say that this journal 
will remain in good hands this year when Harrison Specht will take the reigns. Harrison, a 
rising senior at Cornell, has been a Senior Literary Editor for various chapters over the past 
two years. He will continue to help this journal uncover the fascinating intersection of science, 
society, and law.

Cassie Yeh and Dhruba Banerjee
Chief Production Officer and Executive Editor-in-Chief

Message from the EEiC and CPO
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An exciting new paper has just come out in The 
American Naturalist, demonstrating what amaz-
ing lengths evolution can take organisms to in the 

hunt for that next bite of delicious insect. The study subject 
is a mantis – more precisely, the Malaysian orchid mantis 
Hymenopus coronatus. It is a predatory insect that feeds 
on other insects but hides its murderous nature behind a 
beautiful exterior. Because of its resemblance to an orchid, it 
has long been suggested that the mantis mimics the flower 
in order to attract pollinators, which it then consumes. James 
O’Hanlon, Gregory Holwell and Marie Herberstein took 
it onto themselves to test the popular and long-discussed 
hypothesis directly – and came up with a surprising result.
 They found that the colour of the mantis is indis-
tinguishable from the colour of sympatric orchids: in other 
words, the insects that pollinate the flower cannot tell the 
mantis from a real orchid. However, the surprising result 
was the one that emerged from field experiments. They 
showed that the mantis attracts wild pollinators at a rate that 
is not just the same, but higher than the flowers themselves! 
The insect has perfected its art to such a high degree that it 
overtook its master. Such amazing mimicry has so far only 
been documented in flowering plants and never in animals, 
which makes this a very exciting discovery. ■Read more at 
(1).

Another of nature’s wonders
Mantises that attract more pollinators than flowers... 

and then eat them.
Emilija Emma
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Epigenetics is a branch of genetics that studies heri-
table changes in gene expression that are not caused 
by changes in the DNA sequence. It is a field that is 

showing an increasing influence in areas such as cancer 
research (1), and it is helping in understanding phenotypic 
plasticity (2). One of its more controversial applications is the 
field of evolutionary biology (3,4). Epigenetic mechanisms 
have recently been shown to facilitate a Lamarckian form 
of evolution, in which the parent passes characteristics it 
acquires during its lifetime to its offspring (3,5). The idea 
of Lamarckian evolution was for a long time discarded as 
invalid; the revelation that it does exist could shake the very 
foundations on which the traditional theory of evolution 
is based. 
 The idea that an individual could pass on traits that 
it developed during its lifetime has not been seen as a valid 
hypothesis since Darwin’s theory of evolution became the 
accepted evolutionary paradigm. Particularly since the Modern 
Synthesis was outlined in the early 1940’s (6), Lamarckian 
evolution has been condemned as implausible. However, 
a growing body of experimental work on rodents over the 
last decade has demonstrated epigenetic inheritance in a 
number of physiological traits (4,7,8). Similar phenomena 
have been observed, but never satisfactorily quantified, in 
the children of humans who had experienced periods of 
famine (2). 
 A recent study by Diass and Ressler provides new 
evidence which suggests that the experience of an individual 
prior to the conception of offspring can be transmitted to 
future progeny (7). They demonstrated this through exposing 
adult male mice to a particular scent and training them to 
associate this olfactory stimulus with fear. Using sperm from 
these conditioned mice, in vitro fertilisation was performed 
to produce a new generation (7). It was then found that the 
scent used to condition the male parent mice produced a fear 
response in the offspring – who had not been conditioned to 
be afraid of the scent. There was also a noticeable change in 

the brain structure of the new generation, with an increased 
number of olfactory sensory neurons. The process by which 
these changes came about is still not fully understood, but 
a clear alteration in the expression of a locus known as M71 
was observed in the sperm of the males exposed to the 
olfactory stimulus.  
 Changes in expression are the remit of epigenetics. 
They are normally bought about through methylation or 
other methods of altering the translation or transcription 
of a gene (9). Evidence such as this is beginning to demon-
strate the omnipresent influence of epigenetics on the lives 
of all organisms. It is already aiding in the understanding of 
cancers, and this new evidence, it is hoped, will help in the 
treatment and diagnosis of neuropsychiatric disorders(10). 
Surprisingly, bringing back the Lamarckian inheritance of 
acquired traits is actually in line with new ideas, such as 
the Extended Evolutionary Synthesis or the Developmental 
Systems Theory (11)(12). It seems that understanding and 
incorporating the complex effects of epigenetics might be 
where the next generation of major breakthroughs in evolu-
tion lies. ■ 

How the Mouse got its Nose.  
A Real Life Just So Story. 

Nicholas Lockyer
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“O Tempora O Mores”
Can modern societies really learn from their ancestors?

Nick Lockyer

“Times are bad. Children no longer obey their par-
ents, and everyone is writing a book.” Sounds 
contemporary? If it does, then this is a wonderful 

illustration of our tendency to see the worst in our own culture 
and time, for this phrase is attributed to Cicero bewailing 
the state of the Roman society in about 70 BC. A part of 
our condition wishes to hark back to an Arcadian golden 
age; we are no exception, as illustrated by our fascination 
with costume drama. Recently this “Downton Effect” has 
extended further back than the turn of the 20th Century. The 
Paleo Diet and barefoot running have seen us looking back 
at our early ancestors’ way of life with envious eyes [1,2]. 
These movements have thrown up interesting questions 
that have attracted the attention of a number of eminent 
scientists: can our evolutionary past give us guidance today? 
Are we still evolving? And, most importantly, what does 
the future hold?   

In 1975 Walter L. Voegtlin outlined his theory that 
human physiology is best adapted to the diet eaten by our 
Pleistocene ancestors 20,000 years ago (3). Since then this 
idea has been adapted and commercialised in a number of 
popular dieting books (4,5). The intricacies of the diet are 
too numerous to detail here, but the central thesis stipulates 
the avoidance of processed foods, grains, legumes, dairy, 
and pulses – foods that only became available to humans 
with the switch from hunter-gatherer lifestyle to agriculture 
around 10,000 years ago (1). There have been numerous 
journal papers published linking modern “Western” diets, 
characterised by calorific, processed carbohydrates and 
foods with a high glycaemic index, to the rise of chronic 
illnesses such as diabetes (3,6,7). Multiple physiological 
changes in glycaemic load, micronutrient levels, and acid-
base balance are shown to have been caused by our move 
to agriculture (6). Diets such as the Paleo claim that our 

bodies have been struggling to adapt to our changing diets, 
and purport to provide them with the foods they are best 
suited to (1,3-5).

The problem they are addressing is a real one: health 
care systems across the globe are placed under increasing 
strain by the number of people suffering from chronic 
illnesses that can be linked to high-calorie, sugar laden 
diets (8). Strong links have been demonstrated between the 
spread of westernised diets and these illnesses (9). Yet the 
misuse of paleontological evidence and terminology has 
provoked a backlash from experts in these fi elds. In 2013 
Christina Warriner gave a TED-X talk explicitly debunking 
many of the claims made by the Paleo Diet (10). One of the 
most widely publicised fl aws highlighted is the exclusion 
of dairy from the diet on the grounds that our digestive 
systems are not adapted to such a recent addition to our 
menu. In reality, the mutation allowing adult humans 
to digest lactose has spread extremely rapidly in the last 
10,000 years. It has become a prime example of the fact 
that human evolution is continuing at a genetic level (11). 

A part of our condition wishes 
to hark back to an Arcadian golden 

age; we are no exception

The Paleo food pyramid (top) verses the conventioanl food pyramid (bottom).
Notice the emphasis on meat and fish, but no dairy products. Images 
reproduced from [19] and [20]. 

Nick Lockyer is an Mphil Student 
studying Human Evolution. He decided 
to address the topic in this article as a 
result of his interest in sports nutrition.  
As an athlete he became aware that the 
Paleo Diet was becoming increasingly 
popular within the sporting community 
and wished to gain a greater understanding 
of the science and reasoning behind it.  
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Warriner’s methodical deconstruction of the diet’s central 
rules was followed by a number of examples of how the 
diet has got it right, significantly that our nutritional 
intake should be made up of a variety of whole, fresh 
foods. The human digestive system is not as archaic as 
Paleo dieters have been led to believe, but its workings and 

requirements can be informed by our evolutionary past. 
Another important point frequently overlooked by fans of 
the diet is that not all of the health problems att ributed to 
Western diet can be explained by diet alone. More things 
have changed since we developed agriculture; in particular, 
during the past century there has been a pronounced 
decrease in overall activity levels, which is very likely to be 
a contributing factor if not a vital facet of the rising obesity 
levels and should not be left out of the debate.  

Many of Warriner’s points are echoed and expanded 
by Marlene Zuk in her book “Paleofantasy” (12). Zuk 
tackles not only the dietary aspects of our so-called 
“Paleofantasy”, but also our eff orts to fi t many of the other 
aspects of our lives around the evolutionary origins of our 
various traits. This method of analysing the world around 
us is known as adaptationism (13). It involves using “just so 

stories” to create a meaningful reason for each aspect of any 
given organism. A hyperbolic example of this is suggesting 
that shape of the nose was specifi cally designed in order 
for us to wear glasses (13). This notion of evolution as a 
purposeful force aiming at perfect adaptation, is one Zuk 
and many other biologists in the past century have been 
seeking to dispel. It is emphasised throughout the book that 
there has been no time in our evolutionary past in which 
we were in perfect sync with our environment. The closing 
chapter tackles the current state of evolution in 

Left: Warriner's TED-X talk that debunked many claims made by the Paleo Diet. Image reproduced from [21].

The human digestive system 
is not as archaic as Paleo dieters 

have been led to believe

The spread of lactose tolerance in high-altitude populations is an example 
of recent human evolution in response to a changing environment. Image 
reproduced from [22].
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humans. She highlights the evolution in certain 
populations of the ability to digest lactose and amylase or 
to function at altitude, and the development of mechanisms 
for reducing the impact of malaria (sickle cell anaemia). 
These she uses as examples of how we are far from 
evolutionarily stagnant as a species. The book is a very 
engaging analysis of how and why we have become so 
keen to condemn our bodies as outdated and fl awed in our 
current environment. If we are in constant evolutionary 
fl ux, then there are no grounds to believe that our digestive 
systems are adapted to a 10,000-year old diet.

Barefoot running is another example of an attempt 
to go back to what is perceived to be the state our bodies 
are adapted to better than our current environment. 
Daniel Lieberman is a Professor of Human Evolutionary 
Biology at Harvard University, who is well known for his 
research into the biomechanics of the human gait and as 
an advocate of barefoot running (2,14). His book, “Story 
of the Human Body: Evolution, Health and Disease”, 

outlines the health implications that have resulted from 
our cultural and environmental changes in the last 20,000 
years (15). The notion of “mismatch diseases”, such as 
diabetes, obesity, and heart disease, is one that appears 
regularly throughout the book. These are conditions that 

Lieberman att ributes to the human body’s inability to cope 
with modern lifestyles. Lieberman also coins the term 
“dysevolution” to describe the vicious cycle in which we 
treat the symptoms of mismatch diseases, but fail to deal 
with the causes, creating an increasing economic strain 
on our societies (8,15). Lieberman outlines four scenarios 
for the future of our species, presenting a starkly realistic 
view of our options. Alongside the optimistic “educate 
and empower” and “invest more in biomedical research 
and treatment” routes are the slightly more controversial 
paths we could follow. The fi rst one of those, “Let Natural 
Selection Sort the Problem Out”, doesn’t sound too 
ominous until you consider the way in which natural 
selection does the ‘‘sorting it out’’: namely, through the 
death of the weakest. Good examples of how that happens 
are epidemics such as the bubonic plague. Liebermann’s 
fourth approach involves governments taking a stronger 
hand in the regulation of the environment we live in. This 
conjures images of a dystopian future in which our lives 
are strictly governed to maintain our health. Lieberman 
provides a highly accessible account of how our cultural, 
physiological and genetic history has culminated in our 
current condition. Many of the ideas in the book have been 
put forward before, but his multi-faceted approach is a 
novel use of the material.

Jared Diamond’s book “The World Until Yesterday” 
presents an ethnographic analysis of the cultures and 
lifestyles of indigenous populations (16). Much of the 
book revolves around cultural observations and anecdotes; 
however, there are some observations in the chapter 
relating to diet that are relevant to this discussion. These are 
largely based around the observation that native societies 
such as the Australian Aborigine are seen to develop 
coronary problems and type II diabetes when they are 
introduced to a Western diet (e.g. 17). Diamond goes some 

we should not disregard the 
problems and stresses we left
 behind, such as the constant 

pressure of securing sufficient food 
to survive 

pressure of securing sufficient food pressure of securing sufficient food 

Barefoot running is another attempt at going back to what is perceived to be the state of our bodies that are better adapted for. Image reproduced from [23].
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There has been no utopia in 
human history in which we were 

perfectly adapted to our 
environment and in which there 

was no disease burden

Jared Diamond, author of "The World Until yesterday". Image reproduced from 
[24].

way to explaining this phenomenon by discussing the 
shortage of refi ned sugars and salt in these cultures prior 
to Western contact. One review of this book stated that the 
recommendation that we return to a diet reminiscent of that 
in indigenous societies is bordering on off ensive (18). It is 
indeed important to bear in mind that the views of modern 
diet and health problems discussed here are very Western-
centric and that large proportions of human population 
face a very different array of health problems. To call 
Diamond’s view off ensive is perhaps hyperbole on the part 
of the reviewer, but we must not overlook the diff erence 
between our health problems and the problems faced 
by our ancestors and the modern-day hunter gatherers. 
Notably, Zuk and Liebermann both highlight the fact that 
whilst our society may be suff ering from health problems 
as a result of our own success we should not disregard the 
problems and stresses we left behind, such as the constant 
pressure of securing suffi  cient food to survive (12,15). Our 
future health and wellbeing as a species will depend on 
how we combine our ability to provide adequate food 
supplies with our ability to prevent individuals continuing 
to eat as though we are preparing for a winter of famine.

There is a general consensus that our evolutionary 
history has the potential to be highly informative 
with regards to understanding our current condition. 
A significant portion of our physiology arose under 
conditions vastly different to those we are now used 
to. Therefore, an understanding of our early ancestors’ 
lifestyles can provide us with an insight into the sources of 

many of our current health problems. However, it is equally 
important to recognise the gulf of years that stands between 
us and the populations we compare ourselves to. Humans 
have continued to adapt in that time, both culturally and at 
a genetic level, and this creates a far more complex scenario 
for analysis. There has been no utopia in human history 
in which we were perfectly adapted to our environment 
and in which there was no disease burden. Whilst the 
proponents of the Paleo Diet and its associated theories 
have presented a number of cogent arguments, they 
consistently overlook our species’ phenomenal capacity 
to adapt biologically and to engineer novel solutions. 
This capacity has allowed us to colonize the globe and 
inhabit a wide range of environments. So it must always 
be borne in mind that, whilst our past can shed light on 
the epidemiology of many of our current health problems, 
returning to it is not the route to solving them. ■
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Environmental Behaviour Change: Making 
Turning Off A Turn On

Sophus zu Ermgassen

Humans are, in certain ways, really badly designed 
animals. The field of psychology exploits this simple 
truth in the quest for understanding how the mind 

works. Many psychological principles can be inferred by 
examining the natural shortcomings our mind evolved as a 
result of various constraints. Examples of neurophysiological 
shortcomings include the visual blind spot (1) and our limited 
auditory frequency range that becomes yet narrower as we 
age (2). A more psychological shortcoming is our usage of 
heuristics, or psychological shortcuts, to make decisions 
that are completely irrational from a cost-benefit perspec-
tive (3). Many heuristics can be exploited to ‘nudge’ people 
towards making better choices, and it can be argued that 
nowhere in society is this more desperately needed than in 
directing people’s environmental decisions. Whilst some are 
disturbed by the supposedly manipulative nature of this 
approach, it is imperative to understand that every single 
decision we make is under pressure from external influences, 
and is inherently influenced by the context surrounding 
that decision (3). Advertising has been successful at legally 
manipulating people's decisions and beliefs since the start 
of the market economy, to the point that people are willing 
to pay many times more for branded goods than unrecog-
nised brands, even when they look near identical. Gently 
influencing people's environmental attitudes for the good 
of us all must surely be considered a more ethical activity.

The vast majority of people in the UK has heard of 
global climate change and is aware of the threats facing 
our planet, but has not yet been empowered into active 
engagement. Through blockbuster movies, sci-fi books, and 
some doom-and-gloom advertising, people have been sold 
the image of a scorched Earth, the displacement of millions, 
and rising international tensions over resources leading 
to widespread military conflict - yet the political will and 
public support for drastic changes in our environmental 
behaviour remain weak. The UK public can be broken 
down into 7 generalised groups according to their attitude 
to climate change (4): active environmentalists, who actively 
make lifestyle choices based on their environmental impact 
(18%), people who either deny climate change or want 

to live their life in their own way with no consideration 
for it (18%), and the most important group, who we can 
call the swingers (64%).  According to the Department 
for Environment, Food and Rural Affairs (DEFRA), the 
swingers are made up of 5 groups of varying views 
and awareness, but they all share a willingness to act if 
empowered and informed, which makes them the main 
target group for nationwide behaviour change campaigns. 
It is estimated that if the US population cut out all of 
their wasteful environmental behaviours, the greenhouse 
gas emissions of the whole country could drop by 7.4% 
overnight without the slightest impact on quality of life 
(5), and the results would likely be similar in the UK. The 
swingers make up the vast majority of our population, so 
positive changes in their behaviour have the potential to 
lead to enormous emissions reductions. 

To achieve this goal, a number of issues need to be 
addressed for any campaign that targets behaviour to be 
successful. Firstly, the barriers preventing the initiation of 
the behaviour must be removed. Those include things such 
as the lack of time or money and, more importantly, a lack 
of conscious awareness of the outcomes of your actions 
or of what can be done to change them. In the case of, for 
example, recycling, this might be as simple as informing 
people where their local recycling facilities are. Once the 
behaviour has been initiated, constant feedback ought to 
be provided in order to remind people of the impact their 
actions are having and provide constant reinforcement. 
One of the ways of maintaining focus on a particular issue 
and encouraging the maintenance of new behaviours is 
providing incentives to reward them. This has so far proved 
as successful on supposedly 'sophisticated' humans as it 

Provocative images such as this spread awareness of climate change, but 
did little to empower active engagement in environmental habits. Image 
reproduced from [15]. 

Sophus zu Ermgassen is a third-year 
Natural Scientist at Fitzwilliam with a 
passion for conservation and sustain-
ability. After undertaking an internship 
researching and running environmental 
behaviour change campaigns last summer, 
he started observing the ways that people 
and their actions are powerfully influenced 
by social context and their surroundings, 
and enjoys thinking about how we can 
apply these observations to help combat 
society's environmental problems.

Issue21_FINAL.indd   10 1/10/2014   12:51:11 PM



CAMBRIDGE

11THE TRIPLE HELIX Lent 2014© 2014, The Triple Helix, Inc.  All rights reserved.

CAMBRIDGE

has on laboratory rats, provided we use fi nancial incentives 
rather than rat food pellets. Many countries reimburse 
consumers for returning empty glass bott les as an incentive 
to reinforce the behaviour of recycling.

Psychological and marketing research has investigated 
a great number of ways of initiating behaviour change, 
and some of these insights can be adopted to tackle these 
challenging environmental issues. So what psychological 

behavioural change mechanisms are we talking about? 
There are too many to cover in an article of this length, 
but let us look at a subset of some techniques that have 
been well-studied and proved effective. For a more 
comprehensive overview, have a look at Futerra's New 
Game New Rules handbook (6) and Doug McKenzie-Mohr's 
Fostering Sustainable Behaviours online book (7).

One of the most powerful observations of human 
behaviour is that people, like horses or cows, tend to 
follow the crowd – our equivalent of a herd. Therefore, the 
choices we make in our daily lives are infl uenced strongly 
by our social environment – the choices and decisions 
made by our family, friends, enemies – or even unrelated 
individuals. This is brilliantly illustrated by an experiment 
with  astonishing cross-cultural repeatability, during which 
all members of a group of six people are shown three lines 
of very obviously diff erent lengths, and each participant, 
in turn, is asked to identify which line is the longest (8). 
Following several rounds where everyone agrees, the 
situation changes. Suddenly, the fi rst fi ve members of the 
group all identify an evidently shorter line to be the longest. 
They are actors who have been instructed to give the wrong 
answer at this point, and only the last person in the group, 
the test subject, is left to make a free decision. Remarkably, 
in a series of twelve problems, over seventy-fi ve percent of 

test subjects come to the group's totally incorrect conclusion 
at least once, with twenty-seven percent incorrectly 
agreeing with the majority over two-thirds of the time. 
The test subject unfailingly ignores their glaring sensory 
information to agree with the group's wrong answer. 

What does this result tell us about human psychology? 
Perhaps most importantly, it implies that social compliance 
is a norm. This principle of social psychology, though 
slightly terrifying, can be harnessed as a powerful drive 
for environmentally conscious behaviour. To put it simply, 
convince people that a certain behaviour is adopted by 
others, and they are much more likely to adopt it too. This 
idea can be applied to purposes as mundane as getting 
hotel guests to reuse their washroom towels. There is 
considerable fi nancial incentive, as well as the associated 
environmental benefit, for hotels in getting their guests 
to reuse their towels, given the high total electricity cost 
of washing every towel in the hotel every day. In an 
academic study, compliance with a hotel’s towel reuse 
scheme increased from 35.1 percent to 44.1 percent just 
from switching a pro-environmental towel reuse message 
to a social compliance message, in which it was stressed 
that nearly seventy-five per cent of guests reused their 
towels (9).

Whilst desire to comply to social norms can be 
harnessed as a clever environmental behaviour driver, it 
is not true that people have no fi ghting spirit. In fact, as a 
behavioural change tool, a litt le competition goes a long 
way. Competition empowers people by making them feel 
like their actions are significant because they are being 
measured against the actions of a comparable individual, 
community or group. Small-scale competition can be a 
useful mechanism for re-framing environmental problems 
to make them more achievable - as often the real target for 
society as a whole can make people feel powerless. For 
example, changing the gist of an environmental message 
from 'we can save the planet if everybody in the world 
takes action' to 'you can be better than your neighbour' 
makes the goal sound much more tangible and encourages 
action. This is exactly what was observed in an experiment 
carried out in households in California (10). Households 
were informed of how their monthly energy consumption 
compared with the average for their neighbourhood, and 
this message on their bill was accompanied by either a 
happy emoticon if their energy consumption fell below 
the average, or a sad emoticon if it exceeded the average. 
Shockingly, the sense of competition this created was 
enough to make electricity usage drop by an average of 
1.72 kWh per day per household.  Other examples abound, 
including some closer to home: an inter-lab energy-saving 
competition run at Cambridge's own Gurdon Institute 
led to a 19% electricity saving in their lab areas in six 
months (11). Elsewhere, Harvard's inter-lab competition 
encouraging researchers to close their fume cupboards 
when not in use led to a reduction in mean hood height 
from 30cm to 5cm, saving £65,000 per year (12). Admitt edly, 
there is a great deal more to setting up a competition 
than meets the eye - the issues of monitoring behaviour, 
offering incentives, setting targets and giving constant 
feedback all require considerable eff ort. However, once the 
infrastructure is in place, competition proves to be 

To put it simply, convince 
people that a certain behaviour 
is adopted by others, and they 

are much more likely to 
adopt it too.

Monetary incentives such as this can effectively influence people to become 
more sustainable. Image reproduced from [16]. 
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an astonishingly cost-effective way of achieving 
positive results.

So, 'sophisticated' humans are susceptible to pressure 
from groups, and simple re-framing to induce a sense of 
competition can initiate a change in human behaviours. 
Humans are also hugely vulnerable to fl att ery - in other 
words, people like acting in a way that confi rm their self-
perception. It explains why people who believe they are 
funny preferentially spend time with people who find 
them entertaining, and people who have committed to 
environmental actions in the past are more likely to act in 
an environmentally-conscious way again - because they 
have self-branded as being environmentally conscious and 
have to live up to the reputation. In this way, establishing 
and reinforcing people's perception of being committ ed 
to a cause is a subtle but effective behavioural change 
mechanism. This is the theory behind pledges, be they 
financial or environmental – even though the formal 
commitment is essentially non-binding, it makes people 
more likely to act on the cause. The Gurdon Institute, for 
example, administered a sustainability pledge during 
their aforementioned competition launch, which likely 
contributed to its eventual success. Admittedly, since 
pledges are usually a part of wider behavioural change 
initiatives, it is often diffi  cult to isolate and quantify how 
big their unique contribution to the cause is. However, 
sometimes it is possible to test their effectiveness 
experimentally - examples include a study investigating the 
eff ect of formal commitment on a households’ participation 
in a roadside recycling scheme (14). The researchers 
found that the combination of a face-to-face information 
campaign, a telephone information campaign, and 
the handout of a flyer was less effective at promoting 

participation than the same sequence of actions plus a non-
binding, writt en commitment pledge.

Here we have seen just a few examples of the many 
ways in which successful environmental campaigns have 
exploited our psychological tendencies in the attempt 
to achieve environmental improvements. The immense 
cost-effectiveness of behaviour change campaigns and 
their accessibility are the main factors in making them a 
rewarding focus for an environmentalist. People’s choices 
drive political change, and with no alteration in the 
patt erns of consumption and demand, no progress towards 
sustainability can be made. Changing people’s behaviour 
is by no means an easy task, but it is a vital step in saving 
our planet. 

For the active environmentalists out there: there 
is still hope. Human behaviour is subject to constant 
manipulation by external influences. And even though 
that makes us hard to predict and unreliable, it also means 
that we can be nudged in the right direction. It is probably 
bett er if that direction is a more sustainable future of our 
planet rather than the purchase of a new branded t-shirt – 
don’t you agree? ■
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Small-scale competition can be 
a useful mechanism for re-fram-
ing environmental problems to 

make them more achievable

The sense of competition created by adding this simple comparison on electricity bills was enough to drop household consumption by an average of 1.72 kWh per 
day per household. Image reproduced from [17]. 
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An Alien Eldorado: Economic and Social 
Implications of Asteroid Mining

Sophie Anne Harrington

On an asteroid orbiting the moon, a machine contin-
ues to methodically extract metals from its interior. 
Nickel, platinum and other rare metals, ready for 

transport to Earth for use in factories, are loaded into a fully 
automated ship, itself powered by water from the asteroids. 
This scene may seem like science fiction, but if the minds 
behind Planetary Resources and Deep Space Industries have 

their way it could soon become a reality.
The commercialization of space travel has become a 

driving force, if not the main force, behind the development 
of new and more efficient technologies. Government-
funded space programmes are coming against ever 
greater budget constraints, faced with the onerous task 
of convincing politicians to invest billions of dollars in 
technological innovation, much of which has no obvious 
immediate terrestrial use. Private corporations have risen 
to fi ll these gaps, many working, in particular, to develop 
commercially viable sub-orbital transport. Groups such 
as Virgin Galactic and XCOR Aerospace are placing 
significant resources into developing an economically 
viable platform for space tourism. In 2010, the Federal 
Aviation Administration predicted that the space tourism 
industry would be worth over a billion dollars within 
twenty years (1). 

Yet, while this is clearly a major development, further 

Molycorp Mountain Pass rare earth metal mine, reopened in 2010 after closure in 2002 partly due to falling profits and increased environmental regulation. Image 
reproduced from 11. 
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commercial investment in space industries, particularly 
for more ambitious ventures past the Earth’s orbit, would 
likely require an industry capable of signifi cant expansion. 
Not until recently, however, has the private sector invested 
signifi cant fi nancial resources into developing commercial 
interests in space that rely upon commodities, rather 
than tourists. Planetary Resources (PR) and Deep Space 
Industries (DSI) were both formed with a common idea 
– to exploit the raw materials of near-Earth asteroids. In 
particular, they aim to extract water and rare metals from 
asteroids to help establish a commercial space economy 
(2,3). 

The primary goal of many interested in asteroid 
mining is to access and extract water. Not only would the 
availability of water on asteroids be potentially vital in 
supporting manned orbital, lunar, and perhaps planetary 
missions, the water itself could be used as propellant to fuel 
spacecraft already stationed in orbit. While the extraction 
of water from an asteroid would, in itself, be a worthy 

and exciting goal, the profi tability of such a venture, as it 
currently stands, is dubious. 

Considering that the relatively few uses for extracted 
water rely upon an established human presence in space, 
or, at a minimum, on considerable numbers of spacecraft 
that require refuelling in space, it seems that the initial goal 
would not be profi table in the near future. Currently, most 
commercial companies, such as Virgin Galactic, are focused 
on establishing consistent sub-orbital tourism. The goals 
of most public programmes, to send long-term manned 
missions to the moon (or further) however, still seem far 
away. Nevertheless, the potential availability of fuel depots 
in space may be sufficient to accelerate a push towards 
more extensive human spacefl ight by lowering the cost of 
fuel and ensuring ready supplies in space.

A recent report by the National Aeronautics and 
Space Administration (NASA) discussed the importance 
of propellant depots in potentially enabling sustained 
exploration of the solar system. Such depots would convert 
extracted water into liquid hydrogen and oxygen (LH2 and 
LOX, respectively), via electrolysis at high pressures. The 
resultant LH2 and LOX could then be used as propellants. 
LH2, in particular, is a common cryogenic propellant used 
by the American space programme, as well as in many 
satellites that have been recently launched (4). The potential 
to refuel directly in space could signifi cantly reduce costs, 
specifi cally by reducing the amount of fuel that needs to 
be carried from the surface of the Earth, thus eliminating 
the need for the use of heavy-lift launch vehicles. A low-
Earth orbit (LEO) propellant depot could spur an increase 
in commercial launches by driving down the cost of such 

launches, potentially creating a market for the extracted 
water (5).

The second objective of PR and DSI appears to have a 
higher potential for a more immediate commercial success. 
Extraction of rare-earth minerals, along with platinum 
earth metals, zinc, nickel, and iron, would, according to the 
companies, solve the problem of increasingly diffi  cult to 
access Earth-bound supplies (6). The asteroid DA14, which 
passed through Earth’s orbit in February, was estimated 
to be worth $195 billion, which included $130 billion in 
potentially extractable metals (3). 

While there are deposits of rare-earth minerals still 
to be tapped on Earth, their relative scarcity combined 
with diffi  culty of extraction from far in the mantle serve 
to make their extraction less palatable. In contrast, while 
the establishment of orbital extraction facilities would 
be a signifi cant investment, the vast quantities of metals 
available from asteroids serve to offset the costs. And, 
after all, the establishment of water-extraction facilities, 
supported by economies of scale in the new space 
marketplace, will provide the stepping-stones to mineral 
extraction. This would minimize the set-up costs needed, 
again increasing the profitability of such an enterprise. 
Indeed, DSI has begun developing the Micro Gravity 
Foundry, a 3D printer that is intended to use Nickel 

The potential to refuel directly 
in space could significantly re-

duce costs...thus eliminating the 
need for the use of heavy-lift 

launch vehicles

Lift off of Discovery. The external fuel tank (orange) is filled with LH2 and 
LOX. Image reproduced from [12]. 
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extracted from asteroids to produce parts necessary 
for certain equipment (3). This would further reduce the 
cost required, minimizing the need to launch parts from 
the surface of the Earth. Comparing prices of various 
commodities suggests that such a venture would almost 
certainly result in a high return on investment.

However, serious ramifications of flooding the 
market with metals have failed to be considered. China’s 
entrance into the world rare-earth metals market in the 
1990s resulted in a major catastrophe as several established 
manufacturers were unable to compete. The massive 
surplus of rare-earth metals drove the prices down to such 
an extent that many mines, particularly in Australia and 
USA, were forced to shut down (7).

The extent to which such an event would occur, 
however, depends on the ease of transporting the extracted 
metals back to Earth. While the infrastructure for doing so 
is not yet in place, there have been suggestions to outsource 
the production of certain high-cost items to orbital factories, 
with the fi nished products, rather than the raw materials, 
being transported to the Earth (3). A more measured 
introduction of asteroid derivatives, as seems likely now, 
may suffi  ce to mitigate any dramatic drop in value of the 
raw materials.

A clear benefi t of mining on asteroids, compared to on 
Earth, lies in the massively diminished, if not non-existent, 
environmental and social concerns. Apart from the natural 
concerns surrounding traditional mining on Earth, which 
ranges from poor working conditions to environmental 
degradation, rare-earth metal mining is infamous for 
its toxic wastes and radioactive slurry. In 2010, China 
announced a crackdown on illegal mining in an att empt to 
mitigate the environmental damage caused by rare-earth 
metals mines (8). Furthermore, while extraction of rare-
earth metals from the mantle and the deep-sea fl oor may 
seem more plausible in the near future, the environmental 
ramifications of such an approach far outweigh the 
plausible risks involved in asteroid mining (6).

Outsourcing mining to asteroids would largely 
eradicate the concerns regarding environmental 
degradation since any toxic waste would be retained on the 
dead asteroid. Moreover, the use of completely automated 
mining equipment, as is the current goal, would eliminate 
concerns regarding human exposure to the damaging 
toxins and working conditions. While extraction techniques 
are still in the development phases, both PR and DSI are 
focused on developing in-situ, automated stations. For 

example, DSI currently plans to develop HarvestorTM, a 
fully integrated mineral and water extraction platform (3).

The quest for alternative sources of rare-earth metals 
has gained greater urgency since an unofficial Chinese 
embargo of the sale of the metals to Japan in 2010; the 
restrictions were later extended to include the USA and 
much of Europe. The dominant monopoly that China 
held over rare-earth metals, and still continues to hold, 
was made clear during the embargo, spurring att empts to 
reopen western mining facilities that were closed after the 
price slump in the 1990s (9). 

Increased environmental regulations in the intervening 
years, however, have made it more diffi  cult to reopen the 
mines, urging many to look at developing alternatives (9). 
Technology has advanced to the point where mining on 
asteroids can be considered a reasonable investment. It 
would not be surprising if national governments were seen 
to att empt to gain footholds in the industry, with NASA 
already involved in technological development with DSI 
(3). One potentially major issue is the lack of international 
accords regarding the lack of sovereignty in space. Litt le, if 
any, consensus reigns regarding the rights of commercial 
companies in claiming extraterrestrial bodies. However, 
regulations, similar to those currently used for deep-sea 
mining, have been proposed to ameliorate issues regarding 
legal protection and liabilities for corporations operating 
in space (10).

The benefi ts of extraction of materials from asteroids 
may potentially be extremely signifi cant. Nevertheless, the 
infrastructure for such enterprises still requires extensive 
development. Fortunately for these commercial enterprises, 
it seems that the development of orbital fuelling depots 
may stimulate further advances in commercial space 
fl ight. While it may be some time before the fi rst att empt 
to capture and mine an asteroid, the groundwork for this 
potentially lucrative industry is already being laid. Perhaps, 
it may not be long before one can use electronics that were 
“Made in Space”. ■
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Beyond the 1%: Using Metagenomics To Study 
Uncultured Organisms

Elisabeth Richardson

Thirty-five million years ago, in the forests of Antarctica, 
Lake Vostok was a thriving ecosystem. Fifteen million 
years ago portions of the lake still remained ice-free, 

but the steady encroachment of the Antarctic ice sheets 
meant that Lake Vostok became covered by a glacier and 
completely isolated from the outside world. However, recent 
studies have shown that even in this extreme environment 
of hydrothermal vents, freezing ice and zero visibility, life 
is able to persist. These lifeforms were not identified by the 
traditional microbiological methods of isolation and culturing 
in a lab – in the case of organisms such as those from Lake 
Vostok, the extremity of the new species’ natural habitat 
would make this difficult, if not impossible. This would 
be bad enough for characterising an individual organism, 
but with thousands of new species being identified in a 
single ice core sample from the lake, the approach is even 
less likely to succeed. 

The problem of culturing bacteria doesn’t just extend 
to those from environments as extreme as subglacial lakes 
- in fact, of the tens of thousands of identified bacterial 
species, only around 1% have been isolated and grown 
in the lab (1). Bacteria are an extremely diverse set of 
organisms with a staggering array of environmental 
adaptations, which also tend to be what make some 
species so deadly to humans. These adaptations can 
spread extremely fast - for example, some adaptations are 
found on small circular strands of DNA called plasmids 
which can be passed between organisms or even between 
diff erent species, conferring the trait to its new host. This 
process of horizontal gene transfer and the relatively 
fast replication times of most microorganisms results in 
correspondingly rapid evolution; their ability to adapt 
to changing environments is behind the vast majority of 
observed antibiotic resistance. There is a constant arms 
race between pathogenic bacteria and our methods of 
treating them, and a bett er understanding of the diversity 
of bacteria - enabled by techniques such as metagenomic 
analysis - is necessary to stay one step ahead. 

Recent technological advances in DNA sequencing 
have allowed microbial communities from all environments 
to be studied. With the advent of high-throughput 
sequencing, it has become relatively easy to produce DNA 

sequence from any DNA sample; in the case of unculturable 
organisms, the diffi  culty lies in gett ing the DNA in the fi rst 
place (2). Metagenomic studies offer a solution for this 
problem - rather than using the traditional DNA extraction 
method of growing a bacterial culture and extracting it 
from a pure sample of the cultured cells, DNA is extracted 

directly from a sample from the environment. This can 
be almost anything - water, soil, or, in the case of Lake 
Vostok, ice drilled from nearly 4km under the surface of a 
glacier. Additionally, this technique isn’t limited to DNA 
extraction; it is also possible to retrieve RNA from many 
samples. This means that as well as fi nding out which genes 
are found in a sample and from what organisms, it is also 
possible to tell which genes are active - if the protein made 
from a gene is needed in that environment, a corresponding 

With the advent of high-through-
put sequencing, it has become 

relatively easy to produce DNA 
sequence from any DNA samplesequence from any DNA sample

With the advent of high-through-

Location and image of Lake Vostok on Antartica. Reproduced from [8] and [9].
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RNA intermediate is also likely to be present (3). 
Recently, the organisms present in Lake Vostok were 

studied by metagenomic analysis of two ice core samples 
taken from different regions of the lake. Both DNA and 
RNA were sampled, showing the gene sequences present in 
the samples in addition to those actively being transcribed. 
The resulting DNA, which contained around 1500 unique 
DNA sequences from a range of organisms, was compared 
to genetic databases to fi nd which species were both most 
similar to those in Lake Vostok. 

What the researchers found was a staggering diversity 
not only in the species found, but the types of organism; 
though bacterial sequences made up over 80% of both ice 
core samples, DNA from all domains of life was found. 
Additionally, many of the bacterial species present in 
the lake were those known to live in symbiosis with 
animals, further supporting the hypothesis that complex 
life is present (3). Though there had previously been 
some evidence of microbial life under the glacier, the 
complex community revealed by the metagenomic study 
was unprecedented, made all the more interesting by 
the fact that it had been isolated from all other life for 

15 million years. The comparisons between the Lake 
Vostok community and other organisms showed some 
surprises – some sequences found were very similar to 
the thermophilic bacteria found close to the ocean fl oor, 
which was unusual for an Antarctic lake and suggested the 
presence of hydrothermal vents somewhere deep under 
Lake Vostok (3). 

Metagenomic analyses of environments are useful not 
just for extreme environments, but for culturing bacteria 
which cannot be grown in isolation for other reasons. When 
examined on the community level, symbiotic relationships 
between bacteria and often other organisms are revealed; 
for example, aphids cannot survive without the presence 
of a bacterial species, Buchnera aphidicola, and the 
bacteria cannot be cultured outside of the aphid’s body. 
Metagenomic analysis showed that the bacterial genome of 

B. aphidicola had lost nearly three-quarters of its genes, and 
lived off  sugars found in the aphid’s diet. It was also found 
that the genes retained by the bacteria included some for 
synthesising amino acids required by the aphid, with both 
organisms symbiotically using products from the other for 
survival (4). 

Artifi cial cultivation of bacterial species may also result 
in completely different gene expression than would be 
found in the wild; this means that even for the tiny fraction 
of bacterial species which can be successfully cultivated, 
the results found by studying them in culture may not 
necessarily be representative of how the organism would 
act in its natural environment. Metagenomic studies are 
an improvement on traditional microbiological culturing 
in two main areas – the can show the full diversity of the 
species present in a sample, even if the organisms cannot 
be cultured, and they also allow analysis of genes present 
in those unculturable organisms. This is useful not only to 
bett er understand the ecology of various environments, but 
for medical advancement; analysis of soil bacteria using 
metagenomics revealed several new antibiotic resistance 
genes, as well as an entirely new type of resistance 
mechanism based on a previously known enzyme called 
dihydrofolate reductase, used for synthesising amino acids 
(5). As many of the antibiotic resistance genes which cause 
antibiotic resistance in a clinical setting come from soil 
bacteria, understanding how these resistance mechanisms 

Icecore samples are taken from Lake Vostok for use in metagenomics. Image 
reproduced from [10].

a staggering diversity not 
only in the species found, but the 

types of organism

TEM of Buchnera aphidicola, a bacterial species symbiotic with aphids. Image 
reproduced from [11].
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arise in nature is crucial for staying one step ahead of the 
pathogenic species. 

Though metagenomics is proving to be an extremely 
promising method of studying the 99% of bacteria which 
have not been cultured, there are still obstacles to be 
overcome. The first, and most difficult, is the sheer 
complexity of microbial communities. Symbiotic and 
mutualistic interactions between the organisms present in 
even the smallest of samples makes it extremely diffi  cult to 
establish which interactions are essential and which are not, 
which makes calculating the minimum ‘essential genes’ 
necessary for the unknown bacteria’s survival extremely 
diffi  cult. One of the methods used to try to overcome this 
is by studying simpler communities of organisms, which 
is often achieved by studying extreme environments, 
such as Lake Vostok or, in another metagenomic study, 
an acid mine drainage system with an extremely low pH 
(6). Though in some cases there may be surprises such as 
the diverse lifeforms observed within Lake Vostok, these 
systems generally contain fewer types of organism since a 
much smaller number of species can survive there. 

Amplifi cation of DNA by PCR is always susceptible to 
contamination, and this becomes particularly problematic 
when amplifying unknown sequences – though this is 
less of a problem when sampling extreme environments, 
where a rogue human-associated bacterial sequence is 
much more likely to stand out, this is a real problem when 
analysing samples collected closer to home and extremely 
rigorous methods must be used to ensure contamination 
is minimised. Currently, though all metagenomic studies 
have the same broad methodology, the actual techniques 
used for extracting DNA from samples and amplifying 
it differ between studies, which makes the data far less 
comparable (3). Identifying which sequences belong to 
which species is extremely difficult when working with 
DNA samples from metagenomic studies; however, 
increasingly sophisticated gene assembly programmes 
are being generated which may be able to minimise any 
artefactual results (7). 

Metagenomic studies have the potential to vastly 
increase our knowledge of the bacterial communities 
people interact with every day. Though there are still 
obstacles to be overcome to allow comprehensive analysis 
of all of the organisms within a particular community, 
the decreasing cost of sequencing and increasing size of 
gene databases mean that identifi cation of sequences from 
unknown organisms and genes will become easier. This 
has the potential for discovery of entirely new bacterial 
products - and as previous molecules isolated from 
bacteria have included some of the most signifi cant medical 
advances in recent history, metagenomics could be behind 
the next major microbiological discovery. ■
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Metagenomic studies have 
the potential to vastly 

increase our knowledge of 
bacterial communities

Schematic representation of metagenomics using ESS (Environmental Shotgun 
Sequencing). (A) Sampling from habitat; (B) filtering particles, typically by 
size; (C) Lysis and DNA extraction; (D) cloning and library construction; (E) 
sequencing the clones; (F) sequence assembly into contigs and scaffolds. Image 
reproduced from [12].
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Stress in Development: 
A Mechanistic Review

Austin Yu

Chronic stress during 
development can exert 
significant, detrimental 

effects on psychological and 
physiological health

Reproduced from [16]

Stress. Although we have all felt its effects, we may find 
it difficult to define precisely what stress is. We know it as 
the feeling of not having started a paper due in two hours, or 
the realization that a job interview was an hour earlier than 
you remembered. Biopsychologist Robert Sapolsky aptly 
describes stress as a “challenge to homeostatic balance” [1]. 
Sometimes, these challenges topple the mechanisms that 
maintain homeostasis; for instance, chronic stress deregu-
lates the endocrine system by disrupting brain pathways. 
Different forms of chronic stress exert varying effects on 
the brain and body, and repercussions of chronic stress are 
particularly strong from infancy through adolescence, as the 
brain is in development. Chronic stress during development 
can exert significant, detrimental effects on psychological 
and physiological health. Fortunately, the potentially ir-
reversible damage done by chronic stress can be countered 
with appropriate family interventions and quality childcare. 

Until the middle of the twentieth century, psychia-
trists believed that stress-related disorders were rooted in 
genes, a view popularized by Sigmund Freud. Determined 
to find physical manifestations of these supposed genetic 
abnormalities, psychiatrists dissected the brains of deceased 
schizophrenics and depression victims, searching in vain for 
lesions [2]. The first empirical study on endocrine response 
to a stressful environment, conducted in 1955 in the midst of 
the Korean War, overturned the gene-rooted view on stress 
disorders. Doctors and scientists on the battlefield found 
that levels of cortisol, a steroid hormone, were significantly 
elevated when a soldier was engaged in front-line com-
bat, compared to cortisol levels of the same soldier outside 
of combat. Furthermore, cortisol levels varied depending 
on the degree of danger of the situation: soldiers in the 
front line exhibited greater cortisol spikes than did soldiers 
further from main combat zones [3]. This seminal finding 
strongly indicated that stress alters expression of cortisol, 
subsequently termed the “stress hormone.” The Korean 
War studies also prompted a slew of further research on 

neuroendocrine response to stress and its global effects on 
health and well-being.

Since the pioneering cortisol study during the Korean 
War, science has made great strides toward identifying the 
effects of psychological stress on health. It has since been 

discovered that stress affects cortisol expression through the 
hypothalamus-pituitary-adrenal (HPA) axis, a channel in 
the brain that connects the nervous and endocrine systems. 
In response to a stressor, this channel activates a successive 
chain of hormone secretions from the hypothalamus and 
pituitary gland that ultimately signals the adrenal gland to 
secrete cortisol into the brain and bloodstream [4]. Cortisol 
ignites a fight-or-flight response: heart and respiratory rates 
rise, oxygen flow to bodily tissue is increased, and immune 
cells ready themselves for defense. This response is highly 
beneficial in the short term—cortisol mobilizes energy and 
inflammatory resources needed to counter an environmental 
challenge [4]. Cortisol-induced stress regulation processes 
have helped humans deal with predators and pathogens 
alike, aiding us in escaping tigers and overcoming plagues 
through the ages. 

Short periods of HPA axis activation and cortisol secretion 
are adaptive to maintaining physiological and psychological 
homeostasis. However, nature simply did not account for 
childhood abuse, bullying, marital problems, and similar 
issues in the social world of humans. These types of sus-
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By ensuring that children are 
under the care of families 
with the knowledge and 

resources to adequately and 
sensitively care for them, we 
can mitigate or even reverse 

the effects of chronic stress in 
childhood

tained stress can have long-lasting effects when we lack 
the internal or external resources needed to cope, says Dr. 
Bruce McEwen, a stress researcher [5]. Long-term exposure 
to stressors impairs the HPA axis by causing either hyper- or 
hypo-reactivity, both of which have adverse effects on brain 
and body function [4]. In response to chronic stress, the axis 
may become overburdened, leading to sustained elevated 
cortisol levels (hypercortisolism). At the other extreme, the 
axis may adapt to the stress, leading to depressed cortisol 
levels (hypocortisolism) [6]. Both of these conditions heighten 
one’s susceptibility to psychological disorders by reducing 
the size of the hippocampus, an area of the brain responsible 
for memory and behavioral regulation [6]. Together, the HPA 
axis and the hormones it secretes form a positive feedback 
loop in which released hormones signal the HPA axis to 
secrete yet more hormones, and so on and so forth. When 
this feedback loop spirals out of control, cortisol levels are 
thrown dangerously out of balance.

Cortisol counters stressors, and also provides a posi-
tive feedback loop for itself by stimulating the HPA axis 
to produce more cortisol. Typically, leftover extra cortisol 
remaining after the activation of energetic and autoimmune 
responses becomes bound to glucocorticoid receptors at the 
hypothalamus and pituitary gland. These receptors signal to 
the HPA axis that the stressor has been overcome and tell it 
to stop producing cortisol. However, some types of chronic 
stress cause the HPA axis to secrete so much cortisol that 
some remains even after all glucocorticoid receptors become 
bound. As a result, extra cortisol freely circulates, signaling 
the HPA axis to produce even more cortisol [4]. In this way, 
the vicious cycle of hypercortisolism begins and propagates. 
The HPA axis turns on a state of overdrive, working fever-
ishly to offset stress loads even after they are no longer 
present. The cycle has significant adverse effects on both 
mental and physical health: hypercortisolism is associated 
with major depression and susceptibility to infectious and 
cardiovascular disease later in life [6]. 

When this state of overdrive is constantly activated, 
the HPA axis slowly burns out, like a light bulb without an 
off switch. As the HPA axis continues to overcompensate 
for stress, hypercortisolism slowly turns into hypocorti-
solism. When chronic stress upregulates the HPA axis and 
increases cortisol secretion, the HPA axis downregulates 
hormone receptors at the hypothalamic, pituitary, and ad-
renal levels. Returning to the lightbulb analogy, this process 
is an attempt to conserve energy by significantly dimming 
the light. But this process is difficult to reverse—regard-

less of whether chronic stress persists, the HPA axis may 
continue to downregulate these receptors. In these cases, 
one’s cortisol levels at rest become lower than normal, and 
the body releases significantly less cortisol to counter any 
given stressor [6]. This inhibited cortisol response impairs the 
body’s ability to marshal energy and immune resources. As 
a result, hypocortisolism is associated with chronic fatigue, 
autoimmune disorders, low self-esteem, and post-traumatic 
stress disorder (PTSD) [4,6]. The self-promoting cycles of 
hyper- and hypocortisolism are particularly dangerous to 
humans during brain development.

Stress may alter the development of one’s brain even 
before one is born. Sustained anxiety or psychological 
problems in the mother during gestation is linked to hy-
per-responsiveness of the baby’s HPA axis later in life. The 
proposed mechanism behind this effect is that a stressed 
mother secretes excess cortisol, some of which passes into 
the fetus and alters HPA axis and brain development [7]. 
Perhaps this excess cortisol desensitizes the fetus’s glucocor-
ticoid receptors, and its HPA axis compensates by secreting 
increasingly higher cortisol concentrations to activate the 

receptors. For prenatally stressed  individuals, the spike in 
cortisol levels for a given stressor later in life is significantly 
higher than for a control [8]. Maternal anxiety, stress, and 
negativity can quite literally permeate into a fetus, altering 
the course of its development before it even exits the womb. 
The baby becomes predisposed to hyper-reactivity to all 
kinds of stress, a condition which manifests itself later in life.

As is the case with many dispositions, stress response 
and HPA axis activity are also moderated by environmental 
factors after birth. Lower quality maternal care after birth 

Reproduced from [17]
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predisposes children to developing antisocial behavior, 
ADHD, mood and sleep disturbances, and lower final hip-
pocampal volume.  Children are particularly susceptible 
to these disorders when they experience prenatal stress in 
utero [9]. Compared to children raised by parents at home, 
children placed in low quality daycares have greater levels 
of cortisol during the day, display hypercortisolism, and 
have greater cortisol spikes in response to social stressors 
[10]. On the opposite end of the cortisol spectrum, children 
subjected to extreme parental deprivation or abuse often 
exhibit hypocortisolism, possibly due to reduced activation 
of the HPA axis at the pituitary level [6]. Sustained exposure 
to both acute and severe stress can significantly shape the 
development of children’s brains, which are in a continuous 
state of growth through childhood.

Humans are especially sensitive to severe stress dur-
ing adolescence, when the brain continues to develop and 
hormone levels are high due to puberty. During this time, 
the HPA axis is especially reactive, producing exaggerated 
cortisol responses to stressors—especially severe ones [11]. 
Furthermore, ill effects of chronic stress during childhood 
begin to manifest themselves during adolescence. Teenagers 
who were deprived of care as infants, or whose mothers 
were severely stressed or clinically depressed during preg-
nancy, show especially exaggerated stress responses and 
increased risk for major anxiety and depression [12]. From 
early childhood through the end of adolescence, humans 
are highly malleable; during this time, they are particularly 
reactive to the effects of chronic stress and elevated cortisol. 
As the teenage years come to a close (albeit turbulently), 
the peak of stress reactivity does as well. However, by that 
time, the psychological and physiological damage inflicted 
by a combination of abuse, neglect, inadequate care, and 
prenatal stress may be irreversible.

Given the adverse, long-lasting effects that severe stress 
can have on health from infancy through adolescence, it is 
imperative that we combat the problem at its root in the 
family environment. We should educate the public to ensure 
that mothers are aware of the deleterious effects of stress 
during pregnancy and stress in early childhood. In this way, 
parents will gain a better understanding of how exactly 
neglect, deprivation, and low-quality care can negatively 
affect their children. Furthermore, these classes also reduce 
stress and anxiety in pregnant mothers, asserts childbirth 

educator Kathy Greenberg, to the benefit of the developing 
fetus [13]. Other studies have found that fetuses’ cortisol 
responses and motor activity react favorably to maternal 
relaxation activities, which may include yoga, massage, and 
other therapeutic activities. [14] Overall, raising awareness 
of the direct benefits of parenting classes and relaxation 
clinics is a promising first step toward reducing the adverse 
effects of prenatal stress.

Children raised in lower-quality daycares are more likely 
to develop hypercortisolism compared to children raised 
at home; however, no such effect was found for children in 
higher-quality daycares [10]. Thus, social policies pertain-
ing to non-parental should be more closely scrutinized. For 
instance, it would be salient to make the minimum standards 
for daycares and full-time nannies stricter. Many working 
parents may have no other choice but to leave their children 
in the care of another guardian, but this will not have det-
rimental effects if children have quality interactions with 
other children and the adult in charge. In fact, high-quality 
daycare—and other types of supportive care – may be the 
key to resolving stress in early life. Deprived or neglected 
children placed in supportive daycares or foster families 
showed significant normalization of basal cortisol levels 
after just ten weeks [15]. By ensuring that children are under 
the care of families with the knowledge and resources to 
adequately and sensitively care for them, we can mitigate 
or even reverse the effects of chronic stress in childhood. 

Austin Yu is a sophemore studying Economics at the University 
of Chicago.
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A New Hope
Frederick Naison Dong

In October of 2012, the Nobel Committee awarded to John 
Gurdon of Cambridge University and Shinya Yamanaka 
of the University of Tokyo the prize in Physiology or 

Medicine for “the discovery that mature cells can be re-
programmed to become pluripotent.”

These cells are known as induced pluripotent stem cells 
(iPSCs), and the recognition of Gurdon and Yamanaka’s 
discovery reflects the hopes we have come to place in stem 
cells since their discovery 50 years ago, as well as the con-
troversy over their use with which we still struggle.

A stem cell is a type of cell that is undifferentiated, 
can replicate in its undifferentiated state through mito-
sis, and can differentiate into specialized cell types [1]. 
The existence of stem cells in mouse bone marrow was 
accidentally proven in 1961 by James Till and Ernest Mc-
Culloch [1]. These adult stem cells were determined to be 
responsible for the success of bone marrow transplants 
in treating diseases such as leukemia [2]. Adult stem cells 
are present in organs consisting of differentiated cells and 
serve to maintain their respective organ. These cells are at 
best limited to differentiating into cell types which were 
closely related to those found in their parent organs and 
were for several decades the only feasibly accessible stem 
cells. Thus, the world of stem cell research (and the world 
beyond) was shaken when, in 1998, James Thomson and 
coworkers at the University of Wisconsin-Madison devel-

oped a method for deriving and culturing stem cells from 
human embryos [1] [3].

Unlike the previously known adult stem cells, embry-
onic stem cells (ESCs) are capable of differentiating into 
every cell type except for placental cells – a trait known as 
pluripotency. As described in Thomson’s 1998 paper, these 
cells were capable of differentiating into all three germ cell 
layers, the layers which give rise to gut epithelium, bone 
and muscle, and the neural epithelium, after months of un-
differentiated replication in vitro [3]. The newfound ability 
to culture stable stem cell lines suddenly made possible 
standardized research on human stem cells. While this is 
a scientifically interesting field in itself, the most appeal-
ing aspect about these pluripotent ESCs was their apparent 
therapeutic potential. Many of our most devastating afflic-
tions, including Alzheimer’s, diabetes, heart diseases, and 
strokes, involve the destruction of particular types of cells 

[1] [3] [4]. In these cases, ESCs can theoretically be induced 
to differentiate into any type of cell and be used to replace, 
for example, cardiac cells lost during a heart attack. Fur-
thermore, entire organs might eventually be grown from 
stem cells, eliminating the need for organ donation. These 
possibilities, although still speculative and the subject of 
ongoing research, were tantalizing from the very outset, 
but upon their discovery, ESCs also became immediately 
and persistently controversial.

One of the primary ethical concerns regarding ESCs 
arises from the fact that the derivation of these cells results 
in the destruction of embryos [1] [5]. Thomson and his col-
leagues obtained fresh or frozen embryos produced by in 
vitro fertilization through donations by individuals after 
informed consent and institutional review board approval 
[3]. These embryos were then cultivated to the blastocyst 
stage – roughly five days of development – and inner cell 
masses, which give rise to adult organs, were extracted, 
effectively destroying the embryos [3]. The status of the 
embryo was not a new question; it has been debated in the 
context of abortion and assisted reproductive technologies 
without resolution, and it has been the subject of legislature 
concerning abortion [1] [5]. Such legislature tends to adopt 
a middle position in the spectrum of treating the embryo as 
something of no status and treating it as the equivalent of a 
born human being. In more extreme cases, the destruction 
of embryos has been considered tantamount to murder. 
For example, in 2001, President George W. Bush decided to 
limit government funding of stem cell research to previously 
established stem cell lines, preventing the United States 
government from funding research which would destroy 
embryos. In 2006, he vetoed a bill passed by congress which 
would scrap these limits, saying that the bill would support 
“the innocent taking of human life.” The decision frustrated 

ESCs can theoretically be 
induced to differentiate into 

any type of cell and be used to 
replace, for example, cardiac cells 

lost during a heart attack
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many scientists who believed that stem cell research was 
on the cusp of a major breakthrough. 

Then, later in 2006, Yamanaka published a paper, the 
one which would win him the Nobel Prize, in the journal 
Cell demonstrating “the generation of iPSCs from adult 
human dermal fibroblasts” [6].  These cells were generated 
from fibroblasts taken from a 36 year-old male subject to 
retroviral transduction of four specific transcription factors 
[6]. Cells bearing morphological resemblance to ESCs were 
isolated from the subsequent cultures and were shown to 
have many features in common with ESCs, including ESC-
specific gene and antigen expression, high telomerase activity, 
and rapid proliferation time, and were additionally shown 
to be capable of differentiation into neural and cardiac cells 
by the same methods used for ESCs [6]. 

However, iPSCs are even more attractive because they 
differ from ESCs in several ways [6]. iPSCs are attractive 
therapeutically since they would offer a means of genetically 
matched therapies for patients. Therapies could be derived 
from a patient’s own cells rather than an existing ESC line, 
precluding immunological complications such as transplant 
rejection. They are also easily derived from readily available 
sources and thus offer a way to circumvent, at least partially, 
the moral and ethical issues burdening ESC research. Indeed, 
Yamanaka admits that ethical controversies and a reluctance 
to continue destroying embryos were principal motivators 
of his research [7].

For the time being, however, ESCs will continue to play 
a significant role in stem cell research, despite the attractive-
ness of iPSCs. ESCs cells are backed by an entire decade of 
extra research and are so far more reliable [8].  Additionally, 
there is uncertainty and debate about whether or not ESCs 
and iPSCs can be distinguished by genetic or epigenetic 
differences and the significance, if it exists, of these differ-
ences [4]. Some DNA microarrays have detected differences 
between iPSCs and ESCs [6], and there is uncertainty as to 
whether different laboratories and their respective techniques 
for deriving ESCs and iPSCs result in different genetic and 
epigenetic landscapes [4]; this demonstrates that there is 
much about these cells still to be understood.

Even if iPSCs do quell the controversy generated by 
ESCs, one must question whether or not the potential benefits 
of stem cells have been exaggerated, or if our expectations 
have been unrealistic. Stem cells have often been presented as 
offering “huge and immediate benefits” [1], but after many 
years of research, scientists still face challenges inducing 
complete differentiation of stem cells into a mature cell type 
[6], and there are still no new stem cell-based therapies in 
routine use [1]. This issue becomes more problematic when 
one considers that such therapies have been promised to 

sufferers of certain conditions and that these sufferers may 
well be dead before such therapies are developed. 

Scientists, however, remain cautiously optimistic. Upon 
his inauguration in 2009, President Barack Obama reversed 
President Bush’s 2001 decision to limit federal funding of stem 
cell research. More recently, in January 2013, the Supreme 
Court dismissed a case, Sherley v. Sebelius, which began 
in 2009 when two researchers sued the National Institutes 
of Health in an attempt to halt its funding of ESC research 
[9]. Economic difficulties have shrunk this newfound pool 
of resources, but researchers note exciting advances made 
in recent years in deriving mature gut and lung cells from 
ESCs and iPSCs and their grafting into animal models, all 
the while judiciously noting in light of recent legislation the 
continuing need for scientifically informed regulation of 
research in a field with such enormous potential [4]. Despite 
the difficulties and setbacks and the extended timeframe thus 
far required, researchers continue to strive for and believe 
in the therapies envisioned in stem cells upon their initial 
discovery. Perhaps nothing better highlights the continued 
hope placed in stem cells – both in their therapeutic potential 
and in the possibility of research unburdened by controversy 
– as Gurdon and Yamanaka’s shared Nobel Prize. 

Frederick Naison Dong is a senior studying Biology and Music 
at Cornell University.
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The Loneliness Factor: 
Information and Communications Technology 

and Social Isolation
Casey Ebner

In the current information age, the individual is bom-
barded by technology: from the simplest calculator to 
the application laden smartphone, technology rules our 

daily lives. With the array of information and communication 
technology (ICT) platforms in existence, such as text messag-
ing, video chatting, and tweeting, forming and maintaining 
relationships with people both near and far is easier than 
ever. ICT is invariably changing social interactions and the 
way children and adults approach interpersonal relation-
ships. However, whether such technology has a positive or 
a negative effect remains to be seen; in particular, the role 
of ICT use in producing “loneliness” in its users is debated 
amongst academics and researchers. The implications of 
an increasingly isolated and lonely society extend beyond 
the concerns of mental health and depression. Loneliness, 
or feelings of social exclusion or isolation, can also have 
physiological effects on the human body. Researchers have 
linked loneliness and social disconnect with Alzheimer’s, 
the breakdown of DNA transcription in immune response 
cells, poor eating habits, high blood pressure, and shorter 
lifespans [1]. But what exactly is loneliness in this informa-
tion age? Does ICT really make us lonely?

Although widely regarded as a negative or undesirable 
state, loneliness may have evolved to facilitate the social 

bonds and emotional attachments necessary to survive in 
fickle pre-historic climates. According to John Capriccio, a 
Social Psychologist at the University of Chicago, maintaining 

close ties with friends meant constant access to food and 
resources, and ultimately, a chance to pass on a genetic 
legacy [1]. The uncomfortable loneliness our ancestors felt 
after drifting far from a group served as a reminder to re-
join or reconnect with a social group in order to increase 
their chance of survival [1]. Engineered for interdependent, 
close-knit societies, the mechanism once developed to ensure 
our survival is maladapted to our increasingly isolated and 
independent society. Families and communities are now 
dynamic rather than static groups, subject to movement in 
and out of the group based on academic, job, and relation-
ship opportunities [2]. Children find themselves living far 
away from parents and relatives, without the comfort and 

dependability of familial social bonds, and sometimes without 
means to foster or maintain new connections.

Studies conducted well before the advent of Facebook 
illustrate a strong correlation between increased internet 
usage and notions of loneliness; the “Internet Paradox,” 
described by researchers at Carnegie Mellon, shows that 
while ICT has made staying in contact with people easier, 
ICT actually decreases occurrences of human contact and 
increases loneliness (as measured by the UCLA loneliness 
scale which asks people about their feelings of connection to 
others around them) [2]. Moreover, the definition of loneli-
ness has itself evolved, becoming particularly nebulous in 
the new technological era. Loneliness is no longer always 
synonymous with being physically “alone”; nowadays, lone-
liness is often geared around the subjective experience of 
social detachment, or in other words, how far away we are 
from our communications technology [3]. 

Originally a technology enthusiast, Massachusetts Insti-
tute of Technology professor Sherry Turkle argues that with 
the widespread use of cellphones, the internet, and other 
messaging programs and devices, people are never offline, 
or unreachable, and therefore are never truly alone [3]. To 
shut off one’s phone or go extended periods of time without 
using ICT is a rarity. Though we are constantly connected to 

...nowadays, loneliness is 
often geared around the 

subjective experience of social 
detachment, or in other words, 
how far away we are from our 
communications technology...
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others, ICT only provides the illusion of companionship and 
makes our face-to-face relationships less meaningful. Turkle 
asserts that technology not only traps us into corporate, 
business driven schemes, such as Facebook or Twitter, but 
also works to flatten our emotions towards real experiences 
and others in general. “Happy” is a colon and a parenthesis 
and not an emotion, and people show more empathy and 
feeling towards inanimate objects- Tamagotchis, Ferbies, 
Robotic Dogs- than real people [3]. Instead of describing 
or elucidating our feelings or thoughts, we use emoticons 
and acronyms as a quick substitute. In fact, public spaces 
have morphed from physical places rife with face-to-face 
interaction, to private places within public spaces that allow 
us to retreat into the connectivity and anonymity of the 
virtual world; in waiting rooms or even in close social set-
tings people text and check the internet instead of talking to 
the people around them. Even when surrounded by others, 
we feel isolated because of our preoccupation with ICT.  [3]   

Ian Hutchby and Jo Moran-Ellis, professors at the Uni-
versity of Leicester and University of Surrey respectively, 
disagree with Turkle’s view on technology with respect to 
childhood social development research. For generation XD, 
digital natives born after 1994, technology is particularly 
integrated into social relationships. While at first it may 
seem that technology has usurped personal face-to-face 
relationships, researchers in Great Britain have determined 
that ICT and other social media are actually incorporated 
into face to face interactions and often facilitate personal 
relationships: for example, families often gather around the 
television together, while children play video and online 
games with one another in person [4]. ICT and other social 
media enrich and promulgate offline relationships instead 
of replacing them [5]. Although people may spend a great 
deal of time with their electronics, ICT can also be used as 
a tool to enable more fulfilling face-to-face interactions.  

Tangentially, the question remains about whether tech-
nology facilitates social relationships or actually creates them. 
In a study conducted to tweeze apart behavioral dispositions 
and technologically altered social behavior, researchers de-

termined that an individual’s habits on Facebook invariably 
reflect his or her own introverted or extroverted nature. [6]. 
Extroverts use wall and chat features often as a means for 
social extension, whereas introverts may play games or use 
applications while on Facebook [6]. Similarly, while shy or 
socially anxious people consistently use Facebook mostly 
as a means to develop relationships in a more comfortable, 
less threatening setting, lonely people use Facebook for 
different purposes and at different frequencies depending 
on whether they feel romantically lonely, familially lonely, 
or socially lonely [6]. Because personality influences the 
reasons for why and the way in which people use technol-
ogy, the question remains about whether social networking 
websites, such as Facebook, produce feelings of loneliness 
or merely reflect a genetic or psychological predisposition 
towards loneliness.  

The evidence for whether technology makes us lonelier 
is conflicting; in some cases, it seems to have a negative effect 
on lonely feelings, while in others it seems to actually ease 
the pains of loneliness. Social interactions are undeniably 

key elements in maintaining both our happiness and health. 
With the stakes rising, perhaps instituting cellphone and 
internet bans in school, or shutting off the digital world once 
in a while, or redirecting our social efforts to face-to-face 
interactions, may be for the best. 

Kaylin is a pre-medical student at UC San Diego considering a major 
in either ethnic studies or cultural studies. The Dimensions of Culture 
series interested her in the function of race, class, gender, and sexuality 
throughout history and this has inspired her to learn how to provide 
informed, culturally competent care that is sensitive to minorities with 
histories of prejudice and structural barriers to receiving equal and fair 
health care.
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Neglected Disease and the Outlook for 
Tropical Pathology  

Alessandra Tomasi

Tropical diseases directly affect more than one billion 
people in the developing world each year [1]. Neglected 
Tropical Diseases, or NTDs, are defined as chronic, debilitating 
infections that are especially endemic in regions of severe 
poverty and poor sanitation, and for which treatments and 
preventions remain largely overlooked [1]. Conditions such 
as chagas, dengue, lymphatic filariasis, and schistosomiasis 
represent a small fraction of such infections, yet they account 
for millions of afflictions each year [2]. Despite the staggering 
statistics, however, few effective treatments have been made 
available to plagued populations. Largely found in tropical 
communities with unsafe drinking water, poor sanitation, 
and substandard housing, these populations remain socially 
and medically marginalized on a global scale [1]. In fact, 
each year only a small fraction of medicines introduced 
to market by multinational pharmaceutical companies are 
specifically intended for treatment of tropical diseases in 
the Third World, and minimal returns on investment have 
only contributed to keeping this distribution exceptionally 

low. As the translation of lab and clinical progress into the 
development of new treatments continues to be a slow 
and costly process, advancements in the field of tropical 
pathology thus remain largely unavailable to the poverty-
stricken populations that need it most [3]. This disparity in 
access to proper medical care ultimately imparts burdens 
not only on the health but also the economic development 
of susceptible low-income countries.

Much of the burden set by tropical diseases can be 
prevented with known technologies; however, drug companies 
have had little incentive to spend millions to develop the 
necessary drugs and bring them to markets that need it 
most. In fact, the past decade has only targeted 3.8% of 
the 756 new drugs approved in the US and Europe to treat 
diseases in the developing world [3]. Additionally, in 2012, 
the US government allocated over $7 billion to global health 
programs; however, only 1.3% of this was invested in NTDs 
[4]. As a result, millions of people each year, most of them 
in Third World tropical regions, die of curable and even 

Reproduced from [9]

Issue21_FINAL.indd   26 1/10/2014   12:57:29 PM



CORNELL

27THE TRIPLE HELIX Lent 2014© 2014, The Triple Helix, Inc.  All rights reserved.

CORNELL

preventable diseases simply because it is not cost-effective 
to properly treat them. 

The low quality of medical infrastructure in developing 
nations, coupled with inadequate levels of foreign aid, has 
impacted poverty-stricken communities beyond the scope 
of health and medical care [3]. Disease slows growth and 
intellectual development in children and adolescents, and 
impedes productivity for working adults. Quantitatively, 
the economic burden caused by NTDs is expressed through 
the loss of disability-adjusted life years (DALYs), or the years 
of healthy life lost as a result of disability or premature 
death. In total, the 17 categorized neglected tropical diseases 
collectively account for a loss of approximately 46-57 million 
DALYs [8]. 

To understand the burden of disease on a more 
fundamental level, consider the specific case of lymphatic 
filariasis. It has been estimated that this particular NTD, 
which mostly affects rural communities in India, causes each 
infected patient to lose about 11 years’ worth of productivity 
[5]. This corresponds roughly to a loss of $50 per year per 
individual, equivalent to 15% of one’s income. In total, it 
has been estimated that India alone loses approximately $1 
billion per year in GDP to lymphatic filariasis [5]. 

Similarly, the parasitic infection onchocerciasis exhibits 
analogous destructive economic effects on plagued populations 
[6]. Particularly endemic in African nations, the NTD accounts 
for over one million cases of visual disability and blindness, 
and is the world’s second leading cause of infectious blinding 
[6]. Its debilitating effects cause infected patients in rural areas 
to abandon work, thereby dramatically reducing agricultural 
output. In Africa alone, onchocerciasis is responsible for over 
640,000 disability-adjusted life years (DALYs); worldwide, 
it is responsible for nearly 1.5 million [6]. 

Because NTDs impact communities that are already 
marginalized on a global scale, the additional economic 
strains they impart greatly inhibit these populations’ ability to 
move out of poverty [7]. Sustainability efforts in developing 
nations continue to be stunted, and communities around the 
world remain unable to climb the economic pyramid. With 

almost one-sixth of the world’s population affected by the 
lack of access to proper medical care and to the resources 
necessary for prevention and treatment of tropical diseases, 
the consequences of NTDs transcend their direct impact 
on individual health. As a result, it is important to shift 
from viewing these diseases solely within the context of 
individual health, and instead towards a view that also includes 
global, social, and economic contexts. With tropical diseases 

disproportionately affecting the poorest of populations, 
NTD awareness must be integrated into a broader social 
agenda to increase advocacy and strengthen global aid. 
Expanding financial resources alone will not solve the issue. 
By diminishing opportunities to succeed, NTDs reinforce 
cycles of poverty among the world’s most disadvantaged 
populations. Improvements in infrastructure and drastic 
changes in regulatory authority as well as government 
spending are slowly beginning to improve the situation; 
however, there remains a lot to be done. 

Alessandra Tomasi is a junior studying Biology, with a minor in 
English, at Cornell University. 

Neglected tropical diseases 
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