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from this movement that The Synapse 
was born. Since then, support from 
the administration and burgeoning 
interest among the student body 
has propelled the magazine forward, 
suffusing Oberlin’s campus with 
quality science reporting. With this 
came the realization that ours was 
not the only institution with a void 
to fill.
 In the fall of 2015, the 
magazine set out to expand its reach 
beyond Oberlin’s borders. Fueled by 
their passion for science journalism, 
a committee of Obies worked during 
the next two semesters to devise 
a new editorial platform and find 
partners at neighboring institutions. 
By the end of the 2015-16 school 
year they had recruited student 
groups at several peer schools that 
were interested in establishing their 
own branch of the magazine. Now, 
for the first time in The Synapse’s 
brief lifetime, I’m proud to welcome 
contributions by student writers and 
artists from Denison University. 
 It’s my hope that long after 
I have graduated The Synapse will 
continue to bring together talented 
students from across the Midwest 
and beyond to in the crafting of this 
singular publication.
 I realize I say this for every 
issue, but I truly believe this is our 
best work to date. Dedicated readers 

of the magazine will have noticed 
that we continually updated the 
layout and organization, but now I 
believe we’ve finally found a design 
that we can all agree on and stick to 
(at least until May, 2017). Despite 
the misnomer, The Synapse is an 
outlet for a diverse range of scientific 
topics, exemplified by our constantly 
changing categories. True to form, 
for this issue we added a Policy 
category to accommodate Jayla 
Johnson’s article Feminism, Zika 
and Public Health and Tram Dao’s 
The Rise of Decentralized Diagnostic 
Testing. Johnson’s article is expertly 
complimented by Denison student 
Al Dilorenzo’s artwork which, in my 
non-expert opinion, is one of the 
best pieces we have ever published.

Enjoy.

Gabriel Hitchcock
Editor in Chief

Five 
years ago three 
n e u r o s c i e n c e 
students at Oberlin 
College set out to 
fill a void in news 
coverage on their 

campus. For a campus with a strong literary 
tradition, student writing on scientific topics 
remained a rarity. They set out to create a space in 
which young scientists and ambitious journalists 
could get together with budding artists to create 
compelling stories about science’s developments, 
personalities, shortcomings, and future. It was 
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Rachel Dan is a Neuroscience and Creative 
Writing double major at Oberlin College 
originally from Bethesda, Maryland. She 
is a first-time writer; second-time Chief 
Layout Editor; and third-time layout editor, 
artist, and cruciverbalist (see p. 38) for the 
magazine. As CLE, Rachel manages a team 
of eight layout editors to organize, design, 
and ultimately print each issue. Unofficially, 
Rachel is also our proof-reader-in-residence, 
meticulously attending to both word and 
design of the magazine. In addition to her 
work with The Synapse, Rachel is the treasurer 
for the Neuroscience Majors Committee, 
a voice-actor for WOBC, and a research 
assistant in Dr. Michael Loose’s lab.

Beatrix Parola is a senior Law and Society 
and Psychology double major at Oberlin 
College. Beatrix is originally from Bronx, 
New York. Having contributed art work to 
five issues (see cover, V4I2), Beatrix is one 
of the longest standing contributors from 
Oberlin. Throughout this period, Beatrix 
has filled the vital roles of harshest critic and 
greatest advocate. Her many contributes, 
both artist and otherwise, have helped shape 
The Synapse into the magazine it is today. 
Beatrix’s distinctive style blends comic book-
esque subject matter with a Fauvist pallet and 
more than a dash of satire. See The Science of 
Cute for a clear example. After graduation, 
Beatrix intends to pursue a graduate degree 
in forensic psychology and law.

Elena Hartley is a sophomore Geology and 
Chemistry double major with a minor in 
Studio Art at Oberlin College. Elena is 
originally from Atlanta, Georgia, the birth 
place of Coca-Cola. After illustrating for 
three issues, which included the first comic 
to be featured in the The Synapse (V4I2), 
Elena became our 2nd Art Coordinator. As 
AC, Elena screens applications, brings in new 
student artists, oversees the production of art 
work, and quality-checks the magazine before 
print. In addition to her work as illustrator 
and administrator for the magazine, Elena 
also works in the Career Center as a peer 
advisor. After graduation, Elena intends to 
go immediately into the work force.

Allison Murphy is a senior at Denison 
University majoring in Biology with a 
concentration in Neuroscience. She is very 
excited to be Denison’s first Managing 
Editor and to help The Synapse get started at 
her school. In Allison's first Synapse article, 
The Science of Cute, she explains just why we 
are so drawn to puppy dog eyes and babies' 
smiles. When she isn’t writing or editing, 
she can be found dancing, being a Head 
Resident, and working on her research, 
which investigates the genetics of neuron 
development in Drosophila (fruit fly) larvae. 
After graduation, Allison plans to pursue a 
PhD in Neuroscience so she can continue 
with research and making science accessible 
to wider audiences.
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I
magine a sphere of swirling gas and vapor awash with 
violent storms, where life as we know it cannot survive and 
chaos is king. Here the turbulent atmosphere spins at the 
mercy of winds that make Earth’s greatest hurricanes seem a 

gentle coastal breeze. These storms and winds cause ever-changing colors 
to flicker through the sphere’s surface in a symphony of reds, oranges, 
and whites, while far below, the lower atmosphere sparks with electricity 
conducted by metallic hydrogen.
 This is Jupiter, which aptly takes its name from the king of the 
Roman gods. Jupiter races around the sun at over 29,000 miles per hour, 
accompanied by an entourage of 67 moons and 4 faint rings. Our solar 
system’s largest planet, Jupiter boasts a diameter of 88,692 miles — 11 
times that of Earth — and weighs more than twice all the other planets in 
the solar system combined. 
 Orbiting this colossus is Juno, the first solar-powered spacecraft 
to visit an outer planet. Armed with three massive solar panel arrays 
and nine whirring instruments, this trailblazing probe is the second 
spacecraft of NASA’s New Frontiers program; the first was the New 
Horizons mission, which famously sailed past Pluto in July 2015. Like 
New Horizons, Juno is a record-breaker: last January she broke the solar-
powered distance record by flying over 493 million miles from the sun, 
and her top speed of 160,000 miles per hour makes her the fastest man-
made object in history.
 Nearly 500 million miles from the sun, Jupiter receives only 

4% as much light as Earth. To operate in such starved conditions, Juno is 
equipped with the largest solar arrays of any planetary probe ever made: 
three 30-foot wings with a combined total of 19,000 photovoltaic cells 
that convert solar radiation into electricity. These impressive arrays extend 
Juno’s wingspan to the size of a basketball court, and can generate 12 
kilowatts of power in the vicinity of Earth. Around Jupiter, their output 
plummets to a mere 400 watts – not even enough to run a hair dryer, but 
still plenty to power Juno’s energy-conservative instruments. Additionally, 
Juno’s polar orbit is designed so that Jupiter will never eclipse the sun, 
which will keep her solar panels in direct sunlight for almost the entire 
mission. The arrays’ symmetrical arrangement also helps stabilize the 
spacecraft as she spins.
 Juno entered Jupiter’s orbit on July 4th, 2016 after nearly five 
years of interplanetary travel. The probe will collect data on Jupiter for 
20 months before undergoing a controlled deorbit in February 2018 by 
plunging deep into the planet’s atmosphere. During this ultimate dive, 
Juno will continue to transmit her final findings until she disintegrates 
under the intense heat and pressure. This fiery end is designed to prevent 
the deactivated satellite from contaminating or colliding with Jupiter’s 
moons, particularly Europa, which scientists believe may contain 
microbial lifeforms.
 Juno’s principal mission is to discover how Jupiter came to be, 
which NASA believes is key to understanding the formation of our solar 
system. NASA, among others, theorizes that Jupiter formed by a process 

called core accretion. 
This theory suggests 
that electrostatic and 
gravitational forces caused 
small pieces of ice and rock 
to coalesce into a solid 
core called a planetesimal, 
eventually gaining enough 
mass to capture the 
surrounding nebular gases. 
Like our sun, Jupiter is 
composed almost entirely 
of hydrogen and helium — 
the two lightest elements 
— indicating it formed 
before the sun had time 
to fuse atoms into heavier 
elements such as the 
oxygen and nitrogen found 
in Earth’s atmosphere.

The Cosmos 

The stunning vortexes of Jupiter's South Pole, imaged by JunoCam.  Jupiter's Southern Aurora, imaged by Juno's JIRAM.

NASA's MISSION TO REVEAL THE                    SECRETS OF OUR OLDEST PLANET

2
Written and Illustrated By Rachel Dan
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 Jupiter’s massive size suggests that it predates the other seven 
planets, since having no planets to compete with would have allowed 
Jupiter to capture most of the gas leftover from the formation of the sun. 
Jupiter’s gravity prevented the materials that formed it from escaping into 
space; thus the planet serves as a time-capsule, a window into our solar 
system’s early history. There is a chance that Jupiter has no core at all, 
and everything we think we know about planetary formation may be 
completely wrong. Juno’s analysis of Jupiter’s interior will help determine 
if our core accretion theory is correct.
 But how to measure a core we can neither touch nor see? To solve 
this problem, NASA equipped Juno with instruments that can analyze 
the core indirectly by mapping Jupiter’s gravitational and magnetic fields. 
As Juno orbits Jupiter, small fluctuations in the planet’s gravitational 
field will affect Juno’s velocity and flight path, altering the 
frequencies of her radio signals. These alterations will 
allow NASA to map Jupiter’s gravitational field, 
indicating where mass is unevenly distributed 
inside the planet.
 The source of Jupiter’s magnetic 
field, on the other hand, is less understood. 
The predominant theory posits that the 
field is generated by a superconductive 
core of metallic hydrogen, which can only 
be formed when immense pressure warps 
hydrogen gas into an electrically conductive 
fluid. Juno’s Magnetometer could make or 
break this theory by measuring the strength 
and direction of Jupiter’s magnetic field, 
providing valuable insight into the type of core 
needed to create and sustain such a field.
 Even more extraordinary than Jupiter’s 
magnetic field is its magnetosphere, the region of space 
the magnetic field controls. Charged particles trapped within 
the magnetosphere race at nearly the speed of light, forming deadly 
radiation belts which Juno must carefully duck beneath to avoid system 
failure. A titanium radiation vault shields the spacecraft’s most sensitive 
instruments, but it will only protect them for so long. NASA will be 
using Juno’s Jovian Energetic Particle Detector Instrument (JEDI) to 
collect data on the belts’ high-energy particles, with the ultimate goal of 
informing the design of future deep space missions for resilience in high-
radiation environments.
 The magnetosphere is of particular interest to NASA because 
of its role in forming Jupiter’s aurorae. Charged particles from both solar 
winds and Jupiter’s volcanic moon, Io, collide with the magnetosphere 

and flow along magnetic field lines until they precipitate down into the 
atmosphere around Jupiter’s poles, exciting atmospheric electrons enough 
to emit light. The resulting spectacle easily puts Earth's Northern Lights 
to shame. Juno’s Jovian Infrared Auroral Mapper (JIRAM) detects both 
visible light and thermal emissions, and has already captured breathtaking 
infrared images of Jupiter’s southern aurora. JIRAM is assisted by JEDI’s 
little sister JADE (Jovian Auroral Distributions Experiment), which 
measures the lower-energy particles that produce the aurorae. NASA 
believes that unlocking the secrets of the Jovian aurorae will shed light on 
the dynamics of our own aurorae here on Earth.
 The head researcher of the Juno mission, Scott Bolton, 
remarks that Jupiter’s poles are “like nothing we have seen or imagined 

before.” Here, the belts of white and orange clouds that make Jupiter 
recognizable cease to exist, replaced by a faded blue. Bolton 

revealed that the north pole in particular is teeming 
with storms unlike anything ever encountered in the 

solar system. Juno gave us the first-ever glimpse 
of this turbulent region during her initial flyby 
using what is perhaps the most unique of her 
instruments: JunoCam.
 JunoCam is NASA’s gift to you. 
Yes, you. With the Juno mission, NASA 
is inviting the public not only to process 
JunoCam’s imaging data into spectacular 
color close-ups, but also to choose where to 

point the camera. On Juno's website, NASA 
encourages amateur astronomers to upload 

and discuss their images of Jupiter. Starting 
November 2016, the public may also vote on 

which parts of the planet to photograph. So far, 
this citizen science initiative has been incredibly 

successful in encouraging the public's participation. 
 In Roman mythology, Jupiter would conceal himself behind a 

veil of clouds to evade the other gods. As NASA explains on its website, 
“It was Jupiter’s wife, the goddess Juno, who was able to peer through the 
clouds and reveal Jupiter's true nature.” Like the goddess of old, NASA’s 
Juno mission will peer below Jupiter’s clouds to unlock its secrets. She 
aspires to engage people of all ages and backgrounds in the pursuit of 
science, expose the origin of Jupiter — and by extension, our solar system 
— and pave the way for future exploration of our outer planets and 
beyond.

[Juno] 
broke the solar-

powered distance 
record by flying over 

493 million miles from the 
sun, and her top speed of 
160,000 miles per hour 

makes her the fastest 
man-made object 

in history.

To learn more, visit Juno's official website: missionjuno.swri.edu
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oseph Torrez passed away from a neurodegenerative disease 
called Creutzfeldt-Jakob disease in the year 2013.
 “It’s a horrible, horrible thing and they can’t do anything 
to stop it or slow it down,” Rowan’s mom, Julie Van Stone, 

said of her husband’s untimely death. “The protein unfolds in your brain. 
You brain breaks down and looks like a sponge.”
 Joseph Torrez is one of the few people who suffered a disease caused 
by prions. Prions are protein amyloids that induce other proteins into 
misfolded conformations. Understanding prions are important because 

these amyloid proteins can cause many neurodegenerative diseases such as 
Alzheimer’s, Kuru, Creutzfeldt-Jakob, and Huntington’s. For example, in 
prion diseases, PrPc (normal proteins) are converted into PrPsc (abnormal 
proteins). These misfolded proteins form amyloids and, eventually, form 
holes in the brain. Diagram 1 describes the projected mechanism of prion 
infection. Currently, no cure has been found to counter prion diseases.
 Due to aggregating characteristics, many questions still exist about 
how these proteins function. Why do they propagate? How do these 
aggregations affect cell interactions in the brain? How do these proteins 

J

Using Yeast to Solve the Mystery 
of Amyloid Proteins 

A Prion Solution
2

Written by Joo Hyung Park
Illustrated by Steven Mentzer
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interact with each other to form amyloids? The mystery of prions has 
made it difficult to provide any cures for the diseases themselves. 
 Some of these questions have been explored by looking into fungal 
prions. Recently, researchers have begun to look into fungal prions to 
understand more about neurodegenerative diseases.
 Researchers have discovered new prions in plants. The most 
common fungal prions, [PSI+] and [URE3], have prion-forming domains 
(PrD) that are rich in the amino acids Gln and Asn. These two prions 
come from proteins in the Saccharomyces cerevisiae species of yeast. 
Amyloid fibrils found in these prions were found to share a common 
parallel and in-register B-structure motif. This structure is also observed 
in Alzheimer’s AB peptide, the protein that starts the aggregation in the 
brain. Its ability to aggregate similarly to human amyloid proteins is what 
makes fungal prions such an attractive model to study neurodegenerative 
diseases with.
 Dr. Susan Lindquist, one of the leading scientists in fungal and 
yeast prions, has discovered that prions in plants are actually beneficial. 
Her studies have shown that yeast prions start to aggregate in response 
to heat shock. Although the specific mechanism and function is highly 
controversial, Dr. Susan Lindquist proved that this aggregation acts as 
a survival tool for yeast. Many researchers are now comparing these 
characteristics with human prions.
  

  
 In these comparisons, studies showed that several PrDs contain 
oligopeptide repeats that are important for efficient propagation. For 
the [PSI+], five imperfect nonapeptide repeats had a consensus sequence 
PQGGYQQYN. This sequence is very similar to the octarepeats found 
in mammalian Prp, which has a consensus sequence PHGGGWGQ. Dr. 
Susan Lindquist and her research team found out that these oligopeptide 
repeats contribute heavily on the stability of the Sup35 protein. The 
increase in the repeats have expanded the propagation and stability of the 
amyloids. The observations that deletion of some or all of the oligopeptide 
repeats in Sup35 leads to the loss of [PSI+], while expansion enhances the 
formation of the [PSI+] prion. This is found in the cell behavior found 
in CJD patients where oligopeptide repeats serve that similar function. 
These modifications would suggest an important role of oligopeptide 
repeats in prion propagation. However, it was discovered that the primary 
sequence in Sup35-PrD can be randomly shuffled while impairing the 
ability to form aggregates. Further investigation will be required to 
establish whether a particular sequence can serve for a certain protein 

behavior. Still, the mystery of prions in yeast has intrigued many scientists 
and researchers that are continuing to study how the oligopeptide repeats 
affect prions.
 Despite their similarity to mammalian and human prions, fungal 
prions have different characteristics as well. Fungal prions require one 
or more cellular proteins to propagate successfully. Hsp104, a member 
of the ClpB/HSP 100 family, is one of the most crucial proteins that 
helps fungal prion propagation. It specifically helps prion polymers 
undergo fragmentation in the replication cycle.  A yeast cell that lacks 
the HSP104 gene fails to propagate any of the yeast prions. There are also 
other chaperones such as Hsp70/40 that cooperate with the aggregation. 
However, further research is needed in this topic. On the other hand, 
studies with mammalian prion PrP have failed to identify any cells, 
proteins, or nucleic acid species that are essential for their amyloid 
behavior. Therefore, utilizing different characteristics of fungal and 
mammalian/human prions may contribute to understand more about the 
amyloid diseases.
 A lot of these discoveries not only function to solve mysteries about 
prions and amyloid proteins but also give insight to other diseases. Hsp90 
inhibitors, which turn misfolded proteins into their normal conformation 
in yeast, have been seen to have an effect on cancer. More than 20 clinical 
trials have been tested to see its effect on cancer.
 “It’s a hot topic,” says Len Neckers, a cancer biologist at the 
National Cancer Institute in Rockville, Maryland, who identified the first 
Hsp90 inhibitor 20 years ago. The inhibitors may also be able to target 
drug-resistant fungi that have the potential to infect people.
 Still, more and more plants are starting to show prions and pro-
tein propagation. Researchers are now starting to insert these fungal prion 
strains into bacteria and other cells Sup35 such as E. coli and Dictyos-
telium discoideum. These insertions can help see how the prion strains 
interact in living organisms. It is more likely that studies of fungal prions 
will increase in the future. Hopefully, this may one day solve the mystery 
of human neurodegenerative diseases and develop cures to counter these 
diseases.

“The protein unfolds in your brain. You brain breaks 
down and looks like a sponge.”

Diagram 1. The mechanism for prion infection. The PrPc are infected by PrPsc and the normal proteins refold into the misfolded conformations of 
PrPsc. Then, these misfolded conformations infect other normal proteins or form amyloids with other misfolded prions. Amyloids can produce holes 
inside the brain and deteriorate one’s neurological system.
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magine running your first marathon, 26.2 miles of sweat, 
muscle cramps, and, yes, probably tears. Imagine the throb 
of your thighs and calves as you hit 20 miles, your body 
ready to collapse beneath you. Now, imagine doing that 

again every single day for 50 days, running one marathon in each state. 
Welcome to the life of Dean Karnazes, super athlete. 

However, there is one big difference between your marathon 
and Karnazes’. All of the pain mentioned above? He doesn’t feel it. There’s 
a fair chance that you do. 

Karnazes, 54, is what some people call a “super athlete.” He 
possesses the extraordinary ability to run forever, barring the need for 
basic bodily functions like eating and sleeping (although he has been 
known to sleep-run in the past). Karnazes has completed a 200-mile race 
11 times, and he has run 350 miles in 8 hours and 44 minutes without 
stopping for any sleep. This can’t be normal, right?

Right. While preparing for his 50-marathons-in-50-days stunt, 

Karnazes realized his abilities were a small bit different from most people’s. 
The ultrarunner consulted with a team of specialists at a performance 
center in Colorado in 2006 to find out how he was able to run so long 
without any sign of muscle fatigue. 

First, the team checked Karnazes’ aerobic capacity, which is 
related to the cardiovascular system. The results were impressive, but no 
more impressive than any other dedicated athlete’s. 

Next they checked our runner’s lactate threshold. Under 
normal circumstances, a person produces the energy to perform various 
tasks by using oxygen in a process called aerobic respiration. In aerobic 
respiration, the sugar glucose is broken down into a substance called 
pyruvate, releasing energy. The pyruvate then goes through an aerobic, 
oxygen-requiring pathway. However, when a person runs or does any sort 
of strenuous physical activity, they cannot take in enough oxygen to make 
all of the energy they need through aerobic respiration. In other words, 
the pyruvate is unable to go through the aerobic pathway, so it turns into 

I

Real World Superpowers
How Super Athletes Come to Be

2
Written by Tara Santora

Illustrated by Lydia Newman
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something called lactic acid (also known as lactate).  
If the person continues running, their body keeps making lactic 

acid. There’s no way for the lactic acid to be removed until the person 
stops doing the strenuous exercise, so it builds up in the active muscles. 
In an odd twist of events, this lactic acid actually makes it harder for the 
body to break down glucose, and thus harder for the muscles to make the 
energy they need to keep running. This is what makes your muscles tired 
when you run, and this is why most people can’t run forever.

The buildup of lactic acid while running was what the 
performance center specialists were looking for in Karnazes’ lactate 
threshold test. Usually it takes high intensity athletes around fifteen 
minutes to reach the test’s threshold. After an hour of testing Karnazes, 
the specialists gave up. Karnazes’ muscles, amazingly, were not building 
up lactic acid.

How is this possible? Karnazes still had to be making lactic acid, 
or else he wouldn’t have enough energy to run once his breathing got 
heavy. Instead, it turns out his body is extremely efficient at getting rid 
of lactic acid by converting it back to glucose — so efficient that once it 
is made, there is no time for the lactate to start building up. The way the 
body clears out lactic acid is through a series of chemical reactions in the 
muscle cells’ mitochondria, the powerhouse of the cells. These reactions 
are helped along by enzymes, proteins that speed up chemical reactions. 
Through vigorous training, athletes can increase the capacity of their 
mitochondria and specific enzymes, but only by a limited amount. On 
the other hand, it seems that Karnazes was genetically gifted with very 
large and powerful mitochondria. This, along with vigorous training and 
a healthful lifestyle, is the secret to his success.
 

 However, not every super athlete has inherited some abnormal 
body chemistry. So how do Olympians like Simone Biles, Usain Bolt, and 
Michael Phelps get to be the best athletes in the world? 
 Right now, it’s not so clear, and many experts disagree about 
how to build the perfect Olympian. Some argue that practice really does 
make perfect by changing how the body functions. However, statistical 
analysis has shown that these differences may not be so significant among 
the world’s top athletes. This is the age old “nature versus nurture” debate 
in a new light: what has a greater effect on athletic performance, the 
genetic and epigenetic information we inherit from our parents, or the 
environmental factors that affect us once we are released into the world?
 On the “nature” team, some neuroscientists argue that 
deliberate practice does increase athletic performance by causing tangible 
structural changes in the brain. Deliberate practice is practice where the 
athlete has intense concentration and receives feedback from a coach. 
The way deliberate practice affects the brain is, over time, by building up 
neurons’ myelin sheaths. Myelin sheaths cover part of the brain’s neurons, 
protecting them and helping them to send faster signals, like insulation on 
a wire. When practice is deliberate and repetitive, certain neural pathways 
are used over and over. Just as athletes train muscles to get bigger, working 
out these neural circuits causes their myelin sheaths to get bigger too.
 The building up of the myelin sheaths is one piece of evidence 
that supports the 10,000-hour rule. This rule, popularized by Malcolm 

Gladwell in his book Outliers, claims that it takes, on average, 10,000 
hours to become an expert at something. This includes playing a musical 
instrument, underwater basket-weaving, or swimming freestyle. 

 But some experts strongly disagree with this 10,000-hour rule. A 
recent study has shown that, in low-level athletes, deliberate practice time 
only accounts for eighteen percent of performance differences between 
athletes. In high-level athletes like Olympians, deliberate practice only 
accounts for one percent of performance differences. 

So, if practice only accounts for a small percentage of 
performance differences, what accounts for the rest of them? In truth, 
experts aren’t too sure right now. Most say generally that it is due to 
“biological factors.” For example, if someone has the potential to grow 
more muscle or make more efficient mitochondria, then they have an 
advantage. The problem with this thinking arises when people assume 
that your genetics determine whether or not you can be an athlete. There 
is no magic “athlete gene,” and scientists are just beginning to understand 
how genetics and epigenetics build up to the final product of a real person. 

Practice might not make perfect, but it certainly won’t hurt you. 
Being born with superhuman abilities to run forever probably wouldn’t 
hurt either, though.

Usually it takes high intensity athletes 
around fiteen minuts to reach the 
test's threshold. After an hour of 
testing Karnazes, the specialists gave 
up.

When practice is deliberate or 
repetive, certain neural patheways 
are used over and over. Just as 
athletes train muscles to get bigger, 
working out these neural circuits 
causes their myelin sheaths to get 
bigger too.
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any aspects of modern society reveal the human desire for 
immortality. Companies sell things like anti-aging creams 
and makeup. Bloggers and social media recommend 
the latest natural trend to fight the human body’s slow 
deterioration. Even ancient civilizations featured various 

potions and legends like the Fountain of Youth, all to feed humanity's 
desire for immortality. We all want to halt death. It is then ironic how 
cancer diagnosis is a death sentence. This irony stems from the fact that 
cancer results from cells that have achieved immortality. Cancer cells 
become immortal at the expense of the organism, and they have  done 

so for millennia. Cancer has both grown with us and become the cellular 
incarnation of our ambitions. 

In his Pulitzer prize winning book The Emperor of All Maladies: 
A Biography of Cancer, Dr. Siddhartha Mukherjee chronicles cancer’s 
long history alongside humanity. Anthropologist and archaeologist Louis 
Leakey discovered what may have been one of the earliest cases of cancer 
when he found a two-million-year-old jawbone with signs of lymphoma, 
a case that was never diagnosed by modern paleopathologists. In 1910, 
archeologists fell upon a two-thousand-year-old Egyptian mummy with 
a pelvic tumor, which was diagnosed by paleopathologists. Eighty years 
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later, Arthur Aufherheide found a thousand-year-old corpse of a woman 
with a tumor in her upper left arm. Possibly the first recorded case of 
cancer came from the great Egyptian physician Imhotep sometime in the 
seventeenth century B.C.

Despite its trail of death over the centuries, which was masked 
throughout history by the plethora of other fatalities that plagued 
humans, the war against cancer didn’t start until 200 years ago when we 
first recognized our enemy. In 1845, Dr. John Bennett received a case of 
a man who possessed what Bennett referred to as a “suppuration of the 
blood,” in other words, pus in the blood. In his autopsy, Bennett noticed 
that the patient’s blood was milky white. Bennett thought this excess in 
white blood cells to be the result of an unknown, violent infection; hence, 
pus in the blood. Not long after, Rudolf Virchow confronted a very 
similar case. Virchow wasn’t convinced by Bennett’s hypothesis, however, 
and termed the condition Weiss Blut or “white blood,” a name he later 
changed to leukemia, or leukos (“white”). 

One of the first successful bids against cancer was Sidney Farber’s 
use of the chemical aminopterin. Farber, the father of chemotherapy, 
revolutionized medicine when he tested his chemical on children in the 
leukemia ward of Children’s Hospital in Boston in 1947. Aminopterin 
proved to be effective against acute lymphoblastic leukemia (ALL, 
excessive proliferation of immature white blood cells), Bennett and 
Virchow’s “suppuration of the blood.” Despite ALL being a relatively 
rare form of leukemia, Farber’s discovery inspired hope as it provided the 
first consistent and statistically sound pattern of remissions in patients. 
Although the drug came with horrific side effects, it was much better 
than that of the radical mastectomy, a procedure popularized in the U.S. 
by Dr. William Halsted in the late 1800s. Halsted’s radical mastectomy 
often involved the removal of nearly every muscle and lymph node (in 
addition to the breasts) in the patient’s chest. This procedure often left 
breast cancer patients choosing between death and horrific disfiguration. 
However, despite being an attempt to completely cut cancer out of the 
body, relapses almost always occurred. It seemed that cancer was here to 
stay.

Cancer’s long history side-by-side with humanity has greatly 
influenced modern society. People’s fear of cancer was evident from the 
popularity of the radical mastectomy. This fear also led to the birth of 
the anti-cigarettes campaign and anti-smoking laws. As chemotherapy 
rose in popularity and research grew, patients became activists when they 
grew sick (no pun intended, really) of waiting for possibly lifesaving drugs 
to make it through extensive clinical trials. These protests and lobbying 
proved quite successful and inspired activism for AIDS medication a few 
years later when similar strategies were employed.

What makes cancer “the emperor of all maladies” is its complexity 
and variability. Usually, cells work together to form tissues, which work 

together to form organs, which work together to form an organism. In other 
words, multicellular organisms are the result of perfect cellular teamwork. 
This teamwork is a very complex network with many places for things to 
go wrong. Cancer happens when the genes (known as oncogenes) that 
regulate cell division undergo an accumulation of mutations that disrupts 
that regulation. These cancerous cells obtain mutations that allow them to 
steal resources and space for the sake of their own survival and replication. 
 Here is an analogy: a normal organism (like a human) is like 
a basket-ball team that works together perfectly. Everyone on the team 
works together for a common goal on and off the court. Now, imagine 
that that team recruits a selfish ball hog. This player wants the ball, the 
glory, and all the resources that make it possible to be a great player (like 
nourishing food, the best shoes, etc.). The new, selfish player then changes 
the mentality of their teammates, making every new recruit play only for 
themselves. Eventually, the team will be every player for themselves and 
teamwork will fall apart. Essentially, they would no longer be a team. This 
is similar to how cancer cells function. 

In Hallmarks of Cancer: The Next Generation, Douglas Hanahan 
and Robert A. Weinberg state that cancer cells accumulate mutations 
that enable them to evade apoptosis (programmed cell death), and grant 
them reproductive immortality. This combination makes the cancer cells 
immortal. Cancer cells can also induce angiogenesis, meaning that they 
can create blood vessels for themselves, taking from the resources available 
to surrounding healthy cells. Finally, cancer cells have mutations that grant 
sustained proliferative signaling and cellular mobility, allowing the cells to 
continuously reproduce and even disconnect from the extracellular matrix 
and move throughout the body (this trait is known as metastasis). Once 
cancer cells have reproduced to form a clump of undying, proliferating 
cells, they form a tumor. Tumors tend to grow because the cells that 
composed it are always splitting into new cells, and none of them ever die. 
Cancer moves via metastasis; cancer cells acquire mutations that change 
their shape and adhesion to nearby cells. These mutations cause the 
cells to disengage from the surrounding extracellular matrix and nearby 
cells, both of which usually hold cells in place. Mutations that induce 
angiogenesis turn on the genes that initially created blood vessels in 
embryogenesis (the formation and development of an embryo), making 
new branches in existing blood vessels that directly feed the cancer cells 
and often complicate the surgical removal of tumors. Some tumors create 
many new vessels, increasing the threat of blood loss in surgery.

As we have seen, cancer has been with humanity for what may 
actually be forever. It has greatly shaped aspects of modern society and 
remains a thriving field of research. Its mechanics are like a constantly 
shifting puzzle, where every piece is different. It is one of humankind’s 
greatest enemies, but it is also quite similar to us. Like humans, cancer 
spreads throughout its environment. Like humans, cancer explores. Like 
humans, cancer adjusts and damages the life around it and slowly kills 
the very thing that allows it to live. Cancer, and humanity, does all this 
so that it may thrive and live. Cancer is greedy, evolving, and dangerous 
to its own home and neighbors. Sometimes it is hard to say that humans 
are not the same. 

Cancer cells become immortal at 
the expense of the organism, and 
they have done so for millenia.

Cancer is greedy, evolving, and 
dangerous to its own home and 
neighbors. Sometimes it is hard to 
say that humans are not the same. 

Cancer happens when the genes 
(known as oncogenes) that 
regulate cell division undergo an 
accumulation of mutations that 
disrupts that regulation.
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routine tackle, something I had practiced a hundred times 
before as a sports player for Denison University, caused me 
to end my rugby career.
As with any offensive move, I received the ball and ran 

forward to collide with the opposing team members. The opposing player 
caught me, lifted me in a bone-crushing grip, and then threw me back 
down to the ground. We had been taught that the safe way to fall was to 
unfold your body, strike the ground with your knees, and follow with 
your hips and shoulders to end softly on your side. But, unlike previous 
tackles, this time my head hit first. 

Later, my teammates said they heard the thud of my skull 
against the dirt. After days of throbbing headaches and heinous mood 
swings, I recognized the symptoms of a concussion. But in the moment 
it happened, I could only see the game continuing and hear the crowd 
shouting as our team advanced. I stood and kept playing.

A concussion is a type of traumatic brain injury that causes a 
loss of normal brain function. The symptoms can range from temporary 
memory loss and confusion to lack of muscle coordination, slowed 
reflexes, and loss of consciousness. However, it should be known that 
losing consciousness, while widely associated with concussions, is not 

always a major indicator of the injury. There are other, less obvious things 
to look out for.  

Concussions are the result of impact or movement that cause 
the brain to knock into the interior of the skull. Normally the skull acts as 
a container, which leaves the brain suspended in cerebrospinal fluid. But 
on impact the body stops moving while the brain accelerates forward into 
hard bone. There are three ways in which a concussion can occur.  

The first, and most damaging, occurs when the brain injury is 
located directly at the point of contact. This is referred to as focal impact. 
In my case, the focal impact, where my head hit the ground, was on my 
right temporal lobe above the ear. 

The second way occurs in two steps, when the force of bodily 
movement alone causes the brain to lurch forward into the skull. As a 
result, the brain hits the interior of the skull and this area of impact is 
called a coup. The brain then ricochets back and collides again on the 
opposite side, and this area is called the contrecoup. 

The third way occurs by a rotational movement, instead of 
a blunt impact, which causes the brain to knock against the skull. In 
clinical assessments, concussions may be caused by any combination of 
these three ways. In any case, each results in severe bruising on the brain, 
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and a bruised brain can cause a multitude of problems.
Since I continued to play and tackle instead of stepping out of 

the game for my injury, the initial hit was exacerbated and my symptoms 
went from bad to worse in a span of hours. The headache I had assumed 
was caused by dehydration persisted after bottles of water and sleep. The 
next day, I attributed the worsening headache to a sinus infection, my 
lack of focus to exhaustion, and my heightened emotions to stress. But 
on the second day the pain was unbearable. I sat in a room devoid of light 
and sound, as isolated as I could accomplish in a college dorm, and cried. 
It was the only thing I could do. 

Treatment for a concussion is equally simple and frustrating. 
Healing takes rest and time. Try anything else, even a cognitive task 
as simple as reading, and the brain becomes exhausted and the injury 
prolonged. Therefore the cognitive effects, both short- and long-term, 
defined the end of my semester. During midterms, I attended class before 
I was told to since the prescribed treatment of no reading, writing, or 
exposure to screens would have spelled doom for papers and projects. But 
in class I could only sit and watch as each word swirled into a mix of letters 
in front of me, as the numbers from my statistical analyses moved in and 
out of focus and refused to be understood, all to the beat of my pounding 
headache. However, on receiving an email explaining my injury from the 
health center, my professors excused me from class. One even asked if 
rugby, the game I loved, the game that was one of my defining experiences 
at Denison, was worth all of this. I brushed the question aside, convinced 
the injury would be over in a couple of days and there would be no lasting 
consequences.

However, concussions have both short- and long-term effects, 
depending on the severity of the injury. The common short-term effects 
of a concussion can continue for hours or days following the injury 
and involve physical, cognitive, and emotional aspects. Physically, the 
person may develop a headache, sensitivity to light and noise, fatigue, 
and dizziness; cognitively, the person may experience difficulty with 
concentration, memory lapse, and lethargy; and emotionally, the person 
may face amplified irritability or sadness. 

Meanwhile, the long-term effects of a concussion range 
from minimal to terminal. Every concussion, no matter the severity, 
predisposes the individual both to lower-threshold concussions as well 
as to a prolonged recovery time in the future. Of these effects, one of 
the most severe is Second-impact syndrome, which occurs when one 
concussion follows a previous traumatic brain injury without sufficient 
time to heal between the two. The brain swells when it is injured, an event 
called a cerebral edema, and a swollen brain in recovery that is hit again 
swells to an even larger size. In this extremely enlarged state, the brain can 
squeeze through the sutures of the skull. This is called a brain herniation; 
if it occurs in the lower part of the skull, it can result in death.
      Between these two extremes of minimal and terminal damage is 
moderate damage, including early onset cognitive decline and psychiatric 
disturbance, usually the result of multiple concussions. These effects are 
due to chronic traumatic encephalopathy, a progressive degeneration of 
the brain following several traumatic brain injuries such as concussions. 

Chronic traumatic encephalopathy not only changes the brain on a 
physiological level — with decreased brain weight, the thinning of some 
areas, such as the corpus callosum, and enlargement of others, such as the 
ventricles — but can also result in behavioral changes such as depression, 
aggressiveness, poor impulse control, suicidal behavior, and an increased 
difficulty with memory and cognition.

A little over a month after my injury, I memorized and delivered 
a ten-minute speech for the midterm of my Public Address class, what I 
considered to be a true test of my cognitive and memory recall abilities. 
Almost a year later I am back to healthy, or even thriving, cognitive and 
emotional levels. However, every once and awhile I wonder how the 
injury will haunt me later. I wonder if my memory will decline on my 
path toward a medical career, arguably when I need it the most, if I receive 
another concussion.  

So, after weighing these risks, speaking for a long time with my 
physician, parents, and closest teammates, I decided to stop playing rugby. 
While I will miss the game — the thrill of a tackle and the euphoria of 
running alongside teammates that I trained, ate, and studied alongside 
— I know that I cannot risk another traumatic brain injury if I hope to 
pursue an academically rigorous future.

I urge every athlete and non-athlete not only to be aware of 
concussions and their effects, but also to treat the injuries with the gravity 
they deserve. If the moment comes, as it did for me, when a blow to your 
head makes your ears ring and your head pound (if nothing worse), don’t 
keep playing. Step out of the game and take care of your brain.

But on the second day the pain was 
unbearable. I sat in a room devoid of 
light and sound, as isolated as I could 
accomplish in a college dorm, and 
cried. It was the only thing I could do.

Chronic traumatic encephalopathy 
not only changes the brain on a 
physiological level — with decreased 
brain weight, the thinning of some 
areas, such as the corpus callosum, 
and enlargement of others, such 
as the ventricles — but can also 
result in behavioral changes such as 
depression, aggressiveness, poor 
impulse control, suicidal behavior, 
and an increased difficulty with 
memory and cognition.
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eople find psychopaths to be endlessly 
fascinating in movies, books, videogames, and 
television shows. Movie audiences love watching 
the actions of characters like Hannibal Lecter 

in Silence of the Lambs or the Joker in Batman and Suicide 
Squad. However, few people completely understand what 
a psychopath truly is. People mix up the terms psychopath 
and sociopath or use those terms interchangeably. Though 
psychopaths and sociopaths are similar in some ways, the two 
are completely separate. Also, many people are confused about 
the psychopathic mind due to its inconsistent and generally 
inaccurate depiction in the media.
 According to the DSM-5, a manual on various 
psychological disorders, both psychopathy and sociopathy 
fall under antisocial personality disorders. This means that 
both are characterized by symptoms such as egocentrism, 
deceitfulness, manipulativeness, and impulsiveness. Also, there 
are other symptoms such as lack of empathy and inability for 
intimacy. However, there are specific qualifiers that mark a 
true psychopath. These include a lack of anxiety, a charming  
personality, and a detachment from society. A classic and fairly 
accurate example of a psychopath is Hannibal Lecter from 
Silence of the Lambs. His charming persona and lack of care 
for societal norms fit the symptoms perfectly. On the other 
hand, the eponymous Dexter is more likely to be classified as 
a sociopath due to his awkward nature and more pronounced 
empathy toward those close to him. According to an article 
from Discover Magazine, psychopathy affects about 1% of the 
general population and 15%-20% of the prison population,  making it 
far more common than what most media portrays it to be. 
 Other major differences between psychopathy and sociopathy 
involve how they develop and how they are characterized in the brain. 
According to one article by Dr. Scott A. Bonn, psychopathy deals with 
the brain structures. In a psychopath, the structures that have to do with 
empathy and impulse control are much smaller and much less developed 
than those in a neurotypical person. Dr. Bonn’s article also states that 
sociopathy is generally a learned behavior from trauma of some sort; 
while sociopaths might be able to change their ways, psychopaths are 
extremely less likely to do so.
 Not all psychopaths are characterized as geniuses in books 
and movies, but there are common traits in all psychopathic brains. For 
instance, psychopaths react differently to certain stimuli than neurotypical 
people. One study done by Christopher J. Patrick, Margaret M. Bradley, 
and Peter J. Lang showed that psychopaths lack the startle reflex. If 
someone stands behind a neurotypical person creepily, they will freak out 
when they turn around. Their palms sweat, and they may jump. When 

the same happens to a psychopath, they show no startle response. (Though 
in a non-experimental setting, it is possible they were the creepy person 
in the first place.) There is also the matter of empathy. One study was 
conducted by Dutch scientist Harma Meffert where violent, convicted 
psychopaths had their brains investigated using an fMRI. The machine 
was used to detect blood flow in the brain while patients performed tasks. 
The blood flow indicated the parts of the brain that were activated. The 
brain activities of the psychopaths were monitored as they watched videos 
of people hurting other people. While they watched, the fMRI indicated 
less activation in areas typically associated with empathy. However, when 
they were asked to empathize with the victims in the videos, their brain 
activation increased to levels that were deemed normal. Another study 
by Robert Hare showed the distinct lack of stress psychopaths possess. 
Psychopaths and neurotypical people were both hooked up to sweat gland 
monitors and were told that they would receive a shock after a certain 
amount of time. While the neurotypical people exhibited physiological 
stress at this prospect, the psychopaths did not. Their hands did not shake, 
and they did not sweat. In a later Hare study involving shock treatment,
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psychopaths and neurotypical people were allowed to choose whether 
they would be shocked immediately or a few seconds later. While the 
neurotypical people overwhelmingly chose to be shocked immediately, 
little more than half of the psychopaths chose that option. They did not 
seem to care when it happened at all.
 The most interesting thing about psychopathic personality 
is the combination of predatory nature and charming personality that 
psychopaths possess. It tends to be the latter that makes others gravitate 
toward them. They can charm, outwit, and fool most neurotypical 
people. However, brain imaging and other monitoring have shown 
that psychopaths’ brains are geared toward predatory but highly logical 
behavior. One psychopath said he was “a cat in a world of mice.”

One of the most interesting things about psychopaths is the 
jobs they tend to have. Psychopaths are capable of having careers which 
differs from the serial killers people usually hear about in the media. In 
fact, many just look like normal people doing normal things. Eric Barker 
created a list of the top ten list of jobs where one is most likely to find a 
psychopath.

  

  If one thinks about this list, some things 
make sense. Company CEOs are often depicted as 
ruthless individuals blame others instead of themselves.  
If we look at McDonald’s or Walmart, we will find 
a lack of empathy. Many companies tend to profit for 
themselves while people at the bottom struggle to make 
ends meet. The civil servants can also be applied to this 
concept. All it takes is one look at the current political 
climate to see the lack of empathy with certain politicians 
and candidates. They are unapologetic in their ways and 
words, and they seem to feel no remorse. Therefore, the 
civil servants and CEOs can be dangerous.
  The placement of surgeon might come as a 
surprise to some people, especially considering another 
list done by Eric Barker saying that doctors are among 
the top ten least psychopathic jobs. However, there is 
something about this that make sense. When it comes to 
crime, psychopaths are known for their meticulousness 
for the most part. According to Dr. Bonn, the plans tend 
to be highly organized with multiple contingency plans 
and few clues are left for law enforcement to discover. 
This meticulousness, along with the lack of empathy, can 
be quite useful in surgery. A messy doctor with trembling 
hands is the last thing one wants when one needs a tumor 
cut out of one’s brain. In this way, the lack of emotions 
and empathy can be a benefit if channeled through the 
proper outlets.

  One of the most interesting top ten findings is the 
fact that police officers have the seventh highest rate of psychopathy. 
Considering the recent shootings as well as past police actions such as 
stop and frisk, this makes plenty of sense. The psychopathic personality 
and its involvement with power and predatory behaviors lends itself to a 
job in law enforcement. In the current climate, police officers have a great 
amount of power and have not taken responsibility for their actions in 
recent shootings. This is very psychopathic: not seeing a problem with 
one’s own actions and having no remorse.
 Psychopaths are more than what one thinks. They are not always 
serial killers, mass murderers, or rapists, but they always enjoy power and 
do not care how they get it. Even though something may seem off with 
them at times, most hide their conditions under veneers of charm and 
wit. They prefer jobs with some sort of power where they can properly 
use their skills. All in all, they are more dangerous and more nearby than 
what most people think, and one just needs to open one’s eyes to see the 
real damage.

Top Jobs for Psychopaths

1. CEO
2. Lawyer
3. Media
4. Salesperson
5. Surgeon

6. Journalist
7. Police Officer
8. Clergy Person
9. Chef.
10. Civil Servant
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upac. Snoop Dog. Wu-Tang Clan. Are these guys singing 
or talking? Is Schöneberg music or just noise? In hopes of 
making Conservatory students scream at me, I’m going to 
argue ‘yes’ to both questions. Music shares neurophysiological 

similarities and origins with language. In fact, music may be an older 
form of communication. The earliest languages were tonal and there’s 
certainly something about ‘music’ that all of us humans appreciate.
 Music goes deeper than just words, and it appeals to our emotions 
in a way that language has difficulty rivaling. So what really is the difference 
between the two, and how can they amplify each other in such a way? The 
brain is bilaterally symmetric, and in humans the left hemisphere of the 
brain is responsible for gestures and speech, whereas the right hemisphere 
governs the more flowery parts of speech in humans, and emotions in 
all primates. This includes music. On the other hand, left hemisphere 
dominance for ‘linguistic’ abilities is not uniquely human (mice 
vocalizations have shown left hemisphere activation), and chimpanzees 
have shown enlargement of two complementary linguistic structures 

existing in humans (Broca’s area and Wernicke’s area). Chomsky argued 
that this provided evidence that language capacities evolved from earlier 
primate species.
 There is a melodic sound map in the right hemisphere and a  
linguistic sound map in the left. Some of parts of the right hemisphere are 
active in singing only, suggesting that song production engages some right 
hemisphere structures not activated in ‘normal’ speech. As mentioned, 
the recognition of speech sounds are carried out with a left hemisphere 
bias, but also activate bilaterally in the superior temporal lobe. Left 
temporal areas are more important for fine pitch discrimination. Right 
temporal areas are more important for other grosser kinds of acoustic 
stimuli processing.
 Conversely, some speech types like the classic speeches made by 
auctioneers aren’t musical per say, but our brains may process the chanting 
like music. Ambiguity like this isn’t a problem for the peripheral auditory 
system, which sends both the phonemes and inflections to all music 
and language processors. Whatever aspects an individual’s processing 
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components are receptive to determine the ‘musicality’ of the auctioneer. 
This is why some individuals may be able to remember lyrics, but have 
never been able to hum a tune. This also accounts for speakers of tonal 
languages’ propensity for perfect pitch regardless of cultural ethnicity. The 
mechanisms are different genetically, epigenetically, and environmentally, 
and the overlap of those mechanisms is very individualistic. 
 Thus, language and music actually become two poles between 
which musical speech, rap music, tonal languages, and poetry lie. 
Song is basically just a language defined by a genre of inflections. And 
although there is right hemisphere dominance for singing, songs with 
lyrics bilaterally activate auditory areas. Overlapping neural networks 
for speech and music can coexist in in the same cortical areas. As such, 
musical training may influence the cortical processing of language, and 
vice versa (interestingly this means skilled musicians may learn languages 
faster). Speech sounds and melodies activate almost identical functional 
brain areas. These areas include the primary motor cortex, Broca’s area, 
and auditory cortices among others. Music, especially that with lyrics, is 
processed by both left and right sides of the brain.
 

 
 
 Different forms of music and speech may help us understand 
what defines the difference between music and language. There is a strong 
overlap of regions in the brain involved with language and music, but 
more notedly lyrical song processing. Singing words is also a universal 
human behavior and perfect for studying the relationship between 
language and music. As most language processing, such as grammar 
and literal meaning, occurs in the left hemisphere of the brain, while 

music, inflection, and even appreciating a bad pun occur in the right, 
the connection between the two can be therapeutic. Stroke patients who 
have lost the ability to speak (aphasia) can often learn to communicate 
by singing along with familiar songs. Patients with left hemisphere lesions 
are able to sing the text of a song while they’re unable to speak the same 
words. Eventually, the patient can musically inflect their phrases to create 
their own speech. So if a patient wants to, for instance, listen to the Red 
Sox game on the radio, they might start singing “Take Me Out to the 
Ballgame”. The right hemisphere of the brain begins to be more involved 
in speech recovery and learns new tricks. Studies regarding this kind 
of music therapy date back to 1904. More recently, a 2015 study was 
performed which found that rhythmic activities such as drumming and 
dancing in addition to singing may help stroke patients reconnect with 
the rhythms of their native tongues. 
 

 
 Tupac’s and Schöneberg’s musical contributions were each labeled 
degenerate by their respective contemporaries because they crossed the 
borders of how our brains compartmentalize sound. Things like rhythm 
and melodic perception seem to resonate cross-culturally and across 
several species. Your dog understands inflections and even words. Male 
frogs and prehuman males would synchronize their calls to attract females. 
This synchronization would have to involve a proficient understanding 
of preverbal rhythm. Sign languages, gestures, and movement in 
languageconnect us to musical performances and dance. What is it about 
music and rhythm and language that makes us tick? And more amazingly 
— what is even the difference?

Music goes deeper than just words, 
and it appeals to our emotions in 
a way that language has difficulty 
rivaling.Language and music actually 

become two poles between which 
musical speech, rap music, tonal 
languages, and poetry lie. 
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hat is so irresistible about “puppy dog eyes?” Why do babies’ 
chubby cheeks and tiny noses make us say “aww?” Anyone 
who has spent hours watching videos of babies, kittens, and 
puppies on the internet would agree that it’s because they’re 

cute. However, the basis for cuteness goes much deeper than big eyes. Being 
adorable has a specific function in the animal kingdom. Over the years, our 
brains have adapted so that we have no choice but to obsess over all things 
cute. 
 The scientific study of cuteness (yes, this is real!) goes back to the 
1940s, when German scientist Konrad Lorenz was deeply interested in 
features of babies that led to caring responses from their mothers. In a study 
now cited by cuteness scientists around the world, he found several important 
features that make a baby cute. He named these the “Kindchenschema,” 
which translates to “baby schema.” These traits include a big head, large eyes, 
round cheeks, small nose, and chubby body. When looking at pictures of 
infants, people rate images with enhanced Kindchenschema features as cuter 
and report a stronger caretaking urge. For example, a picture of a baby with 
enlarged eyes and rounder cheeks will create a better “cute” response than a 
picture of the same baby with minimized features.

These traits aren’t just present in human infants; young animals 
such as ducklings, puppies, and kittens also share these features. Even 
though they’re not a part of our our own species, their features still provoke 
the same response. In contrast, this also explains why animals such as moles 
or lizards, with their pointed features and small eyes, tend to get far less love. 
“Cute” endangered animals are often more likely to receive donations than 
that of other endangered species. Think about how popular pandas are with 
the public, with their fluffy bodies, stumbling gait, and big eyes. Despite the 
prevalence of less attractive animals who are much more at-risk, people feel 
more motivated to save cute animals. Long-running television commercials 
on television display continuous images of wide-eyed, trembling puppies, 
asking you to donate money to stop their abuse. 

Our positive reactions to “cute” animals have even shaped many 
aspects of pop culture. The biologist Stephen Jay Gould famously wrote an 
essay detailing the “evolution” of Mickey Mouse, whose nose became shorter 
and eyes became larger over time. His features became more juvenile and 
therefore “cuter,” making him appear more likeable. Additionally, as Gould 
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points out, these cute features can be changed in the opposite direction 
to produce a more negative response. Mickey’s nemesis Mortimer has 
a smaller head, longer nose, and narrower eyes; many “evil” looking 
characters have similar facial features. It’s clear that this formula sells. A 
glance at any cartoon character or mascot often reveals the same physical 
characteristics that make the characters cute and appealing. On toys, TVs, 
and cereal boxes, large-eyed characters smile back at us, inviting us to pay 
them our attention and money. There’s something about these features 
that unconsciously drives us to become caring and sympathetic — but 
what is actually happening in our brains? 

One study found that looking at pictures of babies with 
enhanced Kindchenschema features activated a host of special areas in 
the brain. Some areas are specifically involved in reward systems in our 
brains — areas that make us anticipate receiving rewards, motivate us to 
make certain decisions, and make us feel good for doing these things. This 
reward feeling reinforces the urges for holding, cuddling, and caretaking 
that we get when looking at an adorable baby or animal. Additionally, 
areas involved in altruistic behavior and social bonding are also activated 
when looking at the pictures, which explains the affectionate and loving 
feelings we associate with cuddly creatures. These effects all come with 
the increased presence of “feel-good” chemicals such as dopamine and 
oxytocin in the brain. Although people of all genders are susceptible to 
feeling the cute response, it seems that women are more likely to have a 
stronger caretaking urge when viewing pictures of babies. Even among 
women, increased presence of “female” hormones such as estrogen and 
progesterone lead to better performance in discriminating the difference 
in cuteness between images of babies, indicating that there may be a 
hormonal aspect to the cute response as well. 
 With these complex biological interactions, it seems that 
being adorable should serve some sort of evolutionary purpose. Lorenz 
concluded that cute features were a signal to a mother to take care of her 
young, enforcing a bond and ensuring survival of her child. The cuter 
the baby, the more likely it is that it will be taken care of. Based on our 

biological response to cute features, this makes sense as a possible cause 
for the evolution of cuteness. After all, a human baby is pretty much 
helpless; it can’t walk, communicate, or feed itself. Its appearance works 
as a subconscious “help me!” sign that we can’t help but follow. This fact 
becomes useful for babies without caretakers too; cuter infants are more 
likely to be adopted. Although it is possible that some component of our 
cute reaction is cultural rather than biological, studies have shown that 
babies just a few months old show a preference for cuter faces. From a 
young age, it seems that we’re hardwired to be on the lookout for cuteness. 
 Our cute response extends  to our pets as well — even adult dogs 
and cats are still the subject of awws and cuddles. Domestication creates 
interesting effects on animals, leading them to develop more juvenile 
features compared to their wild counterparts. During domestication, 
humans select and breed animals that are less aggressive and less fearful of 
humans. Genetically, they are choosing animals that have less adrenaline, 
a chemical involved in the “flight-or-fight” response. It turns out that 
selecting and breeding wild animals for their docility leads to changes 
in several other aspects of development, including floppier ears, a 
shorter nose, smaller teeth, white patches of fur, and more juvenile 
behavior. This so-called “domestication syndrome” is common across 
nearly all domesticated animals, indicating that the neural and chemical 
basis of aggressive behavior shares a genetic link with facial and brain 
development. Even though adult dogs have outgrown their puppy years, 
through domestication we’ve caused them to retain many of the features 
that make them cute. 
 When you find your heart melting as you hold a baby or can’t 
help but watch and rewatch the video of golden retriever puppies that 
your friend shared on social media, remember that your reaction is the 
result of an ancient system that makes us say “aww.” Cuteness is part 
of an old survival strategy, ensuring that helpless newborn animals are 
taken care of.  “Puppy dog eyes” aren’t just an adorable expression, but a 
biological trait with a long and successful evolutionary history. 
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soft kiss. Butterflies tangle in your stomach, your pupils 
dilate, and a quivering river of nervous excitement plunges 
within. Each time you touch, thrill wriggles through every 
skinny nerve of your body. You’re addicted. You have been 

thinking about these lovely interactions constantly, fantasizing about what 
the future might hold, and smiling on the past. Ah, love! Ah, cocaine!

Yes, if ever a pop-science topic existed: “Effects of cocaine 
identical to romantic love.” People often research oddball topics, and the 
similarities between cocaine and romantic love on the brain ranks among 
them. Stupefied star-crossed lovers would swivel their heads to read such 
a paper. “We, the amorous, have basically been smoking crack?” Most 
folks avoid injecting cocaine, yet doggedly chase romance. How utterly 
hazardous! Does coke really mirror passionate affection?

One of the focal points concerning the topic revolves around 
euphoria, and thus the neurotransmitter dopamine. Dopamine acts in 
the nucleus accumbens (NAc), the reward learning center, inciting signals 
to other regions that create the sensation of pleasure. Cocaine acts on 
dopamine in an artificial manner; unlike romantic love, cocaine blocks 
the reuptake of the neurotransmitter, magnifying its impression, rather 
than naturally releasing it. This means that the neurotransmitter itself 
floats in the synaptic gap for longer, binding to more receptor sites, 
rather than undergoing reabsorption by the presynaptic neuron. Though, 
the perceived euphoric result remains. Here’s a pro tip: cocaine is more 
dangerous than romance (physically and possibly emotionally). Romance 
rarely results in stroke or instant cardiac death. Do not sample cocaine.

Semir Zeki and Andreas Bartel, distinguished researchers 
on spicy affection, used pictures of significant others as an operational 
definition for “romantic love” in their experiment on the neural basis of 
romantic love. They found that presenting a photo of a romantic partner 
caused activity in identical brain regions to cocaine use. This method begs 
a few questions, unanswerable (by me), but provoking. For one, simply 
presenting an image of a partner does not necessarily define “the brain on 
love.” This implies that a visual stimulus wholly defines the experience. 
In addition, we should ask whether this special image incurs only a visual 
response. When a participant views an image of a romantic partner, is 
a reward sensation activated due only to simple visual processing in the 
brain? Would a photo of a partner’s look-alike drive the same release? Or 
perhaps the image sparks a series of associations, memories, and intimate 
feelings with said partner in various brain regions that culminates in 
dopamine release?

Yet dopamine is boring to me. Euphoria? Sure, cocaine fits the 
bill, but other actions in life might induce similar dopamine effects. A 
starving child gorging on a bowl of chowder? Friendship after solitary 
confinement? Utter success after stressful work? Orgasm? If ingesting 
cocaine and staring at a romantic partner had anything in common, I 
would guess dopamine. But more similarities await exploration, with 
important implications on social conduct.

Take the amygdala, an almond-shaped cluster of neurons in the 
part of your brain called the limbic system. The amygdala causes most of 
your unhappiness. Persistent anxiety issues correlate with an enlarged and 

hyperactive amygdala, and are also instrumental in fear and disgust. But 
as the amygdala giveth displeasure, it taketh away. Romantic experiences 
inhibit the activity in the amygdala associated with anxiety. Absolving us 
of apprehension during romance, in part, has provided the reward our 
species sought so desperately, aiding our quest to proliferate our genes. 
Cocaine, too, alleviates that ache of burgeoning tension by inhibiting 
amygdala activity. In reasonable dosages, anxiety and fear are adaptive 
traits. Many poor decisions have been averted by these mechanisms. 
Your amygdala might make you a picky eater, or scared of big dogs, but 
without one the total absence of fear would take hold of you. Patient 
SM-046 exists in this state. Having suffered bilateral calcification of the 
amygdala since a young age, she fails to recognize expressed horror in her 
peers, even neglecting precaution in risky situations. Devoid of shock or 
fear, she exhibited miffed sarcasm in the face of an actual blade-wielding 
mugger.

Human beings (as well as other animals) under the influence of 
cocaine frequently make risky decisions, hearkening to SM-046. Moreover, 
cocaine affects another important structure, the prefrontal cortex, a 
location imperative to decision-making and planning that is imperative 
to executive function. Thus our long-term aspirations dissipate, replaced 
with horrible “judgement”. Did you dream to pilot a shuttle to Mars on 
an exploratory mission? On cocaine, you might instead pilot a cracked 
sled down a roaring highway, towed by a friend’s squealing Toyota.

Strange as it may sound, romantic love does the same, though 
perhaps to a lesser degree. Indeed, romantic activation hinders your 
planning abilities and your decision-making by lessening blood flow to 
the prefrontal cortex. Consider Romeo and Juliet, who disregard blatant 
familial hatred and death-threats to talk by the window below an envious 
moon. Just literature? Consider Mark Sanford, South Carolina Governor, 
with his career on the line, who followed his heart to Argentina while 
claiming to go on a hiking vacation. Love handicaps us simpleton 
humans, blind to anxiety and prone to deranged decisions. Bliss indeed. 

Hence, my final question. If we do not trust the rationale of 
speed addicts, should we trust those clearly love-smitten? Certainly, if 
you have experienced meaningful romance, you have observed yourself 
casting other duties aside. Maybe you put off studying, perhaps you got 
distracted or unhappy without the rewarding sensation of the person 
(or people) beside you. In a certain light, could we classify persistent 
behavioral abnormality due to romantic yearning an addiction? Do 
people act irrationally when craving a paramour? Could we view love as a 
series of chemical rewards, motivations, signals, and fixation?

Such a sacred sensation, likened to a schedule-II stimulant — I 
think not. Similarities to cocaine do not make love an equivalent. People 
have a natural need for social bonds, and while love may change our 
thinking, so do other activities. Prolonged hunger renders us braver, and 
more pain resistant. We wouldn’t choose a leader immune to emotional 
connections. It makes sense to understand the real differences between 
psychoactive drug addiction and natural social bonds, alongside the 
parallels. Let us draw the line, rather than snort one? 
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hopping for love in order to find the one — otherwise known 
as speed dating. Much like our activity in a supermarket, 
we peruse through the public shelves searching for what we 
need. However, unlike the supermarket setting, the stakes 

of love are much higher. Speed dating is not just a random event full of 
lovesick hopefuls looking for romance; there is a complex science behind 
it. 
 Before the advent of Coffee Meets Bagel and Tinder, speed 
dating was the cure-all to finding potential love interests. This specific 
dating practice was originally used to help Jewish singles meet and marry. 
Usually organized days in advance, a group of men and women meet at a 
venue and are rotated to mingle with each other for about 3 to 8 minutes. 
At the end of each “date,” a whistle, clinking of the glass, or bell is used to 
signify the end of one interval and the start of the next. At the end of the 

event, if there is a match between participants, contact information will 
be shared between the two. 
 It takes more than just a pretty face to garner interest from the 
person across you: rather, it is about the principle of similar speaking 
styles. Research shows that attraction arises after communication has 
been established between two people. In other words, the more a person 
matches your language styles, the more you like them. Likewise, the more 
you like them, the more you will match their language style. According 
to Rachel Simmons, a postdoctoral fellow in psychology at New York 
Presbyterian Hospital, everyday vernacular is paramount to a successful 
relationship. Recognizing similar patterns in others is key to fostering 
attraction. In one experiment, researcher Molly Ireland found patterns 
of speech between two people to be very subtle. She was specifically 
looking for “function words” such as personal pronouns, prepositions, 
and articles — things that are hard to catch in normal conversation. In 
order to test this theory, she organized a speed-dating event where 40 
men and 40 women went on 12 four-minute speed dating rounds which 
were video and audio recorded. The researchers than ran a computerized 
“language-match” analysis test to calculate the number of function words 
used. Those that scored a higher score on language-match analysis were 
more likely to want to see their date again. What does this all mean? 
Grammatical syntax, which some people may consider to be insignificant, 
is quite influential for close connection with others. 
 Although speed dating may be efficient, the inability to make a 
good decision when too many choices are presented can be an obstacle 
to finding “the one”. It has been confirmed that people with too many 
choices tend not to make any decisions, and thus are unsatisfied at 
the end. In a study conducted by Lenton and Barbara Fasolo of the 
London School of Economics and Political Science, it was indicated that 
participants misjudge how the number of options presented will affect 
their feelings. For example, people who were presented with more people 
likely to fit their “ideals” did not feel more emotional fulfillment than 
when presented with fewer options. One of the greatest struggles with 
speed dating is relying on conventional guidelines, known as heuristics, 
to make decisions. When people were introduced to suitors of different 
height, age, and educational background, they made fewer dating 
proposals. Heuristics enables us to focus on readily given information 
such as age, physical attractiveness, or height instead of harder-to-find 
observations such as education and interests. However, this does not 
mean using the process of heuristics is bad. In fact, it is an evolutionary 
adaptation that humans have used to guide our decision process and go 
about our daily activities. Nevertheless, in order to make conscious and 
rational decisions, it is important to know your environment.
 At the end of the day, choosing between a baguette or your 
classic white Wonder Bread entails similar steps to choosing a mate, 
although the stakes will be much higher. However, it is not to say that 
following these tips and tricks will land you the perfect partner. It is about 
breaking our previously held notions and experiencing life at full face 
value. This is not a conclusion where I, as an author, give you love advice. 
It is me as a scientist telling you to get rid of your “list” and your fantasies 
and make new ones when you meet someone you like. 
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offee is an ancient drink, 
steeped in history and 
well-loved for its use as a 
mild stimulant. From its 

earliest discovery, coffee has been strongly 
associated with intellectualism. Myths of 
its discovery involve saints and mystics. 
Indeed, the earliest credible accounts of 
coffee’s use come from Sufi monasteries in 
Yemen, where it was used to keep monks 
awake during nighttime vigils. When coffee 
spread outward to Egypt, coffee shops 
quickly sprung up around the University of 
Azhar, thus beginning the grand tradition 
of studying in a café. Centuries later in 
England, coffee houses became a focal point 
for religious and political discussion. The 
habit of subversive talk in such houses grew 
to a degree that in 1675, Charles II tried 
to ban all coffee houses. His attempt failed, 
however, and coffee flourished. Ironically 
enough, it is not England that is known 
today for having a ridiculous number of 
fancy coffee-based concoctions. That honor 
goes to France. France was introduced to the 
art of coffee in 1669, when Soleiman Agha, 
an ambassador from the Ottoman Empire, 
brought coffee beans on a diplomatic 
mission. He anchored coffee drinking as 
a habit by gifting the Parisian court with not only ground coffee, but 
also unroasted beans with which to grow coffee plants. Coffee eventually 
made its way to the Americas around 1720 when seedlings were brought 
to the Caribbean. It became popular as a drink following the Boston Tea 
Party, when suddenly, tea was unpatriotic, but everyone still needed a 
source of caffeine. Coffee filled the gap, finding a place in America that 
lasts to this day.

Coffee trees spend their first year of life in nurseries before being 
transplanted to a farm. After around four years, a tree will bear its first 
harvest. Coffee plants begin as fragrant, white flowers, small, with narrow 
petals. When these flowers are pollinated, they develop into round fruits 
that go from green to a luscious red. Such red fruits are called coffee 
cherries, due to their color. Inside each cherry there are two seeds which, 
once roasted and ground, can be brewed to make coffee. 

Harvesting these cherries is often a labor intensive process, as 
in most places they are picked by hand. Indeed, only coffee in Brazil 
is harvested by machine, as it is grown on much flatter land there than 
anywhere else. In addition, machines can only harvest by strip picking. 
This means that all the cherries are picked at once, regardless of whether 
or not they are ripe. The other method of picking is called selectively 
picking, and as the name indicates, the process is more selective. Only 
ripe cherries are picked and pickers rotate among the trees every eight 

to ten days to collect them. This method is 
much more expensive and far more labor-
intensive than strip picking, and so it is 
mainly used when harvesting finer, more 
expensive coffee such as Arabica beans or 
the famous Jamaican Blue Mountain.

Once picked, the beans are 
collected from the cherries and dried. 
Before they can be exported as coffee beans, 
however, they must be milled. Hulling 
machines remove the final parchment 
layer from around the bean. Polishing is an 
optional step that removes any remaining 
silver skin. Polishing does not change 
the flavor of the coffee, but is merely an 
aesthetic step.  Finally, the beans are roasted 
at about 550 degrees Fahrenheit. At 400 
degrees, the beans turn brown and an oil 
called caffeol begins to come to the surface. 

Technically, the last step before 
brewing the coffee is grinding it, but this 
step is sometimes done at home rather than 
as part of the production process. Grinding 
is better done closer to drinking the coffee 
because coffee begins to lose its flavor once 
ground and a fresh grind tastes better. Taste 
is often sacrificed for convenience, however, 
and pre-ground coffee can be bought 
nowadays.

Brewing coffee can be a simple and effortless process, especially 
considering the machines at one’s disposal in this day and age. One could 
simply grab a Keurig cup and have at it. However, such a method is 
unlikely to make a truly fine cup of coffee. It has long been shown that the 
longer it takes to brew a cup of coffee, the less bitterness can be found in 
the cup. Most fancy coffee shops will have a drip stand on display, which 
slowly makes coffee at room temperature. This method can, however, be 
taken even further. Take, for instance, cold brew coffee. Lately, it has been 
given a bad name by companies like Starbucks and Dunkin Doughnuts, 
which basically sell regular coffee that is refrigerated after brewing. But 
cold brew coffee is different. The biggest and most common mistake 
made is to heat the water. Many people boil the water, put the ground 
coffee in, then let the concoction rest in the fridge, just as the companies 
do. This method is not true cold brew practice. The water must be cold 
when the coffee is added, and then the brew must be left overnight in 
a fridge. The cold temperature delays the brewing process enough that 
the resulting drink is not bitter. This technique, however, is not practical 
for most people. Coffee must be quick and convenient in the morning, 
propelling busy people on their way. In many ways, coffee has lost its 
value for its taste and is instead valued for its caffeine content, which is 
the very feature that first gained it recognition so many years ago. Coffee 
is an ancient invention, yes, but it is a very modern drink.
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onvenience comes in many forms. It is the microwave 
popcorn bag that takes away the hassle of getting out a pan 
and turning on the stove. It is the wrapper used by fast-food 
franchises to keep the secret sauce on your deli sandwich 

from soaking through the paper and dripping onto your clothes. And it 
is in those stain-resistant, no-iron pants crumpled up on the bottom of 
your closet. But unfortunately convenience comes at a cost; all of these 
products use perfluorinated and polyfluorinated alkyl substances (PFAS) 
— a family of man-made, bioaccumulative and toxic chemicals — to give 

these products their special properties.
  Perfluorinated and polyfluorinated 
alkyl substances (PFAS) are carbon chains on 
which the hydrogen atoms have been replaced 
with fluorine. This seemingly insignificant 
substitution makes PFAS both hydrophobic 
and hydrophilic (oil and water repelling). 
When a coating of PFAS is polymerized 
onto the inside coating of a popcorn bag the 
fluorinated carbon chains prevent both grease 
and water from seeping out.  When the same 
polymer is applied to clothing, it makes the 
garment water and stain resistant as well as 
wrinkle resistant. The carbon-fluorine bond is 
one of the strongest, making PFAS extremely 
stable and resistant to degradation when 
exposed to strong sunlight, heat, or other 
extreme conditions. The half-life for these 
products in the environment is on the order 
of 100,000 years.
  Despite their useful properties in 
a wide variety of applications from aviation 
hydraulics to stain repellent treatments for 
clothing, PFAS are not as benign as they 
may seem. Two compounds in the PFAS 
family, perfluorooctanoic acid (PFOA) and 
perfluorooctane sulfonic acid (PFOS) cause 

a variety of health effects at relatively low concentrations. People living 
in communities near PFAS manufacturing plants, with contaminated 
drinking water, have been found to have high rates of testicular and 
kidney cancer, birth defects and thyroid diseases. PFAS comprise over 
3,000 chemicals and only a tiny fraction of these have been evaluated 
for health effects. Even though there haven’t been studies on all PFAS, 
we should treat the entire family with caution because of their structural 
similarities. Although it may take a long time to test the thousands of 
compounds in the PFAS family, until we can be certain other PFAS don’t 
share the same hazards as PFOA and PFOS we shouldn’t risk producing 
more potentially toxic compounds that have incredibly long half lives. 

 PFAS are still used in a variety of products, despite their hazards, 
like food contact papers, firefighting foams, cosmetics, and stain-resistant 
clothing. Unfortunately, the waste from the manufacture and use of these 
compounds is contaminating our planet — from our drinking water 
supplies to even remote places like the Arctic. Recent press has highlighted 
contaminated drinking water supplies in Hoosick Falls New York and 
Bennington Vermont, and based on the recently lowered U.S. EPA 
lifetime drinking water advisory for PFOS and PFOA, there are thousands 
more such people that face contaminated drinking water. In addition, the 
alternatives to PFOS and PFOA, such as Perfluorobutanesulfonic acid, 
have been identified in the environment and are thought to exhibit similar 
toxicological hazards. Removing PFAS from drinking water and soil is a 
difficult and costly venture due to the compound’s chemical properties, 
which means we may never be able to clean the resources we contaminate.
 Some people argue that PFAS are integral to our way of life, and 
while PFAS may be critical for some uses, like firefighting foams, there 
are a number of uses where the hazards may outweigh the convenience. 
We need to ask ourselves whether we really need PFAS coatings on our 
clothes and food wrappers if we are contaminating the planet. Or can we 
spend a little more time making popcorn in a pot and hanging up our 
clothes and save a community’s drinking water supply and other resources 
for the next generation? As consumers we each get to decide when the 
costs outweigh the benefits, and when it’s a trade off between convenience 
and a town’s water supply I hope we make the right choice. 
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t eight years old, I watched with absolute terror as my 
hometown was swept away by the forces of nature. I 
remember standing in my uncle’s living room in Lafayette, 
watching the news broadcasts from only 135 miles away: 

torrential downpours, skyscrapers swaying in the 174 miles-per-hour 
winds. But most horrifying of all were the images of the water breaching 
the protective levees, flooding the streets of New Orleans and leaving a 
trail of absolute devastation in its wake. I’d been on evacuation plenty of 
times, I’d seen bad hurricanes before — but not like this. The hurricanes 
I’d seen didn’t destroy cities. At the end of every evacuation had been a 
return home — but what if, this time, I had no home to return to? What 
if it was just gone? What if my family would have to keep hopping from 
town to town with no end in sight? At eight years old, that scared me 
more than anything. Exiled by evacuation, we waited for the remnants of 
the deluge to drain away and eventually enough displaced families were 
able to resettle, including mine. Now, among the questions on the minds 
of our city’s politicians, scientists, and engineers were: How could such a 
disaster have occurred? How had the storm reached the mainland so easily? 
How had it pushed past the barriers erected to prevent a catastrophe like 
this from happening in the first place?
 As well as uncovering a myriad of problems such as rising global 
temperatures and faulty infrastructure, investigations also revealed that 

the continued depletion of Louisiana’s wetlands had stripped us of our 
primary barrier of defense against the hurricane. The wetlands act as a 
buffer against powerful storm surges, taking the full brunt of the rain and 
wind so that the storm is diminished by the time it reaches the mainland. 
However, since the construction of levees in 1927, Louisiana’s wetlands 
have been rapidly eroding away. The levees block the deposit of new 
sediment from the Mississippi River into the wetlands, meaning that as 
the Gulf ’s tide drags away land from Louisiana’s coast, there’s no way to 
replenish it.  
 It sounds like a slow process, but in reality, Louisiana’s coast 
loses a football field’s worth of land per hour. This makes the whole state 
exponentially more vulnerable to disasters like Katrina and results in 
habitat loss and damage to the fishing industry, which is vital to Louisiana’s 
economy and many of its residents’ livelihoods. It’s no exaggeration to say 
that the integrity of the wetlands is crucial to the survival of the state, 
which is why I undertook research with the Pontchartrain Institute for 
Environmental Sciences to track wetland health from 2012 to 2015.
 The wetland I observed in this study was Bayou Sauvage Refuge, 
an integral part of the wetlands surrounding the greater New Orleans 
area and one of the most important safe havens for Louisiana wildlife. To 
figure out how the marsh’s health had progressed over the years, I decided 
that the best starting point would be to track the overall trajectory of the 

A

Down in the Flood
The Pontchartrain Institute’s Continuing Efforts to Remediate Louisiana’s Marshes

2
Written by Aaron Perles

Illustrated by Emilia Omerberg



27May 2016

marsh’s health using three large-scale indices of ecological integrity. These 
indices have very simple parameters: higher scores on the index indicate a 
healthier marsh while lower scores indicate a declining marsh. If I could 
plot the values of these indices from 2012 to 2015, I could see in which 
direction the marsh’s health was going.  
 The first indicator was the Floristic Quality Index (FQI), an 
index of the marsh’s integrity based on how many of its plant species 
are native. The second was the marsh’s hydrologic index, based on the 
combined influences of average annual salinity and flood duration. The 
third was the Normalized Difference Vegetation Index (NDVI), an 
index determining how much live vegetation is present in an observed 
area. When looked at together, all of these indices demonstrated the 
same pattern: from 2012 to 2014, the scores on all three indices steadily 
increased, but then took a downturn from 2014 to 2015. This meant that 
from conditions of relatively poor marsh health in 2012, the marsh had 
been consistently recovering, but between 2014 and 2015, something had 
disrupted this trajectory and caused it to reverse. The marsh was declining 
in health again. Why?

 To find an answer, I took a look at some of the finer details of the 
marsh’s ecology: its mean soil porewater temperature, mean annual surface 
elevation, water level, and plant reflectance — that is, how much light a 
plant reflects. When looked at individually, none of these phenomena 
could single-handedly account for the decline in the marsh’s health, but 
when analyzed in tandem, the data revealed a fascinating interplay of 
ecological phenomena that fit together like pieces of a puzzle. Between 
2012 and 2015, both water level and plant reflectance were consistently in 
decline, which made sense: as the water level gets lower, marsh plants will 
be more and more exposed to the open air, and more water will evaporate 
out of their tissues, causing them to wither and reflect less light. However, 
that didn’t match what our three indices showed. Despite the declining 
health of the plants, the marsh as a whole had gotten healthier over the 
first three years studied. It seemed that the adverse effects on reflectance 
hadn’t been enough to skew the trajectory of the marsh’s health during 
these years — but perhaps the withering plants had brought the marsh’s 
health to a threshold, and only in 2014 did some trigger finally push 
it over the edge. That trigger turned out to be a spike in soil porewater 
temperature, which correlates directly with the temperature of the air. 
Under excessive heat, the already stressed plants lost even more water, 
causing them to finally die and disappear from the marshland. With 
no roots to anchor the marsh’s soil layer, the soil eroded away, surface 
elevation decreased, and the marshland converted into open water. This is 
a phenomenon called marsh dieback, which is symptomatic of a drought 
or drought-like conditions. The spike in temperature and the declining 
water levels also attested to this. It was this chain reaction of phenomena 
and subsequent disappearance of the marsh that likely caused the three 

indices to reverse trajectory from 2014 to 2015.   
 These kinds of studies are important to the Pontchartrain 
Institute so that they can figure out what’s happening in the marsh at a 
given time. However, short-term ecological surveys like mine are barely 
a fraction of the institute’s work, and nowhere near the most important. 
The institute’s main focus is on large-scale restoration projects, with 
remediation efforts spanning vast regions of wetlands and entire islands in 
the Gulf. For example, one of their highest-priority projects involves the 
restoration of the Chandaleur Islands, a chain of barrier islands (islands 
that serve as buffers against storm surge, much like the wetlands do) 
that have been severely eroded by hurricanes and the 2010 BP oil spill.  
Following the spill, miles and miles of sand berm — large, robust walls of 
sand — were constructed around the islands; the Pontchartrain Institute 
looks to see if the sand berm effectively prevents further erosion, while 
at the same time developing a plan to restore the land that’s already been 
lost. By monitoring the effects of these kinds of remediation efforts, the 
Pontchartrain Institute is able to determine how much attention needs 
to be given to the area studied, and what changes need to be made to 
remediation projects if they’re not working in the way they need to.  
 The institute isn’t only interested in the effects of engineering 
projects, however. Habitat conservation is also high on their list 
of priorities. Wetland loss destroys the habitat of one of the most 
biodiverse communities of organisms on Earth, including a plethora of 
bird species, a near-endless variety of flora, and all manner of fish and 
crustaceans. After inventorying the members of this vast community, the 
Pontchartrain Institute develops a plan to restore their habitat, sustain 
organismal populations, and make sure that invasive species don’t wreak 
too much havoc on the ecosystem. In addition, the institute is currently 
developing a model to evaluate the impact of land restoration projects 
on local animal and plant populations; after all, development carried out 
with even the best intentions can have detrimental effects on the wildlife. 
The institute is dedicated to preserving the wetlands for the sake of the 
ecosystem and its intrinsic value just as much as it is for the well-being of 
the people living on the mainland.
 To effectively complete these projects, collaboration is key. The 
Pontchartrain Institute draws an extremely eclectic team of scientists, all 
with vastly different specialties. Many are ecologists, of course, but just 
as common and are geologists, plant systematists, and animal biologists. 
The kinds of projects conducted by the institute rely on interdisciplinary 
knowledge and scientists from all of these disciplines collaborate 
within the institute to develop effective solutions to the problems the 
wetlands face every day. To get those solutions to actually be put into 
effect, the institute needs to collaborate with external organizations; 
The Pontchartrain Institute has worked with the U.S. Fish and Wildlife 
Service, the Army Corps of Engineers, and the National Marine Fisheries 
Service for the purposes of wetland restoration, wildlife conservation, 
and preservation of Louisiana’s fishing industry. It also partners with 
Benjamin Franklin High School — my alma mater — to teach practical 
skills in tackling environmental problems, and to introduce students to 
the research methods employed by the institute. The disappearance of the 
wetlands is a problem that will affect Louisianians for decades to come, 
and educating the next generation of environmental scientists is going to 
be crucial if we want to develop a long-term solution.
 Indeed, the restoration of the wetlands is ultimately going to be 
a long-term collaborative process. It’s a problem that affects everyone who 
lives in the Gulf Coast region and it’s going to take an input from all of 
us if it’s going to get solved. Hopefully, the efforts of the Pontchartrain 
Institute, its partner organizations, and all the aspiring environmental 
scientists out there will pay off in the long run and prevent another 
Katrina from ever happening again.  
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iroshima. Nagasaki. Chernobyl. 
While it is unlikely that the 
intentions of world leaders ever 
extended beyond the international 

conflicts at hand, they inadvertently created 
one of the best geochronometers available 
worldwide. Little did they know, the particles 
from the thermonuclear reactions allowed 
geologists to gain a better understanding of 
the chronological processes in order to paint a 
precise picture of sediment movements today. 
Why do geologists owe so much thanks to the 
testing and use of thermonuclear weapons? Two 
words: fallout radionuclides.
 In the 1950s and ’60s thermonuclear 
weapons testing proliferated worldwide, 
changing not only global sentiments but also 
atmospheric composition. For the first time in 
the history of our planet, Caesium-137 (137Cs), 
a radioactive element, was introduced into the 
atmosphere. What goes up must come down, 
and as the 137Cs in the atmosphere moved 
around the world, it began to be absorbed by 
the soil at the surface. 

In a stable landscape, sediment builds 
up gradually over time, forming layers of rock. 
Therefore, every layer since the 1950s and ’60s 
contains traces of 137Cs. As the sediment absorbs 
radioactive fallout, the radioactive particles 
stick to the surface of the individual sediment 
particles, which make up what is known as the 
sediments’ grain coating. The grain coating 
provides a time-specific tag on the sediment that 
can be used to associate the sediment directly 
with the time period in which it was deposited.
 To the non-geoscientist, the idea of 
only being able to narrow down the sediment’s 
location to a decade over time may seem relatively 
general, but compared to current methods, 
using fallout radionuclides is thousands of 
times more specific. Sediment particles the size 
of finely-ground kitchen spices do not contain 
much useful information, so scientists who look 
further into the past and on broader time scales 
use a technique called Optically Stimulated 
Luminescence (OSL). This alternative technique 
captures samples in darkness and measures the 
minute, trapped electron particle energy inside 
the sediment grains to determine the last time 
the sediment was exposed to light, often with 
margins of error of thousands of years. OSL is 
difficult to manage because the context for this 
dating method is based on relative dating, or 
comparing nearby layers of sediment.
 While OSL is scientifically viable and 
suitable for more long-term measurements of 
sediment age, the use of fallout radionuclides 
allows scientists to analyze sediments on a 
human, rather than geologic, time scale. 

This ability has direct and extensive 

applications to geological research which 
can impact our understanding of erosion 
and climate change processes. The fallout 
radionuclides are depth-dependent and 
deposited chronologically, which means that 
the more recently the sediment grains were at 
the surface, the shallower they are in the soil. As 
erosion occurs, the soil is worn away, exposing 
older and older soil layers. 

Today, scientists, including Dr. 
Amanda Schmidt at Oberlin College, are 
measuring and examining the sediments they 
collect in stream environments for fallout 
radionuclides. Devices such as gamma ray 
counters analyze the sediment and produce 
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spectra which show both the fallout 
radionuclides present in a sample and each 
radionuclide’s individual strength. For example, 
if a sample from a river was analyzed for 137Cs, 
a spectra either indicates a low concentration, 
high concentration, or no concentration at 
all. While no concentration would indicate 
that the sediment was at the surface before the 
thermonuclear weapons testing began (since 
137Cs did not exist in the atmosphere at that 
point), a high concentration would indicate 
that the sediment was at the surface while the 
testing was at its peak, and a low concentration 
would indicate deposition at a time after the 
peak of weapons testing, as 137Cs still existed in 

the atmosphere at that point, but was much less 
concentrated.

These markers can help us to 
understand the movement of soil across time, 
mapping how quickly erosion is occurring in 
different environments. If we can develop a 
picture of erosion speed, we can begin to correlate 
that with land use and different environmental 
factors in an area. Based on these correlations, 
we can better understand the impact of different 
land use and other environmental factors on the 
landscapes that surround us and use that data to 
inform agricultural policies. 

For example, Dr. Schmidt is currently 
using fallout radionuclides to date sediment in 
China, a country whose Communist land use 
policies have been under examination for their 
effect on erosion. By tracking the erosion speed 
with this methodology she is able to collect 
evidence supporting or opposing claims about 
the effects of policy and will potentially conduct 
research that will influence land use policy not 
only in China but worldwide. 

Because this method allows geologists 
to examine sediment on a human time scale 
as opposed to a geologic one, it allows us to 
examine contemporary scientific issues related 
to climate change. Considering the short time 
scale that climate change is occurring on, it is 
immensely useful to be able to use geology and 
its relationship with atmospheric composition 
to collect data on the rate that they are being 
affected.

As we continue to develop more 
specific and descriptive methods of examining 
our planet in its most recent years, we will 
continue to gain insight into the more and 
more rapidly changing environmental dynamics 
of our planet. It is important to remember that 
even though Geology traditionally operates on 
the time scales of milenia, it can still be used 
to draw conclusions about current scientific 
phenomena. 
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ell into her pregnancy, Amanda 
could almost sense something was 
wrong. Born and raised on the 
peripheries of Campina Grande, 

a town in northeast Brazil, she had witnessed 
other women’s pregnancies around her end in 
devastation. The culprit of such anguish and 
havoc was no mystery to her. But Amanda never 
thought she would find herself in these same 
shoes, battling the same ailment that plagued so 
many women around her. She never envisioned 
coming face to face with the infamous Zika 
virus, known for its connection to neurological 
abnormalities including microcephaly, a rare 
neurological condition in which an infant’s 
head is significantly smaller than the heads of 
other children of the same age and sex. These 
physical effects have given the virus traction and 
attention in the media and daily conversation. 
What is absent from these dialogues about Zika, 
however, is the consideration of the relationship 
between reproductive rights and the approach 
that different nations take to address the needs 
of women afflicted by the virus. The Zika virus, 
though incredibly pernicious, has paved the way 
for greater scrutiny toward the way countries 
treat women’s reproductive rights.

A Brazilian obstetrician named 
Adriana Melo, a well-respected veteran of 
twenty-three years, found herself baffled by 
her patient’s twenty-month old fetus. On the 
ultrasound, Melo examined an abnormally 
small fetal head that held an atrophied brain 
covered with calcium deposits. Just two weeks 

later, Melo was shocked to encounter such 
an anomalous image again, when another 
young fetus appeared with an underdeveloped 
thalamus, an asymmetrical brain, and the same 
abnormally small head. Suspecting a connection 
between the Zika virus and microcephaly, Dr. 
Melo conducted research in her free time, 
eventually testing the two mothers’ amniotic 
fluid. Dr. Melo’s hunch was proven correct 
when the test results returned, confirming 
the presence of the Zika virus in the amniotic 
fluid of her two patients. This suggested a link 
between Zika and microcephaly.

When Zika is transmitted to a 
person’s system, typically through a mosquito 
bite or sexual intercourse, the virus has the 
potential to reach the nervous system from the 
bloodstream, directly infecting the nerve cells 
nestled there. Or, the virus might travel to the 
brain, triggering extensive swelling along with 
other neurological effects. The most disturbing 
and alarming side effect is the higher likelihood 
of an infant developing microcephaly or other 
damaging neurological conditions. Thias 
Battistot, a young housewife residing in Campo 
Grande, Mato Grosso de Sul in Southern Brazil, 
found herself crying for weeks after discovering 
the baby she birthed was deformed. Initially, 
Battistot thought her baby was simply tiny. 
She recalls never being alerted to the risk of her 
fetus developing some form of microcephaly or 
associated neurological issues. Vanessa Oliveria, 
a mother of two, in the northeastern town of 
Sergipe faced a similar fate. Her pregnancy was 

monitored throughout and the doctors did not 
spot any changes in her infant’s development. 
Unlike Battistot, however, her baby suffers from 
the typical stunted head growth associated with 
the Zika virus. The rising frequency of cases that 
mirror Oliveria and Battistot’s, coupled with 
the media’s outcry, begged for an international 
response. And so, in Brazil, El Salvador, and 
other Latin American and Caribbean countries, 
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the answer became, “Just don’t get pregnant.”
Since November 2015, Brazilian 

public health officials reported more than 3,500 
babies were born with microcephaly compared 
to twenty cases of microcephaly just the year 
before. The Brazilian government especially 
directs their message to avoid pregnancy to the 
northeastern parts of the country, where the virus 
is hitting the hardest. These recommendations, 

however well-intentioned, have been criticized 
for neglecting the climate of reproductive health 
these women face. In Brazil, abortion is highly 
restricted, including for women with the Zika 
virus. Contraceptives are also difficult to obtain 
in northeast Brazil, where some methods of 
contraception (such as intra-uterine devices) 
are simply unavailable.  In El Salvador, where 
approximately 5,437 cases of the Zika virus 
have erupted in the last year, Deputy Health 
Minister Eduardo Espinoza announced 
that “all women of fertile age…take steps to 
plan their pregnancies, and avoid becoming 
pregnant between this year and next.” In El 
Salvador, abortion is illegal in all circumstances, 
including rape and incest. Efforts to provide 
more information and contraceptives have been 
condemned by the country’s authorities, as the 
presence of the Catholic church is strong, and 
there remains little to no sexual health education 
in schools. In Colombia, which has the second-
highest Zika infection rate after Brazil, the 
government is also advising women to delay 
becoming pregnant for six to eight months.  

These public health “initiatives” are 
failing to change the approach and view of 
women’s health and rights. The governments’ 
refusal to provide the services, care, and support 
that women would need if they did choose to 
delay their pregnancy highlight the need for 
public health systems to incorporate feminist 
ideals. Expanding women’s reproductive rights 
is just the start. If women are to actually 
delay pregnancy, there needs to be a vastly 
different attitude held towards women, where 
contraceptives are not seen as shameful or 
abortion stigmatized. Jessie Clyde of the 
International Women’s Health Coalition says 
that “when they go to their local clinic, more times 
than not, the contraceptives are not stocked, 
and they are treated poorly by health providers. 
It’s a stigmatized environment.” Feminist public 
health is fundamental to adequately ridding 
these “stigmatizing environments,” not just 
in El Salvador and Brazil, but globally. This 
framework for public health would improve 
communal health by working to change social 
environments. Feminist public health strives to 
explain, acknowledge, and prevent rather than 

to abstain, admonish, and resent. Brazil and 
El Salvador’s response to the Zika virus only 
amplifies the countries’ naivety towards the 
social forces behind public health issues. The 
public’s health cannot begin to improve without 
first shifting social norms.

Seeing health through a feminist 
perspective means acknowledging the social 
determinants of health — considering the 
causes of the causes. One of the most pressing 
questions surrounding the Zika virus is, “Why 
are the number of Zika virus cases so high in 
Caribbean South American and Latin American 
countries?” A typical response to that might 
be to look at the region —  maybe the virus 
thrives in these countries’ climates. Or to point 
to the mosquito population — perhaps these 
countries have a larger mosquito population 
than other countries. A feminist public health 
response, on the other hand, would direct 
our attention to some of the restrictions these 
women face in terms of their reproductive 
health, questioning the governmental and 
systematic aid for poorer women affected by 
Zika who may lack money or transportation 
for contraceptives. The accessibility of family 
planning and its treatment towards victims of 
sexual violence would be taken into account. 
To reach a place of social and health equity, it 
is essential to dismantle the systems that are 
restricting communities from reaching their full 
potential. This ultimately begins with examining 
how our systems perpetuate inequalities 
including racism, sexism, and classism. Until 
then, local groups like Grupo Curumin and 
Maes de Anjos Unidas are at the forefront of 
improving women’s quality of health care and 
serving the masses where the government has 
failed to do so. These organizations provide 
support for families afflicted with the Zika virus 
or focus on expanding access to contraceptives, 
changing Brazil’s abortion policy and increasing 
individuals’ knowledge about the Zika virus. 

So perhaps the biggest terror the virus 
presents is not entirely its physical consequences, 
but rather the problematic aspects of how public 
health systems seek to address the problem. The 
concept of feminist public health is not a new 
notion, but perhaps it’s time we finally started 
to listen. Feminism in public health policy is 
needed now more than ever.

And so, in Brazil, El 
Salvador, and other 
Latin American 
countries, the answer 
became, "Just don't 
get pregnant."
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ave you ever gotten a diagnostic test, gone home and been so 
strung out for the result that you couldn’t sleep? Well, good 
news for you hypochondriacs out there! Those agonizing 
waiting periods are bygone, and depending on the type of 

diagnosis, your results could arrive within an hour of the test.
 Diagnostic testing requires time because many of them take 
place in centralized laboratories, where samples from doctors’ offices are 
transported in and out. From the time the doctor receives a sample and 
sends it to the laboratory, to the actual performance of the test and the 
sending of results back to the doctor’s office and finally to you, the wait 
time can range from 24 hours to several weeks. Indeed, the majority of 
results are extremely accurate, but after such a long wait they can come 
at a price. Who knows what might happen by the time word reaches the 
patient?

 What if we could perform a diagnostic of reasonable accuracy 
without involving specialized laboratories? Particularly for tests 
performable by physicians, or better yet, by the patients themselves, they 
could obtain a good enough idea regarding their condition and would 
only need to visit specialized laboratories if these crude examinations fail. 
Even then, they would have at the least a vague understanding of their 
circumstance, and can arrange temporary treatment or preparation while 
waiting for a specialized evaluation. Wouldn’t that be nice?
 It may surprise you, but these forms of diagnosis have been 
around for quite some time, in the forms of the BAC breath test and the 
home pregnancy test, for example. They are both diagnostic tests in every 
way: they require sample collection and sample analysis. In the BAC road 
test, officers use a breath-analyzer to determine a subject’s blood-alcohol 
concentration, and in the United States, a BAC level of 0.08 or higher 
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is considered legal intoxication. One method of breath analysis concerns 
the absorbance of infrared light. Perhaps you already are aware that colors 
are generated when visible light is absorbed, reflected and transmitted by 
different molecules. In a similar fashion, the alcohol molecules absorb 
light, but at the infrared wavelength rather than the visible spectrum. The 
more alcohol, the stronger the absorbance, and this quota will give the 
reading for “zero,” “pass,” “warn” or “fail.” Only in the case that the test is 
failed or an error detected is a blood test required.

 The home pregnancy test follows suit, but instead of absorbance, 
it uses the ELISA to designate a “positive” or “negative.” ELISA, or 
Enzyme-Linked Immunosorbent Assay, permits biochemists to identify 
a sample’s concentration of a certain substance. For this purpose, the 
targeted substance is hormone human chorionic gonadotropin (hCG) in 
urine, an increase in which indicates fertilization and therefore pregnancy. 
Meanwhile, the strip itself contains tiny wells that capture hCG as they 
come into contact with urine. The reagents lining the wells then react with 
the hCG, and after a few minutes’ incubation to make sure the reaction 
is complete, a visible signal will appear (usually a blue line if hCG is 
detected, or nothing if otherwise) denoting “positive” or “negative.”
 What do these two tests have in common? They are easy to use, 
extremely portable, and require only simple instruction. Their chosen 
analytes are present in breath or urine, both of which are not too invasively 
acquired, as a trained professional is able to quickly collect the sample. 
Additionally, they are extremely robust, guaranteeing nearly immediate 
results of reasonable accuracy for expedited course of action. 
 Efficiency is quite desirable for point-of-care application, 
especially for which immediate insight into a patient’s conditions is 
paramount for proper assessment. At present, unfortunately, there are 
few tests that accommodate these demands. However, scientists are in the 
works for developing decentralized testings for point-of-care institutions, 
and potentially even your own home!
 A recent study revealed that in addition to BAC road testing, 
examinations of marijuana usage could be possible via saliva. The test 
will seek to detect tetrahydrocannabinol (THC), an active ingredient in 
marijuana. Antibodies on the chip’s microwells (yes, a chip – about the 
size of your microSD card, if not smaller!) grab the THC from saliva, 
incubate the sample long enough for complete capture, then deposit 
another set of antibodies on top for detection purposes. Think of it as a 
sandwich: the bread slices are the capture and detection antibodies, and 
the bologna is the THC. Detection signal is determined by the successful 
“sandwiching” of THC, conveniently produced by a fluorescent molecule 
attached to the detection antibodies. This signal can be sent directly to 
your smartphone and analyzed by a specialized app. The only drawback to 
this system is that the test takes 30 minutes to assure dependable results, 
so if applied to DUI roadside testing, it would be quite a wait. 
 Another remarkable type of diagnostic is the thermos cup test 
for the Zika virus (ZIKV). Yes, that same mug we use to hold energy in 
liquid form (i.e. coffee) also contains the necessary components (namely, 
heat conservation) to identify the Zika virus. As you probably know, 
genetic information can exist as either DNA or RNA, but in ZIKV, it 
exists only as RNA. The virus operates by transferring its RNA to the 
host, and so the presence of viral RNA in humans is a tell-tale sign of 
infection. To do this, we selectively convert the RNA in a ZIKV-infected 
saliva sample into DNA for amplification purposes, which increases 

the amount of genetic material present for easier detection. During 
amplification, an indicator is added that changes color in the presence of 
DNA. If ZIKV RNA is present, it is amplified and converted to DNA, 
and the indicator changes from colorless to blue; if there is no viral RNA 
present, the indicator remains colorless. Thus, it is simply a matter of hue 
to differentiate between an affected and a non-affected person. Since the 
reaction requires a high temperature, what better way to both trap heat 
and ensure portability than a thermos cup? The testing apparatus can be 
removed for color evaluation, of course, but only a small portion of the 
solution is enough to observe a color change. Better yet, the entire process 
takes approximately 40 minutes, and thanks to the magic of the thermos, 
it can take place over a wide range of external conditions.
  

  
 

 The evolution of decentralized diagnosis is upon us. Development 
of new and improved tests capable of furnishing precise reports is already 
underway. We may likely never abandon specialized laboratory tests, as 
they indeed render the greatest accuracy. Nevertheless, by diminishing 
transmission periods and eliminating respite, we are bridging together 
laboratories, health institutions, and domestic spaces to implement the 
most suitable and conducive service for each and every patient.

What  if  we could preform a  diagnostic 
test of reasonable accuracy without 
specialized laboratories? The same mug we use to hold energy 

in liquid also contains the necessary 
components to identify the Zika virus.
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ince the creation of the world's 
first-known line chart in 
1786, scientific data has been 
overwhelmingly represented and 

disseminated to the public in visual formats. 
Tables, charts, and graphs fill up scientific 
papers and PowerPoint presentations across the 

world, and more often than 
not these representations 
offer little in the way of 
artistic expression, but 
rather present scientific 
data and findings in a 
rather bland manner. 
The arts and humanities, 
which have been closely 
interwoven with the 
sciences since the times of 
the ancient Greeks, have 
been almost completely 
ignored in modern 
scientific communications. 
While science can give us a 
powerful understanding of 
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how the world works, the arts and humanities 
are also needed to more meaningfully convey 
and communicate those findings to the general 
public.
 Communicating scientific facts and 
data through music is one exciting possibility 
for the merging of the arts and sciences. But 
how do you aurally represent data in a way 
that is true to the data and allows the data 
to be easily interpreted while still creating 
a pleasing musical piece? That was my 
challenge when, in June 2016, I arrived at 
the Hubbard Brook Experimental Forest 
in Woodstock, NH as part of a Research 
Experience for Undergraduates program that 
was investigating ways to represent data as 
sound. I had just completed my third year 
at Oberlin College and Conservatory where 
I was studying music composition, horn 
performance, and mathematics. The music I 
had been writing was meant to be played by 
living musicians as opposed to computers, and 
this concept of turning data into sound was 
completely foreign to me.
 Meanwhile, scientists and musicians 
at Hubbard Brook had already begun their 
Waterviz project, creating both real-time aural 
representations of water cycle data as well as 
aural representations of pre-existing water 
cycle data going back to 2010. All of these 
pieces had been created by Marty Quinn, 
a musician and the owner of the Design 
Rhythmics Sonification Research Lab, who 
has been involved in data sonification for the 
past two decades. 
 After listening to Quinn's 
sonifications, I decided to work with Hubbard 
Brook's water cycle data set from 2015. This 
had 8670 data points taken at hourly intervals 
for ten different variables, and I was tasked 

with 
m a k i n g 
my own unique, 
aural representation of these 
data. As I was getting started, I 
made a few calls to my school colleagues 
who studied in Oberlin's Technology in Music 
and the Related Arts program and purchased 
Max/MSP, a visual programming language 
that seemed like it had some potential for data 
sonification. Max/MSP allowed me to input 
the data values for each variable and scale them 
to appropriate ranges that were usable by the 
program. The scaled values for each variable 
could be assigned to a sound or instrument, 
and the magnitudes of the data values defined 
that sound's or instrument's pitch and 
volume. I chose a sound that I thought was 
representative of each variable and decided 
how the data would influence it. 
 To represent streamflow, I used the 
notation program Finale to write and record 
a tranquil clarinet melody. The streamflow rate 
controlled the clarinet's volume. If the stream 
flowed fast enough, cymbals would also start 
playing, hitting more frequently with higher 
streamflow. I wrote and recorded a more 
spritely countermelody for the flute whose 
volume is controlled by solar radiation. I used 
a vibraphone to represent rain and a celesta 
to represent snow, with heavier precipitation 
triggering more and higher pitches being 
played by those instruments. 
 For wind speed, I created a droning 
sine wave that sounded louder and played at 
higher octaves with higher wind speed. The 
panning of this drone was controlled by wind 
direction. I also chose a sine wave to represent 
temperature. It oscillated up and down with 
temperature changes. I used a rolling timpani, 
or kettledrum, to represent air pressure, with 
its pitch going up and down along with the 
pressure. 
 A pan flute chord represented soil 
water storage levels, adding higher pitches to 
the chord as the soils became more saturated. 
A piano played a chromatic scale that went 
up and down with changes in humidity. A 
synthesizer represented evapotranspiration, the 
water vapor evaporated into the air from the 
soil and transpired into the air by trees. This 
synthesizer sounds like something breathing, 
mimicking the trees and soils "respiring" water 
vapor into the atmosphere. 
 The end result was a fourteen-and-a-
half minute piece that plays the entire year's 
data, with a new hourly data point heard once 

every 
1 0 0 
milliseconds. 
A recording of 
this piece will join 
Quinn's other sonifications 
on Hubbard Brook's Waterviz 
website, www.waterviz.org. 
 In addition to the full piece, 
I also made recordings of each variable 
individually cycling through its entire 
range to act as an aural key or legend. Finally, 
I made recordings of several hydrological 
events such as rainstorms, snowmelt, and 
periods of extended high and low streamflow. 
These recording excerpts were synchronized 
to stacked graphs of all the variables with 
a line moving across them in step with the 
data, allowing the listener to see the data in a 
more familiar graphical format while they are 
listening to the piece.
 I hope that my aural representation 
of data and others like it can help increase the 
number of people in the general public who 
are accessing and interacting with scientific 
data. The current prevailing methods of data 
representation (charts and graphs) make it 
very difficult for visually-impaired people in 
particular to consume scientific data. The 
ability to represent data both visually and 
aurally also provides a greater variety of ways 
for sighted people to interact with data. I 
anticipate that sonic representations presented 
in tandem with graphs will act as a bridge for 
the scientific community to this newer method 
of data representation. 
 Hopefully, more data sets will be 
presented in the future in more aesthetically 
pleasing ways, as opposed to seemingly 
cumbersome lists of numbers or unoriginal 
graphs. This will encourage members of the 
non-scientific community to spend more time 
interacting with the data, which can lead them 
to develop their own conclusions about it. 
The collaboration of artists and scientists in 
communicating scientific findings can allow 
for the exciting prospect of a world where the 
humanities and sciences are closely intertwined 
and working together for everyone's benefit.

Turning Data Into Sound
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How did the conference work, and how many other undergraduate 
students were there? 
 There were over 1000 presentations in the span of 3 days, and 
basically, everyone gives either an oral or poster presentation for 15 
minutes’ time. I chose to use the poster method. The lectures get grouped 
together into different topics; there are tons of topics — paleobotany is 
an example — and each topic would present their information in one 
single room. There were so many cool topics; one I particularly enjoyed 
was economic botany. My favorite thing about it was the fact that you 
could basically window shop every field of botany, and everything there 
was really cool and informative and interesting. At this conference, it was 
easier than it is at college to figure out what you are interested in and 
what you aren’t interested in because all of the information was basically 
thrown at you at the conferences. There were also events for networking 
and building connections; a lunch-in with undergraduates and graduate 
students with professionals was one of them, and the professionals would 
basically move around the tables while you could ask them questions and 
get advice. They also had workshops and field trips 2 days before the 3 
days of lectures, which included events like kayaking, collecting plants, 
and workshops on how to apply to graduate schools. They also had a 
panel of people who were current students and admissions officers, and 
an event on how to write your elevator speech. It was really nice because I 
met a lot of people my age or older who were interested in the same things 
I am. 

How do you think your first talk went? 
 I’ve been told it went really well by Moore and others in the 
field, but it is very hard to not be critical. During the presentation, I was 
also really, really nervous and made little mistakes; I mean, it went well 
overall, but I talked fast and was nervous. Even so, it was my first talk and 
I think I did well, considering it was my first time. 

What was your research about? What were your findings?
 My research, in a quick synopsis, was about building a 
phylogenetic tree for the Helenieae — a tribe of a plant family; its best 

known member is the blanket flower. That’s basically what I did, and it 
was exciting because I was only missing 5 of the 115 species in Helenieae 
so I currently have the most complete tree of Helenieae to date. We hope 
that one day we will complete it; 3 of the 5 we don’t have are very, very 
rare and hard to find. Paloocha Trifida is one of them, and it only grows 
on one particular island in Baja California, and it’s super rare even on that 
island. I don’t know if I had Paloocha Trifida in the collection, but we also 
didn’t have that many South American species, since they are very hard to 
collect. Once we had the tree, we did a standard practice character state 
reconstruction on a lot of different characters. 
 Our future goal is to take climate information from every single 
collection of every single species of Helenieae and map all of that data 
onto the tree. For the time being, we built a character state matrix and 
wrote down info for each species. The character state reconstruction gave 
us rates of distributions of rates in South America, which was my favorite 
part. 
 According to my research, the internal transcribed spacer 
(ITS), an aspect of DNA, said there were 2 clades — clades are groups 
of organisms that are made up of a common ancestor and its lineal 
descendants — of South American species, but chloroplast data said that 
only 1 clade existed, which was confusing. We used our character state 
reconstruction to look at habitats and other character states in order to 
map a more complete character state matrix. There is evidence that there 
could have been two long dispersal events, but it could have been one that 
speciated, because two long dispersal events are kind of rare. Things are 
still inconclusive, but we still have a strong baseline for future research. 

What is it like working in Moore’s lab? Do you enjoy it? What could 
be improved?
 It’s wonderful! I love working in Moore’s lab, and it is probably 
one of my favorite spots on campus. It feels safe in the lab and I always feel 
support there from people who are like me and enjoy the same things as 
me. I love working there; Moore is wonderful to work with and fun to be 
around. He is supportive and wants to push you to think about your plans 
and have a personal connection to the research you’re doing. Sometimes 

Ellie Tiley, a second year and prospective biology 
major, has been working for almost a year in the 
plant laboratory of Dr. Michael Moore, a professor 
of Biology at Oberlin College. This past summer, she 
presented her findings at the Botany 2016 Conference, 
an international conference held in Savannah, Georgia 
where botanists come from all over the world come to 
share their research. 
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you can lose that aspect of research, but Professor Moore combats that 
by making each student’s project more independent and giving you your 
own plants to work with, which a lot of research professors don’t always 
do.

Do you plan to continue working in Moore’s lab this year, and on the 
same project? If not, where do you plan on continuing your research?
 I am planning on working in Moore’s lab this semester and next 
semester. I started a new project that I’ve been working on for a couple 
weeks now, which looks for the presence or absence of gypsum acquisition 
storage processes using infrared spectroscopy. This was a project that was 
started a couple of years ago and two people have worked on it so far; 
Zoey Fedder, who graduated last year, wrote her thesis on this, but only 
had time to do a decent sampling. So what I’m doing is continuing her 
work; we just have new questions and samples to work with. We are 
working with a lot of different samples, not just Helenieae, but instead 
any and all plants that grow on gypsum and a lot of plants that don’t grow 
on gypsum because the point is to see if the plant’s ability to take in and 
store gypsum is a preadaptation or post-adaptation to living on gypsum. 
 We have some preliminary findings from Zoey’s work that 
show that the old, wide gypsophiles were very good at storing gypsum 
as crystals in their leaves, while the young gypsophiles don’t do that as 
much. This is cool because gypsum is poisonous to plants, so we want to 
see why they are collecting the gypsum inside of their bodies. Zoey had a 
theory that the species in the mustard family didn’t have a lot of gypsum 
in their leaves and that were using them in their actual chemical mustard 
compounds. Currently, we aren’t certain of this theory.

What was the hardest thing for you to learn when you started doing 
research with Moore? The easiest thing? What is your favorite process 
in the lab?
 I started research with Moore during the winter term of my 
freshman year at Oberlin. My first instinct would be to say that the 
actual protocol for running DNA and PCRs plus learning the actual lab 
procedures was difficult, but we do have a step by step protocol in the 
lab, which helps. The easiest thing was probably the ideas behind the 
procedures; he would explain to me what was going on in PCRs and I 
immediately got it, but the entire process of doing it is difficult. PCR is 
my favorite process — I really like it because DNA isolations take a lot 
longer, and I like the repetitiveness of PCRs. You deal with really small 
amounts of liquids, and there’s a lot of technique involved and you can 
get really good at it. Using 0.5 ul of DNA is really difficult to dispense 
because it doesn’t even form a droplet. I’ve broken pipette tips because of 
the need to scrape it off! I like PCRs because they take finesse. 

Do you have any suggestions for underclassmen who are just getting 
into research on campus? What can they do to ensure that they are 
being productive and using this experience to its fullest?
 I know that the Center for Learning, Education, and Research in 
the Sciences (CLEAR) does a winter term project that is lab skills-related, 
which is really good and teaches how to do lab techniques. I’d suggest 
that if a student wants to do research but doesn’t have the experience, 
try getting involved in that project. In my experience, the number one 
way to get into a lab is to show interest. Sometimes you need upper-level 
classes to get in, which you can easily get before your junior or senior 
year. Talk to people, put yourself out there, and ask if you want research! 
I submitted so many resumes for winter term; I talked to 7 professors and 
they all said I didn’t have the requirements, but Moore let me in right 
away.

What are your goals for the near future? What are your career plans? 
How do you think Moore’s research will help you reach these goals?
 I don’t know, at first I wanted to get a Ph.D. and become a 
professor of Biology, and then I just wanted to work in a private research 
company doing research every day and not having to teach anything. At 
one point I wanted to be a middle school biology teacher because they 
are underappreciated and it sounded fun, but currently I am looking at 
genetic counseling because I really like genetics. Moore’s lab deals with a 
lot of genetics, and I feel like it would be really cool to help people figure 
out more about their genes. I have a genetic blood disorder that nobody 
explained to me when I was younger, and I would like to explain to people 
how their genetic background will influence their offspring and/or own 
individual futures. It’s a really great field that is a great conglomerate of 
all the jobs I really wanted to do. It requires a master’s degree in genetic 
counseling and that’s a plus because I can get to work right away after 
graduating from Oberlin.

Do you have any other comments you would like to share?
 I have so much to say! First off, I want to say that I am extremely 
grateful for the amazing opportunity to go to Botany 2016 and in 
particular I’d like to thank Professor Moore for all that he has done for 
me. Secondly, I think that if you’re excited about a topic, you should 
throw yourself into it and see where it goes. Sometimes people don’t like 
that, but if you like it, give it a chance — and that goes for both research 
and careers. The best way to prepare for whatever future you have is to 
keep trying things and be interested in things, even if your final career has 
nothing to do with what you did in college.
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Crossword 

orner

ACROSS
1     Center for Disease Control’s

homestate, abbr.
3     Beaver abode
6     Equal, archaically
8     Oberlin restaurant, or 

Tequila source
11   Egyptian beetle
13   Like some professors
16   Scarlett of Gone With 

the Wind
17   Grocery store near both  

Oberlin and Denison
19   Biomolecule comprising 

most cell membranes
21   Skin blemish, or a cunning 

Disney lion
22   How many moons Mercury 

has
24   __ Bernard puppy
25   Fe, Periodically
27   Middle schooler’s nightmare 

class
28   “Not rocket science” or “let 

the cat out of the bag”, say
29   Type of taste
31   Money major
33   Voldemort, for example
34   Staffs carried by followers of 

Dionysus
36   Not quite right
41   With “las”, catches an 

animal with a looped rope
43   To change a password
44   Power source of the Juno 

spacecraft
49   Oberlin biology professor, or 

sparkly vampire Edward
51   Indian Ocean Island: ___ 

Lanka
52   Squareroot of -1
53   To be expected
54   102, to Caesar
55   The four circled words
61   A friend, to the French
62   Crude houses
65   Symbol for 78-ACROSS
66   Common pronoun
67   Western pony
70   Magazine poser

71   The wear away, as a rock
75   Voice part
77   Sand lands, sans vowels
78   Replaces thymine in RNA
79   Protein involved in E. coli 

zinc ion binding
81   Stellar swan song
85   TV actor’s award
86   Digital novel?
88   Cincinnati baseball team
92   Neighboring planet
94   He played Hans Gruber and 

Severus Snape, inits.
95   Astronaut beverage
96   Playthings
97   “To suppose” in Scotland, 

or an anagram of a card suit
99   Buddy
100 High society folk
102 The name of this magazine
105 Tropical yellow fruit
107 Type of red
108 Drive out
109 ___ in Kangaroo
110 Silver, Periodically

DOWN
1     Glutamic acid codon
2     Oberlin squirrels
3     Plural of datum
4     Ice or middle
5     Iron or Super
6     Play it by ___
7     Grandly, for Mozart or 

Puccini
9     Scavenger bird living in 

77-ACROSS
10   “__ tu”, Verdi aria
11   Title of former Iranian 

sovereign
12   Porsche or Prius
14   Opposite of ‘pro’
15   Urgent or desperate
16   When Sept. ends?
18   Emerald or amethyst
20   Physician post post?
21   Continent nearest the 

Falkland Islands, abbr.
23   Solar power may herald the  
        end of the ___
24   Sushi sauces
26   “Nuh-uh.”
27   Author of Synapse article 

“Coffee Through and
Through”, last init.

28   Hospital drips
29   Common pronoun

30   First three letters given free 
in the Wheel of Fortune
Bonus Round

32   Illustrator of Synapse article 
The Humanity of Cancer, first
init.

33   First init of Synapse artist 
Herrold

34   H.S. class with lots of 
tangents?

35   Symbol of the heaviest stable 
Halogen

36   Synapse layout editor, inits.
37   A lot, in Argentina
38   Epic by Homer
39   Piece of pizza 
40   Compass direction, abbr.
42   Knight’s title
44   Element giving its name to a 

California Valley, abbr.
45   Yeses
46   King Julien in “Madagascar”
47   Star cluster?
48   Might follow chemist or 

comrade
50   Symbol for Avogadro’s 

number
53  Synapse Liaison Schmidberger, 

first init.
55   5th elem. on Periodic Table
56   Hamilton-Burr battle
57   “Gotcha!”
58   Author of Paradise Lost
59   Female hormones
60   Element that smells like 

rotten eggs, abbr.
62   Woman mentioned in 

Synapse article Addicted to 
Love who is incapable of
feeling fear, because she has
no amygdala

63   German Scientist mentioned 
in Synpase article The 
Science of Cute, inits.

64   Illustrated Amyloid article  
in this issue of the Synapse,
first init.

67   Elem. adjacent to 
55-ACROSS

68   Not B.C.
69   Element named for physicist 

Albert, abbr.
71   Before, to Shakespeare
72   Muslim month of fasting
73   The four letters on every 

Obie’s mailing address
74   Accomplish on one’s own, 

abbr.
76   Acorn eventuality
78   Promise to pay: I.O._
80   Synapse Treasurer, first init.
81   Symbol for Nitrogen
82   He authored Promiscuous 

Primes in the previous 
Synapse issue, inits.

83   An anatomical vessel or duct
84   92-ACROSS, to the Greeks
86   Possible pilot 

announcement, abbr.
87   Surname of film boxer 

Rocky
88   Film composer Nino
89   Visual organ
90   Nintendo gaming device
91   Synapse photographer 

Brooks, first init.
93   Bond. James Bond.
96   Dorothy’s heartless 

companion was made of this
98   Losing it makes a maid mad?
99   Gregor Mendel’s plants of 

choice
101 Crosses longitude, abbr.
103 Enzyme phosphorylating 

fructose in glycolysis, abbr.
104 Mexican Madam, abbr.
106 Start codon
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