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Delaney McRitchie
DU '20
Featured Contributor 

Majoring in environmental studies and studio art at Denison 
University, Delaney McRitchie is a third year student originally 
from Medina, Ohio. She has been contributing to The Synapse 
as an artist for about a year and now serves as the Denison 
Art Coordinator. She values that The Synapse provides an 
opportunity for students to collaborate within the arts and 
sciences, and that it opens conversations across both fields. 
Delaney is also a member of Delta Gamma, functions as 
Denison’s Vice President of Development on the Panhellenic 
Council, and works with the Licking County Center for Visual 
Impairments. Jimmy Buffett albums refresh her after a stressful 
day, and she enjoys various activities including hiking, kayaking, 
and painting. In the future, Delaney would like to pursue a 
masters degree in sustainability.  

Athina Apazidis
OC '21
Featured Contributor

Intending to major in biochemistry, Athina Apazidis is now 
a second-year at Oberlin College. She recently began 
volunteering in the Get with the Program STEM program for 
kids around Oberlin and Cleveland. Athina appreciates The 
Synapse for being a place where creative people who adore 
science can express their opinions and imaginations, and where 
she sees the world as a mixture of science and magic. Outside 
of making art, she enjoys learning languages, playing board 
games, sitting in the front row at the movies, walking around 
campus while it’s snowing, and visiting the Oberlin Public 
Library. Although her favorite game is actually Coup, Athina is 
a star at One Night Werewolf because she can bluff her way out 
of anything. Check out her illustrations for the articles, Soda (p. 
8) The Mummy's Curse? (p. 14) and The White Clouds (p. 27). 

Interested in joining our team? 
Email synapse@oberlin.edu or visit synapsemagazine.org
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Diep Nguyen
Hanoi, Vietnam

Major: Biology
Mentor: Aaron Goldman, Assistant Professor of Biology

The origin of cellularity and organismal individuality in an artificial life simulation
While hypotheses about the origin of life involve non-cellular elements, cellular organisms 
appear to have evolved by the time of the last universal common ancestor. Cellularity is a 
potentially adaptive trait produced by evolutionary processes. I am implementing simulations of 
a virtual ecosystem, which includes a population of organisms with fixed maximum population 
size and a shared food stock. Through the model, I will identify organismal and environmental 
parameters that may have affected the origin of cellularity in early evolutionary history.

Andrew Sugarman
Phoenix, Maryland

Majors: Chemistry and Biochemistry
Mentor: Jason Belitsky, Chair and Associate Professor of Chemistry and Biochemistry

Manipulated Aggregation of Polydopamine Nanoparticles
Controlling the synthesis of polydopamine nanoparticles is of great interest to the synthetic/
materials chemist, and it is something my project aims to accomplish via the screening of a 
wide variety of chemical modifiers. The Belitsky lab had previously assessed the aggregation of 
synthetic eumelanin using L-dopa in a sodium phosphate buffer, with sodium periodate as an 
oxidant. 

Emma Eisenbraun
Albrany, New York

Majors: Chemistry and Biochemistry
Mentor: William Parsons, Assistant Professor of Chemistry and Biochemistry

Synthesis and evaluation of fluorocarbamates as novel activity-based probes for serine 
hydrolases
Serine hydrolases (SHs) are one of the largest classes of enzymes in the human body and play 
important roles in processes like metabolism and inflammation. Despite this, their activity is not 
well understood. The traditional way of studying these enzymes is by using fluorophosphonate 
(FP) probes, which have certain drawbacks. My work explores fluorocarbamates (FCs) as a 
potential alternative. I synthesize a library of FC probe candidates, and test these probes on 
mouse brain proteomes.

Sophie Everbach
Wallingford, Pennsylvania

Majors: Biology and History
Mentor: Roger Laushman, Associate Professor of Biology and David Orr Professor of Environmental 
Studies

Ash loss and climate change: growth and distribution of understory trees in high-ash 
mortality areas

Understory trees are important drivers of forest composition and development. I will study three 
understory trees, Ohio Buckeye, Flowering Dogwood and American Witch Hazel, in a forest 
where widespread ash mortality has resulted in new light and space conditions and an altered 
forest composition. Using ecological survey data and tree ring patterns, I plan to examine the 
effects of ash loss and climate change on the distribution and growth of these three understory 
tree species.

Jane Sedalk
Berkley, California

Major: Chemistry
Mentor: Matthew Elrod, Robert and Elanor BIggs Professor of Natural Science Professor of 
Chemistry and Biochemistry

What’s in the clouds? Using Nuclear Magnetic Resonance Spectroscopy to Determine SOA 
Formation Mechanisms

Compounds emitted by plants and human activities can react in the atmosphere to form new 
compounds, which are referred to as secondary organic aerosol (SOA). Because SOA plays an 
important role in cloud formation and light scattering, knowing the structures and properties of 
newly formed compounds would help generate better climate models. I run reactions that mimic 
the chemical composition of droplets in the atmosphere and use spectroscopy to determine 
their molecular structures!

Marcus Hill
Novi, Michigan

Major: Geology
Mentor: Amanda Schmidt, Chair of Achaelogical Studies and Associate Professor of Geology

Dominica: A Case study of geomorphic responses to Hurricanes in the Caribbean 

My research seeks to understand how hurricanes affect the processes shaping the islands in the 
Caribbean. Using Dominica as a case study, we followed two distinct approaches: one which 
identifies landslides directly resulting from Hurricane Maria (2017) and Tropical Storm Erika (2015) 
and one which uses samples obtained before and after Hurricane Maria to characterize where the 
sediment came from. Together, these methods highlight changes that occurred on Dominica as a 
result of these storms.

Zoe Swann
Phoenix, Arizona

Major: Neuroscience an Linguistics
Mentor: Patrick Simen, Assitant Professor of Neuroscience

Drum-Playing (and Attention?) Modulates the Post Auricular Muscle Response
We seem to find that paying attention to drumbeats amplifies a muscular startle response behind 
the ear, called the post auricular muscle response (PAMR). This was surprising because the PAMR 
is considered a reflex (so attention should not modulate it), and because the PAMR occurs so fast 
after a sound that attention should not have time to engage. It could change our understanding 
of motor planning and auditory processing and inform motor and cochlear therapies.

John Freiberg
Woodberry, Minnesota

Major: Physics and Horn Performance
Mentor: Rob Owen, Assistant Professor of Physics

Tides on Black Holes
In general relativity, space and time are combined into 4-dimensional spacetime, and the 
interaction between matter and the geometry of spacetime is defined by the Einstein field 
equations. Numerical relativity is a method for solving these equations and can be used to 
simulate dynamic systems in spacetime, such as black hole mergers. As merging black holes spiral 
inward, their event horizons deform, and my research is investigating this deformation for the 
development of tidal behavior. 

Honors Research



t is of vital importance to preserve and share peoples’ 
history and artistic heritage especially with the inception 
of new art materials and ever growing environmental 
concerns. As cave paintings and sculptures are beginning 

to melt across the warming globe and as modern artworks decay 
at bewildering, alarming rates, the roles of archaeologists and art 
preservationists are becoming increasingly important. Many people 
are unaware of the differences between these roles, the effects of 
synthetic materials and climate change on the fine arts, or the fine 
arts’ contributions to climate change. Each stage of an artwork— 
its creation, location, presentation, and degradation—meaningfully 

impacts and is impacted by climate. 
 A place’s climate and environment largely determine an 
artist’s accessibility to and usage of materials. This was especially true 
for early artists. Take the modern pencil, for example. Pencils are made 
of wood, graphite, metal, and rubber. A population or area would 
need all of these constituents in order to independently manufacture 
pencils. In other words, without international trade, certain pigments, 
solvents, media, or tools — including even an ordinary pencil — would 
not be available to all artists. Even with international trade today, 
certain materials are easier to come by, or are much less expensive 
in certain places than they are in others. An Australian wood carver 
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Art and Environment
Written by Emma Larson
Illustrated by Maria Altier

probably will not choose to use oak, which is more expensive and 
harder to find in Australia than it is in the northern hemisphere, even 
though oak may be one of the best choices of wood for a project. 
Furthermore, artists have adapted materials to their environments. 
People developed alternate paint recipes that allowed their paint to 
dry properly at higher or lower temperatures or humidities, so that 
anyone’s paint can last whether it’s first applied while they’re in the 
Alps or in the tropics. Environment has always affected how artists 
think about their materials, and although artists of the past were also 
concerned about the resilience of their work, their worries didn’t 
encompass global climate change. Now, artists who are particularly 
concerned about their work’s longevity may even choose specific 
media with environment and climate change in mind. Noel Kassewitz, 
one such artist from the coastal city of Miami, has been looking into 
various ways to make her paintings ‘climate change ready.’ The 
culmination of her research came about when she threw one of her 
large paintings in the Potomac River and floated downstream on top 
of it. Unlike Kassewitz, many other artists are much less interested 
in their work’s longevity or environmental impact, and—perhaps 
unknowingly—they use synthetic materials that are often harmful to 
the environment. Paints can include heavy metals or volatile organic 
compounds that are toxic and can eventually affect the food chain. 
Whether we realize it or not, our artistic media are intertwined with 
our environments. 
 Climate and environment also play a major role in people’s 
ability to locate ancient objects, in how people locate them and 
in the quality and quantity of the objects that they locate. Objects 
frozen in extreme northern or southern parts of the globe may be 
very well preserved but very difficult to find. Objects closer to the 
Earth’s equator may be exposed to more heat and humidity, and 
therefore may decay more quickly, but it may be less laborious 
to extract them. Artifacts in urban areas may be more likely to be 
destroyed or buried in flurries of human activity than objects in rural 
areas that are relatively undisturbed. Archaeologists face many of 
these conundrums in their work outside of climate change, so melting 
glaciers, thawing permafrost, rising sea levels, and coastal erosion 
aren’t making their jobs any easier. According to the U.S. National 
Committee of the International Council on Monuments and Sites 
and multiple publications from the academic journal of archaeology, 
Antiquity, hundreds of thousands, if not millions of sites are likely to 
be destroyed or compromised by global climate change’s effects. 
 Our presentation of art and archeological objects also 
revolves around climate. In order to preserve art pieces for as long 
as possible, the ideal would be to permanently retire them to climate 
controlled boxes entirely void of light with specific humidity and 
temperature settings. However, this climate would not be conducive 

to the education or enjoyment of the public. This paradox is the 
reason that many artworks are only on display briefly during the year 
and are allowed to vacation for the rest of the year in storage. In 
spite of this great method of periodic presentation, questions about 
how to present art and archeological objects still loom large for their 

caretakers. For the time being, it has become standard that artworks 
are exhibited at 70 degrees Fahrenheit in 55 percent humidity. 
This convention presents its own problems. Maintaining these 
conditions for collections costs time, money, and energy, and is not 
an environmentally friendly practice. Ideal climate conditions are also 
different for various materials. These differences between materials 
present tricky situations for artworks that are made of mixed media. 
High humidity causes metal to rust but low humidity causes wood 
to contract, so what is there to do for a sculpture that is made from 
both metal and wood? On top of all of this, there is also an existential 
debate about whether or not we should try to preserve artworks in 
the first place or emphasize and treat them as entirely ephemeral 
entities. Do artists actually intend for their work to last? 
 All of these concerns about art’s creation, location, and 
presentation come down to the inevitable fact that physical objects 
decay. An item’s rate of decay is determined by four factors: exposure 
to light, humidity of the environment, ambient temperature, and 
the object’s composition. One might intuitively think that newly 
developed art materials from the 20th century would be more 
durable or longer lasting but this intuition is misguided. People 

do not yet understand how man made art materials age or behave 
in various environments. The lack of understanding about these 
materials is why people did not expect Jackson Pollock's paintings 
to crumble faster than Leonardo Da Vinci’s, and why Naum Gabo, an 
early 20th century constructivist sculptor, did not expect many of his 
plastic sculptures to crack, brown, crumble, or reek of vinegar just 30 
years after he produced them. Most artists today are less involved 
in the process of gathering and cultivating their own materials than 
earlier artists, but an artist’s media majorly affect their works’ rates of 
decay. The ignorance about their own materials contributes to artists’ 
pieces’ unintentional declines.
 Though the fight against human driven climate change 
should demand attention in every aspect of our lives, it often does 
not. Climate change believers are well aware that energy consumption 
and waste products are the major driving forces of climate change, 
but these forms are not always immediately obvious. It is up to artists, 
archaeologists, and preservationists not only to uncover and guard 
artistic heritage but also to shed light on and be conscious of art’s 
environmental issues. Modern artists should question their media; 
archaeologists and preservationists should questions their methods. 
Preservationists are working to develop new, more environmentally 
friendly paints and media that are just as workable as synthetic 
alternatives, and to reduce the energy costs and waste products 
of large scale and continuous climate control. Archaeologists are 
rethinking their field and trying to uncover arctic and coastal sites 
before it’s too late. And artists are venturing to consciously choose, 
understand and improve their materials without sacrificing their 
messages. Next time you walk into a museum, pick up a paintbrush, 
buy an artwork, or visit a historical site, consider your impact on the 
environment and the environment’s impact on you. 

One might intuitively think that newly 
developed art materials from the 
20th century would be more durable 
or longer lasting but this intuition is 
misguided.

It is up to artists, archaeologists, and 
preservationists not only to uncover 
and guard artistic heritage but also to 
shed light on and be conscious of art’s 
environmental issues.
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n America, soda has been declared persona non grata 
or, an unwelcome pariah, in the name of public health. 
We all know that soda is bad for you because it is high in 
calories and contains few nutrients. However, some of the 

lesser known dangers of soda may surprise you. Soda can harm your 
teeth, bones, weight, and overall health. The reasons why soda is so 
dangerous all trace back to a few key characteristics of this fizzy drink: 
excess sugar and some problematic chemicals. 
 For example, soda is full of acids, such as phosphoric acid 
and carbonic acid, that create an acidic environment in the mouth, 
making the drinker vulnerable to tooth decay. These acids cause the 
calcium-based enamel on your teeth to erode, a mineral that cannot 
currently be regenerated. On a pH scale where zero is very acidic, 
seven is neutral, and 14 is very basic, sodas range from about 2.4-
2.5, similar to the pH levels of lemon juice or white vinegar. Beyond 
harming your teeth, soda can alter the pH of stomach acid, which 
can lead to blocked nutrient absorption and slowed digestion. The 
very acidic properties of soda are definitely an unseen danger to your 
dental health! 
 Sadly for soda drinkers, phosphoric acid harms more than 
just your teeth. Phosphoric acid hinders the ability of the body to store 
calcium naturally, which can lead to bone softening and osteoporosis. 
Osteoporosis is a condition in which the bones become brittle and 
fragile from a loss of bone tissue, often caused by a deficiency in 
calcium.
 Besides just wreaking acidic havoc, sodas can also cause 
unhealthy increases in weight. Our bodies generally derive energy 
from glucose, a sugar found in many starchy foods. However, the 
sugars in soda supply large amounts of fructose, a simple sugar 
that does not behave the same way as glucose in lowering hunger 
hormones. The body regulates calorie intake by having the brain 
send signals of fullness to the eater. Unfortunately, soda defies these 
bodily measures because it is a liquid that contains almost no usable 
nutrients. 
 Since soda does not cause fullness, people end up drinking 
it on top of their regular food consumption. In one study, people who 
began drinking soda without changing their current diet ended up 
consuming 17 percent more calories than before, which would result 
in weight gain over a few years. Furthermore, a study carried out at 
the Boston Children’s Hospital found that giving children a serving 
of sugar-sweetened beverages daily was linked to a 60 percent 
increased risk of obesity. Although soda is high in calories, the weight 
gain experienced by soda-drinking is caused more by the processing 
of excess amounts of liquid sugar in the body than the increase in 
daily calories. 
 Not only is soda a culprit in tooth erosion and weight 
gain, but is also linked to some serious diseases. Soda can cause 

insulin resistance, a key feature of metabolic syndrome. When 
functioning correctly, insulin is a hormone that drives glucose from 
the bloodstream into cells, providing the cells with energy. However, 
when you drink soda, the cells become resistant to insulin and the 
pancreas is forced to make even more insulin in order to remove the 
glucose from the bloodstream. This causes the insulin levels in the 
blood to go up and leads to a condition known as insulin resistance, 
which is the main driver behind metabolic syndrome, and is associated 
with the development of heart disease and type 2 diabetes. It is hard 
to believe that soda could be causing these life-threatening diseases. 
 When considering fatal diseases, cancer often comes up in 
the discussion. It has been found that soda drinking is associated 
with an increased risk of certain cancers. The Singapore Chinese 
Health Study found that soft drink consumption increased the risk 
of pancreatic cancer. The study tested 60,524 participants for the 

association between soft drink and juice consumption and pancreatic 
cancer. Individuals who consumed two or more soft drinks per week 
experienced a statistically significant increased risk of pancreatic 
cancer compared with individuals who did not consume soft drinks, 
but there was no statistically significant association between juice 
consumption and the risk of pancreatic cancer. Thus, although both 
soda and juice contain sugar, soda appears to affect the pancreas 
more negatively. 
 Now that we have covered some startling reasons that soda 
is bad for your health beyond being highly caloric and deficient in 
nutrients, you may be wondering how to wean yourself off of this 
sugary drink. Nutritionist Stefanie Sacks, author of the book What 
the Fork Are You Eating? suggests slowly quitting soda instead of 
going cold turkey. She says to cut back to one serving of soda a day 
then switch to three servings a week to adjust gradually and lead to 
sustainable change. Another way to cut down is to drink half soda-half 
water mixtures. That way you will be drinking less soda and hydrating 
more at the same time. Some other good alternatives to soda are 
unsweetened tea and unsweetened flavored seltzers. Without soda 
in your life, you will be protecting yourself from a host of serious 
health threats! 

I

However, when you drink soda, the 
cells become resistant to insulin and 
the pancreas is fored to make even 
more insulin in order to remove the 
glucose from the bloodstream.

Written by Nathalie Weiss
Illustrated by Athina Apazidis
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or decades we have seen space serve as the setting for 
galactic battles in countless science fiction movies. Today, 
the idea is finally here; the Space Force is a proposed 
military branch many didn’t think would be created in our 

lifetime. With prominent figures like Elon Musk and Donald Trump 
publicly endorsing this new branch, many questions arise: what would 
the creation of a Space Force entail? Would this be the battleground 
for World War III or a precaution against alien species in the future?
 As the sixth branch of the U.S. military, the Space Force 
would be the next step in ensuring the national safety and supremacy 
of the United States. Comprised of military satellites, spacecrafts, and 
high-ranking technology and astronomy based military officials, the 
Space Force would bring “American dominance in space,” according 
to Vice President Mike Pence. 
 Many criticisms accompany the proposal of this new idea. 
Congress expresses concerns over the cost, needed government 
reorganization to accommodate the branch, and its necessity. Seventy 
years ago, the Air Force was created with similar criticism from the 
public. Many said the idea was a ridiculous project that would never 
pay off. Elon Musk, CEO of Tesla and SpaceX, thinks the same is 
happening with the Space Force. He thinks that, in spite of doubts, it 
will certainly pay off in the same way the Air Force has. 
 The first phase of the process is to develop an organizational 
group within the military called the U.S. Space Command. This 
first division will plan the logistics of development and expansion 

of the Space Force: seeing what will work and where. Led by a 
four-star general in the same style as the Army, the Space Force 
command would consist of space experts from the armed forces 
and distinguished institutions, likely including aerospace engineers 
and experts in astrophysics. Money would be diverted into a new 
acquisition office to coordinate the purchasing of satellites and 
development of technology for the branch. 
 Elon Musk, who fervently supports the idea, ambitiously 
suggested the next phase could expand past Earth, saying “we 
could just have a base on the moon, for example. A base on Mars. 
Be great to expand on the idea of a Space Force.” In an interview 
with Recode, Musk shares that he thinks the Space Force would not 
only be great for defense but for expanding civilization past Earth. He 
comments the U.S. military advanced from ground, to water, to air, 
and now the time has come to take on space. The U.S. is a country 
that has always been explorative, manifesting power in every space 

of unexplored frontier. This is just our next step.
 To move forward, Congress, who originally nixed the idea 
last year, needs to approve it. There is a push to go around this check. 
The plan laid out aims to have legislation introduced in early 2019 
and projects the branch getting started by 2020. This quick push, 
according to Pence, is a precaution against rival nations’ expansions 
into space, the primary goal of rival nations being to challenge the 
dominance of the U.S. as a superpower on all frontiers. In a speech 
given at the Pentagon, Pence said, “Just as we’ve done in ages 
past, the United States will meet the emerging threats on this new 
battlefield…the time has come to establish the United States Space 
Force.” This Space Force will reinforce and promote the continued 
success and dominance of the U.S. in space. Trump has also noted 
that we need to “always be on the cutting edge” and that we can 
do this through developing more sophisticated artificial intelligence 
and using it in the Space Force to combat other countries who 
are also “weaponizing” space. China has launched a division of its 
government focused on the war in space, pushing the U.S. to do the 
same. 
 What’s preventing the plan from launching revolves around 
the inner workings of the U.S. government. Congress denied the first 
push for the Space Force last year because there was a great concern 
over the large spending (estimated around $13 billion over the next 
five years), government reorganization, and reallocating power 
from the Air Force to this new branch. With the majority of seats 
in the House of Representatives now being held by Democrats and 
the Senate being controlled by Republicans, it is likely the defense 
budget will be put on gridlock, preventing the Space Force from 
having the funding to take off. 
 There are also a lot of questions left unanswered. For 
example, what would this mean for NASA and the Air Force, who 
both already have their stakes in space? And would the U.S. be 
sending people out into space or would this be a purely technology-
based sector of the government? The farthest human beings have 
made it via spacecraft was only the far side of the moon on NASA’s 
Apollo 13 mission in 1970, so human life traveling past the moon by 
2020 seems extremely unlikely.
 With logistics still to be figured out, the creation of the Space 
Force is on the horizon, based on the need for the U.S. to remain a 
dominant force on all frontiers. Other countries’ expansions into the 
galaxy have frightened the United States’ top leaders, birthing the 
Space Force as a precautionary move. The creation of the Space force 
offers the potential bonus of it advancing the exploration into space, 
finally allowing humankind to travel beyond the moon. The project 
is rooted in reasserting our dominance as a nation. Although a cool 
idea, it’s likely the Space Force’s conception will take much longer 
than expected, due to the political process and scientific planning, 
but hopefully one day we’ll get to live in a world like Star Trek. 

F

The U.S. is a country that has always 
been explorative, manifesting power 
in every space of unexplored frontier.  
This is just our next step.

Written by Kileigh Ford
Illustrated by Maggie Bell

Space Force: The Next Frontier
The Next Domain of U.S. Dominance
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t the end of a winding road of neurons stretching from the 
cerebral cortex to the spinal cord to the dorsal root axon, 
extend the smallest and among the oldest, evolutionarily, 
nerve fibers in the human body. These tiny, ancient axons 

reach into the crevices of our organs, through the marrow of our 
bones, and near our skin’s surface. At no longer than 5 micrometers, 
they don’t get too much attention in the world of neurology. Yet new 
research is uncovering what a big deal these small fibers are.
 Around 25 percent of Americans have been diagnosed with 
fibromyalgia, chronic pain, or chronic fatigue. On average, receiving 
these diagnoses takes four years, but for patients with this “mystery 
pain,” a diagnosis is far from an answer. The cause of these syndromes 
has baffled doctors for decades, and without a known cause, there is 
no known route for treatment. Recently, however, some researchers 
have looked in a small place to find big answers. 
 Small nerve fibers include A-delta fibers and C-fibers, fibers 
involved with many biological activities as they extend to diverse 
regions of the body. One of their primary roles is in the perception 
of pain. Most nerve fibers are coated with a myelin sheath, a fatty 
insulating layer that helps neurons conduct signals. However, A-delta 
fibers and C-fibers have little to no myelin. The A-delta fibers are 
lightly myelinated, allowing for the transmission of faster signals to 
the spinal cord, and subsequently to the brain. These fibers account 
for the sensation of acute, sharp pain. C-fibers, on the other hand, 
are slower in their signaling due to their lack of myelination. C-fibers 
transmit a sensation of dull, diffuse pain. They also play a role in 
temperature sensation, touch, and vibration. 
 Not only do small nerve fibers send signals to the brain, but 
some (C-fibers, specifically) also receive messages from the brain. 
They help regulate the autonomic functions of the body, including 
digestion, sweating, heart rate, and bladder control. When the end 
of small nerve fibers degrade and there is a reduction in the number 
of fibers, it is known as small-fiber polyneuropathy. The prefix poly 
is used because of the multitude of body regions and systems these 
small fibers reach. Given the extensive range of functions small 
nerve fibers take on, it becomes clear that their dysfunction could 
manifest in a variety of ways, making these neuropathies challenging 
to diagnose. The symptoms of small-fiber polyneuropathy are broad 
and vary from patient to patient. Common symptoms include fatigue, 
generalized body pain, poor circulation, vertigo, exercise intolerance, 
headaches, gastrointestinal abnormalities, and even issues involving 
irregular heart rate, sweating patterns, and brain fog.
 Anne Louise Oaklander, MD, Ph.D., and director of 
Massachusetts General Hospital’s Nerve Unit noted that many of 
the patients she had diagnosed with this small-fiber polyneuropathy 
were also previously diagnosed with fibromyalgia, which shares many 
symptoms. Oaklander’s lab did a prospective study that found that 
41 percent of patients previously diagnosed with fibromyalgia have 
evidence of small-fiber polyneuropathy as the underlying cause of 
their symptoms. Many other studies have gone on to publish similar 
results. She notes that while 41 percent is surely not an absolute, 
providing a subset of the fibromyalgia population with a reason for 
their symptoms may help narrow down the other possible causes of 
fibromyalgia. 
 There are a number of causes for small-fiber polyneuropathy 
including autoimmunity, diabetes, and chemotherapy. Unlike 
fibromyalgia, the causes are known and treatable. One of these 
causes is new to the field and effecting a subset of the population 
never before associated with neuropathies: autoimmune-associated 
small-fiber neuropathy in children. 
 Small nerve fibers are key players in immune signaling and 

activation when damage (pain) is detected. Since communication 
with the immune system is so vital, they must be able to come in 
contact with the immune system. This contact is quite uncommon 
for a neuron. Most neurons are protected from immune "attack" via 
the blood-nerve barrier in the periphery (or blood-brain barrier in the 
brain). While the interaction of small nerve fibers and immune cells 
is crucial, it leaves a striking vulnerability for autoimmune attack. It is 
this autoimmune attack on these fibers that results in what is known 
as autoimmune-associated small-fiber polyneuropathy.
 Receiving the diagnosis of small-fiber polyneuropathy 
reveals a glorious path for treatment. Thanks to the work of Dr. 
Oaklander's lab and clinic, information about causes and subsequent 
treatments for the condition is now available to patients and doctors 
on her website: neuropathycommons.com. Once the root cause is 
determined, treatment is almost always an option. 
 Diagnosis of fibromyalgia, chronic pain, or chronic fatigue 
typically carries a great deal of stigma and frustration for patients. 
Individuals with these conditions are plagued by pain on an ongoing 
basis, with no real understanding of why or how they are feeling this 
way. Many doctors often tell patients that their condition is a result 
of a depressed or anxious mental state, failing to recognize that the 
mental state is more often than not a result of long-term debilitating 
pain than a cause of it. This inaccurate perception has been amplified 
by the disproportionate effects of fibromyalgia on women and 
historically disproportionate presence of male doctors. Due to this 
prevailing stigma, Dr. Oaklander acknowledges the importance of 
outlining objective diagnostic criteria. 
 In most cases, objective diagnosis is made with a small 
skin biopsy, usually taken from the leg under local anesthetic. Labs 
count the number of small C- and A-delta nerve fibers. Doctors can 
determine whether or not the patient has neuropathy (a reduced 
number of neurons) by comparing the patient’s numbers to healthy 
controls. In this way, patients receive objective validation of their pain. 

The diagnosis is also made with autonomic nervous function testing, 
nerve conduction testing, standard neurological examination, and 
clinical history. After diagnosis, it’s time to identify the cause, which 
is usually done with various blood tests. At that point, a path to 
treatment is revealed.
 In the last few years, this field has progressed rapidly, but 
there is still more work to be done. Doctors must know to examine 
the individual patient’s underlying cause whether it be diabetes, 
infections like Lyme disease, or autoimmune disorders and then 
outline an individualized approach to treatment. The current 
atmosphere in medicine does not allow for this type of attention 
given to an individual patient. The core of progress in this field lies in 
spreading this information to both patients and doctors, in addition 
to empowering patients to understand their illness, and seek the 
answers, treatment, and medical attention they deserve. 
 

A
What's the 
Big Deal with 
Small Fibers?
Written by Anna Harrison 
Illustrated by Roger Ort

Small nerve fibers help regulate the 
autonomic functions of the body, 
including digestion, sweating, heart 
rate, and bladder control.
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he curse of King Tutankhamen is well known to anyone 
who has even a passing interest in Egyptology. After his 
tomb was opened in November of 1922, many people 
who opened or visited the tomb suffered misfortune. 

One financier of the expedition, George Herbert, died of blood 
poisoning after opening a mosquito bite while shaving. Another 
benefactor, George Jay Gould, became sick virtually immediately 
after visiting the tomb. Archibald Douglas Reid x-rayed Tutankhaman 
before the mummy was given to a museum. The next day, he fell 
ill. He was dead in less than a week. Of course, there are no such 
things as magical curses which cause the deaths of archeologists 
and researchers. However, there could possibly be a very real, 
explainable curse that comes from digging up mummies: disease.
 In order to study diseases and death over human history, 
Egyptian mummies are excellent test subjects. Much of the reason 
they are so useful is due to the bodies’ preservation. In order to 
preserve the bodies of pharaohs and nobles for the afterlife, 
Egyptians had to ensure they would not decay by removing all 
moisture from the body as well as most of the organs. The heart was 
left in place since they believed that it was the center of one’s being. 
(Funnily enough, the brain was sometimes thrown away since it was 
seen as far less important.) After the organs were removed, they 
were stored in the tomb along with the body or they were replaced 
inside the mummy. The Egyptians also had a keen knowledge of 
anatomy for the time period, ensuring most of the organs were 
removed intact so they could be properly preserved and stored. 
Due to the precision of the preservation, scientists have plenty of 
ways to study death and disease in the mummies.
 Other mummies are usually created accidentally. 
Sometimes they are called natural mummies since they have not 
had their organs removed nor had any other manmade procedure 
done to create them. Many of these accidental mummies are 
found in colder climates, such as the Siberian ice mummies in 
the upper reaches of Russia. These mummies sometimes died 
of exposure, and the dry, cold climate where they perished was 
perfect for removing the moisture from their bodies which left them 
mummified. Cold climate mummies are generally not as precisely 
preserved as Egyptian mummies. For example, one  child mummy 
found in Siberia was only mummified in the lower half of his body. 
This meant the scientists who studied him could only get accurate 
samples from the mummified lower half rather than taking hair 
samples or doing other tests.
 There are many different techniques which researchers 
use to study mummies. One of these techniques is computed 
tomography (CT), which uses x-ray or ultrasound images are taken 

and compiled in order to create a 3D representation. CT is often 
used when researchers do not want to risk harming or destroying 
the body. It also provides a very detailed representation of the 
mummy’s body. More detailed and destructive methods involve 
DNA analyses and bone analyses. Other analyses include chemical 
protein analyses such as liquid chromatography-mass spectrometry, 
which determines the proteins and elements in a sample from a 
specimen. Occasionally, scientists will even direct a mummy or 
perform an autopsy. However, this is only done when the mummy is 
not particularly well preserved in the first place or the scientists are 
willing to be extremely destructive.
 While performing autopsies and imaging on mummies, 
scientists are able to discover what diseases caused their deaths. 
Some died from ancient forms of modern diseases, including 
malaria, typhoid fever, various types of cancer, and atherosclerosis 
(a surprisingly common disease which causes arteries to be rigid). 
None of these diseases are particularly uncommon today, and the 
progression and genetic makeup of the diseases are highly similar 
to the modern strains. Therefore, they pose little to no threat. 
However, many of the mummies have been found to have died of 
smallpox, an extremely fatal disease that caused about one out of 
three people who contracted it to die. However, smallpox has been 
eradicated in the modern world thanks to worldwide vaccination 
campaigns. The few virus specimens which remain are locked away 
in laboratories across the world.
 In mummies, the virus is generally found to have degraded 
far too much to cause any outbreak. When the virus is found, it is in 
characteristic smallpox scabs leftover from the victim’s illness. These 
marks are rather commonly found on mummies which exist after 
the start of urban civilizations, and there is evidence of smallpox 
epidemics occurring starting in Egypt in 1600 B.C.E. Even famous 
mummies, such as the pharaoh Rameses V, have been found with 
the telltale signs of smallpox death. However, mummies found in 
warmer climates are far less likely to carry viable disease than their 
cold weather counterparts.
 Disease preservation often depends on the climate where 
a virus is found. Active viruses are far more likely lie dormant in 
layers of permafrost and then become active once the ice has 
melted. To this date, none of these viruses have been able to affect 
humans; many are from before a time when humans even existed 
and only affect single cell organisms like amoeba. However, since 
these viruses can be preserved within the ice, any mummies found 
in the far north in places like Siberia or Canada or mummies found 
in mountainous regions like the Himalayas are far more likely to 
carry a viable disease than those found in warmer climates.

 The age of the mummy determines the types of viruses 
which they could transmit. Pandemics and epidemics only started 
after humans started living close together in stabilized societies, 
so any frozen mummies who existed before the rise of agricultural 
technology or stable settlements are unlikely to have pandemic-
causing viruses lying dormant in their systems. A common cold or 
viruses with slow progression would be far more likely. However, 
mummies created in the last 10,000 years have the potential to 
have diseases like smallpox. Since viruses which kill their hosts 
and spread quickly could only flourish in an environment where 
there is an abundance of hosts, the mummies which existed in 
an agricultural or urban center could be carrying these types of 
diseases. Overall the more recent the mummy and the colder the 
climate in which it is found, the more dangerous it could possibly 
be. 
 Fortunately, scientists have found no evidence of humans 
acquiring diseases from mummies. This makes much of the 
possibility of mummies causing modern epidemics theoretical. 

However, since there is evidence of remnants of disease in 
discovered mummies and live diseases emerging from melting 
permafrost, a mummy certainly could infect modern humans with 
their diseases, and many experts agree that a pandemic could be 
one of the greatest threats to humanity in our lifetimes. Despite 

the risks, mummies are still extremely useful subjects for studying 
both human civilization and disease progression. Perhaps the best 
advice is: if anyone is planning on digging up a mummy over their 
next vacation, wear a hazmat suit.T

Even famous mummies, such as the 
pharaoh Rameses V, have been found 
with the telltale signs of smallpox 
death. 

Written by Kirsten Heuring
Illustrated by Athina Apazidis
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laise Pascal was remarkably ahead of his time when he 
said, “All of humanity’s problems stem from man’s inability 
to sit quietly in a room alone.” The 17th century French 
polymath had no access to the tools of modern genetics, 

evolutionary theory, or psychology, but his insights shed light on a 
fundamental character of our existence that once eluded behavioral 
scientists for decades: the sociality of Homo sapiens.
 It has been historically assumed that humans’ social 
behavior—that is, our tendency to band together and live in 
cooperative societies—was an evolved trait. Charles Darwin himself 
broached this idea in his 1871 book The Descent of Man, and 
Selection in Relation to Sex, but never made it past a lukewarm 
guess as to why that might be. It wasn’t until a century later that 
biologists such as John Maynard Smith, Richard Dawkins, and Robert 
Trivers studied real-world examples of game theory and proposed a 
mechanism of “reciprocal altruism,” in which individuals cooperate 

in one-on-one interactions for the sake of mutual self interest. We 
evolved to rely on others for our own survival, and to provide for 
others in return. Mutual reliance gave rise to mutual recognition: not 
just physical discernment, but a deeply personal sense of recognizing 
each other as humans; today, we call this empathy. After 200,000 
years of cooperating in this way, this recognition has become so 
ingrained in our minds that it is nearly inescapable. It seems that no 
matter our environment or upbringing, this key facet of human nature 
remains: a desire to see and be seen by the people around us.
 The human brain is an inherently social organ. Its capabilities 
for facial recognition, facial memory, and interpersonal bonding are 
among the highest in the animal kingdom. The human brain doesn’t 
just want to be around others, it needs to be. We also know what 
happens when that need is not met. We know that depriving others 
of all human interaction causes psychological distress because this 
isolation does not mesh with our social nature. There is no better 

evidence for this than the psychological effects of solitary confinement, 
which include anxiety, depression, anger, perceptual distortions, 
obsessive thoughts, paranoia, psychosis, and a propensity for self-
harm—we literally cannot sit quietly in a room alone. But what if we 
took this to the other extreme? Can there be such a thing as being 
too social that causes the same kind of distress? 
 The answer seems to have come in our modern age. In 
the Paleolithic era, our social circles were limited to those in our 
immediate surroundings—a small village, a larger tribe at most. The 
explosion of communications technology in the last seven decades 
though, has expanded our social circles to countless people across 
unfathomable distances. Television, while considered utterly banal 
now, was marveled at in the 1950s for its ability to beam strangers into 
our living rooms. The Internet was once the province of governments 
and scientists, but had its access expanded for personal use in the 
1990s, enabling communication with entire Web-based communities 
oceans away. And, of course, the advent of the now ubiquitous 
social media site, starting in 2004, practically forces us to digest an 

endless stream of voices whenever we want to keep in touch with 
friends, read the news, or even indulge in mindless entertainment. 
Comments on public social media posts number in the thousands or 
tens of thousands; if we tally the number of such posts one comes 
across over the course of a day, or a week, we approach a number of 
voices in the millions. We may not hear them all, but we know they’re 
there. Compared to our Stone Age ancestors, we appear to be more 
social than ever before.
 Here’s our problem, though. We were never meant to be 
exposed to these levels of human interaction. In 1993, the Oxford 
evolutionary psychologist Robin I.M. Dunbar brought together 
anthropological evidence, non-human primate populations, and 
human brain size to calculate the size of the average Paleolithic 
human society. He surmised that these societies were likely about 
150 people, a number determined by the size of the human 
brain and its large, albeit finite, capacity for social engagement. 
That’s the environment we evolved in for 200,000 years. Modern 
communications technologies, on the other hand, have been around 
for roughly 70 years, which is to say, less than four ten-thousandths of 
all human history. Imagine spending eight years getting comfortable 
in a four-person household, and then suddenly, over the course of a 
day, your family explodes into 80,000. That’s how rapidly modernity 
has expanded the scope of our social interaction, with the number of 
social media users projected at 2.77 million by 2019. Technology has 
outpaced our brain’s capacity for facial recognition and sociality, and 
has done so in too short a time for us to adapt to it. 
 It should be no surprise, then, that a myriad of psychological 
detriments have been associated with excessive social media use. 
Just as totally cutting us off from human contact clashes with our 
evolved nature, so does bombarding us with it, yielding the same 
kinds of destructive consequences. Numerous studies have reported 
increased loneliness, depression, anxiety, and low self-esteem among 
social media users, especially young people. At the same time, real-

world social engagement has gone down among social media users, 
cutting people off from important support networks like family, peer 
groups, and religious communities. These consequences strongly 
resemble the colloquial truism of “millennial disaffection,” and this 
double-whammy of increased social media use and decreased face-
to-face interactions may account for it.
 The question then becomes, Why? What is it about being 
surrounded by too many people in our new digital environment that 
messes up our psychology so much? Well, it all comes back to that 
key facet of human nature: a desire to see and be seen by the people 
around us. They may be faceless, they may be behind a screen, but 
we still see a human behind every Facebook profile or Twitter handle, 
the same way we would see members of our own primordial social 
group. It tricks our brains into believing that the millions of strangers 
we encounter on social media are all supposed to be members of our 
tribe, people that we must provide for in some way, and who must 
be watching us the same way we watch them. But when met with 
massive swaths of people thousands of miles away from us, whom we 
have no way of serving in any tangible way and who don’t care one 
way or the other about us, the impulses that our brains produce are 
left unfulfilled. 
 Just like when we don’t respond to a fight-or-flight instinct 
with any form of action, leaving our social instincts unfulfilled causes 
stress hormones to accumulate in the brain. An undue onus is put 
upon us, not only to provide for the countless individuals watching 
us, but also to seek their recognition and validation. This is an onus 
that our primordial brains are simply not equipped to handle. The 
perception that the whole world is watching you creates an all too 
familiar “spotlight effect,” but we cannot entertain our supposed 
audience. And for the new, social media-oriented humanity that 
we might call Homo praticus—“performing man”—the inability to 
perform destroys any semblance of purpose this new species might 
have in this world. The pathologies of Homo praticus are almost 
identical to what psychologist James Masterson described as “covert 
narcissism,” when our inability to stand out among an indefinite 
number of peers creates a deflated and unflattering sense of self. 
Covert narcissists, being constantly focused on themselves and 
others’ perceptions of them, are less adept at reaching out to others 
and making genuine human connections. Suddenly, the association 
between social media and social isolation—as well as the clichéd 
characterization of millennials as a generation of narcissists—starts to 
make a little more sense.
 This is not meant to insinuate that all social media users are 
narcissistic, nor is it meant to indict the character of “millennials,” for 
it is dependant on how much credence we should lend that term as a 
legitimate category. Rather, my intention is to show that social media 
can impact our psychological makeup, and our societies at large, 
using mechanisms already deeply embedded within our biological 
nature. Oftentimes, there are no bright lines separating biological, 
psychological, and sociological phenomena. Each gives rise to the 
other and can influence each other in ways that are infinitely complex. 
In my view, this leaves us with a very clear imperative: if we want to 
structure our societies in ways that maximize well-being for everyone, 
then we have to do so in a way that satisfies our evolved intuitions. We 
have to channel our primordial urges and effectively translate them 
into 21st century scenarios. Social media is an invention of the last 
two decades that we were not prepared for as a species. If we learn to 
use it in a healthy way, however, we may be able to turn it into one of 
our most powerful tools in the development of human societies—the 
next way we avoid having to sit quietly in a room alone.

Just like when we don’t respond to a 
fight-or-flight instinct with any form 
of action, leaving our social instincts 
unfulfilled causes stress hormones to 
accumulate in the brain.

Written by Aaron Perles
Illustrated by Yue Yu
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Sleep restores the day’s damage

 Every day, the nervous system accumulates wear and tear 
just doing its job, so the body must patch it up. It’s difficult to patch 
up an active system, though, so we may have evolved sleep to pause 
it. Under this hypothesis, we sleep for the same reason that a chair lift 
mechanic shuts down the lift to scrape rust off the chairs. And indeed, 
the body seems to do special maintenance work while we sleep, from 
repairing cells to bolstering the immune system to rearranging neural 
connections. Additionally^, researchers are discovering important 
connections between sleep disruption, aging, and neurodegenerative 
diseases. 
 Here’s a typical example of sleep restoring the nervous 
system: it fixes up neural membranes, which mediate every neural 
activity from generating energy to passing an action potential, as well 
as myelin, which insulates neurons so they can pass action potentials 
quickly. Since neural membranes and myelin so intimately facilitate 
neuron firing, it may be hard to take them offline to repair while 
awake. Indeed, evidence from white matter imaging suggests that 

when people forgo sleep, their neural membranes and myelin get 
especially damaged. Signals that are meant to be directional start 
leaking and fading. It seems that neural membranes and myelin are 
crucially restored by sleep. 
  So if we sleep in order to do maintenance not possible when 
awake, then it makes sense that not sleeping would exacerbate all 
sorts of neurodegeneration. Mounting evidence suggests that sleep 
disruption is not just an effect of aging and neurodegenerative 
conditions (specifically Alzheimer’s, Parkinson’s, and Huntington’s), 
but may actively intensify them in an unfortunate feedback loop. 
People who get a rare and horrible disease that prevents them 
from sleeping entirely—called fatal familial insomnia—exhibit 
symptoms similar to those of aging and neurodegenerative diseases, 
such as tremors, forgetfulness, and confusion. These conditions 
are much more intricate than portrayed in this article, but this 
sleep-neurodegeneration relationship still suggests that certain 
maintenance just can’t be done without sleep. Thus, sleep might be 
a corequisite for evolving and maintaining a central nervous system. 
 

Sleep keeps us out of trouble
 
 This hypothesis comes from ecologists, who tend to think 
about sleep in the natural world rather than in the nervous system. 
Is there perhaps an evolutionary advantage to being still for certain 
portions of the day? There could be: animals might sleep to avoid 
active predators and dangerous foraging times. 
 Some research suggests that animals sleep differently 
in response to predation. While animals that sleep in exposed, 
dangerous places tend to be light sleepers, those that sleep in 
protected areas are sound slumberers. A pioneering field EEG study 
examined how sloths on the Panamanian mainland slept compared 
to their sister species on an island without predators. The mainland 
sloths, facing nocturnal predators, were found to sleep at night—

presumably to avoid running into the predators. Meanwhile, the 
island sloths, facing no predators, showed no strong preference for 
when to sleep. 
  Sleep could also keep animals from foraging at dangerous 
times. For example, humans can’t see well in the dark, so foraging 
instead of sleeping at night could result in terrible accidents. There is 
some evidence that humans might be programmed to nap briefly in 
the late afternoon (this would explain why ECON 251 at 1pm is such 
a daunting prospect). It seems like this effect is stronger at warmer 
temperatures, which suggests the afternoon nap could help us avoid 
the hottest time of day and its risks, like overheating and dehydration.
 

Sleep to allocate energy optimally
 
 When we half tidy up and half talk to Mom on the phone, 
pens wind up in the sock drawer and Mom feels ignored; on similar 
grounds, it might be inefficient to do maintenance work and waking 
activities at the same time. The energy allocation hypothesis proposes 
that animals have evolved sleep in order to allocate resources 
efficiently throughout the day, on both neurological and behavioral 
levels. This combines ideas from the “restore” and “keep out of 
trouble” hypotheses, and is greatly inspired by what we know about 
life history strategies. It suggests that trading off certain maintenance 
and waking behavior allows animals to do both better.
  Life history strategies explain how animals change the 
way they allocate resources between growth, maintenance, and 
reproduction over the course of their lives to maximize fitness. A 
common strategy might be: when young, give most resources to 
growth and few to reproduction; then, when more mature, give fewer 
resources to growth and more to reproduction. Analogously, in the 
morning an animal might give a lot of resources to contracting its 
muscles, and at night switch to repairing cellular damage. In this way, 
sleep could help animals run a mini “life history strategy” each day, 
optimizing energy use.  
  The kind of tradeoffs imagined in this hypothesis are well 
illustrated by REM sleep and temperature regulation in birds and 
mammals. Birds and mammals maintain remarkably high body 
temperature, which helps them survive a range of weather. However, 
this is energetically expensive. Both birds and mammals independently 
evolved a special kind of sleep called rapid eye movement, or REM, in 
which the body stops regulating its core temperature for a little while, 
letting it drop significantly. REM sleep allows the animals to shift 
resources from defending body temperature to other maintenance. 
While high body temperature might be non-negotiable for some 
activities (i.e. optimal muscle contraction, mitochondria function, or 
the like), REM sleep allows the body to get other important things 
done with a smaller bill for body temperature. Thus, sleep could have 
evolved because it is just so darn efficient.
 

In conclusion

 Sleep is universally crucial for animals. There are many ways 
to explain why this is so, and they likely all contribute a piece to 
the explanatory puzzle. It’s exciting to see the puzzle come together 
because the deeper we understand why we sleep, the better we can 
solve sleep disorders, ensure children get enough of it, and insist that 
the working world allow everyone the basic right to sleep. A certain 
number of hours' sleep each night—as George might put it—made 
sentient life possible, and we’d best figure out why so we can enjoy 
it best.

leep—the proverbial panacea. According to George, and 
everyone’s mother, sleeping well improves everything 
from learning to the immune system. Researchers have 
confirmed these and many other benefits. So, sleep 

helps just about everything, and what’s more: just about everything 
sleeps. That is, sleep is remarkably “conserved” across the animal 
kingdom. Fish, worms, and even fruit flies sleep.
 But when you take a step back, sleep is a peculiar 
activity. For hours each night we surrender bodily control, lose 
consciousness, and hallucinate wildly. The neurons in our brain fire 
in giant waves that block out our usual precise, neuron-to-neuron 
thinking patterns. Other animals sleep similarly, though might vary 
in duration, dreaming, and other quirks. Notably, while engaged in 

this peculiar activity we can’t reproduce or gather food, and we’re 
quite helpless against predators. 
 So why on earth do we all do it? What is so beneficial 
about sleep that evolution has favored it so strongly? It’s not fully 
clear, but researchers are fleshing out compelling hypotheses. This 
essay summarizes three: 1) sleep restores the day’s damage, 2) sleep 
keeps us out of trouble, and 3) sleep allocates energy optimally.  
 It’s important to understand why we sleep because if 
we better understand its underlying evolutionary logic, then we 
might be able to do it more effectually. We might find new ways 
to help those who have trouble sleeping, adapt school schedules 
to fit children’s sleep needs, or add the right to sleep to workers’ 
protections.  

But when you take a step back, sleep 
is a peculiar activity. For hours each 
night we surrender bodily control, lose 
consciousness, and hallucinate wildly. 

Written by Cecilia Wallace
Illustrated by Roger Ort
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than that. CLEAR is a connector for all things STEM. And because we 
work with professors across disciplines we’ve become the hub. We 
are trying to be intentional about creating a space for people who 
have been traditionally underserved in the sciences. 
 
How do you hope that CLEAR will impact the community?
 
 My hope is to raise people’s awareness. I feel like a lot of 
people are not aware of the historical and social structures that have 
led to the current state of STEM. I would like people to be more 
aware and able to articulate that and to see their role in changing 
how STEM works. IF that were to happen in the next five years, I 
would be really happy. I’d like to be able to talk to faculty and staff in 
any department, not just in STEM, about what it’s like to be a STEM 
student at Oberlin, what it takes to be successful, what support 
systems exist, and to build a sense that everyone who intends to be 
a STEM major, can.
 
What is CLEAR and what resources do you want students to be 
aware of?
 
 I was trying to explain what CLEAR is to a faculty member 
and he said, “Nicollette and CLEAR make STEM at Oberlin work for 
more people.” I hope to broaden CLEAR beyond just STEM, but 
that’s a very lofty goal.
 Resources for students? I’d hope that students would see 
each other as resources. All CLEAR programs are peer mentorship-
based. Because no one knows better what it’s like to be a student and 
how to succeed at Oberlin than someone who’s done it. And whether 
that’s through OWLS, QS, or reaching out to folks in their classes to 
form study groups, I hope that people see the ways CLEAR will grow 
and evolve.

This interview has been edited for length and clarity.

What did you do between graduating from Oberlin and coming 
back to work as the Director of CLEAR?

 During college, I realized that I liked studying humans and 
history in general, which link geology and Africana studies because 
geology is history on the time scale of earth and Africana studies is 
history through the lens of the diaspora. After graduation, I didn’t 
have a plan and ended up at home for a bit teaching math and 
reading to sixth and seventh graders through Kaplan Test Prep. I 
also worked at T.J. Maxx and studied for the GRE. I discovered that 
studying paleoclimatology in grad school would be a good fit for me 
because paleoclimatology is the study of climate change over time. 
Through my courses, I noticed that a lot of the impacts of climate 
change we were studying are going to disproportionately impact 
people of color; the tropics and cities, where all the black and brown 
folks are, are going to get hit more than other locations. But, even 
knowing that, there is not a lot of representation in geology or in 
the field of paleoclimatology, especially when it comes to the global 
discussion about what we’re going to do.
 When I was in grad school I became a lab manager and 
basically started running the research program in my lab. I started 
recruiting students from underserved populations to work with 
me and I began advocating for increased equity in the sciences. 
Geology is not the most diverse of the sciences. And the program 
I was attending liked to brag about being the top in the country. 
And I thought, if we’re the top in the country, why am I the only 
black person? Why are there only two Latinx students in my cohort of 
80? So, I ended up joining every diversity initiative on campus that 
I could. I managed to get folks from the Dean of Students Office, 
tenured faculty, and other grad students to co-design a course called 
Diversity in the Geosciences. And every week, all of the first and 
second-year grad students had to come together and talk about 

things that were super uncomfortable. It was a learning experience.
 
How did you end up as the Director for CLEAR?

 Oberlin got the HHMI grant (Howard Hughes Medical 
Institute grant) which had a fellowship position for someone who had 
graduated within the last five years. I had kept in contact with my 
research advisor in the Geology department who knew about the 
work I was doing in Arizona and let me know about the fellowship. 
So, I packed my life into a shipping crate and moved back to Oberlin. 
I spent the first three months figuring out what to do with my life, 
how to be a fellow, and shadowing Marcelo. Through the fellowship, 
I supervised OWLS and supported student organizations on campus 
that serve underserved populations like the Black Scientists Guild. I 
also went with students to conferences like the National Association 
of Black Geoscientists and the National Society of Black Physicists. 
Initially, I didn’t apply for the position of Director of CLEAR. The job 
description said Oberlin preferred someone with a PhD and I had a 
Masters. I actually did my job talk on Imposter Syndrome because I 
didn’t think of myself as someone who was qualified enough to be in 
this position, even though when you read the job description I had 
clearly been doing a lot of the things required. I had a gut feeling 
that I should stay around for longer, so I went in and submitted an 
application on the last day.
 
We’ve seen Imposter Syndrome around campus recently. What 
does it mean and how did it come about?
 
 After I did the workshop on Imposter Syndrome for my 
job interview, I partnered with some of the people in the Center for 
Student Success and the Counseling Center to put on a workshop 
series for Imposter Syndrome. It’s the 40th anniversary of the 
coinage of the term, which was actually coined here at Oberlin by 
two psychologists in the Counseling Center, who noticed female 
students coming in saying they weren’t qualified when they were! So, 
keep an eye out, because you’ll see more workshops and talks about 
Imposter Syndrome Spring Semester 2019!!
 
As the Director for CLEAR, where do you see the CLEAR Center 
going? What initiatives do you have planned for CLEAR?
 
 I’ve been focused on listening to students who work for 
CLEAR and asking them what is working well for them, and how I can 
offer more support in the process. I was blessed because I had Yemko 
and Charles as coordinators and we focused a lot on building a sense 
of community among CLEAR staff, with hopes of then expanding that 
community and sense of belonging outside of CLEAR. OWLS now 
have Parliamentary Meetings; we’ve built in more regular support for 
the coordinators and made their job duties clearer, so students are 
aware that the coordinators exist as a support and resource.
 I’ve also begun highlighting an objective observation 
protocol in some OWLS sessions; I observe the session and comment 
objectively on exactly what happened and identify what worked well 
and areas for growth. When I came in, there was a separation between 
the OWLS and Quantitative Skills Center – and there still is – but I’ve 
focused on building connections between the two. I’m working to 
make our OWLS and QS Center students more comfortable working 
as leaders in STEM; I think a lot of barriers to success in STEM have 
been broken down through their efforts.
 CLEAR was originally founded through another HHMI grant 
as academic support for students, but it has become more expansive 
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haracters in the alien film Arrival unpack and utilize words 
instead of weapons. When aliens landed on various 
regions of the Earth, it was the job of linguist Dr. Louise 
Banks (played by Amy Adams) to uncover the aliens’ 

intent. Humans were on the brink of mounting a physical attack on the 
aliens, making communication incredibly important for uncovering 
the aliens’ motives and understanding why they arrived. Words and 
more specifically language became a central focus of the movie. 
The aliens’ language completely differed from any human language. 
The nonlinearity of their language revealed the aliens’ directionless 
perceptions of time, and when Dr. Banks finally uncovered the 
meaning behind their language, her very own thought processes 
were altered to reflect the aliens’. While Arrival’s reality-twisting 
concept is fictional, some aspects are grounded on actual linguistic 
theories—specifically the Sapir-Whorf Hypothesis, also known as 
linguistic relativity. Language is a pivotal aspect of daily life—it is how 
we navigate people, our surroundings, and articulate not just how we 
feel but our perceptions and our experiences. Despite debate among 
linguists regarding the employment of certain theories (especially the 
Sapir-Whorf Hypothesis) to explain the spoken world, the inherent 
curiosity remains on what language can reveal—both in fictional 
linguist Dr. Banks and actual scholars in the field.   
 Edward Sapir and Benjamin Whorf proposed the principle 
of linguistic relativity: a theory that rests on the notion that language 
affects the speakers’ experienced world. The cultural concepts and 
categories within different languages influence the actions, behavior 
and thoughts of the speakers. The aliens’ languages, called Heptapod 
A (the spoken form) and Heptapod B (the written form), directly 
affected the way they perceive time; their nonlinear orthography is 
represented in their nonlinear perception of time. In Whorf’s writings, 
he compared Eskimos’ vocabulary with English speakers’. He made 
the argument that English speakers retain a linear notion of time 
that goes from past to future comprised of days, hours and minutes 
that are seemingly connected; an Eskimo’s notion of time is more 
fluid and unconnected. In a similar fashion, the aliens discern time 
as directionless. This is not an entirely foreign concept in reality. 
Historically, the linearity of time was thought universal, but it is cultural, 
with timelines varying in shape and direction across countries. Time 
for Mandarin speakers in China is sometimes presented with the past 
above and the future below along a vertical axis. Among Aymara 
individuals within the Andes, time courses front to back: the future 
is behind or “back” and the past, which is already known, lived and 
seen, is in the front. Rafael Núñez and his colleagues of the University 
of California San Diego studied a cultural group (the Yopno) of 
Papua New Guinea and found that time for these individuals flows 
uphill. By analyzing the gestures used by the Yupno, Núñez and his 
colleagues recognized that Yupno culture’s everyday understandings 
and projection of time is tied to topographic attributes. The past for 
the Yupno is downhill and the future is uphill. Downhill is towards 
the ingress of the local river and uphill goes in the direction of the 
river’s source—upwards from Gua. The river and Guan village is 
geographically disjointed and the timeline mirrors that. 
 The Sapir-Whorf hypothesis remains controversial in the 
linguistic field most significantly due to the way the research that 
provided the basis for the hypothesis was conducted. The theory 
that stemmed from Whorf’s research remains quite questionable, 
since he never actually interacted with Eskimo populations. The 
backbone of his theory comes from examining Eskimo vocabulary, 
which contemporary linguists now believe Whorf did not even fully 
understand; however, some ideas of linguistic relativism are upheld 
by linguists. In Arrival, the Sapir-Whorf hypothesis is taken to a 

slight extreme. The hypothesis has a “strong” version and a “weak” 
version. Dr. Banks’ brain is completely altered by learning the aliens’ 
language. This is the “strong” version, or linguistic deterministic 
stance: that learning a different language has the power to drastically 
change how that person experiences their surroundings. For Dr. 
Banks, thinking in the alien language results in a change in her 
thought patterns as she slowly starts to simultaneously perceive the 
past and the future because her awareness of time diverts from linear. 
On the other hand, the “weak” version, or linguistic relativism, says 
that language has a small influence or effect on thought (but certainly 
not enough to influence altering someone’s literal perception of time 
or enabling them to see the future). 
 Whether or not language has the ability to shape humans’ 
brains is fairly contested among linguists. Linguist Dr. Betty Birner 
of Northern Illinois University says that the film’s reiteration of the 
Sapir-Whorf hypothesis is highly doubtful in real life: becoming 
immersed in another language that leads to “rewiring” the brain and 
shifting a person’s perception of time is something that Dr. Birner 
believes, “most linguists these days would not accept.” It makes 
for an incredibly compelling story but is not realistic in terms of the 
actual power language has the ability to grant. However, linguist 
Dr. Jessica Coon, hired specifically to establish legitimacy for the 
film, says, “the notion of a nonhuman language containing different 
properties, and thus different thought-processes for its speakers, 
may be reasonable.” On a less drastic level, this notion is seen in 

action today as bilingual speakers experience a sort of rewiring of 
their brains. Studies utilizing brain scans, such as a study on language 
switching among Spanish-English bilinguals, indicates that patterns 
of brain activity are triggered when a speaker switches between 
two languages. This activity is not achieved when a person speaks 
only one language. The prefrontal cortex, located at the front of 
the skull, is responsible for reasoning, planning, working memory 
and other aspects of organizing and acting on information. In this 
sense, language is seen shaping our brains, and learning a different 
language may actually alter the brain’s pathways. 
 The portrayal of the Heptapod language as time-altering 
is probably not the most realistic, but the film’s approach to 
communication shows that language learning has a radical impact on 
humans even if it is not an alien language. If anything, the different 
notions of time should make us question how our linear language 
limits our own conceptualizations of time. In Arrival, Dr. Banks’ 
attempts to understand the aliens granted her an impressive and 
formidable gift of being able to see the future. While no language in 
reality can do that (unfortunately, because what a useful ability), the 
actual takeaway of this film’s focus on the potency of language shows 
us that the true gift of language is rooted in the relationships made 
possible only through communication with each other, transcending 
differences and notions of time.

Historically, the linearity of time was 
thought universal, but it is cultural, with 
timelines varying in shape and direction 
across countries. 
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magine yourself in a battle against a video game boss; 
when all strategies of attack fail, what do you do? Resort 
to desperate measures or use a new, unconventional plan? 
This is the situation I imagined as my class was presented 

a superbug boss: Clostridium difficile (C. diff). When this superbug 
resists all intensities of antibiotic treatments, there is only one other 
option to treat it, but it is unconventional and many find it disgusting: 
the Fecal Microbiota Transplant (FMT). Despite its squeamish name, 
this procedure can be an effective life-saver, and is classified as an 
“experimental” treatment, which is normally not covered by healthcare 
providers. The “experimental” classification, which lowers treatment 
numbers despite the transplant’s effectiveness, raises questions as to 
why FMT is not prescribed as “standard” procedure. Because FMT 
has yet to achieve solid support in journals for its mechanisms and 
safety, it’s defined as an experimental treatment; however, it should 
not be relegated to a last-resort treatment — access to FMT should 
be increased due to its efficacy, low cost relative to other therapies, 
and sound regulations.
 C. diff is a species of spore-forming, gram-positive bacteria, 
and one of the most common healthcare-associated infections in the 
U.S. According to the Centers for Disease Control, in 2011, C. diff 
caused almost half a million infections across the U.S. About 29,000 
of those infected died within 30 days of the initial diagnosis. The 
bacteria is commonplace in soil, feces, and can also live in animals. 
However, detection may be difficult in humans because the presence 
of C. diff is subdued by the overwhelming number of bacteria in the 
human microbiome.
 The standard course of action for a bacterial infection is 
antibiotics, but C. diff has evolved a resistance to basic treatments. 
Symptoms of infection usually appear after taking antibiotics as a 
treatment for a separate condition. This is because antibiotics target 
bacterial components like cell walls, and can kill numerous other 
beneficial bacteria with similar cell wall characteristics, lowering the 
overall bacteria number in the microbiome. This allows C. diff to 
spread, infecting its target with symptoms of severe diarrhea, stomach 
pain, nausea, high fever, and blood or pus in stool.
 This initial antibiotic procedure is usually followed up with a 
regimen of stronger antibiotics, such as vancomycin. However, these 
stronger antibiotics are generally not effective due to the evolved 
resistance to such treatments. C. diff also forms spores, which allow it 
to stay dormant for long periods and makes treatment more difficult. 
When all antibiotic treatments fail, more drastic measures are planned 
such as surgeries or last-resort measures such as FMT. The FMT 

process works by taking the stool of an uninfected subject, liquefying 
it with added saline, and inserting a feeding tube or enema into the 
patient to transplant the fecal bacteria. This treatment is incredibly 
effective with success rates reported around 90%. If the efficacy is 
so high, why is the procedure only used as a last resort? The answer 
is that there are many hurdles that need to be cleared before FMT 
becomes “standardized.”
 First, the procedure needs to be researched to understand 
its effects on the human body. FMT’s effects on the microbiome are 
not fully understood due to a deficit of research on the topic. The 
literature only reports the positive impacts of FMT, which Dr. Andrew 
Webb of Fraser Health claims is not enough to support FMT as a 
rescue option. He adds, “There’s a rather long list of nasty infections 
that can be transmitted from bodily fluids.” The concern that FMT 
increases the risk of spreading other diseases is valid, which is why 
the procedure is now screened more regularly for diseases like HIV, 

Giardia, and Hepatitis. Also, the cause of FMT’s high efficacy is still 
unknown. A 2013 meta-analysis in the journal Nature demonstrates the 
potential for FMT as a treatment for C. diff but recognizes that more 
studies on its safety are needed. A 2016 meta-analysis in Alimentary 
Pharmacology and Therapeutics came to a similar conclusion but 
noted that further studies are needed to assess long-term side effects.
 There’s also the question of whether feces is a classified as a 
drug or tissue in the FMT procedure. The FDA defines a drug in many 
ways, one of which applies to FMT: “a substance intended for use as 
a component of a medicine but not a device or a component, part or 
accessory of a device.” On the other hand, tissue products are defined 
as, “human cells or tissue intended for implantation, transplantation, 
infusion, or transfer into a human recipient is regulated as a human 
cell, tissue, and cellular and tissue-based product”. Much of the 
research that supports manufacturing FMT as a pill suggests feces 
is a drug, and even the FDA states that FMT is a drug — a “live 
biotherapeutic product.” Despite the FDA’s definition, feces is treated 
more like tissue in stool banks, which have developed due to the rise 
in popularity of FMT as a treatment.
 Stool banks function much like sperm (semen) banks, 
where individuals donate stool to be used for FMTs. In the FMT 
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procedure, feces should be regulated as tissue because it contains 
human microbiota that will be infused into an infected patient. Stool 
banks are important because accessibility to donated fecal matter 
is an issue to those infected with C. diff, and stool banks attempt 
to increase accessibility for patients by providing larger amounts of 
feces from donors. Critics to the rise of stool banks question how 
they will be regulated considering feces as a drug. However, given 
that feces bears more semblance to a tissue in FMT, it necessitates 
more screenings and regulations. Science News writer Bethany 
Brookshire, Ph.D. in physiology and pharmacology from Wake Forest 
University School of Medicine, states that FMT is cheaper than other 
contingency plans for infected patients, and accessibility is a problem 
due to the FDA’s indecision on making FMT a tissue. She argues that 
a lack of regulation of stool banks will not help FMT in the long term 
if fecal matter operates like tissue but is not regulated as such. Since 
accessibility is also a concern, she believes that FMT’s status as an 
investigational procedure limits its access to patients.
 This affects the accessibility to those suffering with C. 
diff due to a lack of FDA oversight. Investigational treatments are, 
per the FDA, “a mechanism for providing eligible subjects with 
investigational drugs for the treatment of serious and life-threatening 
illnesses for which there are no satisfactory alternative treatments.” 
These treatments are usually expensive and directly charged by a 
pharmaceutical company because they are still under investigation. 
Though FMT is actually cheaper than other last-ditch measures to 
combat C. diff., issues of cost are still prevalent but to a lesser extent 

than most other life-saving measures. This raises the question as to 
the pragmatism of spending money on antibiotics with increasing 
potency. This is because they are inconsistent in treatment, instead 
of attempting FMT sooner. The issues of FDA approval, regulation as 
a drug or tissue, and lack of research limit the treatment’s  reach to 
infectees. Despite this, it is possible to increase access to FMT through 
distinction in FMT treatments (such as a drug developed from feces to 
the traditional transplant via enema, where it operates like tissue).
 FMT’s status as an ‘investigational treatment’ limits its ability 
to aid those infected with C. diff. As this superbug is resistant to most 
antibiotics, FMT offers a potent albeit not widely-known treatment. 
While classifying it as ‘investigational’ is valid, it does not mean it 
should be treated as an exclusive last resort. FMT is a cheaper and 
more effective alternative to other contingency measures against C. 
diff. To increase access to FMT, the FDA needs to regulate FMT as a 
drug and as tissue if the source is from stool banks, but it also needs 
to regulate stool banks. As for research, it is unknown how FMT is 
effective, but meta-analyses conclude promisingly for the treatment. 
Further research is being done to develop the drug as a pill and to 
understand its effects. Time will tell if FMT is deemed “safe” by the 
FDA and researchers, but for now, FMT should be given increased 
access to patients with C. diff through stool banks or pills.

Big Ideas
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nce, scientists would have said magnetism was the 
strange, invisible force of attraction between certain 
materials. Today, they are more likely to define it as a force 
created by electric currents, which are caused by moving 

electrons. However, we've only really learned how magnetism works 
in the last century when the world inside atoms was first discovered 
and explored. Since then, magnetism has not ceased to amaze us, 
and is likely not going to do so any time soon. Electromagnetism has 
been used not only to explain, but also to invent many fascinating 
objects. Magnets, in particular, have been a great inspiration for 
several artists and designers. One of the most famous artists that 
used magnets to create art was the Korean-American Nam June Paik 
(1932-2006). 
 For much of his artwork, Nam June Paik used magnets that 
he placed in front of television screens, distorting the image on the 
screen into striking, colorful shapes. If you ever try that on an old TV, 
you will see that it creates almost psychedelic patterns that served 
as the source of inspiration for Paik. Paik’s work demonstrates a keen 
desire to humanize technology since he would build human bodies 
with televisions. Paik’s work has long brought to light the cultural free 
trade that technology will create. The birth of social media and sites 
such as YouTube where artists can distribute their work freely is proof 
of his ideas and predictions of an electronic superhighway. Elizabeth 
Broun, director of the Smithsonian American Art Museum, claims, 
"If Picasso stands astride the first half of the twentieth century like 
a colossus, Nam June Paik is the center of gravity for all that was 
new in the second half of that hundred-year span. We are only now 
learning how profoundly his imagination embraced and transformed 
our world."
 To explain how Paik’s work is created, we first need to 
understand what’s going on inside the TV screen. Simply explained, 
inside the screen are small crystals called phosphor. When exposed 
to radiation, phosphors emit visible light. In TVs, each crystal is either 
sensitive to red, blue, or green light, and they are arranged as dots or 

stripes. There are also three electron beams generated by the electron 
gun found inside the television to illuminate the three different colors 
together. When the electron beam strikes the phosphor, it makes 
the screen glow. A deflection gun coil then scans the screen, the 
odd lines of phosphors first, then the even lines. Following that, the 
phosphors are lightened up to the relevant color. As the process of 
scanning two half images from left to right takes place in only 1/25th 
of a second, the two halves appear to be one to the human eye. All 
kind of colors can be generated by varying the three beams. For 
example, suppressing the blue phosphor would allow red and green 
to blend together and form bright yellow. 
 With the understanding of how TV’s operate, it is also 
important to grasp what happens when a magnet is put in front of a 
TV screen. To clarify, the magnetic field, generated by the magnet, 

changes the direction of the beam of electrons shot by the television’s 
electron gun. This change of direction causes the electrons to 
randomly colorize the screen. This creates those interesting and 
irregular psychedelic patterns that we can see when magnets are 
near the television.
 Magnets help Paik and other artists and designers create 
incredible art. Additionally, small magnets exert a force at least equal 
to the pull of gravity from the entire Earth, an incredible force that 
many designers nowadays incorporate in their creations. One of the 
latest trends are floating beds that defy the force of gravity.  I hope 
you can now see how magnetism not only defies the forces of nature 
and contradicts all expectations, but it is a part of our everyday life.
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 “Now there’s no such thing as a white cloud! Your Mama 
sure did tell you some funny tales,” he replied, closing the door. 
“White clouds! And pigs can fly!” he laughed. 
 The computer screen pulled her from her thoughts and she 
bit back a yelp when she saw the face on the screen. It wasn’t ugly, 
quite the opposite in fact, she had luminous milky skin with curly 
golden locks and warm doe-like brown eyes. She smiled at Hamartia 
and the room was suddenly filled with the scent of warm milk. 
 “Hello Hamartia Ada-” the face began. 
 “You know my name!” she interrupted in awe. The face 
looked startled by the abrupt words, but quickly smiled. 
 "I do know your name Hamartia Adams, I am Goner." The 
face, or Goner’s voice was like bells, church bells in fact! Mama always 
said that church bells were angels singing. 
 “That’s a funny name,” Hamartia let out a giggle. She liked 
Goner, almost as much as the Nice Man. She looked over at the door, 
and let out a shout of joy, it was the Nice Man again! He wiggled his 
eyebrows in a funny way, making her laugh even more. 
 “Now Hamartia, the reason why you are here today is 
because you cannot benefit our society’s need for healthy procreation 
nor can you aid through manual labor. At the age of six, I’m able 
to determine your genetic makeup as an adult and those of your 
children. However, your arm and eye will hinder the abilities of any 
children you may have, therefore we-” 
 “When can I see Mama?” Hamartia interrupted. Goner 
pursed her lips and looked towards the Nice Man.
 Hamartia was confused, but most of all she wished that Mama 
was there too, Mama would make everything better. Hamartia didn’t 
understand what Goner meant about something called genetics, or 
flaws, but she understood the needle. She screamed as the Nice Man 
picked up a needle, gleaming in the white light. 

 “I wanna go home! I wanna go home! Mama! MAMA!” The 
smell of warm milk turned sour, and the Nice Man pinned her arms 
before she could run. “We have a runner don’t we? Don’t worry you’ll 
see your mama soon.”  
 Hamartia could hear Goner in the background, her voice like 
church bells, “We’re saving the species, don’t you get it? It’s for the 
good of the rest, they must go.”
 Hamartia could hear the Nice Man’s chuckle as the gleaming 
needle entered her left arm, three centimeters and eleven millimeters 
shorter than the right. Everything began to turn fuzzy, what little she 
could see was blurred by tears. She began to seize in pain, her lips 
were numb with sour milk, her blood was on fire. 
 Yet, in that moment, Hamartia saw the white clouds. 
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