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Francis  Lawrence
CO-EDITOR  IN  CHIEF

Science is about asking questions and looking for answers that are supported by what we observe.  Call me radical, but it seems 
to me that science is an element as inherent to the human experience as movement, language, or emotion.  Our existence, even 
at its simplest level, would be unrecognizable without any one of those four features. Are you calling me a radical?  If you are, you 
should check again; I’m not unpaired. After meeting Veronica in September, I mentioned my interest in writing science articles, 
and she mentioned her interest in starting a science magazine.  It was fate — in a molecular determinism kind of way. We settled 
on the name, !e Synapse. !e synapse is the junction between two neurons across which they communicate via chemical signal-
ing, thus making it a very appropriate magazine name.  Furthermore, I think that as far as speci"c structures or phenomena go, the 
synapse is one of the greatest intersections of the sciences — from psychology to physics. Our magazine will similarly be enriched 
by the diverse "elds of science. My objective here is to catalyze Oberlin’s science community. I want ideas and information moving 
faster and farther around campus. I want to engage non-science majors in the magic and fruits of experimental investigation. I 
want to further develop the interactive, peer-reviewing intellectual community here at Oberlin. See, my ultimate goals are the ap-
plications of truth: social development, increased global utility, re"ned government protocols and so on.  Communication among 
the intelligent and interested is an essential part of the foundation to such an end. !us, our "rst issue.  !e work is splendid. I 
am especially delighted by the articles that describe planes of existence people rarely acknowledge: those worlds much smaller than 
ours, those much much bigger, and those very mysterious.  Let your imagination and skepticism loose.  And don’t forget science’s 
self-correcting mechanisms; I implore you to send us your criticisms, comments, questions, doubts, and epiphanies. Enjoy.

Veronica  Burnham
CO-EDITOR  IN  CHIEF

My addiction to science journalism began the summer after my senior year of high school. Working in a lab for the "rst 
time, I was exposed to one of the major aspects of having a career in science — waiting forever for your protocols to "nish. A 
lone teen in an o#ce with a block on Facebook, I turned to the most appropriate form of entertainment I could "nd: frequent-
ing popular science websites. It was that summer I became sure — science is so freaking cool. In the past few years, a burning 
desire to share my borderline obsession with the world as a gorgeous and amazing scienti"c entity has infected everything from 
my hemoglobin to my neurotransmitters. With the help of Francis, Lizzie, and all of thew fantastic contributors this issue, I 
now have a vehicle through which to spread my disease. My goal is not only to inspire you to stop and smell the roses, but also 
to consider the chemical structure of the aroma rising from the rose, the process by which your nose senses the odor and sends 
information to your brain, and how that all results in a pleasurable reaction. Similarly, I hope the articles contained within these 
pages will cause your neurons to "re in pleasurable ways. I want you to look at the world, see little scienti"c annotations akin to 
a physics force diagram or a labeled blueprint of a cell, and smile. Because using an empirical eye to look at the world does not 
desaturate it; it does not take away any sort of romantic beauty or deep meaning — it lets you see the universe’s soul, man. It 
gets at the nitty gritty, the gears and cogs which make our world work in its complex, intricate ways. So take a look and let me 
know — can anything be more beautiful and meaningful than learning about the quanti"ed soul of the universe?

Lizzie  Roberts
MANAGING  EDITOR

A year and a half ago, daydreaming as I dropped brains into beakers of liquid nitrogen during a summer lab job, I became 
hooked on the idea of creating an Oberlin science magazine. Unable to "nd the time or the collaborators to make this dream 
a reality, I put the idea on the shelf until I was fortunate enough to cross paths with Veronica and Francis. Since then, we have 
solicited work from thirteen dedicated writers and nine phenomenal artists to create this magazine, and I am more proud than I 
can possibly say to see the "nal product in print. !ere is oftentimes a gap between the abstract world of scienti"c research and 
the everyday world. Many people perceive the study of science to be dull and tedious, involving a great deal of rote memoriza-
tion and jumping through hoops. Science, however, is intrinsically tied to the world around us. Ask a question about how the 
universe works, collect reliable information about the relationships between variables, and attempt to understand what that 
information means in the context of the knowledge we already possess. What exactly happens to your body when you’re stressed 
out by your third consecutive all-nighter? Why do turtles lay their eggs in enormous groups on the Central American shoreline? 
How much is your social dominance in$uenced by your DNA? To view the world through the lens of science opens your eyes 
to the absurd complexity of even the most seemingly dull phenomena. A ridiculous number of biological events are occurring 
even as you hold this article in your "ngers and move your eyes across the page, translating the information in these squiggles 
into meaningful concepts. I hope you enjoy every moment of squiggly translation.
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till waiting on your Hogwarts 
letter? Fear not, for as technol-
ogy advances, one thing be-
comes clear: science is the new 
magic. Whereas miraculous 
and devastating events, from 
earthquakes to hallucinations, 

used to be ascribed to supernatural forces, 
science can now explain it all (or at least 
try). In a modern world, science is not only 
our method of explanation but also our 
way of creation. Engineers are developing 
new transport mechanisms reminiscent of 
Apparition, time-turners, and the Weasley 
family’s Ford Anglia. You might even find 
yourself able to track the locations of your 
friends and family by glancing at a Weasley-
esque magic clock. Those Obies who wish 
to sneak into Mudd late at night could uti-
lize an upcoming military-grade invisibility 
cloak. After educational midnight sojourns 
leave you inundated with new knowledge 
(perhaps gleaned from talking newspapers 
with flexible LCD screens), you may not be 
able to shed unnecessary information into a 
Pensieve, but you will be able to catalogue 
your memories. We can only hope that 
Oberlin becomes the new Hogwarts, but 
until then, we’ll have to make do with what 
Muggles do best  —   science.

Second-years Harry and Ron would 
have been lost without the Weasleys’ trusty, 
retrofitted, flying Ford Anglia. Luckily for 
us, there are several models of flying cars 
that are due to hit the skies within the next 
five years. Believe it or not — (and the en-
gineers among us might be a little skepti-

cal), Woody Norris’s “Air Scooter,” funded 
by an MIT invention prize, can fly for two 
hours at 55mph and go up to 10,000 feet 
above sea level. Air Scooters will sell for the 
low price of $50,000; so, Oberlin students, 
graduate early and use the extra money to 
snag one for yourselves! The availability 
date of the whole machine is a mystery, 
but the engine is currently being sold sepa-
rately. Alternatively, the company Terrafu-
gia gained approval from the Federal Avia-
tion Adminitration earlier this year for The 
Transition®, a vehicle that will coast down 
the roads and up the skies. It is allegedly 
less than a year away from being commer-
cially available, but it carries the hefty price 
tag of $194,000. Other models for flying 
vehicles follow a helicopter model, like the 
CarterCopter, which takes off and lands like 
a helicopter but flies as fast as a commer-
cial jet. It is unlikely that the CarterCop-
ter will enter the market anytime soon, but 
when it does, eager consumers will shell out 
$300,000. The bottom line: the technology 
is appealing but the cost is (as expected) 
ponderous. It might be easier and cheaper 
to hire Arthur Weasley to update your cur-
rently-owned car.

Unfortunately, Apparation is a far less 
likely potential mode of transportation. 
Teleportation (as the Muggles call it) has 
only been achieved at the level of an atom. 
Although the term “teleportation” suggests 
the physical movement of a particle, it ac-
tually refers to the transfer of information 
about the particle from one place to an-
other. Within the last three decades, experi-

mental physicists have proven that a parti-
cle vibrating in unison with a second, very 
distant particle can pass on information to 
the latter particle seemingly at the speed of 
light. The two particles are connected by 
“Schrödinger waves”, so that any change to 
one of them will almost immediately affect 
the other. Expanding upon this idea, what 
if large groupings of particles (like humans) 
could be linked? There is a pressing concern: 
to do this, the person would have to be fro-
zen at nearly 0 Kelvin, -273° C, or absolute 
zero, which would undoubtedly kill them. 
In fact, physicists have theorized that any 
act of teleportation would kill the original 
copy of the person involved, though they 
would be “reborn” at the other end. 

Wormholes, as popularized by Sci-fi tel-
evision shows, movies, and literature, could 
work for both teleportation and time travel. 
However, they are also unfeasible because a 
traversable wormhole (one that you can en-
ter and leave) requires something to hold it 
open, much like a column holds up the roof 
of a building. The “column” would be com-
posed of negative mass and negative energy, 
neither of which have ever been observed. 
Additionally, even if negative mass existed, 
it would be nowhere near Earth because it is 
repelled by gravity. The amount needed to 
keep a wormhole open for 1ms would be the 
negative mass of one Jupiter, which at this 
point is considered to be impossible. Un-
til these issues are overcome, time travel by 
wormhole is unattainable.

 Scientists are much closer to recreat-
ing the invisibility cloak, though it will be 

Alohomora! 

S
By Anna Dardick
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used mainly for cloaking tanks and other 
military pursuits. Electricity is applied to 
heat carbon nanotubes quickly, which then 
transfer the heat to the surrounding area. 
The concentrated heat causes light rays to 
bend away from the nanotubes (and the 
object cloaked behind it), effectively mak-
ing the object invisible. The high tempera-
tures and energy involved make this device  
impractical for personal cloaking, but engi-
neers are currently developing other meth-
ods that utilize more flexible polymers.

While engineers focus on flying cars, 
wormholes, and invisibility cloaks, re-
searchers in informatics, the science of 
information, are discovering ways to cat-
egorize and present personal information 
that are similar to those used by witches 
and wizards of the Harry Potter series. One 
man, Alan Parekh, developed a way to syn-
thesize Twitter feeds from his family mem-
bers into a “magical clock” that would in-
form him of their locations. A unique idea, 
if slightly creepy.

If you’re looking for a Pensieve, IBM 
research lab is formulating a Personal 
Memory Organizer that would store im-
ages, sounds, and text along with the con-
texts, locations, and people involved. You 
would not be able to relieve yourself of 
burdensome memories, but you would be 
able to search within them to “remember” 
events — even that Safer Sex Night fresh-
man year that you would rather forget.

And finally, something that will actu-
ally hit newsstands within the next year 
— color e-paper with flexible LCD screens 
from LG, so that everyone from politicians 
to pop stars will be able to talk at you from 
within the folds of magazines. Of course, 
the technology will first be used for adver-
tisements, but at least they can be avoided 
by the turn of a page.

We live in what has been called the “Age 
of Information.” This means that research-
ers are constantly discovering and invent-
ing new technologies, including some that 
mimic magical devices. Although hopes 
are wearing thin for wormholes through 
space and time, remember that industrial 
robots, microwaves ovens, and the inter-
net were all invented in the last 50 years 
and changed human existence. The rate 
at which new technologies are being de-
veloped is growing exponentialy, building 
on the concepts  of preceding discoveries 
and creations. Maybe the next 50 years of  
research and innovation will bring a little 
more magic into our lives, whether or not 
that Hogwarts letter ever arrives.

A Look at a Unique Sea Turtle Nesting Behavior

By Mia Dawson

By the fourth 
or "fth day, it’s 
only the weak and 
the maimed turtles 
that return, e%ort-
fully hauling them-
selves from the 
ocean. Turtles that have lost limbs to predators 
and boating accidents struggle futilely to dig 
out nests for their eggs. It’s an urgent task — a 
turtle preparing to nest is so "lled with eggs 
that her internal organs must make signi"cant 
adjustments. But these devoted animals are 
slow to accept their limits, and will keep try-
ing to build sound and secure nests. It’s the tail 
end of the arribada, and the healthy females 
have already laid their eggs and disappeared 
back into the ocean’s immensity. According to 
Dr. Peter Pritchard, a leading turtle biologist, 
the "nal days of the arribada are a strange end 
to an altogether strange phenomenon.

For the majority of the world’s sea turtles, 
nesting is a solitary event. But some groups 
of Kemp’s ridley and olive ridley turtles, espe-
cially around India and Central America, par-
ticipate in mass emergences in which females 
come to nest simultaneously on the same 
beach. !e numbers can be immense — tens 
of thousands of turtles will emerge on a peak 
night of a larger arribada. It’s a mysterious 
process, and two questions still puzzle sea tur-
tle biologists: How do the turtles coordinate 
such large-scale group activity? And why do 
they do it at all? 

Each arribada has its own culture. Olive 
ridleys generally nest by night, Kemp’s ridleys 
by day. Some arribadas correspond with the 
phase of the moon, others with wind patterns 
and rain conditions. According to Pritchard, 
the behavior must have evolved independent-
ly in the di%erent groups to exhibit such vari-
ance. However, there is a uniting feature that 
could explain the coordination of the arriba-
da. !e answer may lie in the Rathke’s gland, 
a secretory gland located on the ridge between 
the carapace (top shell) and the plastron (bot-
tom shell plate). !e Rathke’s gland has been 
found to be larger in species of turtles which 

nest in arribadas 
when than in spe-
cies which don’t. 
While the function 
of this gland is still 
unknown, there 
is strong evidence 
that points towards 
its role in arribada 

formation. In a study conducted in Costa 
Rica, waxy plugs with the consistency of lard 
were found in the Rathke’s glands of turtles 
before an arribada. !ese plugs were absent 
after its completion. Since they break down 
and quickly disperse across the ocean’s sur-
face, researchers speculate that this hormonal 
communication, in conjunction with sensory 
signals, could be crucial to group formation. 

!e mysterious “why?” of the arribada 
still persists. It does not seem to serve a social 
function, as the females disperse randomly 
between nesting periods. Additionally, some 
arribadas are downright destructive. A large 
enough mass of turtles can result in the loss 
of up to 50% of the eggs, as females inadvert-
ently destroy the nests of others. Most likely, 
the arribada evolved to combat predation. On 
a small scale, group nesting is favorable to 
hatchling survival because of predator satura-
tion; predators can easily locate single, dispa-
rate nests, but with larger numbers of nests 
there is an over-abundance of prey, and there-
fore a limit to the amount of damage preda-
tors can cause.  Perhaps this is an example of a 
behavior which has evolved beyond the limits 
of sensible design. A phenomenon that origi-
nally evolved to combat predation may have 
developed to an unreasonable extreme, posing 
even graver threats. 

Interestingly, there are few historical re-
cords of arribada nesting at the sites where 
they occur today. Each individual arribada 
may be $eeting, increasing in scope until it 
collapses under its own weight, but on the 
larger scale the arribada is here to stay. !e 
behavior is deeply ingrained and the meth-
ods of group formation are sophisticated. As 
long as the Ridleys survive in stable numbers, 
they will continue to grace beaches with their 
strange processions.
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I imagine everyone’s looking forward to 
the holidays. Honestly, I am still re-living 
Halloween and watching my favorite zom-
bie videos; I just love zombie outbreaks. In 
many horror stories, a zombie outbreak is 
triggered by a virus mutation that spreads 
across the human population. Viruses are 
pieces of genetic information coated in pro-
tein, and lack properties present in living 
things, such as the ability to reproduce on 
their own. Yet they also contain genetic ma-
terial and possess indirect means to propa-
gate it. In this way, viruses straddle the line 
between the dead and the living. Beyond 
that, viruses cause incurable diseases, are 
supremely infectious, and must replicate 
in live hosts. The virus is among the most 
nightmarish fodder that science can provide 
for the zombie apocalypse&fantasy.

While film directors might have us be-
lieve that viruses are evil and inescapable, 
in reality viruses can be tamed. Researchers 
are using viruses for everything from cur-
ing cancer to building better batteries. And 
now, Harvard scientists are using a virus to 
see how a signal travels from one neuron to 
another.

First, some background in basic neu-
roscience. Neurons are cells in the brain 

that fire messages to other neurons, and 
from this communication emerges human 
thought, feeling, and innovation. Electrical 
pulses carry messages within a neuron, but 
there is a gap between neurons. To convey 
information across this gap, called a syn-
apse, neurons send out chemical molecules 
called neurotransmitters. Neuroscientists 
want to find out how messages move from 
one neuron to another, so they inject “trac-
ers” into the brain with fine needles or gene 
guns.

Conventional tracing methods involve 
chemical or protein injections, but their 
drawback is that these kinds of tracers do 
not usually travel across synapses. They can 
show how a signal moves within a neuron, 
but not across neurons, making them largely 
ineffective for studying how neurons work 
with each other. For a while now, genetically 
modified rabies viruses have been used as 
tracers, but using them requires a good deal 
of luck and complicated methods that we 
will not describe here. Kevin Beier and his 
team from Harvard University& endeavored 
to make a simpler and better virus tracer by 
manipulating the Vesicular stomatitis virus, 
or VSV for short.

By modifying the VSV with a glyco-

protein receptor, they enabled the virus to 
travel across synapses (glyco- means sugar, 
so this is now a sugar-coated virus! Sweet.) 
In order to be sure that the infection did 
take place, the infected neurons even glow 
green, thanks to the fluorescent protein in 
the modified virus. The best feature of the 
virus is that it is specific, only binding to the 
glycoprotein receptors found in a synapse. 
Thus it can only infect neurons that are 
receiving messages from the first infected 
neuron. As a demonstration, the researchers 
injected the virus into a retinal nerve. The 
infection simply followed the path taken 
by the neural signal, and as the infection 
spread, the infected neurons glowed green 
like an inkblot spreading outwards. Think 
of it like a river gushing out, only it is green 
and in the brain. Isn’t that dramatic? The 
drawback of the re-engineered virus is that 
it harms the cells, causing them to die after 
three days of infection. Seems like getting a 
glowing brain comes with deadly costs. Still, 
I can’t help but admire the creative use of a 
virus, turning danger into an opportunity, 
not unlike how our terrifying October holi-
day presents a sugar-coated opportunity for 
kids. Now excuse me as I eat my last few 
sweets from trick-or-treat!

By Weelic Chong

Tracking Neural Pathways

 With a Sugar-Coated Virus 
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Anyone who has gone through high school has experienced 
their fair share of human social hierarchies. There are the indi-
viduals that sit on the high end of the social totem pole and there 
are those that, unfortunately, sit at the bottom. What determines 
a person’s position on this spectrum? At first glance it seems as 
though one’s place on this social gamut is determined haphaz-
ardly by the success of social interactions, good hair, and ability 
to quickly catch on to the next Bieber-esque fad. However, sci-
entists postulate that social rank is a phenomenon that is much 
more deeply rooted than the shallow influences of pop culture; in 
fact, it is something that has evolved to be a crucial component of 
many social animal societies. A recent study published in Science 
has shown that social dominance is so overtly written into our neu-
ral structure, it can be manipulated like an on and off switch using 
modern research techniques. 

This new study, produced by the Chinese Institute of Neuro-
science (CIN) in Shanghai, presents a neural correlate for social 
dominance in mice and establishes a technique which can manipu-
late these neural correlates to modify a mouse’s position in the 
social hierarchy. To test for social dominance within each cage of 
four males, a “round-robin”-style tournament was performed using 
a tube test. The tube test consists of placing two mice at opposing 
ends of a narrow plastic tube in which neither can turn around. 
The less dominant mouse of the two concedes by backing out of 
the tube and making way for the more dominant mouse to pass 
forward. This test provides a non-violent means of identifying the 
social hierarchy in a social community of mice. While recording 
from neurons that were located in an area of the brain known as the 
medial prefrontal cortex (mPFC), the team found a correlation be-
tween activity in these neurons and the social rankings of the mice 
derived from the tube test tournaments. The more dominant mice 
had a higher level of activity in these areas than their subordinates.  

In order to determine that the increased activity in these areas 
was causing social dominance and not the reverse, the researchers 
developed viruses which genetically modified the amount of activ-
ity in these mPFC neurons. When subordinate mice were injected 
with GluR4, a genetic virus that increases transmission in mPFC 
neurons, they moved upward in rank.  Likewise, when dominant 
mice were injected with R4Ct, a virus that can block transmission 
in mPFC neurons, they moved downward in rank. How does mod-
ulation of mPFC neurons result in such drastic changes in social 
dominance? Hailan Hu, one of the researchers from the CIN states 
that, “through its projections to brain regions such as the dorsal 
raphe, ventral tegmental area, hypothalamus, and amygdala, mPFC 
exerts top down controls on serotonin and dopamine release, en-
docrine function, and fear response. All of these could contribute 
to key features of the dominance behaviors, including aggressive-
ness, stress responsiveness, and fearfulness.” This means that the 
mPFC sends commands to areas of the brain that are associated 
with mood, desire, stress, fear, emotion, and the way in which we 
perceive others. By increasing or decreasing the flow of neurotrans-
mitters (a basic unit of communication between neurons) and hor-
mones in each of these regions, this region of the mPFC can make 

the individual behave in a more or less aggressive, assertive, and 
dominant manner in response to social as well as fear- and stress-
inducing stimuli.

Is one’s ability to climb the rungs of the social ladder written 
into their genetic code? Are the lonely kids fated by DNA to re-
main bullied forever? Probably not. However, while appearing to 
be just a simple social construction, an established pecking order 
has proven to be an essential aspect of animal society across species 
for millions of years. Even though humans may sometimes seem to 
be in a separate class of intelligence and social constructions than 
their animal counterparts, social hierarchy is still a prevalent aspect 
of our society.  

Neuroscience often delivers truths that shake the foundations 
of our ideas of consciousness and behavior. It is strange to imagine 
that a high school student’s likelihood of nabbing a chair at the 
cool kid’s table in the cafeteria or the success of a president can be 
boiled down to an inanimate microscopic train of nerve impulses 
inside this hunk of meat we call the brain. Yet anyone who has 
ventured to dip their toes in the choppy waters of neuroscience 
knows that literally everything that has to do with us (thoughts, 
emotions, language, perception, behavior, social interaction, ad 
infinitum) can be reduced to the sloshing of ions through many 
proteins. This miraculous ionic movement is the basis of not only 
who we are as a (somewhat) functioning hierarchal society, but is 
also what comprises the incredible arena of the mind which is the 
fabric of the conscious experience.

By Gabe Marx and Elie Goldberg
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To the Brink of Understanding

You and I probably share common 
memory: a long day, a day when the world 
has seemed beyond comprehension, beyond 
focus, and all one can do is stare slack-jawed 
at it in all its daunting complexity. & I often 
"nd refuge in a book; right now I end my 
overwhelming days curled up with Hem-
ingway. &He has a brilliant way of distilling 
the complexities of life to a few simple ideas 
which he conveys in a made-up world.

But is there such a panacea for the com-
plexities in scienti"c understanding as there 
is for the complexities of the human condi-
tion? &When we come upon the brink of un-
derstanding in the social, life, or natural sci-
ences, where can we "nd such relief? &Is there 
a Hemingway for physics?

Issac Newton, who "rst described uni-
versal gravitation, in simple straightforward 
terms, comes to mind. Perhaps Hemingway 
and Newton are comrades in arms: they both 
tell stories. & Hemingway’s stories are novels; 
Newton’s are scienti"c models.

To me, they are not as di%erent as one 
might expect. &A great "ction writer looks at 
a reality, too dense and complicated to really 
comprehend, and distills it into a manage-
able form: a story. &A reader can take refuge 
in Hemingway’s tale, can enjoy it and draw 
parallels to life without being as overwhelmed 
by it as by reality. &Similarly, a physicist can 
take refuge in Newton’s tale, that two celestial 
bodies are inexplicably linked by something 
we call gravitation, and thus are attracted, like 
two of Hemingway’s lovers. 

“Fiction is the lie through which we tell 
the truth”, Camus says.  In Hemingway’s 
character, Robert Jordan, I’ve learned to see 
myself; i his struggles, I’ve come to recog-
nize my own.& A story can abstract away all 
the desensitizing dizziness of the world, and 
can pare it down to something digestible and 
edifying. As we have encountered problems 
with the overcomplicated reality of everyday 
human life, we  also often encounter cerebral 
problems too complex to grapple with. & A 
politics student might ask, “What causes vot-
ers to behave in this way and not another?”; 
a biology student might ask, “Why does this 
protein fold in this particular way, with these 
common mutations?” 

In elementary sciences, we learn to turn 
to Newton, to Mendel, to L’Hôpital, when we 
are at a loss, and their stories give us some-
thing onto which we may hold. & We can 
begin to comprehend the movement of the 
earth around the sun, or the sporadic, vibrat-
ing movements of evolution and genetics, or 
what zero divided by zero might mean. &We 
tell stories. &We abstract away details we deem 
unimportant, and emphasize the ones we 
think need attention. &We build models.

According to How to Model It: Ptoblem 
Solving for the Computer Age, co-written by 
Tony Star"eld, a frequent guest lecturer here at 
Oberlin, a model is a “purposeful representa-

tion”: a representation of reality, with simplify-
ing assumptions, created for a reason, perhaps 
to describe reality, maybe eventually to predict 
it — it is hard to do the second without the 
"rst. &We have all built models. Star"eld and 
his co-authors explain,&“You have surely been 
building conceptual models (in your mind) 
ever since you can remember—and prior to 
that too… What you might not have done 
yet is build a model explicitly so that people 
can understand it and perhaps use it.” &Like-
ly, though, you have also built a model for 
someone else. &Have you ever given someone 
directions? & No doubt you represented real-
ity, either with a map or just with words. &No 
doubt you simpli"ed: surely you did not relate 
everything you could remember about where 
that person was going, but simpli"ed to only 
what he needed to know. &And no doubt there 
was a purpose — presumably the person was 
trying to get somewhere, and you were try-
ing to guide him. &Whether you succeeded, 
whether your model was good enough, I can-
not say. &But it surely was a model.

A more academic but still familiar exam-
ple of a model crops up in a "rst-semester eco-
nomics class: a model of a market. &We have 

great solutions for an economy of two simpli-
"ed people, (dare I call them robots?). &Albert 
is better at growing carrots, Betty is better at 
growing potatoes, so they trade and both be-
come better o%. &We can calculate plenty, like 
how many potatoes will be bought for a car-
rot, supposing Albert and Betty have equal so-
cial power, and so forth. &But anyone who has 
ever protested in an economics class, scream-
ing, “People aren’t that simple!’’, has hit upon 
an important point: no, people are not that 
simple.

So here we come upon an important 
problem. & Models are inherently wrong. & A 
model simpli"es the situation; it doesn’t ac-
curately replicate it. &For example, in another 
familiar problem — gravitational interaction 
of planets — we generally assume that planets 
are perfectly spherical. &We get away with that 
because planets are so damn close to being 
perfectly spherical that the di%erence in out-
come is miniscule. &In fact, we can calculate 
the level of accuracy we have. &!e problems 
arise when we don’t know as much about our 
assumptions.

In many economic, biological, and other 
complex models, we appeal to our human 
creativity, our human ability to deal with 
ambiguity and falsehood: we make assump-
tions. &We assume that people act rationally, 
maximizing their utility given the circum-
stances; we assume that people have perfect 
knowledge; we assume that power imbalances 
don’t exist. & We assume that organisms are 
uniformly distributed, that they mate ran-
domly, that food is abundant. &But these as-
sumptions are clearly false; so where do we go 
from here?

“Essentially, all models are wrong, 
but some are useful,” Box famously clari-
"es. &!ese models are not supposed to repre-
sent reality, just as A Raisin in the Sun is not a 
biography. &Instead, models tell simple stories 
we can comprehend; they remove all of the 
clutter of the natural world, and distill reality 
to a story from which we can learn. &Few peo-
ple would be interested in reading a novel to 
which they cannot relate or from which they 
cannot learn. &Similarly, a scienti"c model is 
only as interesting as it is explanatory.

In October of this year, seven scientists 

By 
Isaac H.
McCeery

We all tell stories for the same 
reasons: to make sense of the 
interminably complex world we 
live in.
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Every Friday, eleven students and 
four faculty members gather in the Ober-
lin Physics conference room in Wright to 
discuss their work in modeling. &Some days 
a student will take a half-hour to present 
work; other days guest presenters will join 
the fray and discuss their "eld of study, pro-
viding mentorship to the students.

In 2007, the National Science Founda-
tion awarded the Oberlin Center for Com-
putation and Modeling (OCCaM) a grant 
to provide scholarships to students work-
ing in the "eld of modeling. &Professor of  
Computer Science Richard Salter, one of 
the founding faculty members of OCCaM, 
says that Oberlin applied for the grant with 

a focus in modeling because there was inter-
est on campus in the subject. &He sees mod-
eling as a “creative approach to scienti"c 
inquiry,” which perhaps suits Oberlin as an 
academic community particularly well.

Here at Oberlin, OCCaM aims to pro-
mote students interested in “scienti"c com-
putation and mathematical modeling… 
the next generation of scienti"c research-
ers.” &Students in any modeling-related "eld 
may apply, so members hail from depart-
ments in all of the natural sciences.

!e group facilitates “unique cross-
discipline discussions on modeling ques-
tions,” says Sage Aaronson, a fourth-year 
neuroscience major. &Sage is working on a 

project using a mathematical model and 
experimental evidence to review competing 
theories of how humans make decisions.

In September, Peter !omas, a math-
ematical neuroscientist at Case Western 
Reserve, came to discuss his research in ap-
plying dynamical systems modeling to neu-
roscience, and his talk provided OCCaM 
students an example of an application of 
modeling to the "eld of neuroscience. 

!e OCCaM group, though still only 
a few years old, provides a special, multi-
disciplinary community for students who 
are interested in modeling and who are ap-
plying modeling in their speci"c "elds of 
research.

So That They May Model By 
Isaac H.
McCeery

working at the New England Complex Sys-
tems Institute published a study providing a 
modern example of how we can learn from a 
model. &In their theory of ethnocultural vio-
lence, “speci"c details of history, social and 
economic conditions are not the primary 
conditions for peace or con$ict. Instead the 
geographic arrangement of populations is 
key. Signi"cantly, it points to two distinct 
conditions that are conducive to peace — 
well mixed and well separated.” &But is this 
model actually useful? & How can we know 
that the simplifying assumptions of this mod-
el--that speci"c details of history, social and 
economic conditions are unimportant--are 
allowable? &And most importantly, how can 
we expect that the conclusions to which it 
leads are worth consideration?

Testing a model’s predictive power is of-
ten the ultimate decider: does the model ac-
curately portray what we would expect, from 
history or experiments? &!e violence model, 
does accurately portray the peace and vio-
lence that two heterogeneous states, Switzer-
land and Yugoslavia, have experienced. &“!e 
precision of the results provides some assur-
ance of the usefulness of the theory in plan-
ning interventions that might promote peace 
in many areas of the world.” &!us, because 
this model simpli"es its subject matter, it is 
useful for understanding violence and possi-
bly how to prevent it.

“All good books are alike in that they are 
truer than if they had really happened,” said 
Hemingway. &In the same letter, “!e hardest 
thing to do is to write straight honest prose 

on human beings.” &We all tell stories for the 
same reasons: to make sense of the intermina-
bly complex world we live in. &Some stories 
relate to the human condition, others relate 
to so-called laws of nature, and still others 
bridge the two. &But story-telling is di#cult 
regardless of the subject matter: simplifying 
without removing truth is a di#cult task, 
simplifying and adding truth is truly the work 
of a master.

“[M]odeling is an integral part of prob-
lem solving in any discipline,” claims How to 
Model It. No matter what we study, produce, 
or challenge, in order to make progress we 
must all ask hard questions: questions which 
are untenable in reality. & But, these same 
questions might be answerable with a model, 
with a lie through which we tell the truth.

Fiction is the lie through which we tell the truth. 
- Albert Camus
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ne of the most curious 
innovations made pos-
sible by digital com-
putation is the class 
of machines that can 
perceive their environ-
ment and learn from 
it. This is referred to 

as Artificial Intelligence, thanks to analogies 
that link these machine processes to human 
intelligence. While current artificial intel-
ligence methods are far from imitating the 
total human psyche, these wonderful algo-
rithms have become highly useful in such 
industries as digital security, manufacturing, 
and, inevitably, music. The transformation 
of such interesting technological discover-
ies into a usable and creative musical tool 
is invariably the work of a pioneering and 
generous software developer. 

In this case our hero is Rebecca Fie-

brink, an Assistant Professor of Computer 
Science and Music at Princeton University. 
Fiebrink recently completed her Ph.D. pro-
ject at Princeton, for which she developed a 
powerful piece of software called the Weki-
nator. The Wekinator enables artists to use 
machine learning algorithms to map dif-
ferent inputs to a variety of outputs. The 
list of potential applications is endless and 
includes examples like taking camera input 
and routing it to synthesizers, or controlling 
computer visualizations through a video 
game controller.

The machine-learning algorithms au-
tomatically perfom the manual process of 
mapping one type of information into an-
other. Without the Werkinator, a musician 
who wished to use the an iPhone as a “magic 
wand” to alter the state of a multi-projec-
tion video installation would have to first 
figure out how to turn the accelerometer 

(a device which measures acceleration) on 
an iPhone into the magic wand, and then 
manually route the data from the wand into 
the desired video-effect. Instead, the Werki-
nator streamlines this kind of effect, auto-
matically connecting this information, and 
allowing the artist to design their installa-
tion in states which can be easily controlled 
by a Wiimote, simply by defining the initial 
input states of the Wiimote. 

The responsibility of weaving the con-
voluted mathematical web of connections 
necessary to convert the x y and z variables 
of an accelerometer into variable states of 
video projection is lifted from the user and 
instead generated by the computer- allowing 
the user to focus on the kind of art and in-
teraction they want to create- thus expand-
ing the possibilities of the medium.  All the 
artist must do is define the input, by strik-
ing various posesvarious poses in front of a 

By Sam Fisher

Musicians Using Technology to Streamline the Creative Process

O
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!e healthcare industry today is charac-
terized by recent technological advances, uti-
lizing complex scienti"c principles to increase 
longevity and enhance quality of life. Human 
medical practice began simply, though, with 
only a sharp rock and a skull. Trepanation 
(treh-pun-ation) is the practice of boring a 
hole into the skull of a live, often unanaes-
thetized human being. Skulls found in an 
ancient French burial site con"rm the earliest 
human surgery, one performed at least 7,000 
years ago, in the Neolithic era. 

A sharp stone (often $int or obsidian) was 
employed to remove a small, square portion 
of the skull without piercing the outer layer 
of the membranes surrounding the brain. !e 
extracted portions, called “rondelles” would 
be re"ned, shaped into an amulet and worn  
— perhaps to keep evil spirits at bay  — or 
placed into another person’s trepanned hole. 
Scientists, faced with unclear archaeological 
evidence, began discussing the possible pur-
poses of trepanation.

Nineteenth century scientists noted the 
smoothness of the holes and surmised that 
the holes were made, re"ned, and polished 
postmortem. !ey suggested that the skulls 
may have been used as drinking vessels in 
primitive religious rites. 

However, the famed neuroscientist Dr. 
Paul Broca quickly negated that theory. !e 
smoothness of the holes, he determined, was 
the result of post-operational healing. Indeed, 
many skulls featured several holes, indicating 
that individuals had undergone numerous 
trepanations and further undermining the 
theory of drinking vessels, which would only 
require one hole. Broca also asserted that the 
surgery was practiced on live humans with a 
67% survival rate, despite its apparent riski-
ness.   

Around 1882, Miss A. W. Buckland, a 
proli"c British anthropologist, proposed that 
trepanning was a treatment for migraines, 
mental disorders, or epileptic seizures. Since 
seizures were often attributed to malevolent 
spirits, trepanation could have been an at-
tempt to release them. Additionally, in the 
mid-twentieth century, Erwin H. Ackerk-
necht suggested that trepanation may have 

served as a treatment to release cranial pres-
sure after a skull fracture. !is may have been 
true in some cases, but most skulls found are 
not fractured, so it is an insu#cient explana-
tion. Due to lack of written documentation, 
we may never know the true purpose of trepa-
nation. 

It is clear, however, that trepanation was 
practiced by such diverse peoples as the Egyp-
tians, Chinese, Indians, Romans, Greeks, and 
Mesoamericans. In fact, it is still relatively 

prevalent in parts of Africa, South America, 
and south-east Oceania for medical reasons 
similar to those we’ve explored as well as, re-
portedly, the patients’ attainment of a higher 
state of consciousness from increased blood 
$ow. !e tools have changed — from sharp-
ened stones to drills, screws, or knives — but 
today’s surgery remains remarkably similar to 
its prehistoric roots.

Trepanation was the essential "rst step 
in the development of medical practice. !e 
concept of altering the human body’s natural 
structure and basic functions to cure ailments 
directly led to the medications, immuniza-
tions, surgeries, and other procedures that 
we now consider fundamental. A seemingly 
simple beginning furnished the critical move 
towards a society in which science is a vital, 
expected tool in prolonging and enriching 
our lives.

camera or manipulating the position of a joy 
stick, and then correlating  this to an output, 
like turning virtual knobs on a synthesizer or 
switching between collections of video pro-
jections. The Werkinator also allows the art-
ist to create these mappings between things 
in real-time, on the fly. The mappings often 
function by interpolating between states. 
This means that if we follow the camera-
to-synthesizer example, as the artist moves 
between poses the camera has learned, the 
Werkinator will fluidly alter the parameters 
so that the artist can discover and impro-
vise new sounds as he goes. Alternatively, he 
could simply allow his movements to rigidly 
switch between states. Most mappings will 
be some combination of fluidly and rigidly 
changing parameters. Fiebrink says that this 
process allows musicians to “approach the 
process of composition and instrument de-
sign in a new way. Instead of being forced to 
think about the control of a sound synthesis 
algorithm or the mapping between a sensor 
and music in a computational way... Weki-
nator allows artists to think at higher levels 
of sound and gesture...by listening to sound, 
gesturing along with it until it ‘feels right’.”

Fiebrink began applhying A.I. to music 
in her undergraduate days at Ohio State. She 
was working with computational musicolo-
gist David Huron, a developer of software 
that automatically discerns how difficult 
specific scores of trumpet music are to play. 
Such automatic analysis made gathering data 
and answering questions about trumpet mu-
sic much more efficient. Fiebrink wanted to 
do something similar but there was a prob-
lem — she was a flutist. The flute happens 
to be much harder to model in this way than 
the trumpet. This is because the trumpet has 
a relatively simple fingering mechanism of 
3 valves, whereas the flute has 16 holes, 12 
buttons, and 6 levers. Thus, it is a much 
more difficult task to determine which posi-
tions would be difficult to move between on 
the flute than it is on the trumpet. The solu-
tion was to use a neural network in conjunc-
tion with subjective, human analysis to try 
to build a model for the difficulty of flute 
pieces. The creation of this one complex 
mapping was the birth of Wekinator.

What we are seeing in Fiebrink’s work 
is the emergence of a powerful method of 
musical and artistic expression. Artificial In-
telligence — a process created out of pure 
mathematical ambition, has, through exten-
sive research, enabled powerful new means 
of artistic expression. It is a technology that 
we should all be watching out for in coming 
years.  

By Anna Dardick

Medicine Through the Ages
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Humans are gigantic and incredibly com-
plex organisms. However, what keeps us alive, 
functional, and sane are the interactions between 
a handful of chemicals. One class of these com-
punds are neurotransmitters, chemicals responsi-
ble for communication between specialized nerve 
cells, or neurons, of the body and the brain. Neu-
rotransmitters are packaged into vesicles in one 
neuron and released into the synaptic cleft, the 
space between two neurons,  where they can bind 
onto receptors on the plasma membrane of the ad-
jacent neuron. From cell to cell, vital information 
about our external environment and internal states 
is conducted to and from the brain within sec-
onds. One such neurotransmitter is acetylcholine 
(Ach), which is involved in activating muscles con-
nected to the peripheral nervous system (all nerves 
that are not in your brain or spinal cord). Many 
foreign chemicals can overstimulate or inhibit the 
Ach system and upset its delicate balance. Inter-
fering with any step in the process of Ach release 
or metabolism can cause rather unpleasant e%ects, 
ranging from muscle weakness to fatal paralysis. 

Recently, a toxin known as succinylcholine 
was reportedly used in the high pro"le assassina-
tion of a senior Hamas commander in Dubai. 
Often described as the “perfect poison”, it has a 
low lethal dose and nigh undetectable metabolites. 
Succinylcholine is a special kind of Ach agonist, 
which means that it competes with Ach to bind 
to specialized receptors and also causes long-term 
depolarization of the cell. !is process is known 
as a depolarization block and occurs speci"cally at 
the nicotinic Ach receptor. Basically, succinylcho-
line desensitizes the Ach receptor to stimulation if 
it is present in the synapse for a long time. !e 
receptor is kept perpetually open, letting more 
and more positive charge into the cell and keep-
ing it constantly depolarized. Unable to return to 
its baseline voltage, the postsynaptic cell is simply 
unable to "re another action potential (the electri-
cal signal that lets the neuron know that it’s time 
to release more Ach). Eventually the receptor stops 
responding altogether to any molecule that binds 
to it, including Ach, and you go from having mus-
cle twitches to full on paralysis. Succinylcholine 
is the only depolarization blocking agonist that 
is used clinically. Trauma surgeons and anesthesi-
ologists commonly administer this drug prior to 
endotracheal intubation because it has the fastest 
onset (about 30 seconds) and the shortest duration 
(a few minutes) of any paralytic, making it highly 
useful in emergency situations. 

While some drugs can amplify the e%ects 
of Ach by directly binding to its receptors, other 
drugs a%ect the function of its breakdown enzyme, 

AchEsterase (or AChE). Physostigmine, a toxin 
that comes from the Nigerian Calabar bean, has 
profound e%ects on the central nervous system 
(brain and spinal cord) by blocking AChE alto-
gether, keeping hordes of un-degraded Ach free 
to $oat around in the synaptic cleft. !is leads 
to over-stimulation of the Ach receptor. Poison-
ing can lead to confusion, hallucinations, convul-
sions, coma, and potentially death. In the 19th 
century, missionaries in West Africa discovered 
several villages that used this toxin during trials for 
witchcraft. If the defendant was able to either re-
gurgitate the poisonous bean or walk ten feet after 
swallowing one, he was considered innocent. Of 
course, most did neither, were charged guilty, and 
died a horrible death. !e shaman judges had no 
way of studying receptors or any of the biologi-
cal mechanisms behind the e%ects of this toxin, 
so the “diagnostic factor” was the degree of saliva-
tion in the mouth of the accused. !e hypothesis 
was that a guilty person would produce less saliva 
and be unable to vomit and save themselves. Since 
Ach is now known to also stimulate secretion in 
the salivary glands, this idea may not have been 
as arbitrary as it sounds (though the logical con-
nection between salivation and guilt is of course 
debatable). !e British tried pretty hard to put an 
end to this practice, eventually outlawing it in the 
mid 1800’s.

By now you’ve probably picked up on the 
theme of “neurotoxins that mess with the Ach sys-
tem are a little terrifying.” Allow me to introduce 
the Botulinum toxin. Instead of mimicking acetyl-
choline, it interferes with the transport and release 
of Ach into the synaptic cleft. !e toxin attacks a 
fusion protein (syntaxin, synaptobrevin, or SNAP-
25) and prevents the vesicles full of Ach from an-
choring to the plasma membrane of the presynap-
tic neuron and releasing the neurotransmitter into 
the synaptic cleft. As we have already seen, a lack 
of Ach at the neuromuscular junction can lead 

to paralysis. Botulinum happens to be one of the 
deadliest toxins ever discovered. !e lethal dose 
for humans is about 0.3 micrograms, depending 
on the means of administration — as a textbook 
states it, “one gram (equivalent to the weight of 
three aspirin tablets) is enough to kill over 3 mil-
lion individuals.”  If a person accidentally ingests 
food contaminated with germinating spores of 
the bacteria Clostridium botulinum, they may get 
botulism poisoning, which manifests as blurred 
vision, speech impediment, muscle weakness, and 
can be fatal if the muscles in the diaphragm are 
paralyzed. Perhaps the most interesting fact about 
this toxin lies in its more common name: Botox. 
Puri"ed botulinum toxin type A can be used to 
treat disorders such as strabismus (crossed eyes), 
excessive underarm sweating, chronic migraines, 
and of course, wrinkles. A Botox injection into 
speci"c facial muscles causes localized paralysis 
that lasts a couple months and is used by many 
people for cosmetic purposes to make skin appear 
smoother and younger.

!e border between health and disease is thin, 
only guarded from unwanted visitors by plasma 
membranes, receptors, channels, pumps, and 
obsessively patrolling tiny molecules. Seven bil-
lion highly complex, intelligent beings can still be 
completely incapacitated by a microscopic chemi-
cal produced by a single cell organism. With the 
addition of a functional group here or there, one 
molecule can be made to seamlessly mimic an en-
dogenous chemical. !ese undercover toxins can 
use our own cellular mechanisms to throw this en-
tire "nely tuned and inherently fragile system into 
complete disarray without the brain’s knowledge 
or permission. !is is humbling to say the least, 
yet learning more about how these toxins in"ltrate 
the body is essential for understanding how the 
brain operates under normal circumstances and, 
most importantly, allows us to use them in a con-
trolled manner to mend the system when it goes 
awry. 

B y  K s e n i a  V l a s o v

"e border between health 
and disease is thin, only 
guarded from unwanted 
visitors by plasma mem-
branes, receptors, chan-
nels, pumps, and obses-
sively patrolling tiny 
molecules.
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Wreaking havoc on the body 
after entering the bloodstream by 
way of the penetrating proboscis 
of a mosquito, malaria is the fifth 
most prolific killer in the world, 
with a threatening proficiency for 
adaptation. One species of the 
pathogen that causes malaria, Plas-

modium vivax, showcases this proficiency with a unique adap-
tion that scientists think may be a first.

New research out of the Hebrew University of Jerusalem sug-
gests that the species P. Vivax has evolved the ability to acquire 
human genes through a process called horizontal gene transfer. 
If true, this is the first instance of human genes being transferred 
to an organism of a different species. 

 Why would P. vivax want our genes? Horizontal gene 
transfer is an adaption that these pathogens utilize to evade our 
immune system. Integrating our genes into P. vivax’s genome, 
the pathogen adjusts its internal response pathways in order to 
“fool” our immune system. Alas, our defense cells may see them, 
but won’t treat them as a threat, vastly increasing the pathogen’s 
chances of survival.  

What is significant about the implications of this research is 
that while horizontal gene transfer happens all the time in uni-
cellular organisms without a nucleus (called prokaryotes), it has 
never been documented between humans and another organism 
with a nucleus like P. vivax (called eukaryotes).   Such an advan-
tageous adaption may lead P. vivax to become the deadliest and 
most widespread species of the genus Plasmodium.

Ben Gar!nkel

It’s lunchtime.  Your friend wants 
to meet for sandwiches at DeCafé, but 
you politely decline because you ate a 
salad several months ago and haven’t 
been hungry since.  Instead, you decide 
to spread nude outside, Harkness style, 
soaking up the sun’s rays.  You’ve been 
doing this every day and are quite con-

tent with your seemingly anorexic lifestyle.
Meet Elysia chlorotica, our sunbathing sea-slug relative 500 million 

years removed.& It spends its larva-hood feeding on plankton and marine 
animalcules and soon matures into an elegant wingèd sea-slug.& !e slug 
then becomes "t for Fairkid; it eats an exclusive diet of hair-thin algae, 
consuming it by meticulously sucking out the contents of each cell.

!is gentle slurping keeps the algal cells’ light-harvesting chloro-
plasts intact. !e brown slugs stably incorporate the chloroplasts into 
their gut cells until they resemble a vomit-green undulating blanket.&!is 
is an incredible blanket though, because the slugs are able to harness the 
power of the chloroplasts to create food from CO2, water, and light.  
Now with their new intra-cellular inhabitants, mature green slugs spend 
most of their time swimming near the water’s surface basking in the sun.

What’s even more spectacular about these slugs is that they steal 
genes from the alga’s DNA in order to make this whole system work. !e 
slugs make proteins and chlorophyll with the stolen plant genes to help 
perpetuate the photosynthesis for months on end. !is is an example of 
horizontal gene transfer, when an organism incorporates genetic material 
from another organism aside from its parents.  

Would you consider the slug a free-loader? Well consider this: While 
the slugs gain a temporary free food voucher, the genes of the alga have 
hitched a ride in the slug’s genome.  !e lucky alga thereby ensures that 
its genetic material will continue to exist even if it never reproduces. !is 
is a profound case where the question can be posed:  Which organism is 
bene"tting the most from this arrangement?

Darrin Schultz

Kinship Between the Kingdoms
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n the early days of the homo sa-
piens, when our ancestors primar-
ily traveled in nomadic groups 
and hunted their own food, the 
individuals who were most likely 
to survive were those with more 
responsive stress systems. Overre-

acting to a rustle in the bush and passing up 
potential food was better than walking into 
a predator — opportunities are somewhat 
more difficult to come by when you’re dead. 
There were certain survival strategies that 
proved to be especially advantageous, such 
as maintaining environmental and social sta-
bility. Those individuals whose brains trig-
gered an unpleasant red alert when they did 
not follow these strategies were more likely 
to correct their behavior, thereby increasing 
their chances of surviving and reproducing. 
Thus, over the course of thousands of years, 
the stress response evolved to warn an animal 
that a threat was present in the environment, 
and to produce changes in body function 
that would give him the best shot at weather-
ing the storm.

There are three general categories of 
stressors: acute physical, chronic physi-
cal, and chronic psychological/social. Acute 
physical stressors are threats that trigger the 
famous ‘fight-or-flight’ response: a rush of 

epinephrine, aka adrenaline, released by the 
adrenal glands that rest on top of your kid-
neys. Crossing the street and almost getting 
flattened by a coked-out motorcyclist would 
provoke an acute physical stress response. A 
chronic physical stressor puts direct strain 
on your body, but occurs over a much long-
er time period — a famine or drought, for 
example. A chronic psychological/social 
stressor cannot physically harm you, but is 
still perceived as undesirable — or even pain-
ful — stimulus. A boss who’s in serious need 
of anger management therapy and constantly 
criticizes you is a good example of a chronic 
psychological stressor.

*  *  *
One of the major issues with the body’s 

stress response is that your brain is not very 
good at distinguishing between these dif-
ferent stressors, particularly chronic physi-
cal and chronic psychological; it reacts in a 
similar fashion whether you’re going hungry 
or writing three dissertations on Anna Ka-
renina. Our chronic stress response evolved 
to be excellent at coping with physical stress-
ors because the more commonly encountered 
threats to our primate ancestors were a) not 
having enough food, water, or shelter, and 
b) physical attack. In the midst of a fam-
ine, the body had to be able to switch into 

a long-term operational mode that allowed 
it to divert energy to only the most neces-
sary biological functions, like providing food 
for the brain. In the case of physical attack, 
your body had to function at top capacity 
for hours at a time. While the modern hu-
man body is still equipped to deal well with 
these physical stressors, its responses are not 
always appropriate to cope with chronic 
psychological stressors.  Diverting attention  
from building new bone makes sense when 
you need all your energy to fight a war, but 
not when you’re in the middle of finals week. 
Stress can become chronic when psychologi-
cal stressors crop up more frequently than 
physical stressors, as they do in some parts 
of the world today, because the brain reacts 
to these perceived threats in the same way it 
would react to physical threats.

The long-term stress response in humans 
involves a class of steroid hormones known as 
glucocorticoids, the most important of which 
is cortisol. Glucocorticoids are secreted by 
the adrenal cortex, the outside ‘rind’ of the 
adrenal gland. Cortisol changes how your 
body functions by affecting which DNA gets 
transcribed into mRNA in your cells, thereby 
controlling which proteins and other gene 
products your body creates. It is released in 
response to all three types of stressor, but 

CHRONIC STRESS

Every time you’ve gone a full day without eating until dinner, had three tests on the same day, been barraged by seemingly endless 
bills, or been chased down by a pride of ravenous lions, your brain has reacted by secreting hormones that tell your body to kick it up 
a gear. While stress can sometimes be a useful motivator in the short-term — e.g. running away from an out-of-control car or crank-
ing a paper out the night before it’s due — in the long-term, chronic stress can have detrimental e"ects on both your body and mind.

By Lizzie Roberts

I
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its effects and duration of secretion vary ac-
cording to the situation. Its changes might 
only last for fifteen minutes during an acute 
physical stressor, while a chronic psychologi-
cal stressor may cause alterations that endure 
for years. By comparison, the effects of the 
“fight or flight” response usually stick around 
only a few minutes. 

Your body’s responses to cortisol aren’t 
entirely detrimental; in fact, glucocorticoids 
are extremely important for maintaining the 
homeostasis of several crucial systems in the 
body. For example, cortisol is secreted daily 
by your brain shortly before you wake up, 
and continues to be secreted after you get out 
of bed in order to provide you with a pre-
breakfast energy boost. The danger of gluco-
corticoids is when your body fails to recog-
nize a period of stress is over, and continues 
to divert its attention to coping with an ad-
versarial environment. Your body continues 
to release glucocorticoids, and over time the 
hormones begin to have adverse effects.

One of the biggest dangers of glucocor-
ticoids is that at high, chronic levels they can 
actually cause damage to their own regula-
tory systems. The hippocampus, a region 
of the brain crucial for memory formation 
and stuffed with glucocorticoid receptors, 
normally exerts negative feedback on the 
production of glucocorticoids. When the 
hippocampus is inundated with cortisol, it 
sends a signal to the hypothalamus to stop 
producing the corticotropin-releasing hor-
mone (CRH) that stimulates glucocorticoid 
production. Long-term exposure can eventu-
ally cause damage to hippocampal neurons. 
Thus, the longer you remain clamped in the 
iron jaws of chronic stress, the greater the 
possibility that your ability to manage that 
stress will be impeded.

*  *  *
So what can you do to reduce your glu-

cocorticoid levels during times of stress? 
A number of studies have been conducted 
with humans and non-humans to determine 
which factors mitigate the volume of gluco-
corticoids released in reaction to a stressor.

Firstly, even if you don’t have full con-
trol over a situation, finding something that 
makes you feel like you have some leverage 
may reduce your anxiety. A perceived sense 
of control over the stressor appears to cor-
relate with significantly lower glucocorticoid 
release in rats, dogs, primates, and humans 
(e.g. being able to press a button to avert un-
pleasant stimuli). Loss of this control elicits a 
rise in glucocorticoid levels.

Along the same vein, if you can identify 
any signal which indicates the end of a stress-

ful time, or learn to recognize what kinds of 
incidents tend to trigger your anxiety, you 
may find it easier to relax during times when 
neither indicator is present. A decreased glu-
cocorticoid response is noted if a rat is able 
to predict the onset or termination of a mild 
electrical shock. Examples of this include 
reminding yourself that you can take a long 
nap once this test is over with, or recognizing 
that public speaking makes you want to curl 
up in the fetal position, and mentally prepar-
ing yourself for your body’s reaction.

Making sure you spend enough time with 
close friends and family can also be benefi-
cial. Having a set of protective relationships 
has been shown to be an extremely effective 
modulator of the stress response, particu-
larly in primates and humans.  Additionally, 
having an outlet for frustration — such as 
exercise — has been shown to decrease glu-
cocorticoid levels in rats, dogs, primates, and 
humans. Some studies have shown that ani-

mals under stress without proper frustration 
outlets are more likely to seek out a third 
party to exert aggression against.

Try to cultivate a positive outlook on 
whatever situation you find yourself in. 
There is a chemical basis for the usefulness 
of optimism: a larger stress response is ob-
served in primates and human volunteers 
who believe that a situation is getting worse, 
as opposed to improving. Human parents 
whose children were in cancer remission with 
a 75% chance of surviving had near-normal 
glucocorticoid levels — an unexpected phe-
nomenon possibly explained by the fact that 
not too long ago, that survival rate had been 
significantly lower.

The substances you consume can also 
have an effect on your mood and stress levels. 
Excitatory substances, such as caffeine, have 
been shown to increase human glucocorti-
coid levels. Constant high blood sugar can 
be wearing on the hippocampus in the long 
term; avoiding sugary drinks, excess bread, 
and cookies can help mitigate this response. 
Consuming omega-3 fatty acids (present in 
fish oils) may promote neuronal growth and 
mood elevation. One study has even suggest-

ed that eating comfort foods reduces gluco-
corticoid levels by a small amount.

Finally, meditation can be an excellent 
way to alleviate the stress response. Recent 
studies have shown that it can actually have 
physical effects on brain structure. Regular 
meditation has been shown to increase grey 
matter in the hippocampus, and prefrontal 
cortex. It improves psychological functions 
associated with cortical regions, such as at-
tention, compassion, and empathy. Medita-
tion additionally increases activity in the left 
frontal cortex (associated with mood lifting), 
decreases cortisol levels, strengthens the im-
mune system, and positively affects a num-
ber of conditions (including cardiovascular 
disease, type II diabetes, PMS, chronic pain, 
insomnia, and anxiety). Meditation can be 
undertaken in many different ways — sit-
ting, standing, even walking or swimming. 
The best results are obtained by keeping a 
daily practice, whether for one minute before 
bed or an hour in the morning.

Everybody’s stress response is differ-
ent. A person’s anxiety levels rely on many 
more factors than how many glucocorticoids 
their kidneys secrete — mood and personal-
ity are extraordinarily complex phenomena 
that arise from the interactions between your 
entire brain and your entire body. However, 
there is an observed correlation between high 
glucocorticoid levels and high anxiety levels, 
and it is worth understanding how this sys-
tem works in the hopes of learning how to 
consciously regulate it. Whether or not you 
believe in a higher power or human soul, it 
is undeniable that the mind and the body are 
intrinsically linked to one another. Putting 
any extraneous substance into your body can 
cause a change in your mental state, whether 
it’s the buzz of a sugar high or the rush of 
an ecstasy tablet. Why should endogenous 
chemicals be any different?

*  *  *
We are not invincible beings, and our 

brains are always developing new connec-
tions and withering away old ones. These 
fleshy, wrinkled blobs retain a remarkable 
capacity to change themselves throughout 
adulthood, for better or worse. We must take 
that ability seriously, and understand that the 
way we treat our bodies and minds now may 
have unforeseeable consequences down the 
road. Though we all have many responsibili-
ties to juggle, it is worthwhile to take time 
out of our busy schedules to relax, play, and 
remind our wearied brains that many of these 
perceived threats are just that: perceptions, 
unable to cause us real physical harm.

Diverting attention from 
building new bone makes 
sense when you need all 
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Hypothalamus receives signal from brain to release CRH onto the
pituitary, which releases ACTH into bloodstream, which triggers
release of cortisol from adrenal gland.

Immune cells rush to areas
of injury. Reduced levels of
chemicals that cause
in!ammation and
pain.

Hippocampus receives increased glucose and
oxygen levels, resulting in enhanced and
vivid memory formation.

Adrenal gland synthesizes
cortisol when signaled
by ACTH. Also secretes
epinephrine and norepinephrine
on signal from parasympathetic
nervous system.

Heart and breathing rates
spike as cortisol enhances
        the e"ects of
         epinephrine and
        norepinephrine.

Acute stressors
lead to temporarily
increased immune
function.

Entire gastrointestinal system
put on hold as energy is rerouted
to muscles and brain.

Increased synthesis of glucose and
breakdown of glycogen in liver. Liver
releases large quantities of glucose
into blood.

Increased blood glucose
levels provide energy for brain.

The short-term e!ects of cortisol

~0-30 minutes
In response to acute physical stressor, e.g. bungee jumping,
car accident.

Cortisol enhances function of
epinephrine and norepinephrine by
decreasing their rate of breakdown,
and increasing # of receptors and
synthesizing enzymes. Body becomes
more sensitive to (nor)epinephrine.



19DECEMBER 2011

Synthesis of gonadotropin releasing hormone inhibited in
hypothalamus, leading to reduced sex drive.

Blood glucose levels return to normal
or subnormal concentrations.

Cortisol inhibits glucose uptake into hippocampal neurons,
increases intracellular calcium concentration, reduces levels
of neurotrophins that keep cells healthy. These conditions can
result in cell death. Can potentially lead to trouble creating new
and accessing old memories, di!culty paying attention for
extended periods of time, and shrinking of the hippocampus.

Damaged hippocampus is
less e"ective at inhibiting
glucocorticoid production,
potentially resulting in
chronically high cortisol levels.

Keep in mind that the studies supporting some of these conclusions are not de#nitive, particularly those concerning e"ects on the hippocampus.
None of these e"ects have been shown to be irreversible, and many are still being subjected to heavy scrutiny and require further
experimentation.

Increased fat breakdown
to provide energy for
body in form
of ATP.

Muscle weakening occurs as
proteins in muscles are broken
down into amino acids, and synthesis
of new proteins is inhibited.

Amino acids, the building
blocks of proteins, redirected to
the liver for conversion into
glucose.

Gastrointestinal system continues
to be inhibited, manifesting as
general loss of appetite*.

Immune system inhibited to prevent development
of autoimmune disorders; can result in low white
blood cell count and atrophy of the lymph system
(immune system). Ability to #ght o" illness is
impaired.

Building of bone is inhibited as energy
is redirected to more biologically crucial
functions. Can lead to bone fragility and
osteoporosis.

*One theory about so-called “stress eating” is that the brain is trying to activate the ‘reward pathway’ associated with pleasurable stimuli,
i.e. CHOCOLATE.

The long-term
e!ects of cortisol

After ~30 minutes
In response to chronic psychological/physical stressor (weeks to
years).
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If you’re reading this in Oberlin, chances are you’re seeing low-rise 
collegiate buildings, paved pathways through grassy quads, a few 
sleep-deprived students, and a distinctly flat Ohio terrain. 

But it didn’t always look like this; we’re only seeing a snippet 
of what this land has looked like throughout time; the briefest 
glimpse into the world that Oberlin has occupied. The Precambri-
an rocks deep beneath our feet formed approximately two billion 
years ago — Oberlin is old.

It’s difficult for our human brains to conceptualize anything 
much older than our grandparents, but understanding Earth’s ex-
panse of time is important, and not just for geologists. If you’re 
someone who occasionally wonders about your place in the world  
— as most Oberlin students probably do — then understanding 
what happened before we got here can provide a new context for 
your own life and philosophies.

Geologists often use analogies to conceptualize the miniscule 
amount of time that Homo sapiens has walked the planet — about 
200,000 years. Sounds like a long time, right? Well, if you spread 
your arms to represent Earth’s history, and someone came by and 
swiped a nail file at your middle fingernail, then you have entirely 
erased the entire existence of mankind. Similarly, if we turned the 
evolution of land and sea on Earth into a 3-hour long stop-motion 
film, we sleep-deprived students would only appear in the last 
half-second. That’s how much has happened before we arrived.

Let’s start from the beginning. &
Four and a half billion years ago, the Earth formed as one of 

four terrestrial planets in our solar system, at what happened to be 
the perfect distance from the Sun — 92,935,700 miles — to es-
tablish an atmosphere, liquid water, and eventually life. Scientists 
call this the “habitable zone”, a spot in the universe that can sup-
port life due to a delicate combination of factors, including planet 
size, the size of the Sun, position relative to the Sun, and position 
within the galaxy. 

Despite Earth’s highly habitable features, however, life took its 
sweet time to arrive. For approximately a billion years, the green 

grassy fields and swimming fish in salty oceans were absent. In-
stead, it was volcanoes, asteroids, mountain-making continental 
collisions, and a thick carbon dioxide and methane atmosphere 
which dominated the planet. The skies were hazy, and the Sun 
dim. If we had tried to wander through ancient Earth, we would 
have been asphyxiated in a matter of minutes, or pummeled by the 
frequent asteroid impacts or volcanic eruptions.

Not all life forms are as delicate as ours, however. About 3.5 
billion years ago, when the frequent asteroid impacts abated, signs 
of life emerged in the form of single-celled Archaea bacteria. Bi-
zarre in their characteristics and metabolism, Archaea utilized 
nasty chemicals like methane and hydrogen sulfide for energy, and 
could have been found anywhere from extremely hot hydrother-
mal vents in the oceans to anoxic muds in salt marshes. Today, 
they can still be found in a multitude of environments, including 
(somewhat unfortunately) the digestive tracts of mammals.

For 800 million years, these Archaea organisms were the only 
living things on Earth. They took in methane, expelled carbon di-
oxide, and the Earth kept turning. It wasn’t until 2.7 billion years 
ago (almost a full 2 billion years after Earth’s formation) that a 
new and more complex form of metabolism arrived: photosynthe-
sis. Single-celled prokaryotes called cyanobacteria appeared in the 
oceans, and, like algae, took in carbon dioxide for energy, releas-
ing free oxygen in the process. As simple as this chemical reaction 
sounds, we have yet to find it anywhere else in the universe, and 
it proved to be a vital catalyst for evolution. After a few hundred 
million years of photosynthesizing, cyanobacteria made oxygen a 
major component of the atmosphere; oxygen today composes 21% 
of it, as compared to zero percent in early Earth. For all the worry-
ing we do over carbon dioxide levels rising, they used to be much 
higher. Ancient Earth probably had 10 to 200 times more carbon 
dioxide than the present level, a mere 0.039% of the atmosphere. 

Take a deep breath. Feel more relaxed? These cyanobacteria, in 
the process of living, gave us the air we now breathe.

For approximately two billion years, these tiny, single-celled 
prokaryotes took the stage as Earth’s most complex and sophisti-
cated organisms. Not a bad run. But with the buildup of oxygen 

Take a moment to look around 
you. What do you see?

By Paris Achenbach

IT’S ABOUT

TIME
( g e o l o g i c a l )
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in the atmosphere, a more complex organ-
ism eventually evolved. Still single-celled 
but distinguished from the prokaryotes by 
their defined nucleus, eukaryotes also had 
more complex DNA and a larger collection 
of organelles (a cell’s “little organs”, such as 
the mitochondria or nucleus). It was a leap 
in evolution for microbial life.

While cyanobacteria oxidized the at-
mosphere and the Earth teemed with mi-
crobes, the rest of the planet remained in 
constant motion. Continents collided and 
broke apart, glaciers capped the Earth 
and then melted away, pressurized crust 
formed magma and spewed from volcanoes. 
Changes of extreme magnitude affected the 
Earth — and yet, there was still no green. 
A&single blade of grass had yet to rest atop 
a mountain. The planet continued to trans-
form, but evolution had slowed, with the 

thriving bacteria as the only form of life.
As Earth’s four-billionth birthday ap-

proached, evolution began to speed up 
again. For the first time, life had multiple 
cells, as worm-like organisms started ap-
pearing on the ocean floor. Scientists don’t 
know what exactly sparked this evolution 
— perhaps an internal trend towards com-
plexity — but gradually, over the next few 
hundred million years, these multi-cellular 
organisms evolved into mollusks, trilobites, 
fish, corals, and crustaceans. Dry land was 
bare throughout much of this, until about 
440 million years ago, when plants and 
bugs finally starting appearing on the bar-
ren lands. Amphibians appeared about a 
hundred million years after them. And di-
nosaurs appeared about a hundred million 
years after that.

As for humans? It wasn’t until dino-
saurs had roamed the Earth for about 160 
million years and gone extinct that small 
mammals took over and evolved into a 
multitude of species. Even then, it took 
millions of years more for Homo erectus 
to evolve from chimpanzees. Finally, hu-
man civilization — with inventions, mi-
gration patterns, and evidence of a written 
language — appeared about 10,000 years 
ago. Greek philosophers like Socrates didn’t 
ponder the meaning of morality until about 
7,500 years later. &A couple millenia passed 
before Leonardo da Vinci painted the 
Mona Lisa. Still to come, a good two and 
a half centuries later, America would estab-
lish its independence from Britain and be-
come the United States. In the early 1800s, 
a small liberal arts college called Ober-
lin was founded (in northern Ohio, of all 
places); houses began using artificial lights 
and coal-burning furnaces. Several decades 
later, in 1969, humans actually left planet 
Earth to walk on its orbiting neighbor, the 
Moon, and less than 20 years after that, a 
new “being” in itself emerged: the World 
Wide Web.

Life has taken its sweet time. And we’ve 
been here for almost none of it.

& So why bother with all this, anyway? 
It’s pretty darn impossible to be aware of 

this massive comprehension of time and 
space while we stroll through Tappan 
Square. We can know these facts, but we 
can’t fully grasp them. Humans tend to 
measure time relative to their own lives. 
Tomorrow is soon. A decade is far away. 
Retirement is not even fathomable. Simi-
larly, the ant crawling between the sidewalk 
cracks is almost microscopic, and that giant 
oak tree in the northwestern corner of Tap-
pan is tall, too tall to climb (well, for most 
of us Obies, anyway). We humans fall right 
about in between. Only when we look up 
at the stars, and try to imagine all the space 
between us and the Big Dipper’s handle, do 
we have a sense that we, too, could be con-
sidered ants roaming through anthills.

This notion — that we are so small and 
insignificant in the grand expanse of time 
and space — can be immensely distressing. 
It can also be oddly comforting, depend-
ing on how you look at it. The reality of 
the situation is that ice caps come and go, 
species dominate the planet and then go ex-
tinct, and the Earth keeps turning. What is 
the point, we may wonder, of working so 
hard in school, living for hours and hours 
in Mudd library, and eventually trying to 
make a difference, if we’re insignificant in 
the grand scheme of things? Should we just 
live hedonistically, purely for pleasure, ac-
cept the world for what it is, and not try to 
fight it?

This is certainly the way some people 
look at it, but as tempting as it may be, it 
doesn’t really seem right. When you think 
about how long the world has been here 
without anything as complex as even a sin-
gle blade of grass, it puts into perspective 
how long it has taken for a society such as 
ours to emerge — billions and billions of 
years. We’re looking at a fantastic result of 
long-lasting evolution, with a species that 
can communicate, travel, learn, and love.

It’s a crapshoot, a miracle, or pure luck, 
or perhaps it’s all three; the world we’re see-
ing today has emerged from a barren planet 
in the cosmos. Every single one of us has 
one shot to appreciate this miracle. So let’s 
not waste it.

If you spread your arms to represent Earth’s 
history, and someone came by and swiped a 
nail !le at your middle !ngernail, then you 
have entirely erased the existence of mankind. ”

“
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Spotlight on Oberlin

umans are social beings. 
We are innately respon-
sive to those around us. 
Even infants turn their 
heads towards the sound 
of a human voice. Early 
in life, children begin to 

interact with other children outside the family; 
these new friendships are less intimate and safe 
than relationships at home, but they are essen-
tial for social development. Familial ties cannot 
substitute for the new friendships children make 
at school. Likewise, friends at school should not 
be a replacement for family members. 

!ink back to when you were eight or nine. 
Do you remember who your friends were? Does 
thinking about elementary school as a social ex-
perience bring about positive memories? Believe 
it or not, the friends we make in elementary 
school have a signi"cant impact on things like 
self-esteem and academic success; experiences 
with early friendships are also a good predic-
tor of delinquint behavior and social anxiety. 
Friends made early in life tend to have a greater 
in$uence on behavior, because young children 
are more likely to change the way they think 
and act in response to their peers. !is does not 
mean that friends cannot in$uence behavior in 
adolescence and adulthood, but the in$uence 
is signi"cantly weaker than that of friends in 
childhood. By adulthood most of us have devel-
oped a set of morals and values to live by, and 

are more willing to make decisions based on our 
own wants and needs.

Assistant Professor Travis Wilson, the new-
est addition to Oberlin College’s Psychology 
department, focuses his research on the e%ects 
of friend groups in elementary school students 
on academic success. More speci"cally, he ex-
amines ethnic and racial di%erences in the class-
room, social peer status (popularity), and seg-
regation patterns. In his 2011 study of 3rd and 
4th graders, Wilson and his researchers found 
that African-American children tended to seg-
regate from other races more often and were 
rated as less popular by children of other eth-
nicities, but only when the African-American 
children were the minority in the classroom. He 
also found that this segregation was positively 
associated with same-ethnicity social prefer-
ence. !is means that if children have a social 
preference for peers of their own race, they are 
more likely to spend their time with children of 
their own race than to integrate themselves with 
other ethnicities. !is might seem obvious, but 
it implies that when children segregate them-
selves by race, they are consciously acting on a 
preference with full knowledge of the outcome.

Observing children’s tendencies to segre-
gate themselves into peer groups helps us un-
derstand the way they socialize in the context 
of both race and academic prowess. Wilson’s 
"ndings are especially interesting because even 
at a young age, children are forming groups 

with other children like them, oftentimes based 
on skin color. !is is also true of academic dis-
tinctions: smarter kids start spending most of 
their time at school together once classes begin 
to be leveled in early middle school. !ese stu-
dents are put into classes which challenge even 
the highest achieving students. In response to 
the rigorous course load, these students tend to 
form a group and spend time together outside 
of the classroom on schoolwork. !is is one 
theory that explains why having more friends 
in elementary and middle school is signi"cantly 
associated with attaining higher grades. How-
ever, this is not to say that students in average-
level classes have fewer friends. Researchers 
clarify that students not in honors classes just 
spend less time on schoolwork and tend not to 
use their friends as academic resources. Obvi-
ously there are other factors involved in predict-
ing academic achievement, but friend groups 
and their in$uence over young students seems 
to be one of the strongest predictors of success 
at school.

Although the in$uence of friends declines 
with age, peers will always be important. How 
do you remember your early school years? !e 
memories may not be preserved perfecly in your 
mind, but the experience has left its mark. Re-
member this when you are raising your own 
children: good friend-making skills are useful 
for more than just creating an exciting social 
life.   

H
By Emily Neuho%
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Since joining Oberlin College in 1986, 
Professor Yolanda Cruz has taught a number of 
biology and health related courses.  Her current 
teaching assignments include a #rst year seminar, 
a health careers practicum, Intro Biology, Develop-
mental Biology, and Epigenetics.  Her main area 
of research focuses on marsupial reproduction and 
development.

I would like to know more about your re-
search and how you got into it. I understand 
you work with marsupial development?

I do. … I’m a closet evolutionary biologist. 
…  My particular favorite topic is how we can 
understand the common origin of animals, in 
particular mammals.  I started studying mouse 
embryos, and expanded into marsupial develop-
ment because, at my job at Oberlin, there is no 
way to compete with all the … bigger [mouse] 
labs. 

How does the embryonic development 
of marsupials di#er from that of other mam-
mals?  I know kangaroos give birth to under-
developed young who crawl into the pouch to 
fully develop.

!at is correct.  I’m going to call the two ma-
jor groups of mammals the marsupials and the 
placentals.  You and I are placentals, whereas kan-
garoos, wombats, and possums are all marsupials.  
Marsupial babies are born  immature — most 
of their development occurs outside the uterus. 

… !e animal I study is a Brazilian marsupial 
called the gray short-tailed opossum. … It doesn’t 
have a pouch; none of the New World [modern-
day Latin and South America] marsupials have 
pouches.  But, yes, their babies are born imma-
ture and they cling to their mothers’ teats until 
they are ready to jump o%.  So the fundamental 
di%erence is that although the basic embryonic 
development scheme is about the same between 
marsupials and placentals, the marsupials are 
born much earlier.

So it’s easier to study the embryonic de-
velopment?

Exactly. … As you might guess, at the genet-
ic level, we have a high degree of similarity, if not 
identity.  So if I wanted to study the development 
of, say, the liver or the heart, I would be better 
o% studying it in a marsupial.  !e embryos do 
not implant in the maternal uterus, so you can 
literally $ush them out.   My animal, for exam-
ple, is pregnant for about only fourteen days. … 
!e "rst six days are spent making the embryo 
become a beach-ball like entity called the blas-
tocyst.  !ere’s nothing there really…maybe 128 
cells.  !en some cell divisions occur, the cells re-
arrange themselves into layers, and between days 
12 and 13…you can practically see this thing 
become a baby in front of your eyes. ... All the 
organs, blood,  and muscles will form, and then 
whoosh, they’re born.

Do humans have a longer gestation period 
because we’re larger and more complex?

No, I don’t really think that.  !at’s not the 
reason for it; it actually has to do with … the 
physiological requirements of the embryo.  Pla-
cental embryos take longer to develop in utero.  
!ey are highly dependent on the mother.  But 
… the shortest gestation period known is the 
Australian marsupial, the dunnart — eleven and 
a half days. You could probably take out the em-
bryos on day nine and grow them in the right 
broth in a sterile dish and they wouldn’t be much 
di%erent from uterus-grown pups.

So, the way to understand this is to under-
stand the origin of mammals.  Mammals origi-
nated from an ancestral reptilian group. … Platy-
puses and Echidnas are members of a third group 
[of mammals], which lay eggs instead of bearing 
babies. It’s a very obscure group because they’re 
not found anywhere but Australia.  If … you did 
not label their embryos and asked me to look at 
them, I would tell you they were reptiles.  !ey 
do not look at all mammalian, not in the way we 
think of mammals.

Is the marsupial sort of in between the 
platypus and the placentals?

Not quite.  You can’t really say ‘in between’ 
because ‘in between’ would indicate that you  are 
arranging them in a hierarchy.

Continued on 24
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So, it’s more of an evolutionary tree.
It’s more like a branch. Suppose you and I 

were to imagine that there were all these reptiles 
a long time ago. !ere was one branch of rep-
tiles that spun o% and somehow became di%erent 
from the rest.  !at branch eventually diverged 
into three smaller branches.  !e "rst to spin 
o% was the ancestral group of today’s egg-laying 
mammals.  !e second branch stayed with the 
third for a while and then split o%. One of these 
more recent branches was the marsupial, the 
other was us [placentals].  We [placentals] have 
more in common with marsupials than marsupi-
als and placentals do with egg-laying mammals.  
But fundamentally we share some characteristics 
that de"ne us all as mammals — the hair, the 
mammary glands.

You know, the platypus actually makes milk 
and the babies, when they hatch out of the eggs, 
start lapping up the milk from mom’s belly skin.  
It’s the most bizarre thing.  !e milk dribbles out 
like sweat from glands — modi"ed sweat glands. 
…

I love these forms of organisms because … 
they are essentially extant fossils. What interests 
me is how related these animals are.  I like the fact 
we can now access genes.  !at’s the most exciting 
thing in my entire life as a biologist.

What research techniques do you use in 
your lab?

Several groups.  You could say molecular — 
we do a lot of looking for marker genes.  We also 
do cell biology techniques: immunochemistry,  
we can look at where genes are being expressed 
in an embryo. Molecular approaches, PCR, and 
things. We are still very visual, so we do a lot of 
imaging, confocal and light microscopy. A lot of 
staining. !at’s why I like developmental biology, 
because it straddles all of those levels of organiza-
tion. I like to see molecules and how they change 
organisms in a visual way. ... !at’s why I’m a bi-
ologist. I think organic chemistry is really great, 
but I want to see things move, and wake up, and 
have babies and do weird things, like make pee or 
poop or eat. !at’s just me.

 
What would your advice be to students in-

terested in going to graduate school and pur-
suing a career in research?

I would be remiss if I did not point out it is 
hard to get jobs these days. ... But let’s forget for 
a minute that that is the reality. My advice would 
be … to actually fall in love with the discipline 

you want to immerse yourself in. Keep in mind 
how long you are going to live.  Eighty-seven, 
eighty-four? How old are you? Nineteen? ... So 
if you go into a "eld of study because it will give 
you money or get you a job or something else, 
but doesn’t really hold your interest, you will not 
be a happy camper.  You want to "nd a … disci-
pline that you are excited to get into every single 
day.  In the worst day of the year, when it’s snow-
ing, but you want to go to work, that’s when you 
know you’ve got the right job.  

What made you choose to go into biology 
and research?

A series of total accidents. I was always in-
terested in science, but I didn’t know what kind 
of science until I was a junior [in college]. I was 
thinking about becoming a chem major, but then 
I became fascinated by biological systems.  My 

undergraduate degree is a Bachelor of Science in 
Agriculture. … I studied livestock, sugar cane, 
all kinds of crops, … and for me, the biologi-
cal aspect of everything was the most enticing, 
so I stayed in biology.  I just happened to have 
really fantastic teachers in a "eld you might laugh 
at — entomology. So I became an entomology 
major.  When I was doing my Master’s, I moved 
into genetics. And when I did my Ph.D. I moved 
back to entomology because I found a professor I 
fell in love with intellectually, and I wanted him 
to be my mentor for my Ph.D. I ended up do-
ing embryonic development in an obscure para-
sitic wasp about which essentially nothing was 
known.

Anyway, this is how I became interested in 
developmental biology. When I did my disserta-
tion, no one understood anything about these 
[wasps], so I thought, “I have to understand em-
bryonic development’. !at was 1982, Ronald 

Reagan was President, there wasn’t a lot of money 
to support postdocs and there happened to be 
an available postdoc [position] in California … 
[involving] mouse embryonic development. I 
knew nothing about mice. I signed up for it, and 
I guess I never looked back.

How did you end up at Oberlin?
Well, after four years of being a post-doc, 

you have to "nd a real job. Oberlin was one of 
the acceptances I had that year. … It is much less 
expensive to live in Ohio than in the other cities 
where I found jobs. And I am really not a party 
girl, so I didn’t mind living in a small town. Also, 
at the time I had been divorced from my "rst hus-
band, and I had a seven-year-old to care for, so I 
needed to be in a place where I could not only 
build a career but also raise my kid.  !ere’s a lot 
of personal stu% that goes into choosing where 
you end up. It was a whole series of little events. 

I guess you love it, because you’re willing 
to come out in the snow and the cold.

I do! I guess I love teaching in equal measure.

One more question: What are your inter-
ests and hobbies outside of academia?

I … travel a lot. I have one more continent to 
go: Antarctica. I’m saving for it.  … [Traveling] is 
my one remaining vice. I like seeing places, I like 
doing things that challenge me.  For example, last 
summer I climbed Kilimanjaro. I’ve paraglided in 
New Zealand, I’ve hiked in Australia. I think it’s 
the coolest thing ever, and I’m very happy I can 
still do that. …

I took the train once from Adelaide to Perth, 
nearly three days’ ride, and there was nothing out 
there except for desert and sky. !at really taught 
me a lot about sustainability — I was told that 
that part of Australia has been continuously oc-
cupied for 40,000 years by Australian aborigines, 
but you never see them because there are so few.  
!e land is so stark. !ese people don’t build cit-
ies, they don’t farm, they don’t have houses. !ey 
go where the rains go.  And perhaps that’s the way 
to keep life on the planet sustainable.  Sitting in 
the train for two days taught me something; I was 
saying to myself, “I don’t believe there’s nothing 
here.”

"ank you so much for letting me inter-
view you.

My pleasure.

“What interests me is how related 
these animals are.  I like the fact we 

most exciting thing in my entire life 
as a biologist. ”

Continued from 24
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Mike Rauscher, lovingly AKA Mike on a 
Bike, is an old friend and recent Biology-Neu-
roscience-Philosophy triple-major graduate from 
Oberlin College. He and I have long shared an 
a$nity for space travel and Cold War-era nu-
clear technology. His Mountain Dew-fueled 
sagacity is on tap nearly 24/7, and is a prized 
resource I consult only when trying to philosophi-
cally cornhole people who believe in normativity. 
He managed to set aside some time to tell me a 
little bit about the Orion Project.

Okay, so Mike. You graduated from 
Oberlin?

Yeah, just this spring, and I’m a laboratory 
technician, and I’m applying to graduate school, 
and stu% that has absolutely nothing to do with 
rockets or space travel, that’s just a hobby of 
mine. It wasn’t so long ago when space was the 
main attraction [in popular science].

Why don’t you give me a synopsis of 
Project Orion and when was it started?

!is is a very brief period between 1959 
and 1964.  It was a study which was commis-
sioned by the U.S. government in the hazy 
concoction of NASA, the military, and other 
facets of the state to look into making a space-
ship powered by nuclear bombs. Which is 
pretty metal, actually.

Give me a little summary of the me-
chanical function of that.

A rocket works because you have mass; 
you don’t have anything to push against be-
cause you’re in space and it’s a vacuum. In or-
der to move in a vacuum, you need to expel 
mass; you throw mass in one direction, and 
[the rocket] goes in the opposite direction.  
!ere are two parameters that are important 
to how well your rocket works:

 
1) How much mass you’re throwing away 

at once — your thrust, or how much force 
you’re expelling.          

  
2) How fast you’re throwing it away, which 

is more important as far as “gas mileage”. So, 
for a given unit of mass, the more speed you 
get throwing it away from you, the better.

Well, nuclear bombs have lots of energy in 
one convenient place. Fusion reactions release 
titanic amounts of energy for very little mass 
compared to chemical reactions.

So it’s very fuel-e$cient.
And [nuclear fusion] has lots of force. To-

day we’re kind of stuck [with] chemical rockets, 
and the amount of force they’re putting out 
is [equivalent to] a penny’s weight in Earth’s 
gravity.

So what was the impulse for using 
bomb — how NASA was drawing up the 
Orion craft?

!e impetus for the Orion was basically to 
power it with nuclear bombs because we don’t 
have fusion. … So the solution is to make a 
really, really heavy spaceship and have just a 
thousand-ton steel plate [for the bombs] to 
push against.

!ere are two problems with our "recrack-
er-under-a-tin-can rocket: ["rstly], you’re put-
ting a bunch of energy in one place, but only 
about "ve percent of the tremendous explo-

sive power of a nuke is going into moving the 
pusher plate, and secondly, that [explosion is] 
pretty discrete and instantaneous, so it would 
snap the necks of [anyone in the rocket] before 
tumbling into a thousand-g spin and killing 
everyone [on the ground]. … !e acceleration 
problem was "xed by putting giant shock ab-
sorbers on [the Orion], like shocks on a bike. 
… !e major innovation was what’s known as 
a nuclear shaped charge, which enables you to 
go from [using] #ve percent to eighty-#ve per-
cent of the force of your nuclear bomb push-
ing against the pusher plate.

A fusion bomb goes o%, and you get the 
whole electromagnetic spectrum released. 
And a lot of that is X-rays. You surround that 
bomb in something that is opaque to X-rays 
except for a little slit on top, and that shunts 
the X-rays up and vaporizes a plate of some 
sort of material, and that [vaporization is] 
what pushes the pusher plate. So there are two 
factors here: the atomic weight of that [pusher 
plate], for one; and [secondly] … if [the plate 
of vaporized material is] pancake-shaped, dy-
namical drag on the edges of the pancake as it’s 
incinerated will cause a narrower cigar-shaped 
cone of blast. If that plate of material is cigar-
shaped, [the cone of blast will] widen out — 
the way the forces penetrate [the cigar-shaped 
plate of material] causes an asymmetrical ex-
plosion.

!e engineers worked out that these 
shaped nuclear charges would certainly work 
… and they worked out that as crazy as ... 
blowing up nuclear bombs behind a spaceship 
to propel it to titanic velocities [sounds], the 
simple studies suggested that you could be at 
Saturn in a hundred days.

Oh, s***. For reference, let’s say you 
had a really big-a** supercharged chemical 
rocket — how long would that take?

Well, if you lifted the [newest] NASA de-
signs … [that] we haven’t actually built yet…
out of the PowerPoint presentation and put 
them into space … that would still take a year 
or two in just one-way transit. !e probes 
we’ve sent to Saturn [in the past] have taken 
ten years. 

!e engineers on the [Orion] had the slo-
gan “Saturn by 1968.” And we landed on the 
moon in 1969.

Mike Got a Bigger Bike: Mike Rauscher On Nuclear Space Travel
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Jay Mejia is a senior Neuroscience major 
hailing from Texas. When he is not performing 
ovariectomies on rats or tackling someone on the 
rugby #eld, he can usually be found in the Love 
Lounge with a gang of fellow brain-enthusiasts. 
If you have ever had the opportunity to speak 
with him you will notice that he has an unusual 
obsession with bipolar disorder. Regardless of the 
conversation topic he will #nd a way to slip in a 
bipolar fun fact. We sat down with Jay to learn a 
little more about his obsession.

Why do you !nd bipolar disorder so in-
teresting?

Something that was thought to be 100% 
psychological is being found to be neurologi-
cal. It even breaks some of biology’s rules — like 
it’s not genetic, it’s epigenetic. I think that if we 
start looking at things in their epigenetic lens, 
so many diseases that we thought were incur-
able are going to turn out to be some pretty cool 
sh*t.

Are there any new !ndings related to bi-
polar disorder that you are especially excited 
about?

So you know what candidate genes are? 
!ey are like susceptibility genes. If the gene 
is mutated then you will usually get the disease 
and they have found some for bipolar disorder. 
!ey are always "nding more of them. . . But 
what they are  "nding out is that there are peo-
ple that have those mutations but are never de-
veloping bipolar disorder.

What are you going to do with all this in-
formation you have stockpiled?

!ere isn’t a lot known about bipolar. !ere 
are zero theories about how it is developed, ex-
cept for one that was made in the seventies... 
My "nal goal would be to come up with or help 
generate a new theory or a new model of how 
bipolar disorder came about.

So if that is the long-term goal, what is 
the !rst step?

I want to come up with a meta-analysis over 
the years, because I read all these papers from 
everywhere, and if you start taking stu% from 
here, here or here it all starts making sense. But 
no one has actually done that, no one has said 
“oh this makes sense because of this this and 
this.” So my main goal is just to write the paper.

You are currently working in Professor 
"ornton’s lab. What have you learned from 
lab work?

It has made me really anal about the details 
because [Professor !ornton] is very focused on 
the minutiae of every experiment. … !ere is a 
mistake everywhere and she will "nd it.

What was your proudest lab moment?
Once we had just "nished doing a sh*tload 

of things, it took from noon until six and then 
I went straight to start some other experiment 
and Professor !ornton asked me, “What are 
you doing?” and I said, “I need to do this and 
this,” and she said you worked hard enough to-
day you should go home. !at was my proudest 
lab moment

Obviously you are really passionate about 
science. Where did this come from?

Bill Nye the Science Guy, obviously. My dad 
wasn’t around much when I was little so all I’d 
do was watch TV and I’d only watch between 
this hour and this hour and that was when !e 
Magic School Bus and Bill Nye the Science Guy 
and all these other cool shows about science 
were on.

You are graduating this year, have you 
started thinking about where you are headed?

Well, hopefully I’ll work with someone in 
Boston or the NIMH (National Institute of 
Mental Health), just contribute and do some re-
search at the cellular level and then maybe med-
school... anywhere but Texas or Ohio.

So would you want to be a mental health 
doctor?

No, I want to be neurologist or a neuro-
surgeon or something. I have no real prefer-
ence what kind of patient I work with, but kids 
would be cool.

"anks for letting me interview you.
No problem.

Interview by Hillary Mullan

So, how did the program end?
!ere were a few problems with the pro-

gram. One was that it was great once you 
got it into space, but getting it up there in 
the "rst place was a problem. … !e easiest 
way was actually to just, you know, light it 
o% on the ground, which is great except for 
the blowing up of a giant stack of nuclear 
bombs.

!e best single summation I’ve ever 
heard of the program was that it was de-
signed in a time when automobiles had tail 
"ns but not seat belts. … Statistically, if you 
lifted it o%  the ground, during each launch 
you’d probably cause ten or twenty deaths 
[due to radiation poisoning]. … But that’s 
not the reason the whole thing was shut 
down.

Oh, what was that?
!e military was paying for this, and 

the shaped-charge idea made its way around. 
You know how I said that if the material is 
lighter, the cone [of blast] is tighter, right? 
Well, that’s basically just a giant death ray. 
So instead of a cone pushing on a plate of va-
porized tungsten from a couple meters back, 
it’s just a tremendous plume of "ery atomic 
death that can just light up in low earth or-
bit and totally, you know, vaporize a Soviet 
military facility.

So part of the reason that they stopped 
thinking about Project Orion was that 
they found out nuclear lasers were more 
interesting.

Well, yeah!

So where was the real dead-end of the 
program?

Apparently there was a scale model 
made of this and they showed it to JFK. And 
as soon as he sees the thing and hears the 
explanation, he just $ips the f*** out, walks 
out of the room, and cans funding for the 
entire project.

"anks so much for telling me about 
this!

No problem, comrade.

Interview by Quinton Steele

Jay Mejia on 

Bipolar Disorder
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The mammalian limbic system is a 
group of brain structures involved in mem-
ory formation and emotion processing. The 
amygdala, a component of this system, co-
ordinates stress responses. The amygdala 
can be split into three main divisions: the 
basolateral (BLA), medial (MeA), and cen-
tral (CeA) nuclei. Although these divisions 
are seen across tetrapods, researchers have 
yet to determine if they are also present 
in evolutionary ancestors of the tetrapods  
(four-limbed vertebrates).

My research will use tract-tracing to ex-
amine the connectivity of a potential homo-
logue (structural equivalent) of the CeA in a 
teleost fish, the goldfish. Teleosts share their 
most recent common ancestor with tetra-
pods, thereby serving as a model for inves-
tigating tetrapod amygdalar origins. Previ-
ous studies advocate a teleostean homologue 
of the BLA, but homologues for the CeA 
and MeA remain unidentified. Should the 
structure I examine demonstrate connec-
tions similar to the mammalian CeA, these 
findings will suggest that teleosts possess 
the same basic amygdalar divisions seen in 
mammals. Determining this limbic evolu-
tion may facilitate improved understanding 
of amygdalar roles (i.e. motor or sensory) in 
diseases such as Obsessive-Compulsive Dis-
order.

Evolution 
of the 
Amygdala

Schizophrenia is a severe mental illness char-
acterized by a constellation of symptoms. &While 
a number of e%ective treatments for schizophrenia 
have been discovered, they only target the disease’s 
positive symptoms (e.g. hallucinations and delu-
sions) and negative symptoms (e.g. $at a%ect).&  
Even the newest commercially available antipsy-
chotics are unable to treat the cognitive symptoms 
of the disease (e.g. impaired executive function, 
attention de"cits, and working memory dysfunc-
tion).

Recent work has linked this pathology to 
de"cits in inhibitory interneurons in the prefron-
tal cortex.&!ese a%ected interneurons are impor-
tant regulators of the timing and synchrony of 
neuronal "ring. !ey have been implicated in the 
maintenance of gamma band oscillations, which 
are the synchronized "ring of large neuronal net-
works at 30-80 Hz.&  Gamma band activity has 
been shown to be an important aspect of the 
maintenance of attention and working memory.& 
Notably, schizophrenics exhibit abnormalities in 
their gamma oscillations when given tests of their 
working memory.&

Recent evidence has suggested that the pri-
mary de"cit in these interneurons may involve hy-
pofunctional glutamic acid decarboxylase (GAD).& 
GAD is the enzyme responsible for synthesizing 
GABA in neurons.& For my project, I will be infus-
ing L-allyl glycine (LAG), a GAD inhibitor, into 
the medial prefrontal cortex of rats.&  I will then 
assess the rats’ attentional capabilities using the 
5-choice serial reaction time task (5CSRTT).&  I 
hypothesize that LAG administration will lead to 
performance de"cits in the 5CSRTT.

Cognition and 
Schizophrenia 

My research focuses on the neurological 
underpinnings of human decision-making 
through an EEG and computational modeling 
analysis. Speci"cally, I am looking at activity 
in the fronto-central midline electrodes (Ante-
rior Cingulate Cortex, Orbito-frontal Cortex) 
while participants make predictions in a com-
puterized task. !is work has implications for 
cheap and e#cient diagnosis of psychological 
disorders, which are characterized by altered 
circuitry in the brain areas examined in my 
research.

Human Decision 
Making

If interested in contributing 
to !e Synapse or responding 
to an article, please write to  

theoberlinsynapse@gmail.com Special thanks to Wendy Brill, Jan Cooper, and all the Oberlin College 
department heads and assistants who made this publication possible. 

New methods are being explored for synthe-
sizing samples of the cis,cis and trans,trans isomers 
of 1,4-di$uorobutadiene-1-d1.&  New methods 
depend on exchanging bromoethylene with ba-
sic D2O to give its 1-d1 isotopic species, a new 
process that has been con"rmed, and "nding a 
way to convert this material into $uoroethylene-
1-d1.& !e analysis of rotational structure observed 
in high-resolution IR spectra will give rotational 
constants that will contribute to determining an 
equilibrium (atoms at rest) structure for the two 
nonpolar isomers of 1,4-di$uorobutadiene.&  !e 
goal is to determine the in$uence of $uorine sub-
stitution on the CC bond lengths.

Fluorine on Carbon-
Carbon bond 
lengths
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/syn·apse/ noun the point at which a nervous impulse passes from one neuron to another

The Synapse is a relay point of science-related information with a twofold objective. First, we aim to stimulate 

campus interest in science by exposing students to its global relevance and contributions. Second, we strive to facilitate 

collaboration between members of the Oberlin College community, especially within the natural science departments. 


