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Ginger to the Rescue! 

S 
orne may only know of gin
ger, or Zingiber officinale, as a 
pungem and spicy flavor used 
in Asian cooking or the secret 
ingredient in grandma's des
sert. Astonishingly, this rooc 
has been used to cure ailments 

of all kinds since the 16th cencury. Ginger 
has been shown ro relieve nausea, intestinal 
problems, heart conditions. and the com
mon cold. Scientists are interested in gi n
ger because of the health value its unique 
chemistry offers. 

Growing from the ground in broad 
seems with green leaves, ginger contains 
an arsenal of chemical compounds. Over 
rhe last 25 years, laborarories across the 
globe have repeatedly confirmed ginger's 
an ri-i n flam matory properties. Compounds 
found in ginger and ocher anci-inflamma
tories prevent the unwanted symproms of 
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By Sesha Nandyal 

inflammation: vasodilacion, pain, and fe
ver. However, ginger is better than ocher 
anti-inflarnmaco ry drugs because it allows 
the beneficial components of our natural 
inflammatory response, namely the bind
ing and admittance of whi te blood cells 
co tissue. Scientists beUeve chac ch is could 
make ginger a superior option co pharma
ceutical drugs with fewer side effects and 
more therapeutic qualities. 

In addition co anci-inflammarory char
acteristics, ginger could play a key role in 
cancer trearmenc. Scientists of Yonsei Uni
vers ity in Sourh Korea found that another 
compound ginger contains, gingero l (a phe
nol), inhibi.ts the proliferation of human 
endothelial cel ls. While testing melanoma
injecred mice, chey found char giogcrol re
duced lLLng metastases (the spread of cancer 
co or through rhe lungs) without a deterio
ration in overall health. Moreover, Ta ipei 

-

Medical Universiry researchers have seen 
char gingerol can induce cell death in leu
kem ia cells grown in vitro. On rhe whole, 
chese smdies show that gingerol could be 
used co trear rumors and inhibit metastases 
in lung and ocher types of cancer. 

Afrer finding our about all of rhe great 
properties of ginger, should people ear as 
much ginger as rhey can stomach? More 
research needs co be done before conclud
ing that ginger is a viable cancer trearmenr 
or headache medicine. Ginger may inter
fere with b lood-thinning, diabetes, and 
blood pressure medications, so one should 
consul t bo can ically-informed heal th care 
professionals befo re supplementing wirh 
ginger. Ginger should not be ingested by 
persons wich heart conditions, bleeding 
disorders, or chose with super caste buds. 
Aside from these rare side effecrs, ginger is 
provi ng co be something co roor for. 6 

Appliance Science: 
Microwaves and Refrigerators 

By Lizzie Robercs 

Inside your refrigerator is a complex 
network of pipes fi lled with terrafluoroeth
ane, a chemical refrigeranr with a boiling 
point below freezing. A compressor makes 
up rhe basic machinery in your fridge; rwo 
secs of hear-exchanging pipes, a small throt
tling passageway, and a fan. The compressor 
pressurizes the gaseous refrigerant until it 
becomes a super-heated vapor. The refriger
ant loses hear as it passes rh rough external 
hear-excha nging coils, causing the vapor co 
condense into a liquid. The sl ighcly cooler 
liquid refrigerant is sucked through the ex
pansion valve, a region char separates rhe 
high-pressure area from rhe low-pressure 
area. This is where the compressor sucks rhe 
gaseous form of the refrigeranc our of rhe 
coils. The only thing hold ing the refrigerant 
back from insranrly returning ro its gaseous 
state is its high-pressure environmenc. Abouc 
half of the refrigeranc boi ls as soon as rhe hor 
liquid hits the low-pressure chamber, evapo-

raring and takh1g heat from che refr igerant 
char remains in liquid form. The half- liquid, 
half-vapor refrigerant is now considerably 
colder than room remperacure, and ir con
tinues ro evaporate as it t ravels through rhe 
coils, pulling even more hear from che air 

blown over che coils by a fan. T his cold ai r is 
circulated rh roughour the freezer and refrig
eracor. Eventually, the completely vaporized 
n:frigeranr recurns to rhe compressor, and che 
process begins all over again. A chermosrar 
makes sure rhe fridge does nor drop below 
che desired temperature by shutti ng off the 
compressor's cleccrici ty. 

What about the magical machine char 
hears up your leftover Chinese food at 4 
A.M. during fina ls? M icrowaves are a form 
of l ight, or eleccromagneric radiation, with 
a wavelength l 0,000 rimes longer than rhat 
of visible light. Imagine each photon, or par-

tide of elecrro magneric radiation, as a li crle 
packet of energy; the shorter the wavelength 
of the radiation, che more waves you can fir 
inro a/single packer and che greater rhe ener
gy of che photon. Tr jusr so happens chat che 
amou11 c of energy contained in each photon 
of a microwave is enough co cause molecules 
of waccr and far to rub up againsc one anoch
er, creating friction and heat energy. A mi
crowave releases streams of photons ac your 
food, and rhe friction created by che morion 
of water molecules causes your food ro hear 
up rapidly. A device known as a cavity mag
netron converts the high-voltage electrical 
power of the mach ine inco microwave radia
cion. The cavity magnecron works by 'blow
ing' electrons past cylindrical cavities, caus
ing resonant, high-frequency radio fie lds in 
rhe vacuous spaces - similar ro how blow
ing gencly over the mourh of an em pry boccie 
creates sound waves. The device is called a 
magnetron because ic uses a magnet to create 
a field rhar causes electrons in che magnetron 
ro spiral away from rhe pos itive electrode in 
the cenrer of rhe pipe-shaped device, 'sweep-· 
ing' chem across che openings of che cavi cies. 
A small meral rube chen shepherds che mi
crowaves into che cooking chamber, which is 
li ned with mesh squares coo small for the mi
crowaves co pence rare. T-his handy cube keeps 
you from cooking along wich your food. • 
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Quorum Sensing: A biological senso ry mech anism that allows organisms to detect population density and respond approp riately. 

Darrin Shultz 

What is smaller than dust and 
undetected when alone, buc, in large 
groups, puts on a light show more 
spectacular than all of che glow par
cies on Ease Lorain Street combined? 
Vibrio fischeri (pronounced fisher
eye), the bacterium, of course! 

These tiny flecks of life swim 
every ocean in solitude, feed ing off even more insignificant specks 
of dead fish flesh and whale poop. Seemingly boring, Vibrio fis
cheri are hoc commodi ties ro many marine organisms. Glowing 
fishes, squids, and corals all selectively recruit V fischeri co live 
temporarily in specialized organs in their bod ies. 

These fleshy homes provide the bacteria with nutrients and 
a safe environment to multiply rapid ly. In return, our bacteria 
friend offer the host luminence. By sending molecu lar "triggers" 
ro its colony of V.fischeri, the hose makes them glow in patterns of 
short flashes or sustained subtle emissions. Known as biolumines
cence, these emissions can function co illuminate prey, communi
cate with other fish of the same species, and even keep squid from 
casting shadows as they hunt. Remember rhe glowing blue lantern 
that tried to eat Dori and Nemo? Thar was Vibrio fischeri living in 
a female anglerfish hose. 

How do rhe bacteria know to only luminesce when living in 
their hoses? Well, the bacteria constancly secrete: a molecular sig
nal into their surround ings. Think of a dirty sock. You wouldn't 
smell one sock in a large room, but if several million friends threw 
their socks in also, the stench would be overwhelming. Simi larly, 
the bacteria have receptor proteins that only cause lum inescence 
when the «stench" of the signaling molecules reaches a chreshold. 

This phenomenon is known as quorum sensing. Differenr 
species throw their proverb ial dirty socks around in order co sense 
how ma ny similar organisms rhere are in rhe area, knowledge 
which aids in many biological processes. As humans, we perform 
chis cask wirh our eyes while bacteria, plants, indi vidual cells, et 

cetera muse accomplish this through ocher means. • 

THE SYNAPSE 

Ben Garfinkel 

Remember when you were Uttle and 
the dothes you bought only a ye-.ir prior 
had become awkwardly tight 3i,oainsc your 
fuse-growi ng frame? Believe ic or not, this 
phenomenon is quire common in the 
world of social insects. T.'lke, for example, 
honeybees (Apis meUifem). By way of quo
rum sensing, groups of chese backyard for

agers annually vacate their long-settled nest for greener pastures when Ufe a1 
the colony gets too cramped. 

Finding a new nest is not easy, and it rakes significant teamwork. Every 
spring, colony fission occurs wherein the queen and half of her colony split 
olfin order ro seek our a new home. 11,e scouting parry scares by forming a 
duster on a nearby branch char will serve as their home base for the expedi
tion. 

Then, scours By near and fur looking for good nesting locations. If a 
suitable location is found, they wi ll return and del iver the news in the form of 
a "waggle-dance", which communicates the sire's location relative to the sun, 
via a series of wiggles and circular motions. The more the scout likes the sire, 
the longer it wi ll dance, thereby increasing its chances co recruit other bees to 

investigate che site for themselves. 
le is here where quomm sensing plays an in1portam role. By keeping 

track of time between meeting od,er bees, chese insects are able co sense the 
density of thcir dancing coumerparrs. Based on this calculation of density, 
lmco1nmirred bees are either recruited by a dancer co investigate the sire, or 
go out and scout again. If a sire is popular enough to reach a ducshold of 10-
20 dancers, the scoucing parry will move as a collective co their new home. 
Even as a relacively simple physiological evenr, quorum sensing is crucial co 
d,e success of this decision making process and the eventual relocation co an 
area with more safety or better resources. 

Recent research argues che inner-workings of honeybee communi
ties may lead to new insights in cognitive science, as the way i11 which each 
bee affecrs each other's behavior can be equated co the neural interactions in 
primate brains. Bee colonies work as a single functional "mind" by way of 
thousands of parcicipatory organisms working cogecher, similar to the inter
mingling neural networks of more complex organisms, like humans. • 

Why Not 
Telfon? 
Science's Battle 

with Non-Stick 
he kirchen seaion ar rhe Ober
lin Walmarr has a myriad of 
pots and pans, bur non-stick 
pans arc clearly the dominant 
option. On a shelf co the side, 
amid assorted culinary oddi-
ties, there's one stack of cast 
iron skillets, in one size. This 

comrasr mirrors a common belief d1at new technol
ogies are better d1an old ones. Now, only 50 years 
after the American introduction of non-stick pans, 
the 3,000-year-old technology of case iron is obs~ 
lete to most consumers. 

Polycetrafluoroethylene, or PTFE, commonly 
known by the DuPont trade name Teflon IM, was 
invented in 1938 at DuPom during work related ro 
the development of safer refrigerants and was the first 
non-stick surf.ice. The chemical was noted to have 
extremely low friction and to be highly hear- and 
chemical- resistant. In I 951 DuPont began manu
facruring commercial Teflon bakeware, but did not 
make consumer pans, due to wo1Ties that toxic gases 
could be released when ' leflon was overheated. The 
invention of non-scid< consumer cookware v.':ls pat
ented in France in 1954, and the company, Tefu!, 
began producrion in 1956. In 1960, the United 
Scates Food and Drug Administration (FDA) ap
proved Teflon for contact with food, following tests 
where aged non-stick cookware produced higher 
level~ ofTeAon in a hamburger. The FDA, however, 
judged the measured levels to be insignificant. 

Since then, non-stick consumer cook·ware 
has flourished and can be found in home kiccl1ens 
around the world. Over the years, boch environ
mental and health concerns have been raised about 
the safety of these producrs. 111e highest-profile case 
is char of Ped-luoroocranic acid, or PFOA PFOA 
was a chemical .solvenr used in production of Tef
lon coatings. The US Environmental Protection 
Agency (EPA) has lx.-en concerned about PFOA 
because ic decays very slowly and has been found at 
dececrable levels in the environment and in human 
bloodmeams, ald1ough it is nm produced nanirally. 
Furd1ermore, ir has been found ro caLise various 

health defecrs in lab animals, including cancer and 
developmental problems. 

PFOA isn't the only concerning aspect of Tef
lon cookware. The Environmenral Working Group 
surveyed peer-reviewed li reracure abour rhe 1hermal 
degradation ofTeAon, induding several studies by 
DLLPont scientists, whid1 detected emissions of toxic 
particulates ar temperatures as low as 464°F, and 
emissions of toxic gases at temperarures of 680°F 
and above. Both of these cemperarures can be eas
ily read1ed on a srovecop. Additionally, a syndrome 
known as "Polymer Fume Fever" was identified in 
many DuPonr workers, wid1 syn1ptoms similar co 
the common Au. le is unknown whed,er any in
home use ofTeHon produces have resulrcd in Poly
mer Fume Fever, which was often initially mistaken 
for the Au. 

The industry has responded to these concerns 
by looking for new ways co produce alternative non
sticksurfuces. Several companies, including DuPont, 
now produce Teflon coatings without using PFOA, 
while ochers have developed coatings that are sup
posedly safe. 1'vo examples are £colon, which uses 
a type of nylon as a non-stick coating, :md Thermo
Ion, which uses a mineral-based coating. According 
ro d1cse responses, ic is believed within the industry 
char adv:mccs in new rcchnology will solve d,e prob
lems of convenrional non-scick product~. 

Before non-stid< pans exis1cd, case iron was very 
popLdar for cookware, particularly ski llets and dutch 
ovens. Cast iron cookware has been used fur over 
3,000 years. Cast iron was valued for its high heat 
retention, long lifetime (individual pans have been 
known ro be tL5Cd for more than 100 years), and, 
believe ir or nor, for it~ non-stick properties. Bare 
cast iron is fur fi-om non-stick. bur when oil is heated 
in case iron, ir polymeri1_.es and fom,s a nonreactive 
coating that clings co the porous scrucn1rc of the iron 
chrough a process known as "Sl:a.SOning". Cast iron is 
also known ro have ar least one adverse he-alth effect: 
small amounts of iron sc.--ep into the food. While 
chis can have derrimenral effects in people who have 
excessively iron-rich diet~, chis supplemenral iron is 
considered beneficial in most cases. 

i 
;§ 

A trouble with case iron is char ir is nor quite 
user-friendly. Most cast icon pans come unseasoned, 
so you must learn ro season them Additionally, the 
seasoning may be damaf,>ed by acid5, and it thus 
takes knowledge and practice not co damage the 
seasoning wirh overly acidic foods. Casr iron has a 
high heat capacity, which means you have ro preheat 
pans for longer and wair longer for rhem co cool. 
But if you take some time co master che use of cast 
iron, there are endless benefics, such as more even 
cooking, non-stick properties with benefits both for 
cooking and cleaning, the option of using pans in 
d1e oven as well as on the stoverop, and genuine im
provement of d,e pan over time. 

So what drove the success of non-stick cook
warc?, [ r seems co have been due in large part ro che 
convJniencc of non-scick. 11,e main reason that 
DuPont cites for buying Teflon cookware is that d,e 
pans are easier co dean. Bue are they truly easier to 
dean than casr iron? There is no sure way to resr this 
claim, bur many people claim chat with properly 
seasoned cast iron, a rinse with hoc water is the only 
cleaning necessary. Non-stick pans have been said to 

require less oil than conventional pans, thereby pro
ducing healthier food, bur experienced cooks assert 
chat one cm cook on seasoned case iron with as litcle 
oil as desired. 

1l1e one disadvamage of case iron is d1at it re
quires some practice co use correctly, buc d,ar is a rel
atively minor inconvenience. The view chat modern 
technologies, despite poorer cooking perfom,ance, 
are prefumble co older tedmologies, which require 
some skill, has clearly won out in this case. Despite 
real worries about d,e safety of new technologies, 
companies would rather invent even newer rechnol
ogies rhan support old rechnology rhat is certified 
as safe. \X'h.ile there is a fringe of people who ap
preciat<: old cooking tt-chnologics (di~ing them, 
sometin,es heatedly, in online forums), many pt.X>ple 
don't even notice that there is a choice. Jr's hard to t<:11 
whei.her most consumers actively embrace modern 
non-stick cook-.vare over Gase iron, or whee.her they 
have passively succumbed co the industry's push to 
profit from new rechnology. • 
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500 Milligrams for Arachnophobia, 1000 for the Ex-Wife: 
The Science of Memory Erasure 

S 
cience has made ,is gods wen before 
we are worthy of being rne11. Jean 
Rostand, a French biologist, ex
pressed this fear nearly 70 years 
ago. Today, science has advanced 
co a scare where chere is more con-
vergence between scientific re

search and ethical concerns chan ever before. Ac che 
core of chis convergence - between philosophical 
anxieties, progress, knowledge, creativity, hubris, 
and imagination - lies neuroscience, the magnum 
opus of che life sciences. Each day, we are expand
ing our w1derscanding of the brain co new and 
unprecedented levels. Recent advances in memory 
research have enabled scienriscs co carget and erase 
specific memories in live animals. Ironically, if Ro
stand were still alive today, his fears of scientific 
progress could soon be targeted and erased, with
out affecting any of his ocher mental capabilities. 
Of course, surrounding chis scientific power is an 
ominous cloud of dyscopian mind conrrol, reeking 
of the spodess mind and che matrix; bm at lease we 
mighc one day be able co sleep soundly wichout the 
haw1cing memories of Krislov's naked body and 
scary downs. 
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By Elie Goldberg 

Before el:tboracing on che breakthroughs in 
research surrounding memory erasure, a cursory 
understanding of memory formation and main
tenance is required. Scienriscs do not claim m 
W1dersrand che enrire biological basis of memory 

Perhaps the most shocking part 
about this recent breakthrough is 
not its potential ethical reprucus
sions but rather how simple the sci
ence of memory erasure seems to 
be. 

formation, bur one crucial process is fairly v.,eU 
documemed. 1l1e process of long-term pocentia
tion, or LTP, has been observed as one of the ma
jor cellular mechanisms that is crucial co memory 
formation in the hippocampus, correx, amygdala, 
and many ocher ,m::as of the brain. Simply, "memo
ries'' are formed by the steady chemical and electri
cal communication between neurons. This rype of 

steady communication between cells, which causes 
the process of LTI~ i.s largdy driven by two mem
brane receptors, the a-amino-3-hydroxy-5-mechyl-
4-isoxazolepropionic acid (AMPA) receptor and 
N-mechyl-O-asparcace (NMDA) receptor. The 
membrane recepmrs on one cell receive elecccical 
and chemical signals from another cell. Conse
quently, che concemracion of these receptors deter
mines che strength of the connection between the 
two neurons; the presence of more recepcors incli
ettes a stronger connecrion. lncerestingly, che pro
cess ofLTP aucomatically increases or decreases rhe 
number of A!v1PA receptors on a neuron based on 
how fi-equencly cl1at neuron is accivared. In other 
words, che neuronal connection responsible for a 
memory becomes scconger or weaker, depending 
on how frequen tly it is activated, or "remembered". 
If this neuronal conneaion is not frcquencly stimu
lated, it will die out and be forgotten . However, 
the agent responsible for regulating the number of 
membranous AMPA receptors, and consequently 
the screngd1 and permanence of a memory, had nor 
been discovered, w1til recently. 

Perhaps d1e most shocking pare about this 
recent breakthrough is nor ics potential ethical rL'-

percussions but rather how simple the science of 
memory erasure seems ro be. The breakthrough 
here wJ.S twofold. Firsc, the specific agent respon
sible for increasing the strength of the neuronal 
connection (the increase in membrane receptors} 
was found. 11,is was mainly accomplished by Todd 
Sacktor in the 1980's through a series of experi
mencs ac Columbia University. Sackcor discovered 
char an enzyme called "protein kinase C, zera" or 
PKM1.eca, played a crucial role in LTP, specifically 
in the process of strengthening neuronal connec
tions by increasing membrane recepcor concentrn
cions. The second breakthrough was simply the 
realii.acion that by inhibiting PKMzeca one could 
inhibit che recollection of memories wich asconish
ing specificity. The reason is almost coo simple co 
be true - a freebie handed co us by nature. We 
know that consistent activation and screngd1ening 
of cl1ese neuronal cormeccions, driven by PK.Mzeca, 
is necessary m keep memories strong. But Sackror's 
cheo1y is char rhe accivarion of PK.Mzeta only oc
curs in the neurons responsible for a memory while 
you are remembering ir. So by inhibiting PKMzeca 
activation during the recollection of a specific 
memory, you can weaken or extinguish rhar neu
ronal connection, wid1ouc impacringanything else. 

Over d,e past 20 years, and mosc recendy in" 
his 2007 paper, Sackror and other scienciscs have, 
in racs, been able co fully extinguish memories of 
caste preferences, taste aversions, and the associa
rion of certain cones with painful shocks. For ex
ample, in one experiment rats were trained co as
sociace a single noce or cone with a painful shock, 
so char just hearing che rone would cause the rats 
co "freeze" or scop moving for long periods of time 
- a ceUcale sign of fear. 11,en, researchers would 
elicit d1e memory of chis fear by playing the tone 
and quickly adminiscering the PKMzeca inhibitor. 
The rars would no longer freeze following che cone, 
even days, weeks, and months after the adminis
tration of che inhibitor. Many similar experiments 
were repeated with conditioned caste aversion and 
preference, all with equally successful resulcs. 

Exciting benefits and terrifying uses of rhis re
search are palpable. Never before have humans had 
such porencial conuol over their own minds. Wid1 
chis new knowledge of memory, post-traumatic 
stress disorder can be an ailment of the past, and 
Alzheimer's disease may soon be solved. Yee, one's 
memories inform eve1ything - emotions, deci
sion-making, lifestyle, etc. Ir wa~ once an undenia
ble and sometimes comforting rruch char you could 
noc choose what co remember and what to forger. 
Now, we have co fuce the terrifying fucc chat, as a 
species, we can rinker with things we once thought 
robe beyond even our most ambitious reach. Even
tually, someone is going ro have co decide how this 
scientific power should be exercised. Bue how can 
we possibly wield the power of gods before we have 
properly wielded the power of man? • 

What's Up, Weelic? 

My neuroscience research over Wimer Term 
made me chink It made me chink abouc poking 
needles in rat brains, it made me chink about 
how racs might secrecly like morphine injec
tions, and it made me chink about how terrible 
an evening commuce in a city like Madison can 
be. (edit: Bue I srill love Madison!) Anyway, it 
made me chink so much char! jusr had co record 
my thoughts on the way home while standing in 
a bus with 60 other commuters. My caffeinated 
neocortex was in overdrive, and I dodged chis 
way and that to keep pen on paper while tl1e bus 
swayed. Bue finally, ir was just coo much for my 
wimpy vestibular system. I wasn't on a mission 
co write uncil I puked, so I stopped. Now, why 
couldn't chis be easier? 

Maybe I could use voice recognition soft
ware like Google Voice, Apple's Siri, or Android's 
Vl ingo. Could I fuce the awkward, crimson faces 
on the bu~ while I dictate in lucid detail the 
going-ons of a cypical college life? I guess not. 
So follow me as I dream a liccle bigger. What if 
someone could celepachically communicate with 
a device? 

In my search for sud1 a device, I discovered 
chat NASA cackled this problem a decade ago. 
A basic biology dass taughr the NASA scientists 
th.at when muscles move, tiny currents are gen
erated. With chis information, dtcy turned co 

the decrromyogram, a common medical device 
that diagnoses musde aches and used it co ana
lyze the tiny currents at the nerve endings of the 
vocal cords. Using chis, they hoped co discern 
what you are crying co say, even if you have a sore 
throat, a blocked nose, or arc in a loud place, like 
the 'Seo. 

Unforcunacely, as with most NASA sci
ence, funding cues have spelled doom for this 
endeavor. le was so bad chat "subvocalization 
analysis" became a diny word; it was as credible 

Talking Aloud 

By Weelic Chong 

as say, "crystal healing". Bm it was not long be
fore someone else cried a new approach. Racber 
than analyze throat musde movemencs, cbe Jab 
of Professor Frank Guenther, from Boston Uni
versity, decoded signals direccly from the motor 
region of the brain char controls nerves in the 
throat. Brain implancs were inserted into the 
speech area of the lefc precenuaJ gyrus, a part of 
the brain that controls the shape of the mouth, 
larynx, and throat. Brain waves were then re
corded and senr wirelessly to a computer d1ac 
decoc.jed chem inro auditory signals in real time. 
How!ver, with current technology, only vowels 
were distinguishable with sufficient accuracy. 

What abouc locked-in patiencs who cannot 
control their muscles? To benefit such pariencs, 
other researchers are sidestepping che indi recr 
approach of measuring motor acrivityalrogether. 
One ceam is capping direccly inco the superior 
and middle temporal gyri, which rranslace acous
tic information into phonecicrepresencarions. Ac 
UC Berkeley, the lab of Professor Micheal I. Jor
dan pioneered chis approach, and these scientists 
are now marching all kinds of acoustic informa
tion with brain recordings. However, according 
to Steven Laureys ac the University of Liege in 
Belgium, it is crucial co develop evidence dem
onstrating chat chinking.words produces bra.in 
activity similar co char produced from the per
ception of chose same words when spoken aloud. 
Indeed, such evidence is crucial for inventing 
produces that may eventually read minds. 

In che meantime, a company called Ambi
ent Corp is marketing produces based on NASA 
research co the public. One of these produces, the 
Audeo, conncas to an iPhone, wraps around the 
neck like a hairband, and is toured co be the fu
ture hands-free, "voice fri:e" form of commW1i
cation. It interfaces with Siri, too. An alcernacive 
to Fururama's eyePhone? Let's wait and see. • 
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utlo 
By Jessica Lam From Loners to A ltruistic Flea-Pickers 
7i¥1ditional theories of social behavior assert ihar wcial sm,cture is determined primarily by recent and 
contemporarJ' ecological conditions. Although chest' are Logical conclusions considering the iffportance 
of adaptation in shaping animal behavior, s11ch beliefs downplay the influence of specific genes in deter
mining social structurei-. 

In a recent study published in Nature, scien
tists from che Urliversiry of Oxford studied lhe so
cial organi1.arions of 217 primate species through 
che lens of evolutionary genetics. The results of 
their research suggest a strong genetic basis for both 
social behavior and the changes fi-om one type of 
social organiz.ation ro another over time. 

The researchers began their snrdy by dassifying 
the social behavior of cad1 pri mare species in ro foLLr 
groups: solirary, pair-living, or group living, which 
itself was subdivided inco single-male and rnulci
male groups. A single-male ha.rem consists of one 
adulc male and multiple adult females, whereas a 
multi-male group consisrs of several males and 
several females. The divided 217 species were sub
sequently arranged onto a primate consensus rree, 
which summarizes the inferred evolutionary history 
of the primate species. 

Like a rypical phylogenetic cree cracing ances
try, a primate consensus tree maps out our current 
tmderscanding of the species' evolution:uy hisco1y. 
Researchers color-coded each species on d1e cree ac
cording co irs social org-anizacion. 1his organization 
of daca revealed char, more ofren d1aJ1 nor, closely 
related species on chis rree were the same color, in
dicating char genetically-related species often have 
similar social organi7.3.tions. These sratisrically sig
nificant similarities led che researchers co conclude 
d1at each species' social org,mi-z.acion was strongly 
based on genetic;. 

Using four different models ro interpret the 
da ra and characrerize the species' changes, the re
searchers were able co evaluate d1e rate and man
ner of transition between the four groups (solitaiy, 
pair-living/fumily groups, single-male, multi-male). 
The first model of transitions between patterns of 
social organi7.3.tion cla.in1s a single rare of transition 
berween all parterns, with all of d1e changes occur
ring ac d1e same race. In conrra~r, rhe second model 
employs variable races of rransicion, implying char 
some cransicions are more likely to occur than och
ers (alrhough che model does nor provide which 
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of che transitions are more likely co occur, just char 
some are). The chisd model restricts rhe transi
tions co direct step-wise changes only. The fourth 
model, or rhe "reversible-jump-derived'' model, on 
the other hand, uses information derived from the 
phylogenetic data to identi fy likely transitions. 

Of the four, the researchers found chat the 
reversible-jump-derived model fir the data most 
closely and besr explained primate sociality. This 
model suggests ch-Jt social behavior evolved from 
solicary co mulri-male groups, and d1en from mul
ci-maJe ro either pair-living or single-male harems. 
1l1e srudy idencifies the swird1 fi-om a nocrurnaJ ro 
a diurnal lifesryle as a possible catalyse for prinme 
social evolution from solirary ro group srructures, as 
it would have forced the primace ancesrors, exposed 
during the hours of daylight, to seek safety in num
bers fi-om predators. The researchers hence recre
ated the evolurionary history of social O(gani7,.arion 
using che reversible-jtm1p-derived model. 

While the transitions from smaller groups to 
larger ones have previously been assumed ro occur 
at a consiscenc race across species, evidence from 
chis study does not support that theory. Rather, 
the phylogeneric data sugge1,ts d1e transitions oc
cLLrred mostly unilarerally. The shift from solitary 
living co multi-male groups occurred roughly 52 
million years ago, which coincides wid1 d1e change 
from nocturnal to diurnal actiViC)~ From chis, more 
stable social srrucnJres emerged, eventually leading 
co pair-living and single-male groups char emerged 
around 16 million years ago. Many of these land
mark chai1ges in sociality occurred at points where 
one primate 1-:·uni.ly divided into multiple evolu
tionary groups. 

Researchers explored sex-biased di5persal as 
another possible caralysr for primate social evolu
rion. In sex-biased dispersal, which occurs in many 
primate species, one sex (rypically male) disperses 
much furchcr from the birth sire rhan members of 
the ocher sex. Ir has been thc:.-oriied diar this allowed 
members of the sex d1ar rcma.i.n at che birth site to 

form cooperative relationships with each ocher, re
sulting i11 increasing socialiry within rhe group. 

The dara places sex-biased clispersaJ parrerns as 
appearing afrer che shirr from solitary to multi-male 
groups. "Thus, these findings discredit the once ac
cepted idea lhar cooperative relationships led to in
creasing sociality and therefore larger groups. How
ever, even though the d1ange to sex-biased dispersal 
did nor prompt social living, it can stili be credited 
as a secondary catalyse cowards more stable social 
groups. 

Dr. Joan Silk, an expert in primate social be
havior at UCLA, a..'>.5Crcs, "The existence of a strong 
phylogenetic signal spells trouble for socioecologi
cal models that aim ro explain the evolution of pri
mate social organizarion." In orher words, if eco
logical conditions, such as resource distributions, 
were the primary dererminanr of social behavior, 
d1en related primate species in different ecological 
environments shmJd display a wide range of social 
organizations. Furd1e1more, if chis rheory were 
correct, primates in simJar environments should 
have similar social scrucmres regardless of generic; 
or evolucionary history. This srudy shows that nei
ther of chose hypotheses is □·uc. lhese results will 
undoubtedly play an essential role in fi.tcure snrdies 
seeking to model the evolucion of social behavior 
in primates. 

As seated in the sn1dy, ''Amhropoids [mon
keys and apes) differ from ocher social verrebrates 
in the prevalence of stable groups and bonded re
lationships berween individuals." Additionally, d1is 
srudy's condusion supports the results of a previous 
experiment, which demonstrated chat male mon
keys have a biological predisposition cowards cer
tain roys. In d1e 2008 srudy, the researchers found 
char the male monkeys overwhelmingly preferred 
ro play with "masculine" (i.e. wheeled coys), rather 
than more "feminine" scufl-ed dolls. The face chat 
these cwo separace snrdies came to similar con
clusions involving geneticaliy-determined innate 
behaviors, confirms that gender roles and social 
behavior a.re based largely upon genetic compo
nents. Snrdying primare social behavior will also be 
reveal ing of hw11an behavior, serving as a way co 
undersrand die underlying basis of om own social 
strucrures. • 

Lee's imagine you're in deep space. Behind 
you, our sun is indistinguishable from che billions 
of scars that compose che Milky Way Galaxy. ln 
fronr of you, 4,000 light years away, you're able ro 
make ouc the bright lighr of rhe Crab Nebula, a 
cloud of gas and dust left over from a violent su
pernova explosion. You recall seeing phorogr-.tphs 
of the Crab Nebula when you were back home 
and remember an ethereal crimson cloud with a 
center of brilliant white. Or was ir a green-and
gold ring of algae-like filaments, focused around 
a haze of blue smoke? Suddenly, ir occurs co you 
d1ac you've seen many phoros of the Crab Nebula. 
Each was entirely unlike the others, and each was 
entirely unlike the white smudge of light char 
barely makes itself visible to you from your van
rage poinc in space. 

What's going on? Photographs of deep space 
wotJd have us believe in a Day-Glo universe. 
We're accustomed co gorgeous, derailed depictions 
of nebulas and galaxies, rendered in brilliancly 
saturated hues. Bue if you've ever been in space, 
or at least looked at a deep space object through a 
telescope, you know rhar those colors aren't visible 
co the human eye. In face, many of the colors you 
see in asrrophotographs were never rhere ro begin 
with. Typically, we expecc phocographs co show us 
d1e world - and the universe - roughly as if we 
were seeing it with our own eyes. Bue astropho
rographs aim to serve a higher sciencific purpose, 
and can show us much more chan chac. 

Catching Rays 
To understand how astrophotographers 

rake picrure.s, ir helps to think of a camera as a 
data-collecting device. Ir records the wavelength, 
freque119~ and amplitude of the light it receives. 
Encoded in d1is data is valuable information. 
Chemical elemencs emir lighr at specific wave
lengths, and if we mn idenrify rhe wavelengths of 
light produced by a galaxy or a nebula, we can also 
identify the chemical elemenrs that compose rhac 
galaxy or nebula. We can then infer ics origiJ1S, its 
evolution, and rhe temperatures of its individual 
srars. A phocograph is lirer-.illy a graph char depicts 
rhis information. Color represents wavelength; in
tensity of the color represencs an1plitude. (When 
you gee sunburned, your skin is a negative pho
cograph; darkness corresponds co level of light 
exposure.) In a family phocograph, the colors cor-

respond almosc exacdy co the wavelengths they 
represem. Bur in asrrophorography, two chemical 
elements might emir similar but distinct wave
lengths of light- say, cwo difierenr shades of red. 
!cs important that we distinguish these cwo ele
ment~. so an asrrophocographer might choose to 
represenr one wavelength oflight with a conrrasc
ing color, rhe same way you might choose colors 
to represenr d:ica on a bai· graph. 

Visible Light 
To distinguish the wavelengths of light re

corded by a camera, it's easiest to control the lighr 
che camera receives. Asrrophotographers use a rool 
called a filrer, a piece of colored glass that blocks 
aU but cerrain wavelengd1s of light. A filter aliows 
asrrophorographers to cake a photo of. say, just red 
light. Typically, asrrophocographers wili rake three 
photographs of a11 object, each d1rough a differ
ent color filcer - red, blue, and green. Separaring 
the wavelengths of lighr into chree phocographs 
makes it possible co adjust r.he brightness and con
trast of specific colors. The three modified phoco
graphs are layered to produce a single full-color 

We expect photographs to show us the 

world roughly as if we were seeing it with 

our own eyes. But astrophotogrophs can 

show us much more than that. 

image wich important features made visible. 
Most nebula5 are surrounded by an abun

dance of ionized hydrogen gas. Hydrogen is the 
most plcntinrl element in rhe universe, bur the red 
light it produces is faint. By amplifyi ng rhe red 
layer of a d1ree-color photograph, the hydrogen 
becomes visible. The rosy haze chat character
izes many phocogrnphs of nebulas indicates an 
abundance of hydrogen gas. A bluish-white fog, 
like rhar seen in visible-light photos of rhe cloud 
nebula, indicates synchrotron radiation, a brighr 
lighr emirred by charged, fast moving parricles 
passing though magnetic fields. In rhe case of lhe 
Crab Nebula, ic suggests d1e presence of a rapidly 
spiruting neucron star at its cemer. 

Narrow Band Imaging 
The pinkish color of nebulas can also be in

dicative of ionized helium gas, which, like hydro
gen, emits red light. Jn face, helium and hydroge11 
are so similar in color char they're impossible ro 
visually distinguish. When a.strophorographers 
wane ro differcmiare between cwo elements of the 
same color, a simple red, blue, or green filter won't 
do. Instead, they use filrers char only let in one 
specific wavelength of lighc - say, light emitted 
by sulfur. With one photograph char only shows 
lighr emirced by hydrogen and another chat only 
shows lighr emicred by sulfi.tr, they can assign an 
arbitrary concrasring color ro one of che photos. 
When the photos are layered, the contrasting 
color stands our and separates the wavelengchs. 

Non-Visible Light 
While the visible lighr emissions of celestial 

bodies are interesting, space objects emit way 
more than just vis ible light. Thar's why we pho
cogra~h ac nearly every wavelenf,>th of electromag
netic radiation there is - x-ray, gan1ma ray, ultra
violet, infrared, microwave, and radio. 

Asrrophocographers can represent phocos 
ca.ken in non-visible forms of light by arbitrarily 
assigning colors to d.iflerent wavelengchs. Since 
mosr asrrophorographs you see a.re taken in non
visible wavelengths, most of the colors you see 
have no basis in facr. Usually, asrrophotographers 
represcnc low-wavelengd1 lighr wid1 low-wave
length colors, like red, and high-wavelength light 
wich high-wavelengd1 colors, like blue. 

True o.r False 
Are manipulated ascrophotographs in "fu.lsc

color"? Many scientists argue that chere's no such 
d-1.ing a..~ "true color". After all, organisms - dogs, 
lizards, possible excrarerresrrials - perceive color 
in al l kinds of ways. It's hard ro define whac "true 
color" is. Wliac's imporranc co asr.rophocographers 
is to preserve information about che wavelengd,s 
oflighr. Wavelength is an objectively measurable 
quality. Color is nor. Ascrophorographs don't 
show us space as we'd see it wid1 our own eyes. ln
sread, chey give us a kind of super vision, rhe abil
icy ro identify che chemical composition of celes
tial bodies thousands oflighr-years away. Through 
che careful manipulation of rhe fai nt fragments of 
light chat reach Ollf astronomical insrrumencs, the 
universe becomes knowable. • 
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Frontiers of Cross-Modal Display: 
The Emoti-Chair as a Model Human Cochlea 

c Ryerso n Universiry, che 
labo ratory of psycholo
gis r Frank Russo has de
veloped the cechnology 
co convey musical emo
tion through vibrorncLile 
scimuli. C leverly named 
the "Emori-chair", the 

appararus channels vibrations through the 
sear via embedded speakecs. Ultimately, the 
participanc feels, rathe r than hears, the mu
s ic. 

Many have already experienced such 
phenomena, bur more as a supplemem to 

our acoustic experience. One may have, for 
instance, attended a parry where rhe bear of 
rhe music, in addition co being heard, could 
be fe lt, cours ing through the body. Addj
rionally, (>ne may have re laxed inro the mas
saging vib rations and ambient soundscapes 
of a spa chair. Another way ro ra ke advan
rage of the c ross-moda l display is ro warch 
rhc iTunes visua li1..er. 
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By Adrian Jewell 

The visua lizer cakes the structural con
cent of che sound record ing to produce a vis
ually sti mulating animation. These examples 
demonstrate rhac roday's commercial cross
modal technology is reaili l y a\lailable, bur 
primarily supplementary. While the afore
mentioned recreacional experiences wich 
vibrocaccile information supplemem and 
enhance che mus ic going th rough the ears, 
Russo aims for a freescand ing musical experi
ence char can be fe lt on the body. 

One's inruirion may offer an easy solu
tion co this goal: simply output rhe compos
i re audio signal of a song through speakers, 
then touch the speakers. Th is will likely 
cause a general buzzing sensation. Where's 
rhe emotion? T he p roblem is chat the small 
patch of skin char touches che speaker can
not discern the inrricare patterns of sound. 
This is because rhe ear is far superio r ro the 
skin in sensi civicy ro vibrat ions. Ir can hear 
from 20 H 1.. to 20,000 H z, whi le rhe skin 
senses within rhe range of5 H1, ro 1,000 Hz. 

As such, pitches musr not on ly be translated 
but also manipulated to fit within the skin's 
sensi ti vi ry range. 

T he solut ion, rherefore, is co decode 
sound into its component layers and pre
sent them in such a way that we perceive 
all of rhem simultaneously. For a solution, 
researchers analyzed rhe human cochlea, an 
organ in che auditory system that resembles a 
spiraled sea she ll and nacural ly deconscruccs 
complex sound into its component parts. 
The cochlea decodes complexity in sound 
waves by separating the derivarive frequen
cies along its length. For example, high fre
quencies in rhe sound activate the en trance 
ro rhe cochlea, and che bass frequencies acti
vate the cen rer of che spira l. T his is the pro
cess of place coding, a central feature char 
will allow researchers ro cransla re sound into 
another sensory modality. 

A strucru ra l analysis of melody will bet
re r expla in the imporrancc of place coding. 
Consider the physical properties of melody. 

' ' The ear is far superior to the skin in sensitivity to vibrations. It can 
hear from 20 Hz to 20,000 Hz, while the skin senses within the 
range of 5 Hz to 1,000 Hz. As such, pitches must not only be trans
lated but also manipulated to fit within the skin's sensitivity range. '' 

A sound rhar ascends in frequency co rre
sponds ro a rise in pitch. S imilarly, a lower
ing of frequency corresponds co a lowering 
of pitch. The dynamic qualities of frequen
cy provide emot ional comenc related to the 
patterns of cha nges in frequency. Remember 
that a rise in pi tch means a change in place 
code in che cochlea. Ir may be rhac people 
seem to hear pitch ar di fferent locations be
cause the cochlea acrually registers different 
pitches at different locations. T his is why a 
deep grumble can emerge from the ground, 
and a beauciful, luminous melody can seem 
to "descend from the heavens." T his con
sidered, location frequencies can be placed 
along a gradient, wirh rhe higher frequen
cies closer co rhe head and lower frequencies 
nearer co the lower back. When researchers 
map pirches in chis way, o ne can effective ly 
translate a melody, as if the human body it
self were rhe cochlea: thus, a model human 
coch lea (MHC). 

Designing rhe chai.r poses a considerable 
cha llenge. Fi rst, researchers do nor yet have 
the technology for a body "pad" on which 
one could presenr any conceivable vibra
tion at any conceivable point. The substitute 
consists of specialized speakers embedded 
into the back of the chair. These speakers, 
coined "voice-coils", are o rganized inro rows 
and columns down the back. The proto type 
design wenr through several phases. The cur
re1H model includes voice-coils down the en
tire back as well as some smaller ones in the 
arm-resr. 

Two models currently erist co uti lize the 
ad van cages of rhe M H C : Track Model (TM) 
and Frequency Model (FM). T M is the pro
cess by which a multi-track master record ing 
is channeled through the voice-co il configu
ration. TM tracks can be created by record
ing each layer of music individually. FM is 
rhe merhod used co deconsrruct com posite 
sound fil es inco segmen ced audio tracks 
based on frequency. Nore rhac ic does not 
separate rracks, but frequencies. For exam
ple, in a piece of music chat uses a drum sec, 
some pares of the drum sec will be high fre-

quency and ocher parts will be lower. TI1ese 
rwo componencs of the sound will end up on 
different audio tracks. To clarify further, if 
one were co play all the result ing frequency 
cracks at the same rime, one would hea r rhe 
original p iece of music. The resulting fre 
quency bands are channeled through corre
sponding voice coils. In an ideal world, a 
TM would be reconstructed from a compos
ite sound fale. 

T he first official study on the Emoci
chair sought co cesc l◄M as an effective way 
ro apply sound to the MHC. Researchers 
asked, " Does the FM method convey emo
tion better than a comrol method?" They 
found that ir did, bu r a portion of the resulcs 
were controversial. Participants experienced 
eight d ifferent audio samples through rhe 
Emori-chair bo th with FM processing and 
in a control situation. ln rbe conrrol, che 
sound was cransmirced rhrough rhe chair 
wicbour place coding. The selections were 
chosen ro cover a swath of emotions (joy, 
anger, fear, and sadness). Afrcr the partici
pants experienced che sample, researchers 
measured chree things: valence (a mounr of 
positive energy), arousal, and enjoyment. 
Additionally, researchers asked for specific 
comments on rhe chair. 

On average, participants rated the sam
ples in FM as havi ng stro nger valence than rhe 
control method. More specifically, valence 
ratings did not d iffer significantly between 
joyfu l and sad music. This is ro be expected , 
because joyfulness and sadness are two high
valence emotions on the circumplex model 
of emorion. T his reflects E moti-chai r's sti ll 
primi t ive qualit ies. On a mo re positive note, 
rhe mean en joyment ratings for joy were sig
nificantly higher than those of sadness and 
anger. Enjoyment racings fo r sad music also 
topped chose for an ger and fear. Th is is also 
an expected result because sad ness is accual ly 
a very popular scyle across genres. Jusc imag
ine how many popular songs and non-vocal 
works are laments, ba llads, or pieces with 
qualicies of pain and sorrow. The reason that 
joyful music carries a comparably h igh c:n-

joymenc racing may be for reasons intrinsic 
ro rhe quali ties of the FM, rather rhan just 
the music itself. Joyful music typically has a 
wider range of frequencies as well as more 
rapid movemenc and developmen t of mu
sical content. A more varied, and th erefore 
more scimulacing, set of frequencies m ight 
just feel more arousing. T he researchers en
dorse rhis opinion. 

The subjects provided qualirarive re
marks on the selections. As a general re
mark about che FM selections, one pe rson 
said, '' l 'm enjoying che crack wirh a wide 
range much better chan the one char stays 
within a right range." T his shou ld be ex
pected of FM tracks, which presen t a wide 
ra nge of frequencies across che back. Par
tic ipants described a selection From FM-Fear 
as "military, urgent, impatient" while rhe 
same t rack as a conrrol was "boring, didn't 
say anything." Orher comparisons between 
FM and conrrol had less clear d istinctions. 
A control selection fo r joy ranged from "coo 
low, coo weak co express anything" all rhe 
way co "epic, energetic, and proud." ln spire 
of rhese examples, it was still observed char 
participants more clearly characterized (hei r 
emotions after FM expe ri ence than after ex
periencing a control stimulus, suggesti11g a 
more vivid comprehension of emotional ex
perience. 

UI ri ma rely, the Emoci-chai r provokes a 
philosop hical re-conrextual i:wrion of mu
sic. In rhe past, music meant s irring in a 
hall with only acoustic am pl ification. Now, 
venues have multimedia presentat ions and 
ampl ification tech nology. In che future, one 
may don a bodysuit of vibrocacrile stimula
cors. W ith chis garb, Mozart mighr blissfully 
massage whi le meca l or filchy dubscep may 
grind one's innards. O ne should cons ider 
the question of whether quality of m usical 
experience improves with technology. This 
invention suggests chat music may eventual
ly synthesize the senses into one conglom er
ate modality; already, those withouc hearing 
d isabilicies descri be listening rn music wi rh 
the Emoti-chair as immersive. • 
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David 
Eagleman 

• a renaissance 

man of modern 

• neuroscience 

D1: David Eagleman is a prominent ne1-t
roscientist curre11tly rooted at Baylor College of 
Medicine in Houston, Texas. Dr. Eagleman is 
ll best-selling author of both non-fiction and fic
tion works, including lncognico, which explores 
the unconscious brain, and Sum, a collection of 
vignettes. Sum is an international best-seller and 
was recmtiy atkipted into an opera, which will be 
performed at the Royal Opera House in London 
this year. Eagleman's lab is working on a variety of 
projects which expwre the complex inner workings 
of the human bmin, and what the discovery of 
these processes means for the human race. Editor
in-Chief, Fmncis Lawrence, spent his winter term 
in Eagleman's lab, and took the opportunity to 
have a nice chat. 

What ace your areas of research? 
1l1ere are severaJ prongs to the laboracory. 

11,e overarching umbrella .. . is how che brai n 
conscrucrs realiry and how that can be very dif
ferenr inside different people's heads. I [also] 
srudy rime percepcion and how char can work 
in differenc situations. [Thirdly, I] scudy synes
rhesia, which is a good in road to understanding 
how one tiny generic change can make someone 
dilFerem from someone else. I study neurolaw, 
how chis all marrers on a societal level ... che facr 
chat people can be very <lLfferent on the inside 
and how char makes a difference in how you run 
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rhe sociecy or how you run social policy. I'm 
also inceresced in ... issues of empathy, how peo
ple view Ln-group and our-group distinctions. 
Finally, the fifch prong is plascicicy - how the 
brain rewires itsel f, changes itself - and so we 
are just launching several projects char will cake 
advamage of plastic icy co feed new kinds of daca 
streams inco the brain ch rough neural channels. 

"What is something that most people 
don't realize about time perception? 

Thar time is not necessarily a fixed Aowing 
river, bur [ir] is a construction of che brai n and 
it is malleable, so char under different circum
srances you can chink char chings are longer 
or shorcer. Maybe people do realize that, bur I 
don't chink people have any uodon of rhe de
gree to which we can manipulate char in a labo
rawry and make people think something lasted 
longer or shorcer than it did. 

What is synesthesia? 
1r is a blending of the senses where some 

sensory stimulation leads to an anomalous or 
unusual sensory consequence. For example, 
hearing music char causes someone to see a 
color or shape or texture, or earing something 
[rharJ purs a feeliug on your fingertips or hear
ing something [that] puts a fee li ng in your 
mouth. So it is a ... merging of the senses. le 

used to be thought people were just being po
etic or mecaphorical, bur now it is clear char iris 
a genuine perceprual phenomenon triggered by 
cross calk in rhe brain. 

Could you talk about something you are 
wondering currently or found out recently 
about synesthesia? 

Well rwo rh.ings are goi ng on currencly. 
One, [syneschesia] appears co be generic. Ir rw1s 
in family trees, so we are cryi ng ro figure our 
che generics of ir. Ir is a real challenge because 
like many conditions, ir may be different genes 
in different families. Ir may be polygeneric 
even with in a family, so ir's a heck of a chal
lenge to cry to find chis. We have been work
ing for many years, so I hope nor co fail there. 
Currencly we are [also] pursuing a hypothesis 
that sensory processing dysfuncrion in autism 
is acruaJly a form of syneschesia. A lot of au
tisric kids can't stand cerrai n words or sights or 
touches or smells. What I realized in looking ar 
this carefull y is. it's not necessarily char every
th ing sounds louder to them - because if that 
were che case chey would not like loud sounds 
equally - but iris very particular. It's particular 
sounds char marrer to them and that made me 
wonder if it was a nerwork propercy, just like 
synesrhesia, but instead of the sou nd triggering 
a color or a texture or a shape, it is t riggering 

nausea or dizzi ness or aversion or something 
like rhat. 

Would you say you found your niche or 
the best way for you to investigate the world? 

I ch ink there are many ways of investigating 
che world and so chis is one approach lwhich) 
is very fruitful , bur it is nor the only one. Per
sonally l spenc a fraction of lmy] time explor
ing che world through literature also, which is 
a different way of understanding humans and 
morivarions and desires and loves and things 
char science is a little i mpotenr on. [Bur) as far 
as a day-co-day job, yeah, I chink ir is optimal 
for me as for as how co spend my daylight hours. 

What do you feel is your role in the neu
roscience community? 

Well ... sometimes I describe myself as a 
theoretician - wh ich is not quire correct -
and people don't understand that, because whar 
I do is experiments all day. I work wicl1 numbers 
and dara and fMRf and so on, bur rhe reason I 
chi11k of myself ... [as a theoretician] is because 
chere are laboratories char study che brain aL all 
these di ffe rent levels - from molecules co syn
apses to nemons to networks of neurons - and 
what's needed is a theoretical framing co stitch 
aJI these pieces and pares cogecher, and find out 
how they 6r cogether. 'Thac's the parr d1at I do. 

Now what would you say is the most im
portant thing from neuroscience to commu
nicate to laymen? 

le depends what we mean by important. 
I've been really inceresced in social issues lately. 
One of the chings I chink is underappreciared 
is rhe degree co which half of us, as people, are 
products of our culrure, ou r commu nities, O UI 

family, the movies we ward, , [and] the fables in 
our culture. All chose things make us who we 
are, so chere is no sense in imagining yourself 
back as a cavemaJ1 because you would be so co
rnily different, in ways you can't even imagine 
... We all chink rhere is chis hardcore version of 
us char ... has some decorations of cultu re on 
[icl, bur ic's probably nor chat. Very licclc of chat 
hardcore [self] is in there. I chink chat is a very 
important concept for people when they think 
of people &om ocher culruJes and choices they 
make and wonder, "Oh how could they make 
rhar sort of dwice?" !e's actually a big pluralistic 
world. 

"What was your purpose in writing lncog
nito: The Secret Lives of the Brain? 

Al1 interesting question ... it was probably 
multipurpose. When I write a book, it allows 
me to crystallize my choughrs on someth ing, 
and I'm aJways abour rhree times smarrer when 

I nnish rhe book than when I scarr ir. I chink 
there is this illusion chac people have when an 
author sits down and writes a book it's because 
the auchor has goc aJl che scuff figured out and 
wants to express it ro the world. Bur in fact the 
process of wri ting a book translates into figur
iJ1g a lot of srufF our - reaJly crystallizing ideas 
on the Ay You sort of know generally where 
you are going and you sort of know what's hap
pening in from of you, bur you figure a lot of 
scuff out along rhe way about che route. J always 
learn things from wri ting a book. 

Like by making connections? 
Yeah ... so chere's chat and che ocher half of 

it, as far as purpose goes, is I believe strongly 
in the endeavor of popular science. I don't un
dersrnnd why, bur popular science sometimes 
has a bad reputation wicllin the science com
mu nicy, where there is a loc of pecriness about 
this. People feel like if you are spending your 
ti me doing cl1at at nigh r, chen you aren't reading 
academic papers or writing academic papers. 
But the facr is ... [wirhl Incognito, l spent a lot 

When I write a book, it allows 

me to crystallize my thoughts on 

something, and I'm always about 

three times smarter when I finish ... 

of time writing char book, polishi ng char book, 
making che besr book I possibly could. I didn't 
know if anybody would be interested in it by 
the rime ir was done, but then it became a New 
York Times bestseller for almost four months, 
and whar char cells me is there is a real public 
apperire for science and these ideas ... lnscead 
of wricing an academic paper char is read by 17 
people on the planet, here was an opportunity 
to rurn a lot of people on co a lor of ideas. You 
know, l chink it is so critical for the fumre of 
education, for our legislation evenrually, for our 
futu re of warfare, jusr in terms of ... reaching 
people whar is known f and] what has good evi
dence behind ir. Ir changes how people look at 
rhe world, what people chink abour social pol
icy. how they think about incernacional policy, 
how they think about what chey wanr ro teach 
their own children. I feel like Incognito is prob
ably rhe biggest impact that I have had in my 
life so far, in terms of accuaJly being able to turn 
people on co a whole constellation of ideas. 

You, in the book, discuss the mind as 

being unaware of many of these processes of 
the brain and you say that throughout. These 
terms, "mind" and "brain", what do they 
mean to you and how are you using them? 

11,e way I cry to phrase it most consistently 
in rhe book is rhe conscious mind and the un
conscious brain. The conscious mind is che part 
char Rickers on when you wake up in rh-e morn
ing. Ir is che part chat wasn't there when you 
were sleepLng bur is there when you are awake. 
The surprise co me when I got into neurosci
ence ru1d scudied it (for rhe lase I 8 years now) 
is co gee this deeper and deeper undersranding 
of how little the conscious mind has co do with 
what is actually happening under che hood. The 
vas t activicy in your brain is unconscious. You 
don't have access to it. 

Would you say that the conscious mind 
is still a physical section or constellation of 
the brain? 

Well, okay, it probably isn't a section in 
terms of the geography. And rhe reason we 
know char is because you can damage essentially 
any pare of rhe brain and, so far as we know, 
there aren't lesions rhat cause someone co be a 
zombie in that cl1ey keep doing rhe same thi ngs 
with their conscious mind ... 'Thar [the] mind 
arises as a properry of the brain may be an 
epiphenomenon, and that's probably che best 
guess. Bue as I calk about in the last chapter of 
che book, I devote ic to this issue [of whether 
there are] ocher possibilities. 

What is our evidence consistent with? Does 
ic necessitate cl1ac consciousness is an emerging 
properry of.the physical pieces and parts? And 
che answer is: nor necessarily. I mean chat is the 
operacional hypothesis chat all of us come into 
lab every day with and we pursue chis in lab -
how che physical structure of rhe brain trans
lates to consciousness - bur we are absolutely 
cercain that is an unsolved question. Not on ly 
do we not know how to rranslare the physical 
activicy of the pieces and parts into conscious
ness, bur nobody even has a good idea, even a 
seed of a shadow of an idea about what such a 
theory wou ld look like. 

To figure our how you could make a theory 
char translates one into another ... leads ro a 
whole branch of philosophy chat suggests rhar 
consciousness is an inherenr property of the 
world, a part of the fab ric of rhe cosmos, like 
gravicy. 1r might be a. special thing. • 

Interview by Francis Lawrence 

Want to learn more aboutl;)r. Eagleman's re
search and views on life:? Read the entire 

interview online at 

TheSynapseMagazine.com 
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Where to Next? 
Alternative Career Options in Health-Related Fields 

By Breer Kingsley 

G 
raduation. Whether this word 
means one more month to you, or 
you still feel like you just arrived 
here ar O berlin, graduation is d1e: 
resul t we are all m iving for. For 
science majors, the path may be 

tedious at times and fi lled wirh many different 
obstacles. However, whar we ultimately decide 
co pu rsue fol lowing the ceremony is whar's cmly 
i mpo rcanr. A large porrion of studenrs who spend 
their undergraduate careers scudying science goes 
on ro pursue medical careers. While choosing co 
become a docto r or a nurse is mosr common, 
there exist many other less obvious options. 

I. Occupational therapist - lndividu
als in need of this service may have a physical, 
mental, or even developmemal impairmenc char 
does nor allow chem ro funcrion in an independ
enr maJlner 011 a daily basis. l l1is job may involve 
re-reaching the cask of buttoning up a shirr co a 
man who ha.~ had a stroke, o r possibly re-Jching a 
teenager wirh aurism how co jump rope or jug
gle co improve coordinat ion ski lls. You wi ll strive 
for your patients to come our of your treatment 
Feeling independent so char they may have more 
control of thei r lives. This may appeal co neuro
science majors who have a greater understand
ing of how to get the brain and body working 
in unison to perform certain casks, or to biology 
majors inceresccd in che way in which differenr 
body pares collaborare. 

2. Nuclear medicine technologist - This 
is similar co a pharmacist, buc wich a rwisr. Being 
a nuclear medicine cechnologisc can be quickly 
described as using radioaccivity nor only to treat 
disease, bur also ro diagnose ir. Nuclear medicine 
rechnologisrs prepare and adminiscer rad iophar
maceuricals. Additionally, rhey ca.kc x-rays and 
develop difrcrent types of images which rhey of
ten supply to physicians. This occupation may be 
fie for chose majoring in physics, o r those major
ing in chemistry, who enjoy working hands-on in 
a laboratory secting with the d ifferent chemicals 
involved. 

3. Applied behavior analyst - An appl ied 
behavior analyse is a cerrified special ise who is 
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concerned with how people inceracr wieh eheir 
environment. Being an appl ied behavior analyse, 
you will be working wirh various people on dif
fcrem behaviors such as communicaeion, read ing, 
social ski lls, and work skJls. The program may 
involve training patienrs ro respond appropriaeely 
to punishment, rei11forcemenc, and verbal com
municat ion, or lack thereof. Becoming an ap
plied behavior analyse may inreresr those who are 
majoring in psychology or neuroscience, since all 
behaviors seem fi:om the brain and make up the 
personali ty of the cl ienrs. 

4. Chiropractor - -n1e main rask of a 
chiropractor is to manipLtlare rhe spine into irs 
proper forma tion. The job also calls for manipu
lating ocher son tissues and poin rs . To someone 
nor knowledgeable in rhe held, it may look like a 
deep mas.~ge. Yee along wirh these sessions, chi
ropracrors perform various ocher rrearmems fo r a 
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pacienc, involving weighes, head slings, and dif
fcrenc screeching apparatuses. Chiropractic may 
be a medical career choice for d1ose majoring in 
biology o r neuroscience, because of their knowl
edge of rhe parts of the body and rh e connections 
between die spine and che brain. 

5. Clinical dietitian - These are dietitians 
who work in heal th care facilities. Their patients 
include those who have various health condi
tions pertaining ro their diets. Th ey review medi
cal charrs and work wirh medical professionals 
to develop nutrition plans for their parienrs. 
C linical dietitians may also provide seminars or 
public information sessions pertaining to proper 
healrh and nurririon in communities and schools. 
Chemisrry and biochemistry are rwo areas of 
srudy which could lead to becoming a d ietician, 
along with academic background involving food 
and nutrition. 

6. Anatomist - These biological scienrim 
focus on rhe structure of living organisms. In 
most cases, anacomisrs actually work wich hu
man anacomy becmse mosc professionals in chis 
field focus their research on humans. Anatomists 
work at universities and medical centers, where 
they reach che structure of o rgan isms or conduct 
research. They help to train many medical pro
fessionals on their way to becoming pharmacists, 
nurses, and doctors. Those who may be inreresc
ed in becom ing an anacomist may be majoring in 
biology or neuroscience due co rhe facr char rhey 
already have a general understanding of human 
anatomy. 

Perhaps you're certa in th,tt you want to ar
rend medical school, or maybe one of these al tcr
narive choices sounds appealing co you and you 
might wane co learn more. 1l1e possibilities are 
tru ly endless, and while considering your future 
may seem a bit overwhelming, if you dig around 
a lirtle you will always be able to find options you 
havrn't yet considered. We hold all che keys to our 
fiJture; it's up to us co decide which door co open 
and which path to rake, or even ro create new 
paths ourselves. We're given the cool,,; co make 
ourselves exactly who we wane co be, so consider 
your opcions. Don't wait; start exploring. • 

OP-Ed: Lorain County Health 
One Obie ' s Take on Healthcare Outside the Oberlin Bubble 

By Sesha Nandyal 

A 
s Oberlin College scudenrs, we spend about four years 
ofour lives in a rural town with a population of 8,300. 
The cifriens and local businesses are reliably gracious. 
There is, however, a remarkable d ifference between 
the typical Oberlin College srudenr and the members 

of the surrounding com mun icy. 
Co llege students usually have access ro a much higher standard 

of healthcare than che O berlin townspeople. The Lorain Com1ry de
mographics show a 17% minority populacion, 13.6% over the age of 
65, and 7.3% unemployed. W ith 9.1 % of the population uninsured 
and 23.2% below twice the federal poverty level, health risks become 
a major issue. Difficult economic circumscan'ces and che lack of in
surance greatly limit access co primary care. There are 2 1 I primary 
care physicians Ln Lorain Counry, meaning that there are roughly 
l ,400 patients per doctor. O f course. with varying population densi
cies and eligibility requirements, the number is often much higher. 
Only 8 l of these docrors serve Medicaid recipients, which further 
deteriorates the primary care accessibility, as many people are nor 
eligible fo r government health programs. Thus, this situation causes a 
type of healthcare isolation fo r the uninsured popltlarions, induding 
chose with government ass istance. 

Lierle or no access to primary care correlates with a 7.6% inci
dence of low birch weight, 33.6% of adults having high cholesterol, 
and higher rates of infant mortality rhan peer counties in the United 
Scares. The United Way of Greater Lorain Counry produced a Com
munity Health Status Report showing a large population suffering 
from breas t cancer, lung cancer, and coronary heart disease. The most 
disparaging results, however, are seen in the m inori ty populations. In 
2008, the infant mortali ty rare was 24.1 per 1000 births for African
Americans and 9.0 per 1000 births fo r Hispanics, as compared to 
4.2 per 1000 births for the Caucasian population. The discrepancy 
becwcen minori ty infant mortali ty rares in Lorain County is par
ticularly large when compared co other areas of Ohio. ll1is disparity 
could be due to rhe large percentage of minorities who lack insurance 
or do nor have access to primary care nor prenac:al care. 

Lorain County's African-American residems have a L0.1 % rate 
oflow birch weight and only 52.9% receive prenaeal care in d1e first tri
mester (rhe three most critical mouths) of feral development. Accord
ing to a recent World Health Organization survey, Zimbabwe, a coun
try typically represencarive of the third-world, has a 12% incidence 
of premature births, and only 44% of people have four or more ance
natal consults. These stari.stics demonstrate that the African-American 
population of Lorain County, a local icy within the United Scares, has 
cwo important health ind icators within 9% of those of a th ird-world 
country. 

The reasons for such a srark com rast may lie in a lack of primary 

care o r insurance coverage, o r a phenomenon such as vitamin D defi
ciency. W hatever the cause, it is completely unacceptable fo r a county 
within such a privileged na tion. As college s tudents, it may be easy co 
rake access to heal thcare for granted, bur it is important to acknowl
edge chis privilege and help th is community. For O berlin CoUege co be 
a truly great instirntion of higher learning, its students, many of whom 
are pursuing ar least one social cause, musr maintain awareness of and 
be prepared co challenge the Oberlin city health disparities. • 

Tue views cxpi:csscd in this work are tbose of the author and do 110 1 necessarily 
represent the views of, and should 110 1 be attributed to, The Sy11apu. 
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An Interview with William Fuchsman 
The Life and Work of Oberlin's 

Retiring Chemistry Professor 
In his many years as a valued professor at Oberlin 

College. Dr. Willutm Fw:hrman has taught a number 
of chemistry and biochemistry cou11es. Now in his 
final semester herr at Oberlin, Fuchsman is tea,·hing 
Bioo,ganir Chemistry, the couse he is most well known 

far, and finishing up a number of research projects. 
7he Synapse s11t down with him to discuss his rr.search, 
career, and variouJ other pursuits. 

Twas trying to understand your research. 
Among other things, you're trying to charac
teri:c.e the abilities of hemoglobin and myoglo
bin [proteins in red blood cells and muscles, 
respectively] to catalyze reactions of oxygen, 
right? 

l11ar's whar ic [says onlinel. My background 
from graduare school on has had something to do 
wirh heme proreins, if char has meaning for you. 
The hemt: is the n.:d component of hemoglobin 
[rbe protein which transports oxygen on che red 
blood cell]. and it's fo und in ocher proteins, and 
it's important. Hemoglobin, myoglobin, chac's 
what makes muscle red. 1he heme is ... an aro
matic, organic material. TI1ac's where the color 
comes from. Ir's also a very good ligand [or bind
ing molecule], and it's a ligand to iron. When the 
iron is in the plus 2 scare, and hemoglobin or my· 
oglobin [and] oxygen combine, ... hemoglobin 
carries oxygen around and myoglobin serves as 
a deposirory fo r oxygen in muscle cells and also 
facil itates and speeds up diffusion [movemenc to 
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areas of lower concencrarion] of oxygen. Oxygen 
is very small, so it should move rapidly. However, 
its diffusion requires a concenrrarion difference. 
Since oxygen is practically insoluble in water you 
can't gee much of a concencrarion difference, bur 
you can sure gee a concentration difference for 
oxygenated myoglobin in rwo places . ... [T]hen 
oxygen is getting where it needs ro be in a cell. 
And ir's going there, being carried by myoglobin. 

So there are a lot of heme-containing pro· 
reins, [like] the soybean leghemoglobi11. Ir rums 
our char in legumes - soybeans are one of chose 
legumes - nitrogen fixation [plant pulls in at
mospheric nitrogen, necessary fo r survival]. 
which requires a lot of ATP [cellular energy], and 
one of the ways of making a lot of ATP is by us
ing oxidative phosphorylation. 

So you need a loc of oxygen, and the only 
problem is char the enzyme thar does nitrogen 
fixation is very sensitive co destruction by oxy
gen. So what you need is ro have someching char 
can carry oxygen, something like myoglobin fb ur 
functions ar very low oxygen concenrracions], in 
[he plane cells rhal have rhe symbiotic bacreria 
in chem, because che symbiotic bacteria are rhe 
things chat under low oxygen conditions will [fix 
nitrogen in rhe plant]. So you've got ro keep low 
oxygen condi tions and provide lors of ATP. This 
is essential for rhe plane cell ro provide an en
vironmenc in which che symbiotic bacteria wi ll 
actually fix nitrogen, [and leghemoglobin serves 

the role of faciliraring oxygen diffusion at very 
low oxygen concentrations). 

f'm still winding down. This is my last year 
of reaching here at Oberlin. 

It is? 
Yeah. So I'm crying co finish up. The faculry 

have a career sabbacical for the semester and win
ter term after stopping ceacliing, so I stilt can do 
some research, bur [afrer chat] chere's not room. 
I can't stay here. 

l did a kind of triage on my many unfinished 
laboracory research projects, co cry co figure out 
which ones nobody would do if I don't. Which 
ones also do I have a chance of gcrting done before 
1 retire? And one that I've been playing around 
with for liter.illy decades, which is not my main 
line of research, was something I had found by 
jusr investigating a lircle furcl1er a procedure tbac 
we used co measure quantities of reducing sugars 
... Reducing sugars are a class of sugar ... You can 
dececc cheir presence quamicacively or qualica
rively because rhey serve as reducing agenrs. TI1ey 
will reduce certain things whose reductions you 
can moniror [with] a specrrophocomerer, or [by] 
looking at color change fo r quamirarive or pre
cipiration for qualitative assays. 

And it is well esrablished in the liceracure 
whac happens co reducing sugars - they eicher 
have or fo rm aldehyde groups and che aldehyde 
groups gee oxidized to carboxyl groups at high 

pH ... and I jusr scarred checking out one such 
procedure tha[ J was using in reach ing labora
tories first in i:he biochemistry course and then 
I shifted chose experiments to the bioorganic 
chemistry course ... chat I am now reaching. 

I found that rhe behavior of chis procedure 
did nor fir what people said was going on when 
reducing sugars acred like reducing sugars. And 
so I've been exploring thac because chat's been 
a settled issue for generations, and what all the 
rexrbooks ... say is wrong! 'fhar's nor whar's hap
pening to rhe reducing sugar. 

Are you going to write to textbooks? 
No, we'll publish this in a journal and hope 

char textbook writers ... notice. 

I'm sure they would be reading it, right? 
One hopes. 

You've mentioned you had a graduate 
school background in hemes and hemoglob
ins. How did you fust get led into that area? 

Well, I was doing graduate work in a bio
chemistry deparrmenr and I had known chac l 
was interested in biological chemistry, probably 
before J even wenc co college. I was just inre r
esced in chemistry particularly, and J was inrer
esced in living chings also, and r was interested in 
combining char. When l goc to graduate school, 
l found chat l was more interested in doing ... 
more chemical aspects of biology, rather chan 
more biological aspects. In the department chat I 
was in, the major researcher who was doing more 
chemical work was rhe one who was working on 
hemes, so that's what starred it. 

So it was kind of almost accidental, then, 
it was just that he happened to be working on 
hemes. 

Right, because I didn't know much about 
hemes before scarring work there. 

You said that you were interested in bio
chemistry before you even went to college. Do 
you remember what got you interested in it to 
begin with or was it just school in general? 

The things I was incerested in doing, as ... a 
child was collecting insects ... [and keeping) vari
ous creatures as pees. In high school, I worked 
ar the Cleveland Natural History Museum. I 
went to high school in rhe Cleveland area, and 
before that I was in sourb Texas. [ was fasci nated 
by marine biology. Before Padre Island became a 
national seashore and a "spring break" destina
tion, it was a place near where l lived ... We could 
drive to Padre Island. \Y/e could drive on chat 

beach. and we could go where there weren't other 
people. And I spent some time when I was in ... 
junior high school ... with a family friend who 
was a marine biologist, to learn some more about 
purple sea snails, [and various other marine crea
tures]. So I was fasci nared hy these living things 
and was also interested in chemistry, so T wan red 
co combine those inreresrs. 

Why Oberlin? How did you end up here 
and why have you stayed? 

I had nor incended, necessarily, to be reach
ing at a Uberal arcs coUege. Oberlin was rhe only 
college I applied to. I was interested in academic 
work and l applied co some university jobs as 
well , bur I got the Oberlin job, and I have nor 
had any regrets. 

\'v'hac's crucial co my sarisfacrion in the 
Oberlin job is t\vo rhings: working with moti
vated and capable and interesting students, in 
terms of courses, but also being able co do se
rious research. Because there are, as you may 
know ... liberal arts colleges where che faculty are 
so pressed to ce-.ich what they have to reach chat 
there is no opporrunicy ... or very little oppor
tunity co do research. Oberlin nor only has the 
opporcuniry, bur expects faculty co be active in 
their Fields. 

r like both the teaching and research aspects 
of my job. 

So you've really enjoyed leading a focused 
academic life. 

Yes. Bur, as you know, it is nor so completely 
focused [on academics] . I am also involved in rhe 
Guacemala work, which has nothing ro do wicl1 
my scholarly work. 

And how did you fall into that? 
During a period of time, when terrible things 

were happening co Mayan people in Guatemala, 
there was a human rights effort by people were 
working with refugees who were then in Mexican 
refugee camps - refugees from Guatemala. And 
cl1en [rhere was] che coincidence of rwo people 
who had been working in human rights work in 
Guatemala, coming co live in Oberlin at the same 
rime as [former Dean of Students Linda] Gates' 
daughter was about co graduate from Grinnell 
College. She wanted to do human rights work 
and che people who moved into Oberlin wanted 
to form a new organizacion ro help wich hu
man righcs work .in Guatemala. My wife, who 
has long been inceresred in anthropology, has a 
master's degree in fand1ropology,I from Oberlin 
College, which once upon a time, offered such 
degrees. [Shel knew terrible things wert: hap-

pening ro die Maya bur couldtfr ... do anythi ng 
about it, didn't know derails. Ir all came togerher 
and they fo rmed an organization. which is SEPA 
[Santa Elena Projecr of Accompaniment]. And 
I was nor involved in it for rhe first two years 
of SEPA's existence, Bur when SEPA's first del
egacion was being organized co visit Sama Elena 
in Guatemala ... l said cwo rl1ings to my wife. 
One was, "Thar's nor a safe place ro go. You're 
not going alone. l will go, coo!" And che ocher 
cl1ing l said was, "Why don't you schedule it for 
January?" Because then we can cake Oberlin Col
lege s-r.udencs . ... January 1999 was che first rime I 
went to Guatemala with my wife and some ocher 
townspeople ... We mer [the smdenr group] in 
Guatemala Cicy and all wenr co Santa Elena and 
I was hooked and I have been back many rimes 
since ... and have been involved for many years as 
the SEPA treasurer and ... have been the faculty 
sponsor ever since 11999] for the winter term 
Guatemala project. 

Do you have any other main interests or 
hobbies outside of academia, which you like 
to pursue or are active in? 

J do enjoy g.irdening. My house is one 
[where] ... mosr of the Front yard is garden; the 
entire1cree-lawn is garden. My wife and I like co 
plant. We do a lot of planting of native [to Ohio) 
planes. 

My interest in animals has continued, so I 
do have pers at home. Currently it's jusr cars, par· 
rots, curries, and fis h. 

I had ·a per skunk [once). l had a hedgehog. 
The skunk was an interesting character, bur che 
hedgehog seemed really much less inccrcsting ... 
in cerms of irs inceraccion wich us. 

If you had any a.dvice for young science 
majors, what would it be, as they try and pur
sue their careers and get jobs in the academic 
market? 

My advice would be co students who chink 
they are in reresced in rhe sciences: at some poi nc, 
earlier is berter, ger some experience in a research 
lab, and find ouc. Because for some people, re
search is really attractive, and it's maybe what in 
i:he end mrns people on to a career in science. 
And for ocl1er people, research is not a comfort
able acciviry. You wane co Find ouc early on, in
stead of chi nking char research seems like a very 
amacrive d1i ng co do, and perhaps finding our 
once you have committed ro doing ir, say in 
graduate school. chat actually you don't like it so 
much after all. • 

interview by Lizzie Roberts 
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Lab Hierarchy 
Undergrads have more 
power than you think 
By Hillary Mullan 

M 
any people share the pe r
ception rhat working in a 
research lab as an under
graduate is analogous co 
voluntarily giving yourself 

up for slavery. You do the mind -numbing 
casks rhar the posr-doc has been putting 
off for the past three months and in rerurn 
yo u arc offered "experience" . As someo ne 
who spent her summer sitting in fronc o f 
a computer counting cells fo r eighr hours 
a day, I can attesr co the face chac there is 
some truth in rbe "m ind- numbing" part 
of chis stacemenc. However, I would say 
slavery is much roo harsh a term. Instead, 
I would compare che re lationship between 
an undergraduate intern and research sci
entists ro char of a king and a court jester, 
with the scientis ts playing the role of the 
jester. 

Yes, f am here co argue that undergrad
uates have a lot more power in resea rch labs 
than mosr people will acknowledge. And 
before you launch into some cou n rerar
tack chat highlights the difference berween 
a stipend and a six figure salary, hear me 
our. As an undergraduate scudenc walking 
inro a scienciftc lab, yo u feel rhe research 
ers, technicians, and pose-docs make a co n
scious effo rt co keep yo u enterta ined. They 
provide you with stimulating conversation 
and le t you play with rhe buttons of che 
PC R machine. In return for lending them 
your undivided arrenrion , they give you to
kens of appreciation in the form of Excel 
spreadsheets or pyrex jars full of solutio n. 
Gra nted, these items may be required for 
your experimenr, bur rhe face tha t they 
were willing co do the grunc work setti ng 
you up demonstrates the ir des ire to please 
you . 

One of the biggest perks of bei ng an 
undergraduate in lab work is rhe almost 
unlimited m ista ke quora. People expect 
you ro break cesr cubes, bend electrode 
rips, rip t issue sa mples, and cu rn o n all the 
wrong chings ac rhe wrong times. When 
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an experimenr does nor go as planned, 
someone is there wirh a broom and a list 
of suggestions fo r next rime. Ir isn't I ike 
in chemistry labs, where you are limited 
ro cen dolla rs worth of cl umsiness befo re 
a professor sta res givi ng yo u the evil eye. 

Finally, as an undergraduace, you have 
th e power ro ask wharever you want and it 
is the lab's obligation nor on ly to provide 
you wich the answer, but not co judge yo u 
for asking the question in the first pl ace. 
If someone doesn't know the answer, it is 
quickly researched and you can expect the 
prompt arriva l of a set of journal articles in 
your inbox. The face is, in lab, research sci
entists will carer co yo u, your interests, and 
you r goals. lf th ey lea rn you a re inceresred 
in microscopy, they will sea rch rhrough 
their dara for a particu lar ly stunning image 
or schedule an experim ent ar a rime when 
you will be free ro observe. They want to 
impress you. T hese people gee a kick out of 
watching you learn. And while "test rube 
defroster" or "cell -cou n ter" may not be the 
first skill you put on your resume, these 
people have been there, have survived, 
and are ready at any time to pull our their 
porn-porns and cheer you on. • 

Upcoming 
Seminars 

• 

• 

• 

A1'cheology 
2012: 40th Anniversary of 
the UNESCO World Herit
age Convention: Reflec
tions on US Participation. 
Stephen Morris (O C '82), 
Office of International Af
fairs, National Park Service. 
(April 23rd, 4:30pm in 
Classroom II, Art Building) 

Nettroscience 
PKMZeta and Memory 
(see article on page 8). 
Todd C. Sacktor, MD, 
Professor of Physiology, 
Pharmacology, and Neu rol
ogy at SONY Downstate 
Medical Center. (April 27th, 
12:10pm in Wright Lecture 
Hall - W201) 

Biology 
Stephen A Smith, PhD, 
Professor of Ecology and 
Evolutionary Biology at 
University of Michigan. 
(May 11, 12: 1 Opm Location 
T BA) 

Seminar: Stuart McDaniel '94 
Using moss model systems to clarify pat
terns of biodiversity 
By Sesha Nandyal 

On February I Och, Scuart 
McDaniel (OC '94), a fou rth 
generation Obie and current As
siscam Biology Professor at the 
University of Florida, presented 
a riveting description of his re
search concerning the evolurion 
of reproductive isolation in moss 
species. After gcning his Ph. D. 
from Duke University in 2005, 
he decided ro continue wirh his 
research in che genetics of adapta-
tion and reproductive variation. 

He is currently working on the exploration an<l 'iden cificacion of genes in
volved in sex-ratio distortion, adaptive life-history variation among poptda
cions, and the consequences involved in crossing divergent popldarions and 
species. 

Physcomitre!ia pater,s and Ceratodon purpureus, two inreresring moss 
model systems, have convenient haploid generics and highly developed 
gene targeting cools that simplify McDaniel 's research of generic distor
tion. Using these strains of moss, sampled from rhe Ea.sr Coast, he and his 
ream of postdoctoral researchers srudy variation. His presencation, ritled 
Genomic and macroevolutionary consequences of dioeq: insights .from moss 
model systems, highlighced the abi lity of certai n o rganisms to change sexual 
systems within a species over time. These sexual systems, namely dioecy and 
monoecy, respectively consist of: 1) two sexes, male and female, offering 
the promise of generic diversity, and 2) hermaphrod itism, wh ich carries the 
benefic of reproductive assurance. 

By using phylogenetic reconstructions for hermaphroditic mosses and 
checking chem by identifying sister groups, McDaniel found that 60 per
cent of switches were from single sex ro rwo sexes. This showed a slighc 
trend coward diversification by sexual dimorphism. McDaniel then pro
ceeded to grow different strains of moss under ideal conditions fo r crossing 
and finally achieved a cross char supported the pattern. 'Th is led him to 

conclude that the benefi ts of sexual dimorphism outweigh chose of her
maphroditic systems. According to McDaniel's research, this phenomenon 
fuels the evolution of macing systems in certain moss species. 

For further information on his project, check out his most recent ar
ticle, An experimental method to facilitate the identification of hybrid sporo
phytes in the moss Physcomitrelln patens usingfluoresum ta.gged lines. • 

References, full interviews, and applications to join our 
fall staff (available May 1) can be found at 

TheSynapseMagazine.com 
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ACROSS 

Oberlin's resident dcvdopmcmal 
biologis, 

5 Opposite of ventral 

;;-
t--

,__ 

t--

6 Alli,eracive phrase·, " __ Tough!"; 
refers ro a ma,eri~I discussed in rhis issue 
8 A hormone largely involved in 
chronic :and acuce stress 
9 A Ltni1 of sound frequency 
12 0 1 in the atmosphere 
15 A l,iol uminesceni bac,erium 
17 Whose free energy? 
J 9 Whai dissipates from your h,md 
when you Stick it into cold wacer 
20 A <ype of gcnccic "uee" 
23 An organ ism which docs a "waggle
dance·• 

1 

6 
I 

t--

I [:~ 
--13 ---

15 I 
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18 
,__ 
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19 

,__ ,__ 
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22 
..._ 

23 2• I 

I 
26 

DOWN 

An aldehyde functional group. Also, 
like a sneeze when coupled with "A" and 
.. 0 .. 

2 A part of the in ncr car 
3 Whac a computer programmer's fi rs, 

program says (or prims) co rhe world; a 
greeci ng 
4 In£ = m~.::, c = the speed of __ 
6 Dr. David Eaglcman's self-Litlccl role 
in ,he neuroscience commu11 i1y 
7 Current Oberlin environmencal 
competition 
IO Gingers genus name 
l l J\ neurological "hlcncling uf the 
senses" 

25 Someone who srudies the s1rucmre of 
living organ isms 

13 Cl,; a compound you might om in 
your poo l 
14 The skic, have a "Crab" one 

26 A color wh ich often dcpic1s oxygen 
in NASA phomgraphs 

16 Abb reviation for a cenain non-stick 
surface 
18 What igneous rocks are made from 
2 1 A rcccp1or type in volved in long-ccrm 
po1en cialion 
22 An o rganic ma1crial which is ,he 
focus of Dr. Fuchsman's research 
24 A funnional group which crea1es an 
alcohol 

Thank you, Oberlin faculty & students for 
your talents and support. Specia1 thanks to 

Jan Cooper, Matthew Harris, and the Student 
Finance Committee. 
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