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he Large Hadron Collider, more
colloquially known as the LHC, is
the world’s largest, most powerful,
and most expensive machine. Within
the accelerator, protons collide at
near the speed of light, and out
of this collision new, more exotic
particles are created. Physicists
study these collisions to gain insight
into a host of important physical
phenomena and to test currently
existing theories. Modern theories
generally try to develop physics that
is considered “beyond the standard
model,” or theories that go further
than the experimentally established
framework within the field of
particle physics. That’s where the
search for Supersymmetry comes in.
Long considered a favorite
candidate theory to supersede the
Standard Model, Supersymmetry
proposes a spacetime symmetry
in which bosons, elementary
particles with integer valued
spin, and fermions, elementary
particles with half integer spin, are
connected to each other through a
mechanism known as superpartners.
With the LHC now running at
the highest energy possible, no
evidence of Supersymmetry has
emerged, much to the surprise of
the physics community. Without
evidence of Supersymmetry, much
of the modern work of theoretical
physicists is now in question, and the
future of particle physics remains
open and uncertain.
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all break was coming. I remembered
how boring it was last year when
I stayed on campus during the break
and there were only two people on
my floor. When I looked through
the website to find a resort in the
Caribbean, I was surprised to find
ClubMed (not an advertisement but a
great option for the holidays) still had
50% off. My friends kindly reminded
me the Zika Virus might be the reason,
and I suddenly realized that Zika was
still there. It did not disappear when
headlines changed to the election
or Black Friday. Another virus, Ebola,
was the same. In fact, it did not only
disappear but also evolved. According
to an article in the New York Times,
there was a mutation in Ebola’s genes
which made it more adaptive to human
hosts and become more fatal. Ebola
had emerged and caught everyone’s
attention in the summer of 2014 but
now, in the winter of 2016, it is no
longer popular. However, whether we
pay attention to it or not, the virus is
still there. Thankfully, our scientists
are not as fickle as us: they will always
keep their eyes open for danger.

016 is on track to be the hottest year
on record, joining a warming trend
that is occurring at a rate unprecedented
in the past 1,300 years. While climate
scientists acknowledge large-scale
changes in global climate, the concept
of the Anthropocene characterizes
the magnitude of these changes as a
distinct geologic event. Popularized by
Nobel Laureate Paul Crutzen in 2000,
the Anthropocene is defined as the
geologic time period beginning in 1945,
in which humans began to alter the
Earth’s surface, climate, oceans, and
atmosphere. To compare, the current
geologic epoch, the Holocene, has
lasted 11,700 years. In August of this
year, the Anthropocene Working Group
of the International Union of Geologic
Sciences (IUGS) voted to recommend
designating the Anthropocene as a
formal geologic epoch. In order to
define a new geological epoch, there
must be a global change that will
be incorporated into deposits in the
future geological record. Geologists
in the Anthropocene Working Group
have designated radionuclides from
nuclear bomb tests, unburned carbon
spheres emitted by power stations, and
high levels of nitrogen and phosphate
in soil as possible signals in the future
geological record. However, formally
adopting the Anthropocene as a geologic
epoch is still controversial, as most of
the stratigraphic records are potential
records still under investigation. Many
geologists also recognize the potential
of the concept of the Anthropocene to
mobilize political action in response to
climate change.
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ver the past thirty years, scientists
have speculated that our universe
is expanding at an accelerating rate,
most likely as a consequence of the
presence of dark energy and matter.
However, despite receiving the Nobel
Prize in Physics merely five years ago
for this epiphany, a team of scientists
led by Professor Subir Sarkar of Oxford
University’s Department of Physics now
believes such a conclusion may have
been reached too quickly. With a larger
amount of data, nearly ten times more
than the original sample size, researches
believe the previous evidence may prove
less prominent than previously thought:
rather, modern data would suggest a
constant rate of expansion. In comparison
to recently obtained data, the prior
conclusion is, at most, what physicists
deem three sigma, significantly less than
the standard statistical requirement of
five sigma. Yet, even though there are
other theories that support the notion of
an expanding universe, most are derived
through this previous assumption. Thus,
we may soon find that a large amount
of the research regarding dark matter and
energy has been misguided. Although a
great deal more work must be carried out
to convince the scientific community, this
potential discovery demonstrates the
uncertainty of our current cosmological
model. The universe is a mystifying, yet
beautiful construction; will we ever come
to understand the inner secrets confined
within our cosmos? The world may never
know!
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We l c o m e t o C o l u m b i a S c i e n c e R e v i e w !
Thanks for picking up a copy of our publication.

F

ounded in 2003, Columbia Science Review
(CSR) is a student-run publication and
VYNHUPaH[PVU[OH[Z[YP]LZ[VZWYLHKZJPLU[PÄJSP[LYHJ`
and understanding in the Columbia community
and beyond. When CSR was founded, many
science groups existed at Columbia University,
but there was no science publication that sought
to bring science and the general public closer.
Due to the jargon and technicalities inherent
PU ZJPLU[PÄJ ^YP[PUN ZJPLUJL HY[PJSLZ HYL VM[LU
KPMÄJ\S[ [V \UKLYZ[HUK HUK MY\Z[YH[PUN [V YLHK
Therefore, CSR aims to publish easy-to-read
articles that can be understood by an audience
of various backgrounds. Outside of our biannual
publication, we strive to spread science via a
variety of means. To read the Spread Science
blog, watch “Spread Science” videos, and
learn more about our events, please visit us at
ColumbiaScienceReview.com.
Each semester, CSR’s members and writers
strive to increase knowledge and awareness
of science and technology in the Columbia
community. We plan science events to share our
knowledge and love of science, focusing on how
it relates to our everyday lives. This semester,
we held many successful events! We began
the semester with “See a Star with CSR,” an
astronomy viewing event in collaboration with
BlueShift and Columbia Space Initiative. As part
of our push for interdisciplinary thinking, CSR
launched a “Beauty In Science” Photo Contest, in
which students submitted photos and art pieces
[OH[YLÅLJ[LK[OLILH\[`PUZJPLUJL;OL^PUUPUN
pieces and their short descriptions are at the end
of this issue. In collaboration with University
Writing, CSR held a science-writing workshop for
students to learn about translating science writing
into effective journalism. Finally, in December,
we held a Science Trivia Night, a science show
with the students of One-To-One Tutoring, and
an event with Columbia’s Roosevelt Institute to
discuss the role of science in policy making for
the next Presidential term.
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A Letter From President Obama

O

ver the summer, Columbia Science Review’s Richard Nederlander wrote to President Barack Obama
(Columbia College ’83) requesting comments on his administration’s science legacy. President
Obama responded in an emailed letter, in which he discusses his focus on youth with an emphasis on
science and math education. Thank you, President Obama, for your response and your continued support
of science.
“Dear Richard:
Thank you for writing. America’s drive to tinker, invent, and push the boundaries of what’s possible
ZL[Z\ZHWHY[·HUK^LOH]LHSV[[VZOV^MVYP[:JPLU[PÄJHK]HUJLZ[LJOUVSVNPJHSKPZJV]LYPLZHUK
medical breakthroughs have helped us become the world’s strongest economic power and greatest
source of hope. By investing in our youth and giving researchers the tools they need to innovate and
discover, we can unlock new frontiers and stay on the forefront of progress in the years to come.
To help more students explore science, technology, engineering, and mathematics (STEM), my
Administration launched a campaign called “Educate to Innovate.” Our goal is to move American
students from the middle to the top of the pack in science and math achievement. So far, the Educate
to Innovate campaign has resuled in more than $1 billion to fund programs that help kids succeed in
:;,4ÄLSKZHUK^LHYLHPTPUN[VWYLWHYLZJPLUJLHUKTH[O[LHJOLYZV]LY[OLUL_[KLJHKL
My administration is supporting teachers, mentors, and students who are inspiring all members of
the next generation—no matter what they look like or where they’re from—to dream big. We want
to increase the diversity of students and professionals pursuing STEM careers because our Nation is
strengthened by women and people of color who are scientists, engineers, coders, and inventors.
And I’ve launched initiatives like Computer Science For All to help all our kids—especially girls and
minorities—start learning the skills they’ll need to get ahead in the new economy earlier.
(K]HUJLZPU:;,4ÄLSKZ^PSSSLHK\Z[VHIL[[LY[VTVYYV^·HZ[YVUNLYLJVUVT`HOLHS[OPLYZVJPL[`H
cleaner energy future, and a more secure Nation. My latest budget calls for an increase in funding for
the research, development, and STEM education necessary to keep the United States on the cutting
LKNL(ZSVUNHZ0OVSK[OPZ6MÄJL0^PSSRLLWÄNO[PUNMVY[OLZLWYPVYP[PLZ
(NHPU [OHUR `V\ MVY ^YP[PUN  0 HT JVUÄKLU[ ^L JHU NP]L V\Y `V\UN WLVWSL HUK V\Y ZJPLU[PZ[Z
innovators, and technologists the tools they need to think analytically, dream up solutions, and turn
today’s bold ideas into tomorrow’s realities.
Sincerely,
Barack Obama”

As President Obama’s second term comes to an end, we hope that the next President will continue to
support science, engineering, and medicine. The next four years will prove crucial for global warming,
sustainable energy, and science research funding, to name a few. These issues are undoubtedly complex
and may not get resolved in the near future. However, their global impacts require us all to work toward
ZJPLU[PÄJ WYVNYLZZ HUK Z\Z[HPUHISL JOHUNL *VS\TIPH :JPLUJL 9L]PL^ OVWLZ [OH[ H UL^ NLULYH[PVU VM
ZJPLU[PZ[Z LZWLJPHSS` ^VTLU HUK TPUVYP[PLZ ^PSS WYVTV[L ZJPLU[PÄJ \UKLYZ[HUKPUN JVTT\UPJH[L P[Z
L]LY`KH`PTWHJ[ZHUKÄNO[MVYZJPLUJLIHZLKWVSPJPLZ
Fall 2016
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Letters From the
EIC & President
The past few months have
been incredibly contentious.
Fueled
by
a
divisive
election cycle, people on
social media have been
continuously
questioning
and attacking those with
different worldviews.
After reading one particularly
argumentative
Facebook
post, my friend exclaimed,
“Why can’t people empathize
and try to understand each
other’s viewpoints?! Instead of discussing facts and policies,
why are they attacking each other’s character?” His question
reminded me of a term—the fundamental attribution
LYYVY·[OH[0OHKSLHYULKT`ÄYZ[ZLTLZ[LYVMJVSSLNL;OL
fundamental attribution error is a social psychology idea
that attempts to explain how people understand each other.
It states that when we judge our own actions, we justify
them according to experiences and external reasons, but
when we judge other people’s actions, we attribute their
behavior to internal character. The classic example is: I
^HZ SH[L [V [OL TLL[PUN ILJH\ZL 0 NV[ Z[\JR PU [YHMÄJ I\[
he was late because he is lazy and manages time poorly.
Thus, when others disagree with us, we think of them as
nonsensical instead of considering the reasons for their
beliefs and behavior.

I have a gut feeling that
this past year is one for the
history books—for me, for my
graduating class, and for the
nation. For me, this “gut feeling”
began with my research, which
involved processing samples
from deceased donors and our
intestinal transplant patients. As
I stared down at three feet of
human ileum in the petri dish in
front of me, I thought about the
hours it would take to carefully
h intestine’s mucosall layer from the muscle layers.
separate the
While the patient biopsies were small enough to allow you
the emotional distance to process them as “Pt17 Bx 06/17/16,”
the samples from deceased donors were undeniably human. I
couldn’t ignore the reality that this donor was not alive anymore,
that this donor’s organs were surgically removed this morning,
that a large piece of this donor’s ileum was here, in front of me.
While I understood why the deceased donor samples were given
anonymity, it was an uncomfortable feeling to take something from
HZ[YHUNLYMVY`V\YV^U\ZLL]LUPMP[^HZQ\Z[PÄLKI`YLZLHYJO

I felt a deep responsibility to respect this person’s life and death.
I felt the immense privilege of being here, validating this person’s
choice to donate to transplantation and research. I felt all my
(UV[OLYPKLHJVUÄYTH[PVUIPHZOLSWZ\Z[V\UKLYZ[HUK^O` advocacy work for organ and bone marrow donation culminated
argumentation is so ineffective. People hold personal values, in this moment, where I had the chance to further research and
morals, and worldviews very highly. As a result, people therapies thanks to the donor’s choice and contribution. Working
are quick to dismiss evidence against their ideas but are with human samples, from patients and deceased donors alike,
comfortable accepting ideas that they agree with regardless instilled in me an ethical responsibility to do right by them, which
of factual accuracy. In the Information Age, anything can will permeate my approach to my future career path—medicine.
IL WVZ[LK VU [OL 0U[LYUL[ ^P[OV\[ ÄS[LY ¸5L^Z¹ ZV\YJLZ
VM L]LY` ]PL^WVPU[ L_PZ[ HUK JVUÄYTH[PVU IPHZ HSSV^Z (Z0YLÅLJ[VU[OPZWHZ[`LHYHUKT`LU[PYLJVSSLNLL_WLYPLUJL0
individuals to cement themselves in an echo chamber of remember why I choose to study at Columbia—for the chance to
study the science that I loved but also explore important questions
ZPTPSHYPKLHZHUKYLM\ZL[VJVU[LTWSH[LJVUÅPJ[PUNPKLHZ
about humanity through the Core. I remember why I choose to
Through social psychological ideas, like the fundamental
become a part of Columbia Science Review—for the chance to
H[[YPI\[PVU LYYVY HUK JVUÄYTH[PVU IPHZ ^L JHU IL[[LY
share my love of science and its interdisciplinary interactions with
understand ourselves and our peers. Acknowledging
[OLSPILYHSHY[Z;OYV\NOP[HSS0»]LJVUÄYTLKT`N\[MLLSPUN[OH[
WLYZVUHSIPHZLZPZ[OLÄYZ[Z[LWPUIYLHRPUNV\[VMV\YLJOV
science and the humanities are not so different. As my research
chambers and examining the world at face value. This is
showed me, science is inherently human and more importantly,
true for politics, philosophy, and science. In this issue of the
should be humane. I hope this issue of Columbia Science Review
Columbia Science Review and all future articles, let us look
reminds you that science is relevant to your life and the lives of
past biases and learn to make judgements based on facts
others—and to never forget our shared humanity.
rather than beliefs. We hope you enjoy!
Sincerely,
David Dai, Editor-in-Chief
8

Sincerely,
Amy Xia, President
Columbia Science Review

That’s A Lot of Zeroes…
Elizabeth Sobolik
Illustrated by Natalie Sayegh

P

ortrait of a villain: a man with a bedeviling smirk;
he harbors a sinister character, a megalomaniacal
drive. In his mind, his egocentric values cannot
be compromised. Nothing and nobody will stand
IL[^LLU OPT HUK ^OH[ OL ^HU[Z ;OPZ WYVÄSL KVLZ
not exist in the world of Marvel and Oscorp alone.
Martin Shkreli, hedge-fund CEO, embodied that
archetype uncannily after he became CEO of Turing
Phamraceuticals. Shkreli raised the price of Daraprim,
a drug used to treat a disease called toxoplasmosis,
which can be fatal to H.I.V. patients who do not treat
it in time, by more than seven-hundred dollars. The
news was awash with his sharp cheekbones and his
smug smile as Shkreli defended the price increase,
saying “[it] should be a very handsome investment
for all of us.” Shrkeli seems to be a uniquely hated
ÄN\YLHUKHWVZ[LYJOPSKMVYL]LY`[OPUN[OH[PZ^YVUN
with the biotech industry today. Mr. Shkreli’s descent
into the dark side was easy to denounce, and his
actions call into question the systems in place to
IHSHUJL WYVÄ[ THYNPUZ HUK WH[PLU[ HJJLZZPIPSP[`;OL
pharmaceutical industry relies heavily on the moral
integrity of company leaders to strike this balance, as
illustrated by the ease with which Shkreli raised the
price of a sixty year-old treatment. It would be naïve
to expect companies to act purely based on the desire
to develop and deliver effective medicines to patients.
5V[L]LY`JVTWHU`WYPVYP[PaLZWYVÄ[V]LYHJJLZZPIPSP[`
to the same degree that Martin Shkreli did, but his
actions highlight the need for more regulations about
how drugs are priced and how insurance companies
cover those costs.

;\YPUN»ZWPWLSPULHZHQ\Z[PÄJH[PVUMVY[OL WYPJL
increase. Funding research is incredibly important
for developing innovative treatments, but providing
people the best treatments currently available is
equally important.
Developing a drug costs an astronomical amount
of money and time (10-20 years and a couple billion
KVSSHYZ -\Y[OLYTVYL VUS` HIV\[   VM KY\NZ PU
clinical trials get FDA approval, and the investment by
a company to even get a treatment to a clinical trial
is substantial. Therefore, the pressure to capitalize on
breakthroughs is high.

Developing a drug costs an
astronomical amount of money and
time (10-20 years and a couple billion
dollars).

Sometimes commitment to patients translates to
following through on drugs that treat rare diseases,
which are put through the same rigorous and costly
approval process even if only a few hundred patients
^PSS \ZL [OLT -VY L_HTWSL 9LNLULYVU»Z ÄYZ[ -+(
approval was for a drug called Arcalyst, which treats an
extremely rare hereditary disorder called CryopyrinAssociated Periodic Syndromes. In order to justify
[V PU]LZ[VYZ [OL ILULÄ[Z VM W\YZ\PUN HU` SLHK PU [OL
pipeline, pharmaceutical companies like Regeneron
HUK:HUVÄ^PSSWV\UJLH[[OLJOHUJL[VNHPUYL]LU\L
if they receive approval on a potential “blockbuster.”
The two companies did just that with the PCSK9inhibitor Praluent, designed to lower cholesterol in
people who do not respond well to statins. It costs
Shkreli raised the price of Daraprim,
about fourteen thousand-dollars per patient per year,
a drug used to treat a disease called
^OPJOPZZPNUPÄJHU[S`TVYLL_WLUZP]L[OHUZ[H[PUZMVY
which generic versions exist.
toxoplasmosis, which can be fatal to
(JJVYKPUN[V[OL:HUVÄOLHKVM9 +,SPHZALYOV\UP
H.I.V. patients who do not treat it in
¸B[OLWYPJLDPZYLÅLJ[P]LVM]HS\LUV[^OH[[OLTHYRL[
will bear.” The “value” of a drug comes from the
time, by more than seven-hundred
WV[LU[PHSLMÄJHJ`VM[OLKY\N[V[YLH[WH[PLU[ZHUK[O\Z
dollars.
lower costs in other aspects of health care (e.g. hospital
When questions about steep drug prices arise, stays, surgeries, rehabilitation). Effective drugs have
pharmaceutical executives tend to point to a need the potential lower costs in the aforementioned areas,
for funding to keep their pipeline “fresh” – full of but if the price prohibits patients from getting treated,
potential new drugs/targets at various stages of then that value is lost. Even if a patient can handle
actualization. Despite being very forthcoming with their denoted contribution, deferring the costs to
OPZ WYVÄ[ TV[P]H[PVUZ L]LU 4HY[PU :ORYLSP JP[LK hospitals and insurance providers can put strains on
Fall 2016
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the consumer elsewhere. For example, a breakthrough
hepatitis C drug called Sovaldi that costs $1000 a pill
for a 12-week treatment costs much less out of pocket,
leaving the rest to the insurance company. Being forced
to foot such bills can cause insurance companies to
place such drugs in the highest tier of coverage, even
if they are far and away the most effective treatment
for a given disease, such was the case for Sovaldi.
So, how can the government and the pharmaceutical
industry work together to foster innovation and
mitigate costs?
The market for drugs is unique in that demand
stems from absolute necessity (often life or death) and
WYVK\J[ZHYLZVKPMÄJ\S[[VKL]LSVW[OH[TVUVWVSPLZHYL
rampant. Therefore, regulations need to be instated to
address these unique market characteristics. Holding
companies accountable for their promise to re-invest
revenue from drug sales back into the pipeline should
be a top priority, considering it is a common argument
MVYPUÅH[LKWYPJLZ
In New York Times op-ed, Neera Tanden and Maura
Caselyn suggest a requirement “to either reinvest
a minimum percentage of revenues in research and
development or contribute the shortfall to the National
Institutes of Health…”
Some people argue that idea because, according to
federal government data, prescription drugs make up
about ten per-cent of the total health care spending
in the United States; controlling drug prices directly
will not greatly impact spending. However, using the
aforementioned “value-based” assessment of a drug
would dictate that lowering the costs of medications
would reduce spending in other places because more
patients would be able to manage their illness with
less intervention.

Therefore, regulations need to be
instated to address these unique
market characteristics.
Another integral piece of the drug-pricing debate
is the proliferation of generic drugs, which can help
create competition and lower prices. After a patent for
a medication expires, other companies can gain access
to it and produce drugs with the same chemical makeup without the brand-name price. Hillary Clinton,
among others, has proposed a streamlined FDA
approval process for generics (the process currently
takes up to four years, and companies can negotiate
to extend generics off the market). The existence of
generics helps normalize the market for a medication
by creating competition, but with a rapidly expanding
class of biologic (as opposed to chemical) therapies,

generic versions of a drug may not always be possible
to produce. Doing away with drug patents entirely is
another proposed argument, though a drastic one.
The pharmaceutical landscape has never been more
exciting in terms of potential new treatments and never
more fragile in terms of potential monopolies of those
treatments. In order to prevent the Martin Shkrelis
of the world from exploiting the illness of others for
ÄUHUJPHS NHPU NV]LYUTLU[ PU[LY]LU[PVU PZ ULJLZZHY`

The pharmaceutical landscape has
never been more exciting in terms of
potential new treatments and never
more fragile in terms of potential
monopolies of those treatments.
The pharmaceutical industry does not comply with the
average model of supply and demand or competition
between producers, and the moral integrity of a
given CEO should not be the only protection against
astronomical prices for potentially life-saving products.
We should not be expected to treat medication like we
treat sports cars or other luxury goods in the name
of preserving total capitalist freedom. For Daraprim,
there is no Subaru alternative. !

LYING,

the highest
governing
process
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In fact, research suggests that deception requires a higher
level of cognitive performance than normal conditions. The
brain may require higher cognitive function in deceiving
than in telling the truth.
In the U.S., lie detectors that detect heartbeats and eye
TV]LTLU[ZHYLILPUN^PKLS`\ZLK^P[OV\[T\JOZJPLU[PÄJ
basis. Some legal cases have used lie detectors while others
have refused to use them because they can be unreliable. If
a convict lies but does not exhibit a detectable physiological
change, then the lie detector will not detect any body
movement and will not catch the lie. The limitations of lie
KL[LJ[PVU [LJOUVSVN` HYL KPMÄJ\S[ [V V]LYJVTL ILJH\ZL
tools that can measure precisely when people lie have yet
to be invented. Interestingly, Dr. Spence from the University
VM:OLMÄLSKOHZMV\UK[OH[JLY[HPUWH[[LYUZVMIYHPUHJ[P]P[`
may correlate with deception, providing hope for a better
lie detection device.
With new imaging technology like fMRI, which measures
JOHUNLZPUV_`NLUH[LKISVVKÅV^[VHJ[P]H[LKHYLHZVM[OL
brain, scientists have begun to examine the neurological
IHZPZVMKLJLW[PVU0UHZ[\K`+Y:WLUJLWYVWVZLK
fMRI as a potentially interesting tool to measure deception
in the brain. In order to deceive others, one must have an
understanding of their intentions and beliefs. Formulating
lies is thus viewed as an additional cognitive process that
requires prefrontal executive systems. The brain components
of this process should then be observable. He found that the
ventral prefrontal cortex (VLPFC) and the anterior cingulate
cortex showed increased activity when people were
purposefully lying. Previous research has shown the VLPFC
to be involved in inhibiting responses, while the anterior
cingulate cortex (ACC) is implicated in decision-making
processes. From an earlier 1995 study, Dr. Ford found that
the orbitofrontal cortex (OFC) in the frontal part of the
brain is also critically involved in deception. Patients with
JI YUN SHIN lesions in this area showed a tendency to refrain from lying.
ILLUSTRATION BY NINA KUMAR They could not successfully inhibit truthful responses and
revealed truths at inappropriate times. These areas (VLPFC,
here are many scenarios in life when one encounters a ACC, OFC) are logical candidates for future research, as
problem and may feel the need to lie. Of course, this deception requires a conscious decision to mislead as well
may not apply to everyone, but a substantial number of as the inhibition of a truthful response.
With the advancement in science technology, methods
people lie to others. On the other hand, it is certainly true
[OH[PU[LU[PVUHSS`PUNJHUH[[PTLZILILULÄJPHSWLYOHWZ of accurately evaluating deception may soon arise. When
L]LUOLSWPUNVULH[[HPUHZWLJPÄJNVHS^P[OV\[T\JO[PTL lying, truthful information is actively suppressed in order to
VI[HPUZVTL[`WLVMZVJPHSILULÄ[+LJLW[PVUJHU[OLUIL
or effort.
Since lies can bring about detrimental effects, as a society, seen as an additional cognitive process. As a result, increased
we exhibit great interest in learning various tricks to detect brain activation of various areas should be observed when
lies in social settings. Countless articles and books discuss people are actively lying, and with future research, these
the relationship between social cues, like body language, areas of interest, like the VLPFC, ACC, and OFC, should
and deception. These articles and books tempt people who be further elucidated. Using recent improvements in the
seek to learn more about deception techniques and to avoid quality of fMRI studies, Dr. Spence opened a new avenue
being fooled by others. However, these techniques only to help people understand the nature of deception, and his
partially describe the brain mechanisms that are involved research provides hope for the eventual creation of precise
in the fabrication of white lies and well-intentioned lies. lie detection machines. !
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Benjamina: Evidence
VM*VUZWLJPÄJ*HYL
530,000 Years Ago
14
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I

n 1976, a mining society in Burgos, Spain began
constructing a railway that cut through the hills of the
countryside and exposed cavities containing sediments
ideal for paleo-archaeological excavations. Over the
following forty years, the site, called Sierra de Atapuerca,
has been the birthplace of countless hominin (earlyhuman) remains, including 28 specimens of the human
ancestor Homo heidelbergensis in a section of the site
called Sima de los Huesos or, colloquially, “The Pit of
Bones.” Among those 28 individuals was a shocking
ÄUK¶[OLZR\SSVMHJOPSKK\N\WPUWPLJLZPUHUK
subsequently reconstructed. The discovery of juvenile
bones at a paleo-archaeological site is not of particular
note. This particular skull, assigned the designation
*YHUP\T  Z[VVK V\[ ILJH\ZL VM P[Z Z[YPRPUN VKK
shape, indicative of a developmental condition called
craniosynostosis. At 530,000 years old, this specimen
is the oldest documented case of this condition, and
the age of the individual at his/her death sheds light on
[OLZVJPVIPVSVNPJHSZ[H[LVM[OLPYZWLJPLZ*YHUP\T»Z
age and condition indicate that Homo heidelbergensis,
a precursor to Homo sapiens, showed compassion and
care for their ill and disabled that even modern day
humans often lack.
*YHUPVZ`UVZ[VZPZ PZ H ZRLSL[HS JVUKP[PVU KLÄULK I`
abnormal cranial growth as a result of the premature
closure or fusion of one or more cranial sutures, usually
during the prenatal or natal period of development.
This condition is not uncommon, occurring in 1 in
approximately 2,500 live births. Characteristics of
craniosynostosis are both aesthetic and behavioral. The
head takes on an increasingly lopsided shape as the
cranium engages in compensatory growth away from
the fused sutures. The case of unilateral lambdoidal
craniosynostosis – the condition observed in Cranium
 ¶ PZ JOHYHJ[LYPaLK I` I\SNPUN VM [OL ZWHJL ILOPUK
the ear, increased prominence of the forehead,
asymmetrical ear placement, and a trapezoid shape
of the skull when viewed from above. Unfortunately,
the remaining sections of the skull often are unable
to compensate completely for the closed suture,
resulting in increased intracranial pressure in those
with this condition. Intracranial pressure has been
associated with decreased IQ, and correspondingly, a
study conducted on individuals with craniosynostosis
revealed that 59 out of 86 participants exhibited
ILOH]PVYHSKLÄJP[ZWHY[PJ\SHYS`PUSHUN\HNLHJX\PZP[PVU
Other impairments associated with craniosynostosis
include decreased vision, headaches, neck pain, and a
ZWLJ[Y\TVMJVNUP[P]LHUKTV[VYKLÄJPLUJPLZ
Craniosynostosis can affect any of the many sutures
in the skull. However, the suture least commonly
affected is the lambdoidal suture, which makes up about
  VM HSS JYHUPVZ`UVZ[VZPZ KPHNUVZLZ 9LNHYKSLZZ

[OL KPZJV]LYLYZ VM *YHUP\T  YLTHPU JVUÄKLU[ PU
[OLPY PKLU[PÄJH[PVU VM [OPZ WHY[PJ\SHY JVUKP[PVU PU [OPZ
WHY[PJ\SHY ZR\SS *YHUP\T  KLTVUZ[YH[LZ HSS VM [OL
physical traits indicative of unilateral lambdoidal
craniosynostosis, including the asymmetrical ear
placement, bulge behind the ear, and trapezoidal
shape when viewed from above. Of particular note is
[OLWYVTPULU[MVYLOLHKVM*YHUP\T;OLZWLJPLZVM
Homo heidelbergensis does not have the prominent
MVYLOLHK [`WPJHS VM /VTV ZHWPLUZ I\[ *YHUP\T »Z
JVUKP[PVU YLZ\S[Z PU [OL HY[PÄJPHS HWWLHYHUJL VM H [Y\L
forehead, rather than the sloping forehead characteristic
of archaic hominins.
;OL JVUKP[PVU [OH[ HMÅPJ[LK *YHUP\T  JV\SK IL
primary, from a genetic cause, or secondary, from an
underlying disorder, including anemia or rickets. In the
JHZL VM *YHUP\T  P[ HWWLHYZ [OH[ JYHUPVZ`UVZ[VZPZ
developed in utero, as evidenced by the space between
[OLM\ZLKZ\[\YLHUK[OLWYPTHY`VZZPÄJH[PVUJLU[LYVM
the parietal bone. Based on best estimates, the space
IL[^LLU[OVZL[^VSVJPPU*YHUP\TPZLX\P]HSLU[[V
that of a fetus in its third term. The fact that Cranium
»ZZ\[\YLM\ZLK^OPSLZ[PSSPU[OL^VTITLHUZ[OH[[OL
individual was certainly born with the characteristic odd
head shape, which likely became only more severe as
OLZOLNYL^(KKP[PVUHSS`[OLZL]LYP[`VM*YHUP\T»Z
physical condition indicates a correspondingly severe
ILOH]PVYHS JVUKP[PVU 0[ ZLLTZ SPRLS` [OH[ *YHUP\T 
^HZ HMÅPJ[LK ^P[O HU HYYH` VM JVNUP[P]L KPMÄJ\S[PLZ HZ
^LSS HZ KPMÄJ\S[PLZ ^P[O LH[PUN HUK TV[VY JVU[YVS 0U
spite of the struggles that this specimen faced, however,
the size of the brain indicates an age above eight years,
HUK[OPZPZ^OH[THRLZ*YHUP\TZ\JOHMHZJPUH[PUN
ÄUK
5LJLZZHYPS` [OL V^ULY VM *YHUP\T  JV\SK UV[
OH]LZ\Y]P]LK^P[OV\[JVUZWLJPÄJJHYLMYVT[OLPYRPU
While care for the ill or disabled has been indicated in
[OLMVZZPSYLJVYKH[LHYSPLYKH[LZ*YHUP\TZLY]LZHZ
HKPZ[PUJ[P]LL_HTWSLVMJHYLMVYHUPUKP]PK\HSHMÅPJ[LK
from birth. The severe deformity detectable within
[OL ÄYZ[ `LHY VM SPML TLHUZ [OH[ THU` MHTPSPLZ OH]L
historically abandoned infants with craniosynostosis,
HZ L]PKLUJLK I` [OL LSL]H[LK MYLX\LUJ` VM HMÅPJ[LK
bodies in the cemetery of the Medieval Hospital of
St. James and St. Mary Magdalene, where deformed
JOPSKYLU ^LYL HIHUKVULK PU [OL ÄM[LLU[O JLU[\Y`
;OPZ THRLZ *YHUP\T  HU PUKP]PK\HS ^OV SP]LK
into late childhood 530,000 years ago, an example
of ancient compassion and care. It was with this in
TPUK [OH[ [OL KPZJV]LYLYZ VM *YHUP\T  NH]L P[ [OL
name “Benjamina,” the feminine form of the Hebrew
name Benjamin, meaning “most beloved.” Benjamina,
300,000 years before Homo sapiens walked the earth,
was loved. !
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Of Mice and Men and Machines:

Integrating in silico Patient Response
Models in Translational Medicine
Aleksandar Obradovic
Illustration by Jennifer Fan

P

re-clinical testing is a critical phase in the advancement
of medical knowledge. Before any new drugs,
technologies, or treatment methods can reach human
patients, they are extensively tested against models of
WH[PLU[Z»YLZWVUZLZIV[O[VKLTVUZ[YH[LILULÄ[HUK[V
minimize risk. There are multiple phases of pre-clinical
testing that must be performed before a potential
medical advance can reach humans, traditionally
including in vitro (in glassware) demonstration of a drug
or technology as a candidate for medical application,
followed by in vivo testing on live animal models.
More recently, a new form of computational in silico
testing with virtual patients generated by mathematical
models has been developed and used, but it has yet to
be fully integrated into the pipeline of bench-to-bedside
translational medicine. Nevertheless, it has already
KLTVUZ[YH[LK THU` WV[LU[PHS ILULÄ[Z [OYV\NO [OL
cooperation of researchers, data science experts, and
clinicians in its development.
Overwhelmingly in pre-clinical research, both in
academia and in industry, animal models are used
to approximate human patients, and are taken as a
baseline for validation that a drug is ready to move
ahead to human testing. Mice, because of their humanlike biological systems, as well as their low maintenance
cost and ability to quickly reproduce, are some of the
most popular animal models. Specially bred mouse
Z[YHPUZ WYVUL [V ZWLJPÄJ KPZLHZLZ·PUJS\KPUN KPHIL[LZ
PTT\UVKLÄJPLUJ` HUK ]HYPV\Z JHUJLYZ·VY TPJL
with induced medical conditions are typically used as
test populations in pre-clinical testing for treatments
targeting these conditions. However, even after
successful animal studies suggest a new treatment will
ILZHMLHUKLMMLJ[P]LV]LY VMWV[LU[PHS[OLYHWL\[PJZ
unfortunately fail when tested in humans. Treatments
that fail at this stage of development are hugely costly,

...over 80% of potential therapeutics
unfortunately fail when tested in
humans.
16

not only in terms of time and money (often millions of
dollars), but also in terms of the sometimes fatal risk
to early human subjects, who must often commit to an
extended period of treatment without pursuing other
options, and may die as a result.
Some improvements have been made on the classical
mouse models that have been in use for over a hundred
years, and researchers can now integrate information
from the clinical stage into pre-clinical animal testing
in the form of tissue or pathogen samples, and through
transgenic insertion of human genes into mice. This is
particularly useful in research for immunology, infectious
disease, and cancer biology; more human-like mouse
models can be created through genetic transformation
VM PTT\UVKLÄJPLU[ TPJL;OLZL ¸O\THUPaLK¹ TV\ZL
models are better pre-clinical patient response models,
and they are, so far, the only animal model in which
a mouse’s gene or set of genes is replaced with the
human counterpart, but these models have their own
set of problems. Humanized mice are more expensive
HUKKPMÄJ\S[[VKL]LSVWHUKTHPU[HPULZWLJPHSS`\UKLY
intellectual property laws that protect their distribution.
In addition, the lifestyle, age, and upkeep particular
to mice introduces additional variables that skew
the models away from a natural human response.
Furthermore, human patients are treated differently than
mice, often with multiple overlapping or sequential
treatments, and the drug doses or treatment intensities
used for mice do not necessarily translate meaningfully
into a clinical setting. This produces models that still fail
to fully capture human responses and cannot explain
why a treatment or drug does not work.
The newer in silico modeling takes the same
approach—looking back from clinical experience on
humans to inform the pre-clinical testing stage—but
does so virtually, without the use of any animal at all.
Instead, clinical information is collected and reviewed
I`L_WLY[ZPU]HYPV\ZÄLSKZPUJS\KPUNZ`Z[LTZIPVSVN`
networks, and data mining. All of this information is then
integrated into a mathematical model that can generate
large cohorts of synthetic patient data with a given

Columbia Science Review

therapeutic approach or set of approaches incorporated
into the model as functions that affect targeted
physiological variables, such that virtual patients can
respond to intervention analogously to the way that real
human patients respond to various treatments. This is
usable, for example, in disease-progression modeling
for anti-cancer drug development, where simulation
testing can inform dose selection, potentially improving
late-phase success rate of treatments.
;OL PTTLKPH[L ILULÄ[ VM Z\JO HU HWWYVHJO PZ
that, once developed, it is very inexpensive and fast,
far outpacing the reproductive rate of mice. It can
also generate very large datasets with perfect control
samples, because a virtual patient, once generated,
JHU IL Z[VYLK HUK YLWSPJH[LK PUKLÄUP[LS` HUK [OL
effects of many different proposed interventions can
be directly compared to each other on the exact same
set of patients, which is not possible with any animal
model or even at the human testing stage. As a result,
problems with confounding variables and sample
selection are less pronounced, and in silico modeling
dramatically increases the number and variation of
interventions that can feasibly be tested and compared
in early pre-clinical development. Thus, incorporation
of in silico patient response models into pre-clinical
[YPHSZTH`WYV]PKLZPNUPÄJHU[HUKJVZ[LMMLJ[P]LILULÄ[Z
over animal models alone, even over small samples
of human subjects, where variation within the sample
makes interpretation and detection of small effects
statistically challenging.

compared to mice for areas such as pharmacokinetics
(predicting what the body does to a drug) is borne out
of inexperience in their use, and although traditional
animal models and early-stage clinical trials should
still be used in conjunction with in silico modeling for
further validation, the added value of starting with a
computer-based model before taking on the investment
and risk of running the traditional models is undeniable.
Furthermore, development of these new virtual
patient response models provides opportunities that
have no analogue in the existing pre-clinical testing
pipeline. In silico pre-clinical trials aren’t just a tradeoff
of speed and cost savings against observation of live
subjects, and unlike even human trials, they provide
KLÄUP[LTLJOHUPZ[PJL_WSHUH[PVUZMVYZ\JJLZZVYMHPS\YL
of a treatment on any given virtual patient. That level
of insight allows for learning and optimization, even
from failure. Where sunk costs would otherwise be
pure loss in medical technology development, failed or
suboptimal trials in silico capture disease progression
data over time in the variables of the model, so treatments
JHU IL JVU[PU\V\ZS` TVKPÄLK YH[OLY [OHU JVTWSL[LS`
scrapped. This is demonstrated in one work on simulated
patients, generated from a mechanistic mathematical
TVKLS VM IHJ[LYPHS PUMLJ[PVU [OL HJ\[L PUÅHTTH[VY`
response, global tissue dysfunction, and a therapeutic

;OLPTTLKPH[LILULÄ[VMZ\JOHU
approach is that, once developed, it is
very inexpensive and fast, far outpacing
the reproductive rate of mice.
Clinical validation of in silico preclinical prediction
has already been shown in modeling the immunogenicity
of therapeutic proteins and in ADME (absorption,
distribution, metabolism, excretion) evaluation, drug
discovery, and toxicity, where there is an emerging
consensus “[…] that the predictors are no worse than
those made using in vitro tests, with the decisive
advantage that much less investment in technology,
resources, and time is needed. In addition, and of critical
importance, it is possible to screen virtual compounds,”
as discussed in Dr. Alan Boobis’ 2002 report, titled
“In silico prediction of ADME and pharmokinetics.”
These advantages greatly speed therapeutic research,
beating the current “see what sticks” approach by
identifying expected adverse effects in the early stages,
potentially before the approach in question has even
ILLUPTWSLTLU[LK3HJRVMJVUÄKLUJLPU[OLZLTVKLSZ
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intervention. In this case, trial
populations were constructed
[V YLÅLJ[ OL[LYVNLULP[` PU
amount of bacteria present,
virulence, and degree of
immune response, such that
mathematical models provided
meaningful insight into the
reasons that the intervention,
which had achieved success
in animal models, failed in
humans.
Another
model,
incorporating drug dosing,
duration of therapy, and
interaction
among
cointerventions
for
sepsis,
KLTVUZ[YH[LZ [OL ILULÄ[ VM PU
silico models in optimizing
complex
combinations
of treatments. Because of
the many possible ways to
combine treatments, it is
KPMÄJ\S[ [V [LZ[ JVTIPUH[PVU
therapies in a traditional
manner—yet this problem
is easily alleviated with
reproducible virtual patients.
Here, mathematical models of
human sepsis progression are
used to formulate and evaluate
improvements in the way this
disease is treated by generating
a large sample size of virtual
patients and testing the
impact of multiple treatment
technologies in combination
on sepsis progression. This
provides a solid basis for a
combination therapy approach
that can save more lives than any one therapy alone,
IV[O VU HU PUKP]PK\HS WH[PLU[ZWLJPÄJ IHZPZ HUK HZ H
NLULYHSPaLK VULZPaLÄ[ZTVZ[ HWWYVHJO ,_WHUKPUN
and translating this method to similar problems in
medicine with new patient-generating disease models
presents a wealth of opportunity for accelerated medical
innovation.
The success of in silico patient response models in
pre-clinical trials so far suggests that they may even
provide a humane alternative to animal testing in some
domains. For instance, in silico testing of algorithms
to automatically regulate insulin pumps for Type 1
Diabetes on a large cohort of 300 simulated “subjects”
developed from modeling key physiological parameters
18

has been validated to the extent that the Food and Drug
Administration has accepted it as a substitute to animal
trials in the preclinical testing phase. Translational
medicine is moving towards increased integration of
computer-based mathematical modeling and synthetic
data in pre-clinical patient response models, and
although the best model of human patient response
will always be human patients themselves, it may be
that humanized mice could eventually be replaced
as model organisms by computerized humans, which
^V\SK IL TVYL LMÄJPLU[ SLZZ JVZ[S` SLZZ L[OPJHSS`
problematic, and would provide greater opportunity for
testing complex multi-treatment scenarios.
In the long term, there is room to develop these

Columbia Science Review

techniques on an even larger scale, currently being
explored by the European Union Virtual Physiological
Human project. Current virtual patients are modeled
WPLJLTLHS HUK ZWLJPÄJHSS` MVY [OL TLKPJHS JVUKP[PVU
being researched. Whatever researchers do not need
for their particular problem, they usually do not model,
SPTP[PUN[OLÅL_PIPSP[`VMPUZPSPJV]PY[\HSWH[PLU[ZHJYVZZ
TLKPJHSZ\IÄLSKZ;OL]PZPVUVM[OL=PY[\HS7O`ZPVSVNPJHS
Human is a more generalized model, on a grand scale,
integrating genomics, healthcare, computational
IPVSVN`PUMVYTH[PVU[LJOUVSVN`HUKTHU`V[OLYÄLSKZ
in a framework enabling collaborative investigation of
the human body as a single complex system. The goal of
the project is to create a set of disparate but integrated
computer models of human mechanics, physiology, and
biochemistry that allow incorporation of descriptive and
quantitative knowledge in a dynamic way, as well as
prediction of stimulus-response at different scales with
varying levels of detail.
+L]LSVWTLU[ HUK JSPUPJHS ]LYPÄJH[PVU VM Z\JO H
model is most likely quite far off but is nonetheless being
worked toward as the height of the transformational
power of virtual patient modeling in medicine. The
appeal of in silico pre-clinical models is irresistible.
It provides greater explanatory power in interpreting
effects that might emerge in response to treatments, as
well as better understanding of how a tested procedure

interacts with an individual patient’s anatomy, combined
with the capability to predict long-term or rare effects
that traditional small clinical trials cannot reveal. There
might conceivably be cases where a reliable predictive
model could even aid in personalized medical treatment
directly, although the possibilities in pre-clinical research
HSVUL HYL Z\MÄJPLU[ [V YLWYLZLU[ H KYHTH[PJ SH[LU[
potential in medical application of computer modeling.
Ultimately, in silico models should be and are
in the process of being integrated into pre-clinical
^VYRÅV^Z I`WHZZPUN WYVISLTZ ^P[O Z[H[PZ[PJHS WV^LY
sampling, and controls that plague existing patient
YLZWVUZL TVKLSZ ;OPZ OHZ [OL THU`MVSK ILULÄ[ VM
providing greater return on investment, providing some
explanatory power for the successes and failures of
proposed treatments, and increasingly exploring new
treatments that would otherwise be prohibitively costly
in terms of time, expense, and loss of life. Achieving this
evolutionary step in Translational Medicine requires the
extensive collaboration of computational, biological,
and clinical experts, such that medical professionals with
patient experience must work to provide meaningful
clinical information to data analysts and basic research
ZJPLU[PZ[ZPUVYKLY[VKL]LSVWHUKYLÄUL]PY[\HSWH[PLU[
models. Medical research will always require validation
on humans, but the time may be ripe for introducing
JVTW\[LYZPU[V[OLUPJOLSVUNÄSSLKI`TPJL!
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Men Like Parrots?

SARA DAAS
ILLUSTRATION
BY STEPHANIE DING

Echo, Empathy,
and Mirror System

W

Mimicry seems to be an innate
ability for many organisms;
more than this, it is an ability
we exploit in everyday
life, although not always
consciously.

20

hat do a child, a monkey, and a parrot have
in common? Not much indeed, but for our
concerns, it is enough to point out that they are all great
imitators. Mimicry seems to be an innate ability for many
organisms; more than this, it is an ability that we exploit
in everyday life, although not always consciously.
Have you ever noticed yourself rubbing your chin
exactly like your boss is, during a job interview? Or,
pay attention to how often you repeat words just
uttered by your partner. Humans love to imitate each
other, whether in body language, micro-movements,
speech rate, words, or syntactical structures. Why
does this happen? Why can’t we prevent ourselves
from attuning to others’ behaviors?

Columbia Science Review

Psychologists and neuroscientists have come
up with two kinds of explanations. The first is the
claim that echoing helps to tighten social bonds and
promote empathy. The main claim of folk psychology
is that the goal and the cause of human interaction
is the reciprocal understanding of intentions, beliefs,
and desires. In other words, the reason that we feel
the urgency to speak and to perform actions, from
shouting to knowingly scratching our head to passing
the salt to whomever asked us, is that we want to
convey our mental state to the world. The way to
express this set of mental representations is—guess
what?—language. Every system of signs, whether
shaped by gestures or our vocal apparatus, has a
meaning shared by two or more living entities.

The reason that we feel
the urgency to speak and
to perform actions... is that we want to
convey our mental state to the world.

perform an action, the brain trains itself by “repeating”
what we would have done (that is, which circuits we
would have activated) in that same case.
Mimicry is entrenched in our biology. Beyond being
a device for social enhancement, it also provides a
quick path for motor learning. Now, if we think of
speaking as an action that involves the motor system,
we can easily account for what is commonly referred
to “echolalia,” that lovable tendency of toddlers
to repeat words that they have heard without any
evident reason. Why do they do that? They have to
teach their brain that the sounds they perceive have
to be mapped to the movements of the tongue, the
throat, the palate etc. Repeating those movements is
the best way to train our brain and mirror neurons to
be deeply involved in this process.

Mimicry is entrenched in our biology.

A separate analysis must be done for
echophenomena in Tourrette’s patients. People
affected by this syndrome show a preserved mirror
To assure that this process of production and system but disrupted self-control mechanisms due to
comprehension works, we need feedback—we need supersensitive dopamine receptors in the cortical and
to know that our interlocutor knows what we want subcortical regions. This results in the uncontrolled
him/her to know. One way to exchange this feedback imitation of sounds and actions. In his bestseller “The
is through imitation and echo: by repeating others’ man who mistook his wife for a hat” Oliver Sacks tells
words, that is, by repeating the embodiments of about a strange meeting that occurred while walking
others’ mental representations, we may surmise that along New York’s streets: “My eye was caught by a
our interlocutors heard what we said, understood what grey-haired woman in her sixties, who was apparently
we meant, and are (hopefully) disposed to cooperate. the centre of a most amazing disturbance, though
Several pieces of experimental evidence confirm what was happening, what was so disturbing, was not
this theoretical framework. In 1999, Charthrand at first clear to me. (...) She was imitating the passersand Bargh found that speakers feel more at ease in by—if ‘imitation’ is not too pallid, too passive, a
an interaction where mimicry occurs. Moreover, in word. Should we say, rather, that she was caricaturing
2003, Lakin and Chartrand at Ohio University saw everyone she passed? Within a second, a split-second,
that people who failed to join a social group would she ‘had’ them all”.
increase mimicking in their following relations,
Coming back to our first question (why do we love
proving that imitation is an adaptive behavior imitating?), we can now try to answer by blending
triggered to enhance sociability.
the neurobiological evidence with the social effects
Psycholinguists posit that empathy and mimicry of echo. That is to say, we love imitating because of
play a great role in interaction, and many discoveries empathy: we are born with an innate, physiological
in neuroscience have confirmed this assumption. predisposition to read people’s mind and understand
0U   [OL (TLYPJHU WZ`JOVSVNPZ[ . / 4LHK their (more or less overt) goals. We’re biologically
defined empathy as “the capacity to take the role of empathetic. A group of researchers from Washington
the other and to adopt alternative perspectives vis- University showed that our brains can feel pain when
à-vis oneself.” It is worth noticing that, even though others suffer and relief when their pain ends. It can,
Mead was far from being a scientist, 60 years later, but it doesn’t always behave like that. So what? So
Rizzolatti and his staff at the University of Parma we have to express this empathy by showing that “I
found that mirror neurons confirmed the validity of see the point, I know how you’re feeling.” And doing
this definition. Mirror neurons are a special kind of that by means of language, repeating almost word-bybrain cell, mostly located in the premotor cortex, and word what we hear, is the most effective way to say,
they activate whenever we witness others’ actions “Yes, my brain is activating exactly the same neurons
or emotions. Basically, every time we watch people that yours is activating”. !

Riding
D-Wave of
Quantum
Computing
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hat happens when two of the biggest names
in science and technology purchase a
multimillion-dollar quantum computer? Apparently,
a machine capable of solving an algorithm 100
million times faster than a traditional computer
can. The computer in question is the D-Wave 2X
operated by researchers at the Quantum Artificial
Intelligence Lab, a joint initiative of Google, NASA,
and the Universities Space Research Association.
D-Wave Systems, which made history as the world’s
first quantum computing company developed the
D-Wave 2X . Since its founding in 1999, the company
has been working towards ushering in the quantum
computing age. Once realized, this goal promises to
change the world as we know it, allowing problems
to be solved that would otherwise have taken all the
time remaining in our universe to crack.
Understanding the basics of a quantum computer
proves surprisingly simple. Beforehand however, there
is a crucial step that must be completed: disregard
how you perceive reality at its most fundamental
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level because quantum particles do not play by our
rules. Consider a light switch. In our world, a light
switch can be in two states, “on” or “off.” However,
a light switch in the quantum world can have another
option. It can be on, it can be off, or it can be both
on and off. This idea of being both states at once is
called superposition, and it is one of the principles
that gives quantum computers an edge over classical
digital computers.
The states of a normal light switch can be
represented by a two-symbol numbering scheme,
called the binary system. These symbols, called
“bits,” take the values 0 or 1. The analog in the realm
of quantum computing is the qubit, which can not
only take the values 0 and 1 but also a superposition
of both 0 and 1. While a digital computer can make
one calculation at a time, a quantum computer takes
advantage of the principle of superposition, allowing
it to make multiple calculations at once. As D-Wave
Systems puts it, when their quantum computer (which
utilizes 1000 qubits) is given a problem, it can “search

Columbia Science Review

through 21000 possible solutions simultaneously”.
What does the development of the D-Wave 2X tell
us about the prospect of, say, a quantum laptop? Not
all that much, for a variety of reasons.
First off, the D-Wave 2X is not a general-purpose
quantum computer. Rather, it was designed to solve
a specific type of optimization problem, through a
method called quantum annealing. To understand
how quantum annealing works, picture a beach. Its
sand is not evenly distributed; rather, some grains are
at a higher altitude than others. A quantum annealing
algorithm sets out to find the lowest point on the
beach. When viewed from above, each grain of sand
is like a possible solution to the problem of finding
the lowest point. A classical computer would have to
check all the data points, in other words, every grain
of sand on the surface, in order to determine which
is at the lowest point. However, a machine like the
D-Wave 2X, implementing a quantum annealing
algorithm, would be able to test all of the possible
solutions at once. In this way, quantum computers
like the D-Wave 2X can evaluate problems that a
digital computer cannot solve in a realistic timeframe. While unable to find the right solution every
time, classical computers are able to implement
algorithms that approximate solutions to this kind of
problem. When compared to these algorithms, the
D-Wave 2X boasts a speed-up of 100 million times.

In this way, quantum computers like
the D-Wave 2X can evaluate problems
that a digital computer cannot solve
in a realistic time-frame.
Another reason the average consumer may never
own a quantum computer is the extreme environment
needed to house one. For starters, the D-Wave 2X
operates at a temperature that is not your average
cold. The cooling system, affectionately called “The
Fridge” by D-Wave Systems, keeps the processor at
its operable temperature of 0.015 Kelvin, or about
180 times colder than interstellar space. In addition,
the high vacuum environment lowers the processor’s
chamber to a pressure that is ten billion times lower
than our atmosphere. And, because qubits encode
information through the minuscule magnetic field
of electrons, the processor is also shielded by five
concentric metal cylinders. Some of these cylinders
are comprised of superconducting metals while
others are made of high permeability metals, which
actually excel in conducting magnetic flux. This
unique configuration yields a magnetic field that is
50,000 times less than that of the Earth.

Although the D-Wave 2X has dominated the
newsfeed of quantum computing, there are many
other noteworthy developments. While the D-Wave
2X was designed to perform quantum annealing,
the prospects of a true general-purpose quantum
computer are becoming more promising. In March
of 2016, scientists at two Australian universities, the
University of Queensland and Griffith University,
made history when they announced that they had
created the first ever quantum Fredkin gate. A
traditional binary Fredkin gate performs a logic
operation on three inputs. If the first input is a 1,
then the values of the remaining two inputs are
swapped. Otherwise, the second and third inputs are
not swapped. While a binary Fredkin gate requires
five logic operations, a quantum Fredkin gate allows
a direct implementation. This means that quantum
circuits using Fredkin gates can perform the same
calculation as their binary counterparts, except with
fewer components. More importantly, because every
logic operation can be broken down to a combination
of Fredkin gate operations, it serves as a fundamental
building block of quantum circuits.

...because every logic operation can
be broken down to a combination
of Fredkin gate operations, it serves
as a fundamental building block of
quantum circuits.
Quantum computing has been consistently making
headlines. In fact, in May of 2016 IBM introduced
the world’s first cloud-based quantum computing
platform. IBM Quantum Experience is a one of a
kind platform that allows users to construct their own
quantum algorithms with an easy to use interface.
These algorithms are then run on IBM’s quantum
computer, located in Yorktown Heights, New York.
An informative user guide covers a wide range of
quantum computing topics, allowing anyone to
learn the fundamentals of this fascinating field. With
the achievements and increased accessibility of
quantum computing comes a sea of opportunities. In
fact, machines that use quantum annealing, like the
D-Wave 2X, have already been proposed as a solution
to problems like how to best allocate resources after
a natural disaster. Furthermore, the possibility of a
general-purpose quantum computer could lead to
advancements across every facet of our increasingly
data-driven lives. Whether these advancements in the
quantum computing field represent a minute ripple
or a massive D-Wave, one thing is without question:
we are steadily sailing towards the quantum age. !

Fall 2016

23

S

Science in Art
P h o t o g ra p hy C o n t e s t Wi n n e r s

Haidee Chen | The Cephalopod painting is just acrylic on canvas, and cephalopods are not only very diverse
and intelligent creatures, but they are also beautiful to observe.
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Ben
Kepecs
Shawnee
Traylor
| Many people view the sciences as inaccessible to the layman, and I desperately want to challenge

that misconception. Science is simply an attempt to satiate curiosity—albeit only temporarily—and an innate value at the
core of what it means to be human. The natural world is often the catalyst that sets this curiosity ablaze.

;VW! (IV]L [OL *OHP :OHJR  :WP[P=HSSL` 0UKPH 1\UL ;OL ]HZ[ OLH]LUZ ÄSSLK [V [OL L]LYL_WHUKPUNIYPT ^P[O
innumerable stars and a myriad of mysteries, unfurl over a lonesome chai shack in the remote Himalayas. The night sky best
LUJHWZ\SH[LZ[OLKPJOV[VTV\ZMLLSPUNVML_WHUZP]P[`HUKPUZPNUPÄJHUJL[OH[ZJPLU[PÄJPUX\PY`LUNLUKLYZ
)V[[VT! :\YYV\UKLKI`[OL.LVTHNUL[PJ:[VYT 5LHY/HMUHYMQYò\Y0JLSHUK-LIY\HY`;OLH\YVYHIVYLHSPZÅPJRLYZ
OPNOV]LY[OLIHYYLU0JLSHUKPJ[LYYHPUHIYPSSPHU[SPNO[ZOV^VMÅ\VYLZJLUJLHZLSLJ[YVUZSLHWHUKJHZJHKLIL[^LLULULYN`
levels. Full understanding of this impressive display is still incomplete, part of the myriad of mysteries the heavens conceal.
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Above: Grace Musser | This is a photo of one of

my oil paintings, which is based on the habitat dioramas
of the Akeley Hall of African Mammals in the American
4\ZL\TVM5H[\YHS/PZ[VY`P[PZI`MLL[4`^VYR
JVTIPULZZJPLU[PÄJHUKOPZ[VYPJHSYLZLHYJO9LUHPZZHUJL
techniques, and critique of the myriad of paradoxes and
colonial ideals inherent both in the dioramas and the
ÄLSKVMIPVSVN`PUVYKLY[VOPNOSPNO[[OLILH\[`VMZJPLUJL
and the dioramas while revealing the fact that these
ZLLTPUNS` V\[KH[LK ZJPLU[PÄJ L_OPIP[PVUZ OH]L T\JO
more to teach us about conservation and natural history.

Left: Ben Kepecs | I created this image using a 3D

computer modelling and animation program called
Blender, so what you see here is completely computergenerated. I was writing an article on the physics and
Å\PKK`UHTPJZVM^H[LYJSVJRZHUKH[[LTW[LK[VTHRL
H+TVKLSVMVUL+\L[VHZ[YHUNLNSP[JOPU[OLÅ\PK
simulation, the water seeped through the walls of the
funnel. Thus, I created this more artistic than realistic
scene almost inadvertently. I believe this demonstrates
the beauty of science in two ways. First, it is beautiful
that the physical characteristics and mechanisms of
Å\PKZ JHU IL IVPSLK KV^U PU[V M\UKHTLU[HS SH^Z [OH[
can be translated into the language of a computer and
YLJYLH[LK:LJVUK[OV\NOTVZ[VMZJPLU[PÄJWYVNYLZZPZ
made through the steady collection of data and results,
many of the most important discoveries have been found
by accident, like the beauty of this image.
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