Cover image: Whole brain diffusion tractography of a healthy young adult from the MGH-UCLA Connectome
Scanner (Setsompop, 2013) at the Martinos Center for Biomedical Imaging. Tractography was based on a q-ball
(Descoteaux, 2007) reconstruction of 240 directions of diffusion weighted images at b=5,000. Images courtesy of
Randy Buckner, Koene Van Dijk, and Michelle Drews.
Setsompop K., Kimmlingen R., Eberlein E., et al. (2013). Pushing the limits of in vivo diffusion MRI for the Human
Connectome Project. Neuroimage. (Also available at: http://neuroscienceblueprint.nih.gov/ connectome). 80:220–
233.
Descoteaux M., Angelino E., Fitzgibbons S., Deriche R. (2007). Regularized, fast, and robust analytical q-ball imaging. Magn. Reson. Med. 58, 497–510.10.1002/mrm.21277

Spring 2014
Volume 27, Number 2

Contents

NEWS BRIEF

2 | Optogenetics: A New Frontier

COMMENTARY

GENERAL ARTICLE

3 | The 3D Bioprinting Revolution

37 | A Commentary on Medical Education
6 |
8 |
12 |
16 |

FEATURE ARTICLES

Psychoactive Fungi: The World Before
and After Psilocybin

Overstepping Your Passion: The Science
of Obsession

Exploring the Avian Mind with
Dr. Irene Pepperberg

Brain and Language on the Fly: The
Neuroscience of Linguistic Improvisation

Co-Presidents:
Roxanna Haghighat
Alexandra Rojek

23 | No More Meds: Schizophrenia and
Cognitive Behavioral Therapy

26 | Politics of HIV/AIDS and
the Singing Brain

32 | Humans, Computers, and Everything in
Between: Towards Synthetic Telepathy

Editors-in-Chief:
Caitlin Andrews
Shree Bose

Associate Editors:
Writers:
Elizbaeth Byrne, Emily Groop- Elizabeth Beam, Suraj Kannan,
man, Jen Guidera, Roxanna Brendan Pease, Quang Ngyen,
Haghighat, Yvette Leung,
Carrie Sha, Tristan Wang,
Vivian Ling, Alison Liou, Mark
Quang Nguyen, Linda Xu
Martinez, Alexandra Rojek
Design:
Shree Bose
Alexandra Rojek

Cover design:
Michelle Drews

About HSR

The Harvard Science Review is the longest running undergraduate scientific
publication on Harvard’s campus.
Since its inception, the Harvard Science Review has sought to bring cutting-edge research, central debates,
and controversial, new implications of
scientific ideas to a wide community
of scientists and non-scientists alike.

Read this issue, and others, online at:

harvardsciencereview.com
HARVARD SCIENCE REVIEW | 1

NEWS B R I E F
Optogenetics: A New Frontier
By Jen Guidera

N

euroscientists often try to correlate observable behavior with activity in the brain. This is a grand undertaking, with the human brain containing an estimated 86
billion neurons and 100 trillion synapses (9, 10). Given the
brain’s size and complexity, you may be surprised to learn
physiology--focuses on establishing correlations between
brain activity and behavior at the level of single cells. Correlating brain activity to behavior at such a small level is attractive because of its higher resolution, with single cells offering
potentially more information than entire brain regions.
A new technique called optogenetics is revolutionizing how
we study the brain at the level of single neurons. In this news
brief, we will explain how optogenetics works, tell the short
plications to which optogenetics has been applied.

could be very messy, recalled the pioneering optogeneticist

positive charge from one or more upstream neurons. This
burst of positive charge causes protein channels embedded
in receiving neuron’s membrane to open. Importantly, these

(5). The technique has also been applied to study more complex circuits, such as those involved in anxiety (6). Beyond the
discovery of the neural underpinnings of certain behaviors,
optogenetics has the potential to be incorporated into novel
therapies for currently untreatable conditions, including
depression and drug addiction. For example, optogenetic
simulation of medial prefrontal cortex neurons in a mouse
model of depression has been shown to relieve symptoms
of depression (7). In the case of drug addiction, optogenetic
stimulation of a distinct population of neurons projecting to
the nucleus accumbens has been shown to reverse the neural and behavioral effects of cocaine addiction in mice (8).

sends another burst of positive charge to the next neuron.
Optogenetics uses protein channels that both mimic and
differ from the cell’s own protein channels. Like the cell’s protein channels, channels used in optogenetics allow positive
sent to other neurons. However, unlike the cell’s protein channels, those used in optogenetics open in response to light (2).
Furthermore, drawing on techniques from genetics, scientists can express these light-responsive protein channels
certain neuron types. The consequence of both of these
differences—response to light and expression in certain cell
populations—gives neuroscientists new and exciting control
The inspiration for optogenetics can be traced back to
a light-sensitive protein channel, discovered in 2002 in a
species of single-celled green algae (1). The protein, called
channel rhodopsin-1, is elegant in its simplicity: it is an ion
channel that opens in response to light. When opened, catit must swim to receive more light for photosynthesis.
A few years after the discovery of channelrhodopsin, scientists inserted the channel into the membrane of neurons (2).
The thinking was that channelrhodopsin could be genetically
engineered into only certain populations of neurons. Acting
like native mammalian ion channels, these light-sensitive ion
channels could be opened by shining light on the neurons,
allowing positive ions to rush into the neurons and generating
the electrical signal that neurons use to communicate.
Although conceptually simple, putting this idea into practice
2 | HARVARD SCIENCE REVIEW

birth and early history (2). Would an ion channel from a
single-celled organism be compatible with mammalian neurons, which evolved separately? Would the channels be powerful enough to depolarize the larger mammalian neurons?
However, despite possible complications, in 2005, just three
years after the discovery of the channel, scientists genetically
engineered channelrhodopsin into hippocampal neurons (3).
Since the discovery of channelrhodopsin-1, many more
light-sensitive ion channels have been discovered, differing in
the wavelength of light they respond to, how long they remain
open, and what type of ions they allow into the cell (3). The
discovery of these channels opens up new possibilities for
In the last decade since its birth, optogenetics has been used
to study basic neural circuits, including the innate escape

bright future.

Jen Guidera ‘15 is a junior in Adams House concentrating in
Chemistry.
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BY SURAJ KANNAN
erhaps no technology has grown as rapidly and
promised so much in the last decade as 3D printing.

-

the 1980s, improvements in design and function over the
usage; indeed, forecasts predict that the sale of 3D printresearch in this decade.
nature of 3D printing has made it an integral tool in rapid
prototyping in a variety of industrial and research settings,
ranging from academic to aerospace and military. 3D printing has also increasingly seen application in producing a
-

Bioprinting: A
Customizable Bottom-Up Approach

that restore, maintain, or improve tissue function or a whole
commercial 3D printers now appearing on the market for
ment that 3D printing “may have as profound an impact on

cal successes of tissue engineering, it does not allow for

A particular application of interest for 3D printing that

in which the individual components of the
tissue are patterned to allow for formation
ers can carefully control the placement of
cells, materials, and morphogens to repli-

mechanisms of cells to allow for formation of
Perhaps the most popular form of 3D

-

Figure 1: 3D printing has become a growing field in the past few years
because of the potentail it holds for future manufacturing.
Photo courtesy of Wikimedia Commons.

a pulse of current is passed through the
heating element of the printhead to cause
-

HARVARD SCIENCE REVIEW | 3

3D printers. For example, the desired resolution plays a

cells and growth factors. Similarly, selection of material,
-

90% of cells following seeding, the forces and stresses
that cells are placed under throughout the printing process

Figure 2: Extrusion printing to form filaments through a
nozzle to form the 3D structure is one of the most common methods used in 3D printing. Photo courtesy of
Wikimedia Commons.

Early Successes and the Challenge of
Vascularization

of Pluronic and production of channels within the construct.
produce vasculature. Using this technology, the Lewis group
-

some groups have already had successes with generating
consisting of human chondrocytes in a polyethylene glycol
University constructed aortic valve conduits composed of
-

methods of tissue engineering.
-

Organ Printing and The Future

cannot diffuse throughout thick tissues, leading to cell
death throughout the construct. Previously avascular tissues
a constraint that prevents the generation of larger-scale
organs and tissues.

physicians and patients alike – it allows for rapid produc-

undergoes a seemingly-counterintuitive solid-to-liquid phase

the limited clinical work thus far has involved avascular and
sometimes even acellular tissues, innovations in vascularof organs such as heart, lung, pancreas, and others.

4 | HARVARD SCIENCE REVIEW

talk, in which he printed a miniature kidney on-stage.
Organovo, a San Diego company geared towards developpredicted the completion of 3D-printed hearts within the
quality and the role of intellectual rights in the world of 3D
opments can proceed.
patients within the next decade, though as some isolated
-

Figure 3: Tissue engineered heart valve.
Photo courtesy of Wikimedia Commons.

allow for improved functionality and complexity in printed

7.

ics and policy will need to tackle some of the stickier issues
regarding intellectual property and quality assurance in the

8.

avenue for pursuing the regenerative medicine of tomorrow.

Suraj Kannan ‘14 is a concentrator in Biomedical Engineering.
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Psychoactive Fungi

The World Before and After Psilocybin

I

BY TRISTAN WANG

n 1960, on a summer day in Cuernavaca, Mexico,
Harvard psychology professor Timothy Leary and several
friends ingested a bowlful of psilocybin mushrooms,
an experience that Leary later described as “the deepest
religious experience of my life.” Upon returning to Harvard,
Leary and his associate, Richard Alpert, immediately formed
the “Harvard Psilocybin Project”, later known as the “Harvard Psychedelic Club”, with the intent to survey the psilocybin experiences of graduate students and faculty members
in the Boston area. When the researchers denied participation to the curious undergraduate Andrew Weil, he published
an exposé in the school newspaper about the club. The
article ultimately sent Leary and Alpert packing, but more

importantly, it introduced psilocybin to the general American
public (Lattin 2010).
The active ingredient that Leary ingested that summer day
was the hallucinogen psilocybin, a chemical that eventurecreational world. Psilocybin’s ubiquity allowed it to exert a
for recreational use, psilocybin compounds remain a fasci-

Ecology and Production
Psilocybin usage can actually be traced back to rituals
performed thousands of years ago, in
places such as Mexico and New Guinea
spread use was partly due to the extensive native habitats of the psilocybin
tion, psilocybin mushrooms are a subset
of neurotropic fungi, which are fungi that
have chemical compounds with a special
psilocybin-containing fungi, but also fungi
that contain neurotropic chemicals like
ibotenic acid (found in some amanita
species) and ergotamine (found in ergot
part, psilocybin-containing fungi occur in
the greatest numbers. They are mostly
concentrated within the Psilocybe genus,
which contains 116 species of hallucino-

Figure 1: Psilocybe cubensis contains a pyschodelic component which has
led to its growth among amateur individuals.
Photo courtesy of Wikimedia Commons.
6 | HARVARD SCIENCE REVIEW

Alaska and Siberia, and as far south as
Chile and New Zealand.
Psilocybin is produced throughout the
psilocybin mushroom, particularly in the
carpophores (fruiting body) and mycelia
(hair-like structures that make up the
thallus, or main body, of the fungi)(Leung
1965). The concentration of psilocybin in
a mushroom may range from 0.2% to 1%
though it is not clear why Psilocybe fungi
produce this hallucinogen, theories have

been devised that attempt to explain this
the Psilocybe genus, like the most common psychoactive fungi P. semilanceat,
have been reported to have antimicrobial
sible that psilocybin contributes to these
antimicrobial properties. Psilocybin could
also just be a by-product of metabolism,
serving no function.

Chemical Properties
Psilocybin (O-phosphoryl-4-hydroxyN,N-dimethyltryptamine) is a psychoactive hallucinogen, but the molecule
responsible for the mental effects is its
A hallucinogen is a substance that inFigure 2: The molecular structure of psilocybin is a potent hallucinogen,
duces distortion of cognitive processes,
which is responsible for its mental effects. Photo courtesy of Wikimedia
including changes in perception and
Commons.
disposition (Nichols 2004). Generally,
hallucinogens are relatively safe physiTristan Wang ‘16 is a sophomore in
ologically, and do not induce dependence (Nichols 2004).
Kirkland House and a prospective
Psilocybin is water-soluble, whereas psilocin is lipid-soluble,

Organismic and Evolutionary Biology concentrator.

dephosphorylated into psilocin within the intestinal mucous
When tested in animals, psilocin was detected in several
parts of the brain, including the neocortex, hippocampus,
and extrapyramidal motor system, as well as the kidneys and
to serotonin 5HT receptors, eliciting symptoms often associated with the hormone serotonin, which is well known for its
2002). At high enough doses, psilocin may elicit symptoms
of altered perceptions, which include confusion, disorientaBerger 2005).

Current Status
After its widespread use as a recreational drug, psilocybin
lar research topic because of its potential therapeutic value
toms and may help us gain a more thorough understanding
views on drug use in the medical and recreational world, it
has become even more important to fully understanding this
ancient yet fascinating drug.
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Overstepping
Your
Passion?

The Science of
Obsession
T

BY CARRIE SHA

he famous late nineteenth-century writer Franz
Kafka once counseled, “Follow your most intense
obsessions mercilessly.” Although his advice
seems to be a simple call for following our passions,
it can easily lead us astray. After all, Shakespeare’s
Hamlet was haunted by “what dreams may come after
Dorian Gray was tormented by his fear of losing beauty,
and F. Scott Fitzgerald’s Jay Gatsby was destroyed by his
preoccupation with wealth and the past. Thus, obsession causes us to lose control, such that we hurt those
we love, have unwanted sexual thoughts, and are driven
by our need for perfection. The fast-paced, competitive
21st-century environment forces us to further question the wisdom of his words. But before we can pass

Photo courtesy of Shree Bose
8 | HARVARD SCIENCE REVIEW

necessity for creativity and dedication or a mental disorpersistent thoughts, urges, or images that are experienced, at some time during the disturbance as intrusive
and inappropriate, and that cause marked anxiety and
press or ignore such thoughts, impulses, or images or
to neutralize them with some other thought or action.”
enthusiasm for something; the zealous pursuit of an
aim.” (2) Thus, the key difference between an obsession

HARVARD SCIENCE REVIEW | 9

individuals are controlled by unwanted thoughts, passionate individuals make deliberate decisions based on their
interests.
Since the time of Kafka, advances in medicine and neurobiology have allowed us to map the neural circuitry implicated in many common psychological disorders, including

may be comparable to an early human’s increased sensitivity to the presence of predators around him. By natural
selection, the careful survived while the less observant likely
did not. Thus, this heightened awareness seems to increase
the survival rate of individuals. But what divides the extra

stress disorder (PTSD). Newly developing drugs may enable
us to not only understand but also better control these disorders. Yet, the growing understanding of the science behind
our compulsions prompts us to question the proper role of
obsession in our passions, anxieties, and day-to-day “neuroticism.” So, what exactly can neurobiology tell us about
these obsessive disorders and their relationship to “normal”

checking the stove every hour to invalidate recurring fears of

When Careful Becomes Compulsive: ObsessiveCompulsive Disorder (OCD)
Evolutionarily, it may seem that double or even triple
checking whether the stove is off can have its advantages.
Rewind 200,000 years, and this extra attention to danger

checking the stove once before leaving the house is not.
This intensity is not only excessive but often harmful as
exhibit behaviors that seriously undermine their quality of
life (4). This common anxiety disorder can be categorized
into a cluster of characteristic symptoms: double-checking,

seven minutes before class to wash your hands repeatedly
their fears and, by doing so, stands in the way of a healthy,
productive life.
But what is the biological basis that shifts carefulness
patients have in common is a change
in the orbitofrontal circuitry characterized predominantly by increased
cerebral glucose metabolism, or
a faster processing of sugars to
activate brain processes (6). The
orbitofrontal loop shown in Figure
1 draws a pathway from the basal
ganglia, a group of nuclei in the midbrain involved with developing habits
and forming emotions, to the frontal
cortex. Since the basal ganglia is normally associated with developing motor patterns, research suggests that
the same structures may be involved
in forming repetitive thoughts, one
frontal loop seems to stem from an
imbalance of the neurotransmitters
serotonin and dopamine, chemicals
an unaffected person, these neurotransmitters are released to create
a feeling of euphoria when something
good happens. Researchers have
modeled the constant “checking”
cals that constantly activate both
dopamine and serotonin receptors in
mice, making them believe that these

Figure 1: Obsessive hand washing is often a common manifestion of OCD.
Photo courtesy of Wikimedia Commons.
10 | HARVARD SCIENCE REVIEW

patients (8). Thus, the most common

vent neurons from regaining released serotonin, effectively
increasing its extracellular concentration (6). Patients who
tients) are given analogous dopamine-targeting treatments
with cognitive behavorial therapy, the most common type of
which is Exposure and Response Prevention (ERP) (9). Unlike
name their fears and develop the ability to stop coping with
these fears by compulsive actions. The combination of drug
and cognitive behavioral therapy may ultimately reduce the
amount of repetitive, “checking” behavior characteristic of

A Recurring Nightmare: Post-Traumatic Stress
Disorder (PTSD)
characterized by recurring, obsessive thoughts. Another
control is post-traumatic stress disorder (PTSD). Normally,
characterized by a stimulation of adrenaline that allows an
tentially life-threatening situation (10). This response helps
protect the individual from physical and psychological harm
by increasing the speed of response in an emergency situation. However, extreme stress, such as horrendous accidents
and disasters, permanently shift victims’ mental states.
PTSD patients are obsessed with the event itself, and their
minds are on constant replay. Research shows that some of
this obsession can be traced to a gene that is responsible
for producing stathmin, a protein in the emotional control
center of the brain- the amygdala (11). The general fear response is controlled by a balance between the activation of
the amygdala with the activation of the frontal cortex and the
hippocampus, a midbrain structure responsible for memory
formation. Thus, the control of fear is linked to previous
control, causing the amygdala to become overactive and the
patients to be dominated by persistent fear. Recent research
attributes this amygdala overactivity to a lack of synapse
plasticity, or the ability of neuron connections to strengthen
or weaken depending on their necessity (12). This synaptic
plasticity may in turn be controlled by an increased transcription rate of brain-derived neurotrophic factor (BDNF),
altered regulation of BDNF hints that there is an association between the encoding of the memory of the traumatic
incident and the constant fear exhibited by PTSD patients.
The currently prescribed medications for PTSD patients are

What Now?
The line between passion and obsession is thin and at
biology attempt to provide a clear boundary, we ultimately
must decide what, when, and how “obsession” becomes
pathological.
Yet, unlike the generations before us, we have the advantages of biological innovations and a greater societal awareness to add onto our innate ability to control our fates.

Carrie Sha ‘17 is a freshman in Thayer Hall.
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Exploring the
Avian

Mind
BY CAITLIN ANDREWS

I

n June 1977, in a small laboratory at Purdue University, Irene
Pepperberg stood with her arm outstretched toward a large
bird cage, trying to coax a quivering Grey Parrot out of the
cage and onto her hand. Just one year earlier, Pepperberg had
received her doctorate in theoretical chemistry, having devoted
years of her life to drawing up mathematical models of complex
MIT and then through her graduate work at Harvard (1, 2). Yet,
here she was, completely spellbound by this trembling, sentient
creature, whom she had named “Alex,” an acronym for the “Avian Learning Experiment,” of which he was to be the subject and
star. “Here was the bird I hoped—and expected—would come to
change the way people think about the minds of creatures other
than ourselves,” Pepperberg writes in her memoir, Alex & Me:
“Here was the bird that was going to change my life forever” (1).

Background: Dr. Irene Pepperberg with Griffin
Photo courtesy of The Alex Foundation and Stephanie Mitchell
12 | HARVARD SCIENCE REVIEW

From Chemistry to Cognition

To many, Irene Pepperberg’s decision to leave chemistry
animal cognition represented an unfathomable risk. But, looking
back, Dr. Pepperberg knows that it was the right choice. “I was
that what was taking me years and years would soon be done
in days via better computers” (2). In the late 70s, as she faced
an uncertain job market, particularly for women in chemistry,
always loved animals, it was only when she began watching the
NOVA television program on PBS that she realized that there
were people using real science to study animals and to draw
parallels between the animal and human minds.
Thinking back to her childhood in New York City, she remembered the pets with whom she had spent countless hours: a
series of talking parakeets that had provided her with the type

of companionship craved by a self-proclaimed shy and “nerdy”
only child. As she watched TV programs about apes using sign
language, dolphins exhibiting evidence of abstract thinking, and
scientists unearthing the proximate mechanisms behind birdsong, Pepperberg realized that she had already encountered a
subject that could provide just as much insight into the minds
better subject,” she says. “Birds and humans diverged about
280 million years ago, yet they have so many similar capacities,
communication was a window into the animal mind” (2).

The Alex Years

From the start, Pepperberg’s respect for animals and awareness of their needs, along with her technical background,

proved to be a promising combination. She ensured that her
studies would be representative of Grey parrots in general, as
opposed to one particularly outstanding subject, by asking a
kept careful journals of her interactions with him. And, right
away, she got to work, using a two-person, interactive modeling
technique to demonstrate the association between vocal words,
or “labels,” and the objects that Alex encountered around the
lab. In addition, each time she gave Alex one of these objects,
she reinforced the label by repeating it and talking about its
properties, while Alex watched and listened (1).
than “speech.” But, gradually, Pepperberg was able to discern
precise labels from Alex’s vocalizations; when shown a piece of
paper, Alex would make a two-syllable sound, which Pepperberg
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would reward by giving him the piece of paper, until, eventually,
he began to shape the sounds from ay-ah, to ay-er, to pay-er,

story and began to follow Pepperberg’s work (1). In his prime,
with over 100 words in his vocabulary, “Alex made it clear to

more object labels—key, wood, wool—until Alex began to demonstrate an understanding that each label represented a category
of objects that shared a certain property, such as shape or texture. For example, Alex could identify both a silver key and a red
key as “keys,” transferring the label to a colored key that he had
not encountered before. While this concept might seem simple
to humans, Pepperberg knew that, for an animal like Alex, this

things as an ape brain, and sometimes even those of a child’s

“This kind of vocal cognitive ability had never before been demonstrated in nonhuman animals, not even in chimpanzees” (1).
Pepperberg often cites that interactive “model/rival” technique, which she used to train Alex, as a major reason for their
success. Initially developed by German ethologist Dietmar Todt,
the technique involves an animal subject and two trainers;
while one trainer acts as the principal trainer and questioner,
the other acts as a model for the desired behavior (e.g., labeling the object) and as a rival competing with the animal for
the principal trainer’s attention. As Alex picked up more labels,
adding colors and numbers to his already-extensive repertoire
of object labels, it was crucial that he had humans to model
proper pronunciation and label usage. Mostly, these were
students who came to work in the lab. Pepperberg also found
that it was important for Alex to learn that the same people did
not always act as principal trainers or as models; sometimes
she asked Alex questions, and sometimes she modeled correct
(or incorrect) behavior and was rewarded (or not rewarded) by
a student trainer (1). It was very important for the humans to
make these occasional mistakes, and be scolded, so that Alex
would observe the consequences of errors.
The work was not always easy. First, Dr. Pepperberg was dealing with a highly-intelligent animal who could pick and choose
when he wanted to work—much more like a colleague than a
research subject. Additionally, as she moved among various
tion was not always met with the same enthusiasm that she
had hoped was possible. But, the media picked up on Alex’s

avian cognition, but we had the widest impact, thanks to media
coverage” (2).
Studying an animal who could communicate verbally set
Pepperberg’s studies apart, because she could ask Alex questions and he could answer directly, giving insight into how he
perceived the world around him. On the most basic level, he
could identify an object’s material, color, and shape, and he
could ask his trainers to take him somewhere (e.g. Wanna go
back) or bring him something (e.g. Want banana). He also had
a grasp for numbers; if shown a tray of assorted objects, Alex
could answer questions about a particular subset of those
objects (e.g. How many yellow wool?). He also showed evidence
of being able to add small values, and, Pepperberg says, he
could also “infer the cardinality of new number labels from their
ordinal position on the number line—something no other nonhuman has yet accomplished” (1, 2). Alex understood concepts of
“bigger” and “smaller,” as well as “same” and “different”—an
important distinction, since it showed that Alex understood that
several labels could be applied to a single object (1, 3). For example, given two square pieces of wood differing only in color,
he could identify that the color was “different,” while the other
properties were the “same”; if none of the properties differed
among a pair of objects, he would indicate this by saying “none”
(1).
Sometimes, Alex’s most impressive work came when it was
least expected. One day, while testing number comprehension,
Pepperberg presented Alex with a tray containing sets of different numbers of objects of various colors—2, 3, and 6 items.
Because the sets were all different colors, she could ask Alex,
“What color three?” But Alex, as he often did when he became
bored with a particular study, insisted on avoiding the correct
question; he repeated his answer. Thinking that she could
beat Alex at his own game, Pepperberg asked him, “What color
transferred a concept that he had only ever used in reference to
“same/different” or “bigger/smaller” to an entirely new context

Figure 1: Alex examining a tray of colored blocks
Photo courtesy of Arlene Levin Rowe.
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self” (2).
In her three decades of work with him, Dr. Pepperberg got to
know Alex more deeply than most any researcher ever gets the
chance to know her subject. Working with a single animal for
such a long time is “fascinating,” she says, “because one gets
to know so much about the individual—not just what is studied,
but all the personality quirks and the temperament.” Some
of these “quirks” were incorporated into published studies,
such as how Alex spontaneously invented his own label for an
apple—which he called a “banerry”—out of a combination of the
labels “banana” and “cherry” (1); as Pepperberg says, this provided evidence that “Alex clearly did more than repeat what he
learned vocally; he parsed his labels to make new ones, much

as do humans” (2).
But other examples
of Alex’s quirks serve
only as anecdotes to
illustrate the unique
individual that he
was—like how he called
cake “yummy bread”
how he would say “You
be good. I love you,” as
Pepperberg left the lab
each night.
These were his last
words to Dr. Pepperberg, as their pioneering studies came
to an abrupt halt in
2007 when Alex died
suddenly at the age of
31. Although, at that
point, Pepperberg’s
research had involved
Figure 2: Athena plays with toys.
several other parrots
Photo courtesy of The Alex Founda- in addition to Alex, his
death was devastattion and Aaron Snyder.
ing to her and many
around the world. However, Pepperberg sees her work and the
is a broad-ranging potential for animal cognition, in terms of its
implications for animal welfare and conservation, as well as for
the development of teaching methods for children with cognicognition’ was almost considered an oxymoron,” she says. “ToOnly by continuing to study a variety of species will we really

A Return to Harvard

In July 2013, Irene Pepperberg returned to the campus
where, almost four decades earlier, she had received her doctorate in theoretical chemistry, not knowing the path that she
would set out upon soon after graduating. While she had been
a Research Associate in the Vision Lab at Harvard since 2005,
and teaching classes in animal cognition and human-animal
communication at the College and the Extension School, her
research base had been at Brandeis for the past decade. But,
after securing a lab space at Harvard, she moved to William
African Grey Parrot, who had lived and learned alongside Alex
for much of his life.

conscious” when he struggles with a particular label and is
more hesitant than Alex was—something Alex would sometimes
vocalization, while other times seemingly wanting to help by

now that Alex is gone, he has a list of impressive accomplishments to call his own. Most recently, he showed that he had an
also willing to share (4). He has also done work with optical illusions, demonstrating an ability to recognize occluded objects,
providing insight into the commonalities between how birds and
humans perceive the same visual illusions (2).
tion to a dozen human research assistants, he also gained
a new companion in October. Hatched in April 2013, Athena
with Athena seems to be a cross between my early work with
from both of the previous birds and are implementing some of
research assistants have been working with her constantly on
vocal labels and even audio recording her progress, from her
and “key” labels. “What will be really interesting is that new
computer techniques and analysis tools will let us track her
vocal development in ways that I couldn’t manage with Alex or
of having a new “little sister” around, Pepperberg hopes that
vocal labels. With only two birds, she will not be able to draw
However, she may be able to say something about how cognitive abilities develop over the lifetime of an individual, comparprogress over time, much in the same way that she did with
Alex.
As for her experiences at Harvard so far, Dr. Pepperberg
many opportunities for collaboration between herself and other
members of the Psychology Department, and she is excited
“Alex left us as a magician might exit the stage: a blinding
leaving us awestruck at what we’d seen, and wondering what
other secrets remained hidden…wondering what else he would
have done had he stayed” (1). As Dr. Pepperberg embarks on
the next leg of her journey, it is clear that, while Alex is gone,
perhaps these secrets may be revealed through a new set of
voices.

Caitlin Andrews ‘16 is a sophomore in Eliot House concentrating in Organismic and Evolutionary Biology.
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Brain
and
Language
on the
Fly
BY ELIZABETH BEAM

Photo courtesy of Wikimedia Commons.
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The Neuroscience of
Linguistic
Improvisation

W

It’s like when I’m on the mic I can squish a
Sucka like a vice grip, my pen put ya
In the slaughterhouse cause your style’s been butchered
I’ll spin chainsaw, take off like the blades on, my brain’s on
Hyperdrive, someone put the brakes on
-Eminem

hile maintaining a beat and a storyline, Eminem rapped the above lyrics
as part of a high-energy, fast-paced,
yet off-the-cuff performance that lasted over
eight minutes on live radio (1). Though the
lines printed here are not accompanied by
Eminem’s vocals, you can hear as you read
through the slant rhymes “squish a,” “put ya,”
and “butchered.” Meanwhile, the meaning

of the words mounts through the extended
metaphor, comparing Eminem’s defeat of an
imagined opponent to a gruesome farmhouse
slaughter. As remarkable as it is, this example
is just one among the routinely astonishing
feats of language that freestyle rappers can
accomplish off the tops of their heads.
Aside from the exceptional talent that some
individuals have for freestyle, we are all capable of playing with language, and we do not
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need to step up to a microphone to prompt us to do so.
afternoon while eavesdropping on a family in the park
(2). As the speakers tossed scraps of food to the birds,
they commented on one pigeon that was aggressively
chasing the others away:
A: He might look scruffy but he’s seen off that one over
there
B: Obviously a thug amongst pigeons
C: Al Capigeon
D: The godfeather
[Laughter overlaps C & D]
ingenuity that speakers display in everyday conversation. After speaker B anthropomorphizes the pigeon
as a “thug,” speakers C and D riff off of the idea with
references to The Godfather. The puns “Al Capigeon”
and “godfeather” draw attention to the phonological
similarity between “pigeon” and “Capone,” between
“feather” and “father.” These jokes are not just silly,
but impressively clever, eliciting laughter from the other
also important to note that these speakers had not been
holding “Al Capigeon” and “godfeather” in arsenals of
puns to be dispensed at just the right moment. Rather,
the puns were invented on the spot, uttered as soon as
they came to mind.
When we crack jokes and craft sonically pleasing
to do something extraordinarily complex. The cognitive
systems involved range from language to motivation
to memory to emotion to motor control—systems that
are well studied on their own but rarely altogether. The
trouble with breaking down verbal creativity into simpler systems is that the superordinate behavior cannot
be reconstructed easily from its parts. To do so would
be like trying to solve a jigsaw puzzle without looking
at the picture on the box; child’s play is turned into a
formidable challenge because the design on any single
piece offers very little information about the image that
emerges when all the pieces are put together. Furtherliving room table but a three-dimensional and dynamic
structure comprised of upwards of 100 billion neurons
that modulate one another over time.
So, why haven’t cognitive neuroscientists pushed the
critical to note that normal behaviors occur in settings
very different from the environment inside a neuroimag-
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ing scanner. Understandably, the above exchange between picnickers could not have transpired if the fauna
of the park were exchanged for the white plastic bore of
scanner are not leisurely afternoons in the park; each
session is comprised of timed blocks that must be short
and consistent across subjects. Because neuroscientists
cannot eavesdrop on the brain like a sociolinguist in the
park, they have instead investigated verbal creativity
(3). However, while solving anagrams and advancing an
interesting conversation may both rely on the generation
of insightful ideas expressed through the elements of
language, one would expect the obvious differences on
the behavioral level between speaking and re-arranging
letters to manifest themselves in the brain.
Whereas the tasks designed to study verbal creativity are disconnected from real behaviors, and the real
behaviors of normal individuals are compromised in the
scanning environment, freestyle rappers can defy these
constraints because they are specially trained to do so.
For freestyle rappers, spitting a few improvised lines
during a timed block in the scanner is comparable to
rapping live on stage within the rules of a competition.
To take advantage of this, Siyuan Liu and colleagues
recently assembled a cohort of 12 freestyle rappers for
a neuroimaging study (4). The neuroscientists asked the
rappers in some segments of the scan to deliver improvised raps on the spot and in others to recite raps they
had memorized.
By daring to study verbal creativity as it occurs in the
wild, Liu et al. gained access to the brain state in which
live, inventive speech unfolds. They discovered that the
network of systems engaged by freestyle rap is specialized, relying more heavily on drive and memory selection
than the network for rehearsed rap. The nature of control also differs in freestyle, shifting from top-down self
lates of verbal creativity to the brain, lending a bird’s-eye
perspective to the complex and dynamic brain state that
emerges when multiple networks converge in real time.
Furthermore, expanding our scope from a dozen freestyle rappers to the billions of speakers conversing constantly across the globe, this study may guide us toward
a more general understanding of the mind as it engages
in everyday verbal creativity.

Taking Flight: Verbal Drive and Creativity
The brains of freestyle rappers must be able to shift
from cruising levels of conversational speech to the high
gear of a rapid and rhythmic verbal performance. Liu
et al. found that, in their cohort of rappers, the medial
prefrontal cortex (mPFC) was the key to this creative ignition (5). The mPFC was especially active in improvised
conditions, compared to conditions in which participants
recited memorized lyrics, suggesting that it plays a role
in the generation of original, on-the-spot rap. The mPFC
is also more active at the beginning than at the end of
a segment, consistent with the idea that it helps get the
rap going.
The results of this study align well with the narrative
that other neuroscientists are crafting of creative drive
found to increase as the payoffs for good performance
are raised (5). The mPFC is also preferentially activated
when viewing scenes that are later
described with high enthusiasm,
suggesting that this region may
play a role in developing the urge
to communicate (6). To tie these
relations between drive, language,
and the mPFC to artistic creativity,
neuroscientists could adapt their
neuroimaging tools to studying the
link between mental illness and creativity, as described in accounts of
numerous eminent writers. Whereas
bipolar writers like Robert Lowell
and Lord Byron suffered from creative block during their depressions,

ing of a neurobiological mechanism mean for rappers
and for everyday speakers? To step towards answers to
these questions and past the standard neuroimaging
paradigm of mapping a behavior to a brain region, Liu et
al. sought to understand how the level of mPFC activity varies with the quality of a freestyle performance.
They judged the improvised raps by factors like variation in content, use of fresh language, and coherence
of the rhyme scheme. Apparently, the better the rap,
the greater the mPFC activation—raising the possibility
that, through the mPFC, there is a relationship between
creative drive and skill.
To make sense of this, like many peculiar observations in biology and human nature, it helps to turn to the
principles of Charles Darwin. According to the Darwinian model for creativity, the number of ideas that are
novel and useful increases proportionally with the total
number of ideas (9). The model predicts that a rapper
spitting rhymes is more likely to succeed as long as
he or she keeps at it. The popular journalist Malcolm
Gladwell has rendered this relationship formulaic, claiming that 10,000 hours is the time it takes for a person

were manic (7). Perhaps these mood
disturbances were accompanied by
the changes in mPFC connectivity
viduals with depression and bipolar
disorder (8).
While these correlations are
promising, they offer more questions
the mPFC controls verbal creative
Figure 1: The medial prefrontal cortex is the key of the creativity in improdrive, by what mechanism does it do vised conditions like on-the-spot rap. Photo courtesy of Wikimedia Comso? Furthermore, thinking beyond the mons.
brain, what would this understand-
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to gain mastery in a skill (10). This runs counter to the
once well-accepted belief that artists are born with
special talents that elude the rest of us. While freestyle
rappers do seem to have an unusual skill for rapping
quickly and easily in the spur of the moment, there is
hope for any one of us that, with enough time and effort, we could write the next chart-topping hit.

Thinking Backwards and Forwards: Autocueing and
Memory
like an automobile engine without the rest of the car.
There must be another system supplying the ideas that
form the content of what we say. These ideas come
from our memories—from the facts and stories we read

aloud, and from our day-to-day experiences living in the
world. Furthermore, while a detailed and well-organized
memory is required for speech, our conversations and
Eminem’s raps would be rather dull if the brain could
do no more than retrieve random memories exactly as
they were encoded. For performances of verbal creativity, our brains must also be able to select memories
and to recombine them in new and compelling ways.
Cognitive neuroscientists Merlin Donald posits that,
before there was language, there was an expansion
in human memory (11). More crucial than the size of
memory stores, however, was the development of the
ability to tap into them voluntarily. This “self-initiated

us not only to retrieve items relevant to a given set
of circumstances but more amazingly to retrieve irrelevant items at
Figure 2: Rappers like Eminem representative of specific brain activity of
will. Eventually, autocueing enabled
improvisation. Photo courtesy of Wikimedia Commons.
humans to invent, recall, and actively
string together symbols into words,
sentences, and stories. Rather than
an immutable record of history, huthe dynamic reorganization of items
from the past into novel constructs
that are useful in the present and
the future.
The sequence of events that occurred during the early evolution of
human memory is now recapitulated
in the way that humans access
memory during speech. The inferior
trieval of semantic knowledge from
memory in a top-down manner, allowing for target memories to be selectively recalled and articulated (12).
A connectivity analysis by Liu et al.
(2012) reveals that, during freestyle
rap, there is a strong positive correand the mPFC. This could mean that,
when the creative drive thought to be
mediated by the mPFC is increasing,
so too is the pull on semantic memcorrelative analyses cannot establish
causation, this relationship is consistent with the possibility that Donald’s
autocueing system is enhanced in
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freestyle rap.
Working memory, often referred to as the mental
“sketchpad,” is where the mind can scribble, scratch
out, and rewrite the thoughts in its consciousness.
One might expect working memory to be engaged during freestyle performances, allowing rappers to play
with ideas and actively organize them into rhyming,
rhythmic words. Curiously, Liu et al. (2012) observe
the opposite trend. The dorsolateral prefrontal cortex
(dlPFC), previously shown to support working memory
during creative endeavors, is actually deactivated
during freestyle rap (13,14). Moreover, dlPFC activity
is inversely correlated with activation of the critically
involved mPFC.
A reasonable explanation for this counterintuitive
phenomenon is timing. Freestyle rappers speak so
quickly that they do not have time to consciously evaluate and revise the content of their utterances before
articulating them. As soon as items are retrieved from
memory, they are incorporated into the verbal output
stream. The ability to guide the search for associations between memories at high speed may be a
distinguishing quality of rappers. Future studies should
test this possibility by comparing the performance of
freestyle rappers and normal speakers on the same
that, during freestyle, the memory system interacts in
a special way with yet another system—a system that
streamlines the motor output.

The Flow: Cognitive Control and Motor
Supervision
The paradox of freestyle rap is that, as demanding as
it is on the brain to produce fast-paced utterances that
are not just semantically coherent but poetically and
rhythmically structured, the performance can feel just
as effortless to the rapper. As previously noted, the
brain region involved in cognitive control and working
memory is selectively deactivated during freestyle rap.
Merlin Donald would contend that the apparent lack of
conscious control that rappers show during their freestyle performances is the expected result after extensive practice within the genre. This “automatization” is
simply “the end result of a process of repeated sessions of rehearsal and evaluation” (15). The process of
automatization is not at odds with consciousness at all
but rather one of its natural consequences.
To be sure, rappers do wield some form of control
during performances. While Eminem unabashedly
delves into the vulgar, the violent, and the bizarre in

conscious cognitive control, it is motor output monitorrap. Merlin Donald’s insights into motor control are
perhaps his most notable. “My key proposal,” Donald
writes in his treatise on human nature, “is that the
radical improvement in voluntary motor control that
provided a new means of representing reality” (9). This
representational system conveys memories through
have yielded a form of culture through mimesis that
preceded the invention of language.
of mimetic culture. Modern humans are able to monitor and adjust articulatory movements during speech,
functional connectivity analysis, Liu et al. demonstrate
that there is a strong positive correlation between
medial prefrontal and cingulate motor activation during improvised rap. Furthermore, the authors postulate
based on anatomical studies in monkeys that there is
a direct functional connection between medial prefrontal and cingulate regions, and other studies in humans
have shown that portions of the mPFC are continuous
with the cingulate (17, 18). As information about intentions and motor plans is transmitted along this alternative route, the drive to speak associated with the mPFC
bypasses the self-conscious dlPFC.
By incorporating practiced behaviors into automatic
processing in analogous ways, humans can streamline
processes they know well and build on top of those
processes in an hierarchical fashion, creating new
processes that are ever more complex. Consider lanjects and other referents, then works painstakingly to
combine words into grammatically correct sentences,
tomatically, concentrating less intensely on the forms
and meanings of the words and beginning instead to
focus on other functions of the speech act (19). With
enough practice, the child might someday rap as easily
as he or she carries on a conversation.

Let It Free, Let It Fly
Having toured the systems that intersect in the
network for verbal improvisation, it is at last possible
plete picture of the freestyle brain at work. Regions
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cognitive characteristics of verbal improvisation, including enhanced motivational drive, memory access, and
motor monitoring. At the same time, working memory
and self-conscious control are diminished. The attributes of freestyle rap are synthesized by the brain into
performer is so intensely engaged that the words feel
brain takes over when the rapper steps up to the mic,
producing a stream of language that is spontaneous yet
poetically crafted, guttural yet rhythmic.
Considering how well suited the brain is for freestyle,
one might be tempted to conclude that it evolved for
the express purpose of enabling humans to rap. Donald
notes, however, that when evolution appears to proceed
in favor of humans, it bears no real concern for them.
rap can be regarded as one of these hallmarks of the
beat, the pace, and the dominance of the poetic function, freestyle rap bears a striking resemblance to the
linguistic improvisation that characterizes our everyday
conversational play. The jokes and puns we all make
are the basis for the remarkable extemporaneous
speech that distinguishes freestyle rap. Every time we
speak, we heed the words of musician Tunde Adebimbe
(1).
Elizabeth Beam is a research assistant in a neuroscience lab at Harvard University.
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No More Meds

Schizophrenia and Cognitive Behavioral Therapy
BY BRENDAN PEASE

I

magine a high school student named
Lisa. A high achiever, both academically and athletically, Lisa gains admission to Duke University in her senior
year, is voted “Most Likely to Succeed”
by the student body, and is loved by
classmates and teachers alike. From the
outside, she seems to have a perfect life.
But, on the inside, Lisa sees herself as a
failure. Every day, she hears voices in her
head telling her that the people around
her hate her because she is stupid and
ugly, and not at all the bright student and
gifted athlete that she is. This is exactly
how Lisa Halpern, a writer and lecturer
who suffered from schizophrenia in her
teenage years and into her twenties, describes her high school experience (1).
Approximately one percent of the
world’s population has schizophrenia, a
tragic mental health disorder best known
for causing hallucinations and delusions.
Those who have the disorder are often
paranoid and plagued with emotional
to focus on tasks, hold full-time jobs, or
maintain normal social relationships.
The disease has such a profound effect
Figure 1: Risperidone is one of the medications used commonly in the
on those who have it that forty percent
treatment of schizophrenic symptoms. Photo courtesy of Wikimedia
of schizophrenics attempt to commit
suicide (1). Carrying a heavy stigma, the
Commons.
disorder also has a reputation for causing
chotic medications on the market that are often prescribed
people, driven by voices that they hear in
to schizophrenics, regardless of their age or how long they
their heads, to commit violent crimes (1). Although the vast
have had the disease. The most commonly used antipsymajority of schizophrenics are never violent, many report
hearing a voice or voices—ranging from friendly to demonic— chotics include risperidone, haloperidol, and clozapine. But
despite the widespread usage of antipsychotics, they are
inside their heads, which can leave a lasting impact on their
often criticized, and there is never a shortage of controversy
life, as well as the lives of those around them.
about their usage (2).
By far the most common objection to antipsychotics is

Typical Treatments

nia often includes antipsychotic medication. In essence,
the main goal of these medications is to restore healthy
levels of various neurotransmitters, such as dopamine, by
targeting proteins or other molecules involved in the central
nervous system (3). There are currently over 20 antipsy-

taking them. When taken over extended periods of time,
trolled muscle movements, and an increased risk of cardiac
problems and heart attacks, to name just a few common
side effects (2). In fact, a major obstacle in the road to successfully treating schizophrenia is patient non-adherence to
treatment plans, which often stems from patients’ inability
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to cope with the unwanted impacts of
the drugs on their daily lives and overall
health (4).
In addition to the numerous side
effects of antipsychotic medications,
recent studies have called into question
well. Several recently published studies
have shown that antipsychotic drugs
may be less effective than placebos
in children and adults (2). After being
treated with antipsychotics for a while,
many patients may also develop resistance to the medications, because their
bodies learn to compensate for the
effects of the drugs. In 2012, a study
released by the Mount Sinai School of
Medicine found that an enzyme in the
Figure 2: Schizophrenia is a mental disorder characterized by a breakdown
brain, HDAC2, was highly expressed in
in emotional responses. A patient embroidery reflects this conflict. Photo
the brains of mice treated with antipsycourtesy
of Wikimedia Commons.
chotics. This higher level of expression
in turn caused lower expression of the
CBT have already demonstrated its effectiveness for a range
Metabotropic Glutamate Receptor 2, or mGlu2. A common
of mental illnesses, such as substance abuse and mood,
target of antipsychotics, mGlu2 is a protein that is highly
anxiety, personality, sleeping, and eating disorders. (6). Alinvolved in the regulation of neurotransmitters, which are
though there has not yet been any evidence proving whether
imbalanced in those with schizophrenia. Because many
or not CBT could be used to treat schizophrenia, two studies
antipsychotics work to increase the production and prespublished this year have provided support for the fact that
ence of mGlu2, resistance to this effect is a major molecular CBT may also be an effective way to treat schizophrenia.
setback to the effectiveness of antipsychotics (3).
A new study published in The Lancet in February, 2014,
Though the National Institute of Health has long advocated provides more concrete evidence for the effectiveness of
for the use of antipsychotic medication to treat schizophretreating schizophrenia patients with CBT. In trials at two difnia, the organization acknowledges that the main symptoms ferent health centers in the United Kingdom, researchers at
of schizophrenia cannot be treated adequately with medicathe University of Manchester conducted a study comparing
tion alone. This is due not only to the nature of schizophrethe outcomes of schizophrenic patients who had received
nia itself, but also to the fact that many people who suffer
antipsychotic drugs with those who had instead received
from schizophrenia also have other comorbid mental health
cognitive behavioral therapy. As a metric for outcomes,
issues, such as mood disorders, depression, and anxiety
researchers used the Positive and Negative Syndrome Scale
disorders (5). In general, this seems to be an important
(PANSS), which is commonly used to assess schizophrenia;
component of schizophrenia treatment that is missing from
the higher a patient’s PANSS score is, the more symptoms
the antipsychotic-centered status quo; luckily, recent studies of schizophrenia that the patient is experiencing. At the con-

Cognitive Behavioral Therapy
One particularly promising method of treatment that
is beginning to be used instead of or in conjunction with
antipsychotics is cognitive behavioral therapy (CBT). CBT
differs from traditional psychotherapy in that it focuses on
behavioral and cognitive processes that negatively affect the
patient’s life. It is also goal-oriented, requiring the therapist
and the patient to work together toward the ultimate goal
of changing harmful thought processes that the patient
experiences, as opposed to more passive traditional psychotherapy in which there is less emphasis on the therapist and
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clusion of the study, the researchers found that the mean
PANSS scores for those who received CBT was consistently
lower than scores for the group that received antipsychotics (4). This result was further supported by a smaller study
published by the British Journal of Psychiatry, which used a
series of randomized trials to show that CBT has a positive
effect on schizophrenic symptoms (7).
As more research is being done on CBT, and as CBT training becomes more widely available to psychologists, psychiatrists, social workers, and psychiatric nurses, additional CBT
methods are being developed for schizophrenia treatment
sessions (6). One common technique, known as reality testing, involves encouraging the patient to evaluate the reality
base of a belief or assumption. This is often done via lines
of questioning designed to explore the rationale behind the

Figure 3: A self portrait of a patient suffering from schizophrenia again reflects a break from reality.
Photo courtesy of Wikimedia Commons.
patient’s beliefs. Common questions might include: “How
do you know that what you perceive is actually happening?
What do you think causes this to happen? When you think
through it now, are these reasons good enough?” Another
common technique involves encouraging the patient to run
miniature “behavioral experiments” to test certain beliefs.
For example, if a patient believes his or her neighbor is communicating threats by sneezing, the patient may set up an
experiment in which he or she watches a television program
to evaluate other theories that could explain the neighbor’s
sneezing—such as sickness or allergies (8). One of the most
common CBT techniques used with patients with a variety of
mental disorders is “normalization”; in these sessions, therapists reassure their patients that normal people occasionally
hear voices or see objects that aren’t there, encouraging
patients to view themselves as normal (2). Using these common CBT techniques, trained therapists are eventually able
to improve schizophrenic patients’ modes of thinking and
behavior, alleviating patients’ symptoms and improving their
quality of life.
Despite the growing body of evidence that CBT is an effective way to treat and manage schizophrenia, there are still
some actions that need to be taken before CBT is used as
frequently as antipsychotics. Many CBT and schizophrenia
researchers have recently called for additional research, including the researchers at the University of Manchester, who

a long period of time is a crucial aspect of CBT’s success, just as it is for other schizophrenia treatments
(6). Perhaps the biggest obstacle to widespread usage
of CBT is that CBT does not directly address one of
mitter imbalance in the brain. While it is possible that
CBT causes changes in behavior that will in turn affect
neurotransmitter concentrations, the link between
neurotransmitters and behavior is still not well understood. Though CBT may effectively manage symptoms,
it is possible that another form of treatment will be
needed to mechanistically address the neurobiology
behind schizophrenia (2).
It is clear that the status quo for treating schizophrenia with antipsychotics has its weaknesses, both
ence. However, in light of recent studies, cognitive
behavioral therapy may represent the possibility of
a bright future for schizophrenia patients and a new
protocol for treatment. With more research, CBT may
become the go-to treatment for schizophrenia, and
antipsychotics may become a relic of the past.

Brendan Pease ‘17 is a freshman in Thayer Hall.
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techniques outside of sessions; thus, patient adherence over
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ics of HIV/AIDS
and the

nging Brain
BY QUANG NGUYEN

“Music expresses that
which cannot be put into
words and that which
cannot remain silent”
- Victor Hugo

G

lobally, over 35 million people were living with HIV in
2012 (1). In addition to severe physical and immunological deterioration associated with the progression
chological burden on those infected and their social networks.
This additional suffering contributes to the decreases in medistatus disclosure, acceptance, and coping (2). Consequently,
ment. Nevertheless, this emotional damage may create a
clinical and social opportunity for music, a “harmonic medicine,” to serve as a counterbalance to the negative emotions

caused by HIV-related stigma (3).
Music is all around us. Among speech, writing and performance, music has evolved to become one of the most
powerful social, cultural and political practices. The power of
this sonic language strongly stems from its ability to create
“sensations, imagination, and experience[s]” that persuasively trigger certain emotions and behavioral changes (4). If you
have ever shivered just by listening to a song, then you have
experienced the emotional power of music. These music-induced sensations are the result of neuronal activations in the
orbitofrontal and cingulate cortices of our brain (3). Through
complex biochemical interactions, music then encourages a
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voluntary “musical participation” between those affected and
others.
On a more sociological level, music can not only embody a
person’s political values and experiences but also effectively
propagate his or her opinion, ideology, argument and belief. In
fact, many social advocates and political enthusiasts around
against HIV/AIDS pandemic worldwide since the early 1980s
when the disease was mislabeled the Gay-Related Immune
we will take a brief journey into our brain, the center of the
nervous system, to investigate how a simple melody of tones
that does not contain an “intrinsic reward value” can effectively unite and empower people in their political and emotional
responses to the pandemic of HIV/AIDS (6).

Political Consequences of
Musical Re-indexing
In his 2011 book, AIDS, Politics, and Music in South Africa,
Fraser McNeill reveals the multifactorial power of locally
recognized music in propagating safe sex messages that can
HIV/AIDS. For example, consider the following pro-protection
message:
Khondomu ndi bosso!
Condom is the boss!
I thivhela malwadze!
It prevents sickness!
Khondomu nga i shume.
Use condoms!
Khondomu ndi bosso!
Condom is the boss!

anti-apartheid songs by Joe Modise, South African Minister
of Defense from 1994 to 1999 (7). Taking advantage of the
area’s strong musical culture, a group of young women in
Venda, a Whembe District of the Thulamela Municipality in
southern Africa, called themselves the peer educators and
took on the slogan of ‘Prevention is Better than Cure.’ They
decided to sing these succinct phrases while performing the
Venda’s python dance (domba) to convey their message. In an
adaptation of a famous Lutheran hymn, the phrase “Jesus is
number one!” was also changed into “Condom, condom, condom is number one, no matter what the people say, but condom is number one!” (7) By changing the words of the song,
one may change its original meaning by focusing the attention
on another target. In this case, by “indexing” AIDS to Boer, a
synonymous Dutch term to call conservative supporters of
the Nationalist government in 1800s in South Africa, the peer
educators had channeled memory and experiences of the
people about anti-apartheid struggle in the past to the current
struggle against AIDS (7). Another instance demonstrating the
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powerful usage of “re-indexing” by lyric change is from a song
named “I ya vhulaya” or “It kills,” which contributed to the
provision of the 2010 recommendation of when to start Antiretroviral Therapy (ART) (7). Currently, for adults and adolescents, the WHO recommends ART to all people who have the
CD4 count of 500 cells/mm3, with a priority for people with
the count of less than or equal to 350 cells/mm3 and those
with advanced HIV disease (8). Through music, governmental
policy about a particular issue is subject to wider public review
as a result of the collective effort of people who are musically
emotional attention (3).
some of the most challenging roadblocks in international
interventions—especially in developing countries like Nigeria,
where laws against same-sex marriage have been particularly
harsh—they also provide a unique opportunity for the musical
arts. In these contexts, music can participate in infectious disease prevention efforts as a unifying catalyst for “retraditionalization” in the ever-evolving community (7). After all, each
human culture has some type of music, and all humans are
neurologically and socially capable of “creating and responding to music” (9). This inherent capacity of music to allow
people to “sing about what [they] cannot talk about”—accompanied by an explanation of what causes infection—can be
used to drive positive political energy in HIV/AIDS (7).

Neuroarchitecture of
Musical Emotion
The work of peer educators in the aforementioned examples
is not only social and political action, but it also builds upon
a sophisticated “neuroarchitecture” of musical emotion (10).
Have you ever had a song that was just stuck in your head?
If so, you have experienced “involuntary musical imagery”
(INMI), or “earworm” syndrome, in which unwanted, familiar,
and most likely overlearned musical tunes keep repeating
in your mind, sometimes uncontrollably (11). This common
“sticky music” phenomenon, which was postulated to be the
result of neural playback circuits, reveals musical transliminality, a hypersensitivity to music due to its powerful cognipenetration—although with a short “life expectancy”—music
is a promising untapped resource that, when used correctly,
useful ways (11).
As such, researchers have asked many questions about
what makes music such an effective tool. Can music trigger
emotional changes that are strong enough to subsequently
that are induced by musical engagement were intentionally or
unintentionally recognized and utilized as a tool in HIV/AIDS
politics? With the help of current and developing neuro-technology, we are much closer to solving the mystery of musical
perception and the brain function.

Musical Rhythm as the Brain’s Temporal Timer
Since music can facilitate communication among people in
a community, it can also contribute to the communication of
information across the auditory cortex, which is located at the
the human brain (3). At this juncture, centric auditory cortisounds of rhythm and timbre transmitted from the thalamus
(3). Musical sounds, with their uniquely structured rhythmic
patterns, serve as “sensory timers” that have been shown to
improve the recovery of motor functions in neurologically damaged patients with strokes, Parkinson disease, and traumatic
brain injuries (12). In fact, musical rhythm creates a meaningful sound pattern in time that parallels the “oscillatory ‘rhythmic’ synchronization codes of neural information processing”
in the brain (12). In turn, this complex and expansive cortical
process induces an additive effect to streamline the transfer
of “sensory and cognitive-perceptual information” (6, 12).
Furthermore, it was suggested that music is “written in the
time code of rhythm as its sound patterns resembles the oscillatory ‘rhythmic’ processing in the brain (12). This temporal
feature of music constitutes the neurobiological foundation
of perception and learning (12). When we listen to music,
dopamine is released in the nucleus accumbens, affecting the
reward pathway that operates in perception, addiction, motivaet al. (2013) revealed that our appreciation of desirable new
music is not only due to the auditory cortical
processes triggered by one’s listening history
but also a result of our temporal expectation
of the rewarding value of the music we are
listening to, based on the implicit understanding of musical sounds and structure. Temporal
control in the oscillatory circuits of the speech
center in the brain is essential for coordinating movement, memory, and other executive
functions. Existing studies provide strong prima
facie evidence that music can stimulate the
neuronal compensatory network for brain areas
whose functions are compromised; thus, music
may also contribute to neural plasticity. In fact,
listening to music with lyrics has been documented to elicit wider bilateral neural activity than purely verbal materials, and regular
self-directed music listening has been shown to
increase the compensatory capacity of different
brain regions in patients with unilateral MCA
stroke (14).

Retrieval of Musical Information and
Neuronal Memory
Coupled with the rhythmic pattern, musical
“chunking” through melody acts as an effective
mnemonic device, which is essential in memory

coding (12). For instance, despite Alzheimer’s patients’ inability to learn new songs or perform memory tests like word lists,
musical information and skillfully play previously learned
songs (14). If patients with neurological disorders can retain
can also be utilized to recreate or trigger profound musical
emotions in healthy individuals, especially when that musical
information is strongly associated with a particular past event.
the differential activation to stimulation in the anterior parathereby connecting auditory stimuli and memory (3). Therefore, music not only allows one to formulate new memories
about certain incidents by interpreting and responding to the
related musical piece, but it also may help one create a stable
neuronal memory that is resistant to certain neurodegenerative forces.

Cognitive Emotion in HIV/AIDS-related
Depression
As neurocognition and immunity are progressively compromised in HIV-infected patients, HIV-related depression imstate. Clinically depressed individuals are unable to regulate
reframing negative automatic thoughts (NAT) (15). Inevitably,

Figure 1: The primary auditory cortex is one of the main areas associated with superior pitch resolution.
Photo courtesy of Wikimedia Commons.
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the accumulation of this emotional distress would impair
their “adaptive cognitive coping strategies,” continually
increasing their susceptibility to more advanced neurocognitive sequelae like HIV-associated dementia. In addition to
other people’ perceptions, compromised behavioral regulation of emotion in HIV-infected individuals can be further
complicated by their own internalization of the stigma (15).
However, all of these behavioral and social challenges open
up the door for “harmonic medicine” to play a role in both
socio-behavioral and neuropsychological aspects of HIV/AIDS
treatment (3).

Harmonic Medicine in
Emotional Neuroscience
It was also shown that modulation of amygdala reactivity
plays an important role in recruiting various frontal brain
regions, including the dorsolateral prefrontal cortex (DLPFC),
orbitofrontal cortex (OFC), and anterior cingulate cortex
(ACC). This “amygdala-frontal coupling” has been linked
to the ability to self-regulate negative emotion and trigger
emotion-related behaviors during distress (16). As a result,
music, a highly emotional stimulus, can serve as a powerful
harmonic medicine for self-regulation of negative emotions,
which is an important cognitive coping ability that tends to
be only minimally induced in HIV-infected individuals following cognitive and behavioral interventions (15). Furthermore,
Särkämö and colleagues (2008) also showed that listening
to music everyday could prevent negative mood in patients
with middle cerebral artery stroke, as they experienced less
frequent episodes of depression and confusion.
-

tional responses to the complex organization of a melody can
ent signal changes in the amygdala and limbic system of the
listeners (3, 18). Researchers have also suggested that the
increase in hormone concentration in tears, such as that of
prolactin, when people experience extreme emotions (e.g.
during birth delivery and organism) may be an evolutionary
mechanism that facilitates the encoding memory of those
extreme emotional experiences (3). This may explain the
physical changes in people when they watch an orchestra.
Therefore, it is not exaggerating to say that music indeed
plays an important role in humans’ emotional experiences.
Furthermore, foundational elements of music, such as
pitch, tone and rhythm, each engage different parts of the
brain in a sophisticated bilateral cortical collaboration, creating a combined effect on emotion, memory, and perception
(13). In fact, the elaborate interactions among sensory-motor, auditory, and frontal cortical networks have been proioral decisions by engaging higher-order cognitive affective
regions in the brain for the acquired “inventive salience” of
music (6). Therefore, music not only helps lessen the social
and cultural burdens on people living with HIV/AIDS by allowing their pain to be musically heard and defragmented, but
also it may also help to alleviate their psychological challenges by changing or maximizing their brain’s music-dependent
plasticity under conditions of external and internal stress (3,
12, 13).

Neuropsychological Integration of Music in HIV/
AIDS Prevention, Treatment, Care, and Politics

Figure 2: Antiretroviral therapies target different parts of the HIV virus replication cycle.Photo courtesy of Wikimedia Commons.
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Music is the building block for the
audience’s emotional experience and for
the performers themselves to express
their message via the musical melody. In
the past, the therapeutic value of music
has primarily been interpreted within
the framework of the indirect consequences of music and one’s cultural and
emotional wellbeing (12). However, only
recently has this understanding been
more adequately expanded to include
the underlying neurology of musical
healing power. This wider consideration
suggests the potential application of
music as therapy and for confronting the
politics of HIV/AIDS, a highly stigmatized
and emotionally heated disease that has
a long history (12).
Music’s power to change one’s emotions and behaviors has been utilized in
many HIV prevention programs, especially in developing countries where
music is often an important cultural
value of the people. As HIV/AIDS levies
many heavy negative emotional changes

that subsequently result in neurocognitive defects,
music, along with neuroscience, psychology, and
medicine, is an invaluable resource. With proper
implementation, it may help improve current disease control programs and policy planning. As HIV/
AIDS incubates fear and emotional distress in those
affected, music offers inexpensive healing power
that is free of adverse effects and can promote
HIV/AIDS prevention. Furthermore, with its powerful
capacity to change emotions and alter perceptions
and social behavior, music also contains politics
within itself. As McNeill (2011) points out, music is
a social solvent for politics, religions, and traditions
to homogenize for the better. Lastly, it is also important to recognize that, as gender differences do
play a crucial role in emotional reactions to music,
certain marginalized populations are more vulnerable to social stigma than others. Thus, musical
applications, including political acts and medical or
educational implementation, must remain culturally
Reverend Jackson Muteeba, director of the
Integrated Development and AIDS Concern (IDAAC)
in Iganga, Uganda, asserts that only behavior can
serve as the “metaphoric ‘language’” that “AIDS
can hear, […] understand, […] for the people to
Figure 3: Music may hold the key to being able to cope with HIV
come to terms with the realities of the disease-both stigma. Photo courtesy of Wikimedia Commons.
cultural and medical” (18). Creative music can
evolve to empower stigmatized HIV-infected individCambridge, 2001).
uals while educating others, whether infected or not.
10. A.Sel,B.Calvo-Merino,Neuroarchitectureofmusicalemotions.Rev.
Neurol. 56, 289-297 (2013).
Quang Nguyen ‘16 is a sophomore at Duke University
11. C. P. Beaman, T. I. Williams, Earworms (stuck song syndrome):
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When you imagine telepathy, your
mind probably jumps immediately
Star Trek, Legilimency in Harry
perheroes and super-villains who
or mind control. Twenty years
ago, these concepts would have
but today, in neuroscience labs
around the world, new research
is turning the startling possibility
nication into reality.
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Humans
Computers
And Everything in Between:

TOWARDS SYNTHETIC TELEPATHY
BY LINDA XU

I

technology scene, the above scenario may sound like noth-

by pressing a key on a keyboard in an adjacent room. As the
anything at all.
-

down on the key, bringing down the rocket. Together, these
brain-to-brain communication (1).

From Synapses to Sensation
-
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why, to this day, the exact mechanisms by which neural
ness, sensory experience, and motor action remain largely
unknown.
Despite this obstacle, scientists have discovered ways to
manipulate the brain without completely understanding the
mechanisms behind its activity. Twentieth-century neurosur-

that would record and interpret its activity. Three basic
-

action.

The Dawn of the Brain Computer Interface
tient to undergo a vivid memory recall, while probing another

measure the electrical potential across the electrodes and
-

eventually led scientists to the theory that thought and be-

simple procedure. The next step, then, was to translate this

the changes in your brain activity. From this theory, the path

-

Figure 1: A paralyzed woman is able to control a robotic arm to take a sip of coffee . Photo from National Institute
of Biomedical Imaging and Bioengineering.
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computer that would not only detect brain activity but intertion,” two rats were placed in separate cages and each given

other hand, was given no visual cues, but its brain received
demonstrate that brain activity could actually be controlled
tions between brain activity and motor response were speci-

Within the year, researchers at Harvard Medical School
were able to connect a human brain and a rat brain through
months later, the experiment described in the introduction
-

trained rats to control a robotic limb using only their brains
-

Hopes and considerations for the future

image reconstruction, touted by reporters to give scientists

the technology continues to take leaps and bounds into the
machine. Based solely on this recorded brain activity, scienvision devices, prosthetic hearing devices, and communicaed as prototypes, such as the robotic arm created at Brown

The Brain-to-Brain Interface: From Reading Minds
to Controlling Minds

in military communication technology has continued to
-

However, where things start to get truly exciting — and truly
interprets brain activity, BBI connects a brain to another
games in which you control your character simply by thinking
as a more sophisticated, organic computer, and the BBI as

-

are sure to be welcomed into the entertainment world and

Harvard Science review | 35

medicine and military technology to
ing truly has the potential to change
the world. By maintaining a judicious
and ethical caution, we can ensure

Linda Xu is a sophomore in Eliot
concentrating in Neurobiology.
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COMMENTARY
A Commentary on Medical Education
By Lauren Claus

T

delicate moments; physicians are entrusted with tasks
such as delivering a painful diagnosis, encouraging a
patient to embark on a weight loss program, or calming the
anxieties of new parents-to-be. These situations all require
strong interpersonal skills, a comforting demeanor, and a
deep sense of empathy. However, the road to medicine is
typically thought to require different skills such as strong
standardized-testing abilities and the capability to lead large
groups or organizations. Although this paradox is often overlooked, it raises important questions about the current state
and future goals of medical education.
On one hand, the amount of competition that premedical students encounter seems inevitable because so
many students are interested in pursuing medical studies.
According to the Association of American Medical Colleges,
48,014 applications were submitted (redundant) to medical
schools in the United States in 2013 (2). With so many applicants, a system of standardized evaluation becomes necessary- and thus, every premedical student feels the pressure
to demonstrate aptitude and success in the Medical College
Admission Test, their Grade Point Average, extracurricular
leadership, and research experiences.
These requirements are certainly not opposed in
spirit to the practice of medicine. Of course, the personal
to prepare students for medical school. More generally, physicians must have the ability to think and act quickly to help
their patients. Also, the current system of premedical education allows students to take a gap year before beginning
medical school, which can provide a necessary opportunity to
framework. However, perhaps the traditional path to medical
school would be improved if it contained an additional component that emphasized less tangible but equally important
aspects of practicing medicine, such as experiences with
illness, healing, or suffering. Although premedical students
typically volunteer and shadow in clinical settings, they do
not usually have the opportunity to follow the trajectories of
individual patients or prepare for the emotional complexities
of practicing an imperfect science.
Many physicians describe their experiences in these
areas through writing. Rafael Campo, a physician at the
Harvard Medical School and accomplished poet, recounts
encounters with patients through his verse and sees this
process as a component of practicing medicine. He also
indicates that such poetry can become a powerful tool for
“what most patients seem to feel is most lacking in medicine
these days” (3). To this end, Campo leads writing workshops
for medical students to introduce them to ways to connect
their medical experiences with broader ideals (1).

Figure 1: Harvard Medical School
Photo courtesy of Wikimedia Commons.
It is important to note that the position which Rafael Campo
emulates is not opposed to the extensive use of highly
patients, but rather is concerned with “losing sight of some
of the truths of the experience of illness” (2). The problem
is not the advances themselves, but the possibility that they
may lead to an attitude that loses focus on the human side
of such treatments. Campo provides an example of this when
he says that a doctor should “perform all those technical
competencies” and focus on how to best treat the patient,
but still “be able to warm the hand of the patient dying in the
ICU despite all the IVs and ventilator settings” (2).
In the same way, medical education is not wrong in its
curately, but could improve with increased focus on medicine
vide, however, because personal qualities such as empathy,
compassion, and interpersonal abilities (such as clear communication skills) are not as easily taught or measured as
quality, perhaps it will continue to be individual premedical
of empathy and compassion that are implied but not explicit
in the healthcare systems in which they practice.
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