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Harvard students often lament their school’s lack of a tangible
mascot, expressing a desire for a cute dog or tiger to cheer on
the nebulous “Crimson.” Well, we here at The Harvard Brain aren’t
immune to such cravings. We, too, would like a mascot to valorize
our prowess. The logical choice would be to plop a brain in a jar and
call ourselves victorious. After all, what can represent The Harvard
Brain better than an actual brain decked out in Crimson gear?
Yet, to have a brain sitting statically in a jar, all gray (and crimson)
and lifeless, would be misleading at best. After all, the brain is a
dynamic network of neurons responding to countless electrochemical
signals. Our brains are constantly rewiring themselves, allowing us to
memorize the latest Spanish vocabulary list (p. 18), to take note of
the attractive person sitting across the library table (p. 4), or to play
out-of-this-world video games (p. 9). To reduce such rich activity to a
formaldehyde-laden brain would be to overlook the very interactions
that make us us.
Furthermore, honoring a stagnant brain would forgo the very
essence of The Harvard Brain, which is to analyze human mind, brain,
and behavior in a dynamic and multidisciplinary way. To that end, we
look to the interactions between neurobiology, philosophy, computer
science, psychology, and anthropology, among others, to hold up
a mirror to our species. Such fields have brought us novel theories
regarding the origin of humankind (p. 23), sophisticated techniques
that capture complex neuronal networks in psychedelic ways (p. 14),
and ethical quandaries regarding developing technologies (p. 29).
Together, these fields allow us to more thoroughly analyze certain
issues at hand by offering varying perspectives, a constructive
interference we attempt to capture in a new section entitled
“Surround Sound” (p. 27).
Given the wide range of topics covered within these pages, we
hope that you will find articles that illuminate some things about
yourself and your fellow humans. We, in the meantime, will return
to our search.

Elizabeth Ryznar
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Chew Away!

3

Chewing gum can reduce
stress and improve performance. The act of chewing
gum reduces the amount of
cortisol in the brain during
stressful tasks and boosts

3

NUMB R TH ORY

6

»» Alzheimer’s is the sixth-leading cause of death
in the United States.
»» Mandarin speakers have a working memory
span (a loop of about two seconds) of about
9 digits, whereas English speakers have an
average span of 7.

three hundred

nine

»» Your brain generates
seven20 watts of power a day.

blood flow to the jaw and the brain, increasing the
amount of oxygen. Chewing gum also increases attention and memory span. Studying for an upcoming
exam? Pop in a piece of gum beforehand! Don’t get too
carried away, though. Most gums contain a chemical
known as aspartame that may have many harmful side
effects to your health. For those of you with gum addictions, try certain brands of organic gum that do not
contain any aspartame, such as Glee Gum. -C.O.

Doodle your way to higher grades
Doodling may actually do more than just relieve boredom
during a long lecture. A study published this February in the
online version of Applied Cognitive Psychology found that participants who doodled while listening to a monotonous phone
call showed improved recall of details when compared with
non-doodling controls. Forty subjects monitored a two and
a half minute phone message. Participants were told to write
down, but not memorize, the names of the people attending a
party mentioned in the message. Half of the participants were
then told to “relieve their boredom” by shading in provided
shapes without paying attention to their speed and accuracy.
This task resembles the process of absent-minded doodling
in normal situations. On a surprise memory test, participants
were then asked to recall the names of the partygoers as well
as cities mentioned in the message, even though participants
had been told not to pay attention to the latter. Interestingly,
those who listened to the message while doodling recalled 29%
more names and places than their non-doodling counterparts.
Dr. Jackie Andrade, professor of psychology at the University
of Plymouth, UK, postulates that doodling aids memory performance by reducing daydreaming without taking so much
cognitive power as to reduce cognitive performance. –F.D.

twenty

»» Neurons multiply at a rate of 250,000 neurons
per minute during early pregnancy.

»» A prematurely-born infant is five times more
likely to be left-handed than a baby carried to
term.

5

eleven

»» The world record for time without sleep is 264
hours (11 days), set by Randy Gardner in
1965.
»» Average number of neurons in a human spinal
cord = 1 billion.
»» Each sucker on an octopus tentacle has about
10,000 neurons.

one billion

ten thousand

Reference: Andrade, J. (2009). What does doodling do? Applied Cognitive
Psychology 23 (3): 1-7.

You don’t need to know “what it’s like” to empathize...
Any neurobiological theory of empathy must address two issues: when we witness a person in pain, how
much of our empathetic response comes from cognitive
understanding of that pain (so-called “perspective taking”) and how much comes from actually feeling that
pain due to activation of our own pain processors (socalled “resonance”). With the recent discovery of mirrorneurons, theories have tended towards the latter, positing
a necessary “mirror-matching” in which we empathize
with pain because, in some respect, we feel that pain ourselves. Danzinger et al. set out to question this view by
testing empathetic capacities in patients with Congenital
Insensitivity to Pain (i.e. they have not experienced pain).
When patients with CIP were shown painful stimuli,
they lacked responses in the primary sensory cortex, the
thalamus, and the posterior insula (all places associated
The Harvard Brain

with sensory processing of pain), which were activated in
controls. However, in CIP patients, empathetic capacities correlated strongly with activation of the ventral posterior cingulate cortex and the medial prefrontal cortex
(both areas implicated in making judgments about others’ emotions). Additionally, CIP patients showed activation in regions associated with cognitive processing,
especially the anterior cingulate and the anterior midcingulate cortex. This implies, as stated by Danzinger et al.,
that cognitive understanding of pain does not require
activation of one’s own pain circuits—that is, empathy
does not require that we have ever felt that pain before.
–W.K.
Reference: Danzinger et al. (2009). Can We Share a Pain We Never Felt?
Neural Correlates of Empathy in Patients with Congenital Insensitivity to Pain. Neuron 61: 203-12.
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At First Glance:
Let’s Get to the Bottom of Attraction
by

A

sk any pair of Harvard lovebirds
how they met, and chances are,
the answer will be filled with a
nostalgic dose of serendipity. Many relationships begin as a result of good fortune, with two people instantly attracted
to one another during an unexpected interaction. In fact, a Pforzheimer House
resident once justified his use of the Quad
shuttles in lieu of bicycling by boasting,
“Nearly 60% of Quad student meet their
future spouses on the morning bus, and I
figure this beats a dating service.” While
his figures are probably biased and possibly on the brink of sheer exaggeration,
they reflect testimonies from other students proclaiming that chance meetings
in Lamont Café or the Science Center
computer lab have sparked lasting romances. Quite frankly, haven’t we all
been there? Everyone has experienced the
unexpected thrill of locking eyes with a
stranger across the room and being mesmerized at first glance. Interestingly, this
instantaneous attraction often transcends
the level of shallow, physical interest to

2009

some degree. We often note that he or
she might not be the best looking person
within sight, although his or her presence
seems to take over the entire room. One
way or another, humans appear to have
an intrinsic sixth sense for the perfect
partner. We seem to be able to tell who
is compatible with us, even before words
have been exchanged. Surprisingly, our
sixth senses are frequently right. Perplexed by this reoccurring phenomenon,
we might ask ourselves, “how?” While
skeptics may argue that this type of falling in love boils down to luck, many psychologists present convincing data that
we are able to thin-slice prospects on a
subconscious level, soaking in countless
subtle cues that catch our attention and
tell us, “That’s the one.” The theories surrounding this activity raise fundamental
questions regarding the mechanisms that
finely tune the selection process to personal preferences and the level of influence we might possess over them.
Imagine catching the eye of a
stranger in Lamont and instantly feeling
that jolt of attraction. While the surge of
emotion may feel random and instantaneous, an amalgam of neurological processes is stealthily taking place completely
under our radar. Several studies point to
abrupt spikes in central dopamine levels.
Known for inducing a slew of other common love-stricken symptoms including
“exhilaration, euphoria, increased energy,
sleeplessness, loss appetite, trembling, a
pounding heart, and accelerated breathing,” dopamine has been championed as
the miracle molecule behind instant romance and its many side effects (Colle

4
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& Wise 1998, Fisher 1998). In addition,
these dopamine spikes occur in reaction
to “exposure to a novel environment”
and typically result in “heightened and
focused attention” as the basis of fascination with a captivating person (Kiyalkin
1995). Furthermore, some scientists propose that significant reduction in the levels of serotonin intensify the sensation of
mesmerization with a given person of interest (Flament, Rapoport, & Bert 1985,
Fisher 1998).
With increasing knowledge concerning the chemistry behind our behavior, recent research has started to unravel the wonder of love at first sight, a
mystery that has perplexed psychologists
for years, by taking a neuroimaging approach. These studies have successfully
determined the neural circuits that are
activated when we find ourselves interested in someone. In an experiment conducted by Aron, Fisher, Mashek, Strong,
Li, and Brown (2005), subjects viewed
projected photographs of a recent crush
or partner in a newly formed relationship
(a positive stimulus for romantic attraction) followed by a picture of a friend
or acquaintance (an emotionally neutral
stimulus). Functional MRI (fMRI) scanning was utilized to record the neurological activity during exposure to both
stimuli, taking advantage of a distraction
procedure between each test to effectively erase any remaining neural activity
from the sight of a loved one. The resulting fMRI data displayed activation in the
ventral tegmental area (VTA) and dorsal
caudate body. The increased activity of
the VTA region is extremely significant,
The Harvard Brain

Ryan Fitzgerald
since the VTA has dopaminergenic cells
that are highly connected with regions of
the caudate, which also exhibited activation during the experiment (Caan, Perrett, & Rolls 1984, Horvitz, Stewart, &
Jacobs1997). Since dopamine has already
been implicated as a major chemical in
attraction, activation in these areas provides converging evidence that attraction
has a chemical and neurological basis.
However, while this scientific evidence
elucidates the various chemical pathways
and neural systems at work as we become
drawn to a complete stranger, the reported studies forget to mention the very
spark that initiates all of this extraordinary machinery.
In order for us to feel attracted to
someone else, a variety of cognitive parsing events must be carried out. Collectively, these processes constitute the act
of “thin slicing”. Thin slicing refers to the
act of scrutinizing a potential romantic
candidate without any conscious control.
Before any profound contemplation takes
place, our minds have already subjected
the person of interest to a several point
inspection, evaluating whether or not he
or she meets an amalgam of our specific
standards. Interestingly, fairly decisive
decisions are made instantaneously and
we rarely question this intuition. Should

At First Glance
this notion be unsettling? Are we positive
that we can trust ourselves on autopilot?
Since it appears that we make important
decisions regarding love at first glance
based on intuition alone, how can we
be convinced that the core qualities we
actually value in a potential partner are
being detected logically? In the widelyacclaimed novel, Blink: The Power of
Thinking without Thinking, author Malcolm Gladwell tackles this philosophical
issue, questioning if we have any control
over what turns us on.
Gladwell’s theory regarding the basis of instant attraction is framed around
speed-dating, which, in his opinion,
represents “the distillation of dating to
a snap judgment” (63). The premise is
simple: in the first few seconds of an initial encounter, the participant either feels
a spark of interest or a sense of apathy
towards the individual across the table;
“they lost me at hello” or “had a kind of
contagious winning spark.” Typically,
this gut decision is rather blunt, and
can range from a thoughtless rejection
to a haphazard crush full speed ahead.
As one speed-dater noted, “They know
in the first minute, ‘Do I like this guy,
can I take him home to my parents, or is
he just a wham-bam kind of jerk?’” (63).
However, the question remains: when we

feel attracted to an individual, are our attractions logically sound? Can we be sure
that the “spark” felt by our instinct is
compatible with our logical partner preferences? Aided by the research results of
Columbia University professors Sheena
Iyengar and Raymond Fisman, Gladwell
presents a convincing case regarding the
intrinsic contradiction between our wellthought-out preferences for significant
others and our in-the-moment desires.
According to Gladwell’s argument, the
gut decisions governing the initiation or
lack of attraction are tightly controlled
by the “machinery of our unconsciousness,” the component of our own psyche
that operates covertly. If our conscious
notion of an ideal partner has a minimal
influence upon split-second decisions regarding attraction, we might not be so in
touch with what we really look for in a
man or woman after all. Consequently,
the intrinsic sixth sense we utilize to automatically pinpoint the right partner
must not be entirely of our own calculated design. But if this is the case, who
is behind the steering wheel?
When comparing a speed dater’s
preconceived notion of their ideal counterpart with the participants they eventually fall for during the event, there is frequently a conflict between participants’

What’s Really Going On?
Let’s get to the bottom of attraction. In his article, Ryan Fitzgerald cites
evidence for the ability of our subconscious to thin slice prospective romantic partners and instantaneously tell us
“that’s the one.” Our ability to detect
potential mates in such a way has a
neurobiological basis.
There are many subtle cues governing our attraction to certain people.
Your body releases odorless chemicals
known as pheromones that can signal an individual’s arousal and sexual
receptivity. Major histocompatibility
complexes (MHCs), involved in the immune response, also play a role in attraction. MHC genes determine the
subtle, natural body odor that people
give off. Females prefer the scent, and
hence the men, with MHCs that are
The Harvard Brain

least similar to their own. The reasoning behind this preference is that humans want to avoid selecting mates
that have similar genetics to them. This
ensures that offspring have greater resistance to disease.
So what’s the motivation behind
kissing? Kissing activates the neurons
on your lips and tongue, prompting
brain chemicals to release feelings of
sexual arousal, bliss, and closeness. The
brain chemicals that combine to create
the rush we experience during kissing
include dopamine, oxytocin, adrenalin,
and serotonin. When you kiss, regions
in the brain associated with pleasure,
motivation and reward – the right
ventral tegmental area and the right
caudate nucleus – are activated. Kissing allows you to weed out potential
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spouses by eliminating those individuals with whom your lips don’t click.
More often than not, a bad first kiss is a
deal-breaker.
2009

At First Glance
presumed knowledge of themselves and
their genuine taste in men or women.
For example, if a woman says beforehand
that she likes “sincere” men but in turn
pursues “funny” bad boys all night long,
she will typically proclaim the following
day that she looks for “funny” men, a
180 degree change from her initial sentiments. However, it only takes her about a
month or so to openly revert back to her
old preference and confidently declare
sincerity as her number one priority in
choosing her partner. What type of man
does she truly prefer? This case brings the
notion of selfhood into question, asking
if true identity is something that an individual can fully understand and accurately describe or rather an innate characteristic that is only revealed through
actions. Perhaps the two conceptions of
“self ” are not mutually exclusive. Maybe
the real you and me lies somewhere in
the gray area between those two interpretations of identity. In Gladwell’s opinion,
“The description that [anyone] starts
with is [a] conscious ideal: what [you believe you want] when [you sit] down and
think about it. But what [you] cannot be
as certain about are the criteria [you use]
to form [predilection] in that first instant
of meeting someone face-to-face” (66).
While attraction remains a mysterious and widely disputed topic in the
world of neuroscience, speculation and
creative hypotheses might provide sound
explanations for this realm of human
behavior. Perhaps the basis of instant attraction is not completely isolated from
consciously developed notions of an ideal partner. It is plausible that individuals begin the pursuit of romance with a

Ryan Fitzgerald

primitive mechanism that registers attraction based on criteria inherent to
our respective personalities. In this early
stage, the search for love is guided by
our allegiance to an innate partner type.
Along these lines, we often hear of teenage girls having soft spots for the rugged,
neighborhood bad boy revving his Harley Davidson. Likewise, what adolescent
boy doesn’t feel his heart drop when a
convertible-driving woman in sunglasses
and red lipstick whizzes by with her hair
seductively blowing in the air? Over time,
we progressively acquire more refined
tastes as the experiences of unsuccessful
relationships and bouts with incompatibility produce novel reservations that
help screen our sea of candidates and sift
friends from lovers. We in a sense spend
our single lives molding this innate type
into something more practical and ac-

curate in order to find true love. The
knowledge we gain regarding the traits
our ideal partner should possess might
slowly integrate itself into our screening
systems, culminating in the maturation
of a sixth sense for that special someone.
Beyond the manner in which attraction evolves, the key to explaining
how a total stranger can ignite a powerful spark of interest may additionally
hinge upon fundamental patterns seen
as people progress to later phases of life.
When the average person finds him- or
herself bogged down by the monotony
of an increasingly focused lifestyle, finding a counterpart who grants access to an
entirely novel ideology and unfamiliar
social spheres can provide a new lease on
life. Along those lines, the exhilaration
felt during instantaneous attraction is derived from our certainty that the person
across the room or table has something
to offer us that we can’t seem to find elsewhere. The intense attraction is cued by
the characteristics of someone’s aura that
make us wonder what their secret is and
leave us eager to know more. Whether
the person at hand displays subtle hints
of a mischievous side, pursues a refreshing career path, or simply exhibits an
unexpected sense of humor, their ability
to place our curiosity in high gear serves
as a powerful basis for attraction. Time
and again, “opposites attract” as their
differences in lifestyle and personalities
compliment one another to create strong
natural chemistry. Although counterintuitive, we sometimes find love with the
people whose sentences we can’t always
complete.
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the Santa Fe

Tea Party
T

Hallucinogenic Ayahuasca and
Religious Freedom in America

wo hundred years ago, the most
famous Tea Party in American
history took place in Boston Harbor. For the colonists, the tea represented
years of oppression by the British monarchy. But on May 21st, 1999, when U.S.
federal agents barged into the headquarters of a small Santa Fe church and seized
thirty gallons of tea, the meaning of the
tea had changed: it now symbolized not
oppression, but religious freedom.
The Santa Fe church in question
serves as the New Mexico headquarters
of the Centro Espírita Beneficente União
do Vegetal (UDV), a Brazilian syncretistic
religion allegedly in existence for hundreds of years and organized formally in
1961 by Jose Gabriel da Costa. The UDV
is a peaceful religion focused on intellectual and moral self-improvement. To
heighten spirituality and to connect believers with God, members of the UDV
participate in ritual drinking of hosca, the
tea that instigated this conflict.
Hosca, more commonly known by
its Quechua name ayahuasca (“vine of the
souls”), is used across the Amazon basin
in shamanistic ceremonies and is considered sacred because of its mind-altering
powers. Indeed, it was through his encounters with Amazonian natives that da
Costa experienced the hallucinogenic effects of ayahuasca. During one of these
occasions, da Costa experienced a vision
instructing him to organize a church.
This vision inspired him to re-create
UDV, which today claims over 15,000
members in over 100 cities in Brazil, the
United States, and Spain.
The main psychoactive substance
in ayahuasca is dimethyltryptamine
(DMT), extracted from the leaves of
The Harvard Brain

Psychotria viridis, a small green shrub
found in the Amazon. Interestingly,
orally-consumed DMT is inactive due
to degradation by monoamine oxidase
enzymes (MAOs) in the gastrointestinal
tract. In other words, drinking P. viridis
leaves by their lonesome would be no
more exciting than sipping Lemon Lift
tea in Lowell House. The magic behind
ayahuasca, however, lies in the inclusion
of Banisteriopsis caapi bark. This jungle
vine contains β-caroline alkaloids that
block MAO activity, thereby ensuring
that DMT is not broken down in the gut
and allowing it to eventually cross the
blood-brain barrier and elicit its hallucinogenic effects.
Though the exact mechanism of
ayahuasca’s psychedelic effects is unknown, tellingly, all of its active ingredients relate to the sleep cycle. DMT is
a structural analogue of the neurotransmitter serotonin, which modulates sleep,
appetite, sexuality, anger, aggression, and
metabolism. The β-caroline alkaloids
found in ayahuasca are also found naturally in humans, regulating our sleeping
cycle along with melatonin. Together,
DMT and the β-caroline alkaloids result
in overexcitation of the serotonin pathway, with the latter protecting DMT
and serotonin from breakdown by neural MAOs, just as they did in the digestive system. Furthermore, tetrahydroharmine, one of the β-caroline alkaloids
in B. caapi, also may also weakly inhibit
the uptake of 5-hydroxytryptamines like
DMT, thereby keeping DMT in the synaptic cleft—the region of communication between two neurons—for longer.
Indeed, an ayahuasca trip can last up to
four hours, compared to just forty min-
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utes for DMT inhaled in isolation.
Such trips are not for the faint of
heart, however. As Kira Salak, a writer
who uses ayahuasca to treat her depression, warned, “The unconscious mind
holds many things you don’t want to
look at. All those self-destructive beliefs, suppressed traumatic events, denied emotions…an ayahuasca vision can
reveal itself as a kind of hell in which a
person is forced—literally—to face his or
her demons.”1 For her, the hallucinations
included inconsolable darkness, fiery
tunnels, demons, snakes, her past selves,
and eventually peaceful white heavens.
Though ayahuasca visions are subjective,
most seasoned users like shamans report
seeing and interacting with God. In fact,
the preferred term for ayahuasca is not
hallucinogen but entheogen, from the
Greek entheos, or “divinely inspired.”
Though DMT provides ayahuasca
with its spiritual functionality, it also
grants it illegal status. The United States
considers DMT a Schedule I drug,
banned for all purposes due to its high
potential for abuse and lack of a currently accepted medical use. With the hope
of prohibiting the use of ayahuasca, the
government constructed a case against it,
claiming that ayahuasca had dangerous
health effects on users, that it could be
diverted to non-religious purposes, and
that importing the tea violated international treaties. The UDV, a recognized
church, countered that the government
was restricting the free practice of its religion in violation of the Religious Freedom Restoration Act of 1993.
Contrary to the government’s
claims, members of ayahusca-based sects
have long attributed positive effects on
their well being to the drug. Recent studies on ayahuasca seem to support the notion that the entheogen may in fact have
beneficial health effects. Charles Grob,
2009

The Santa Fe Tea Party
a psychiatrist at the UCLA School of
Medicine, studied members of UDV and
found that its adherents were healthier,
both psychologically and physically, than
controls. He discovered that members of
UDV actually had greater numbers of serotonin receptors. Because of this, Grob
argues that ayahuasca may be a better
way to treat depression than selective
serotonin reuptake inhibitors (SSRIs),
which can actually cause neurons to
lose their serotonin receptors in order to
compensate for the artificially high levels of serotonin. Indeed, UDV adherents
who previously suffered from addiction,
depression, or anxiety overcame their
disorders and none had experienced remission. (Atheists looking for some relief
from such afflictions can turn to tourist
agencies that lead shamanistic ayahuasca “cleansing” rituals in the Amazonian
jungle, like the one Salak attended.)
When combined with certain medications or foods, ayahuasca can have

Elizabeth Ryznar and Sarah Schecter
dangerous side effects, such as vomiting,
hypertension, or even cardiac irregularities. However, UDV members tend to
fast before religious ceremonies in order
to reduce the possibility of negative reactions. Grob’s results suggest that the government was wrong. The health hazards
claim fell through, along with the other
two, and the district court ruled in the
UDV’s favor. An appeal to the federal
circuit court upheld the decision.
High tea was not yet over, however.
The government appealed yet again, this
time to the Supreme Court. Realizing the
lack of evidence supporting its previous
claims, the government experimented
with a new approach. This time, the U.S.
merely asserted that DMT was an illegal
drug and that the UDV therefore cannot
use it, despite its central position in the
religion. This stance threatened the very
essence of the 1993 Religious Freedom
Restoration Act, which was meant to
safeguard the practices of recognized re-

ligious institutions during conflicts with
the government. Indeed, if the United
States won, the ruling would have established a precedent of government
interests overriding conflicting religious
traditions.
In late February of 2006, the Supreme Court of the United States ruled
that the New Mexico branch of Uniao
do Vegetal could use ayahuasca tea in
its religious ceremonies. The unanimous
ruling stated that the federal government
had no compelling interest in barring
UDV from sacramental use of the tea.
Ayahuasca joins peyote (used by the Native American Church) in the ranks of
drugs permitted for religious use in the
United States. Tea has prevailed as a symbol of liberty.
1 Salak, Kira. (2006). Peru: Hell and Back. National Geographic Adventure. Retrieved Jan 5,
2009, from http://www.nationalgeographic.
com/adventure/0603/features/peru.html/

Hallucinogens & Entheogens – A Multi-Cultural Phenomenon

Blue Lotus (Nymphaea caerulea): A flower
from Egypt that is eaten, smoked, or soaked
in wine. It produces a pleasant, opium-like
buzz. Blue lotus is an entheogen used for
recreational purposes.

taken in liquid form. When using this drug,
people experience feelings of exhilaration
as well as visual distortions. Harmine was
originally prepared in the Andes Mountains
for religious and medicinal use.

Channa (Sceletium tortuosum): These leaves
of a plant native to southern Africa are
smoked. The effects are similar to those of
marijuana—mood elevation, relaxation, and
minor changes in perception. Channa is a
recreational entheogen.

LSD (Lysergic Acid Diethylamide): This ergot
fungus was first synthesized in Switzerland
and is now used all over the world. It was
originally intended to be a psychiatric drug,
functioning as a circulatory and respiratory
stimulant. LSD is typically taken orally with
the use of blotter paper, sugar cubes, or gelatin. It produces visual and time distortions,
among other psychological effects. LSD is a
recreational hallucinogen.

Harmine (Peganum harmala): This plant is
native to the Mediterranean region and the
Middle East. Its seeds are ground and it is
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Morning Glory Seeds (Ipomoea violacea):
These little brown seeds are native to Central and South American Indians and are ingested orally. The seeds can be eaten whole
or ground and prepared with tea. They produce LSD-like effects and are also a recreational hallucinogen.
PCP (Phencyclidine): This recreational hallucinogen was first tested as a surgical anesthetic during World War II. It is sprayed
onto leafy material and then smoked. PCP
causes mania, delirium, hallucinations, and
disorientation. It also produces feelings of
numbness, changes in body image, and depersonalization.
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The Wright Side of the

A Revealing Look at the Creative Genius Behind Spore

T

he

Cranium Cup is awarded every year to an individual

Brain

who exemplifies “braininess” outside of the Ivory Tower.
Given the explosive release of Spore last year, we could think of no one more
appropriate than Will Wright, American game designer extraordinaire. His Sims
games series is widely cited as the best selling computer game in history, and
Spore, his latest development, is following suit. In lieu of an acceptance speech,
The Harvard Brain opted for an “acceptance interview.”
Elizabeth Ryznar: What was the inspiration behind Spore? Did the developers
make any changes from its original conception to the form it’s in today?

Will Wright: The inspiration for
Spore came from a couple of directions.
One was from the old film by Ray and
Charles Eames called Powers of Ten. Another was the Search for ExtraTerrestrial
Intelligence and the whole field of astrobiology.
One of the things we had always
wanted to do was to have a “toy galaxy”
that the player could explore, containing millions of unique worlds the player
could create. We also wanted to convey
a sense of the scale of the universe. And
thematically, Spore does this: we can get
the role of life all the way from its origins
as a microscopic single cell up to something that’s intelligent, tool-using, and
spreading through the galaxy.
One of the fundamental concepts of
Spore is that the players can create almost
everything in the game: creatures, cities, starships, planets. We spent a lot of
time working on tools for players to be
able to create these things and we actually exceeded our goals in terms of making a really powerful, easy to use tool that
in a few minutes, anybody could use to
throw together a creature. So, it actually
ended up, in development, very close to
the original concept.
Chiamaka Nwakeze: How do you respond to critics who suggest that Spore undermines evolutionary theory, instead bolstering intelligent design theory?
The Harvard Brain

W: In some of the early prototypes
of Spore, we actually had what would
be considered more natural, Darwinian
evolution and the player was very lightly
guiding that evolution. The game resembled a process of natural selection where
we would mutate a creature and show ten
possible variants of it and the player could
pick his or her preferred variant. But we
found that that was much less involving
than allowing people to create creatures
and ultimately, at the end of the day, you
really need to make a compelling game
experience for players. There are still general principles of evolution that are conveyed in Spore; at every stage the creature
has to be fit for its environment But, obviously when the players are putting legs
and arms on the creature, they are acting
in the role of an intelligent designer.
E: Many parents assert that video
games fry their children’s brains. However,
in one of your articles, you wrote that video
gamers “amplify our powers of imagination
by inviting users to create and interact with
elaborately simulated worlds, characters
and storylines.” With so many schools now
cutting back on their arts programs, do you
think that video games could be the key to
saving our imaginations?

W: I think that is the key thing about
video games: they more thoroughly engage our imaginations than almost any
other art form. When you watch Star
Wars, you are immersed in George Lucas’s
imagination, but you do not contribute
to that. Video games instead invite you
to come in and become George Lucas.
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I think of video games as prosthetics
for the imagination. You can look at any
technology that we use as an amplification of the human body, whether it’s a car
amplifying your legs or a telephone amplifying your mouth. And I think that
computers’ most powerful usage is to amplify our imaginations in the imaginary
worlds that we can substantiate in computer models.
C: Speaking of imagination, because
games like Spore or Sim City are open-ended, the strategies employed perhaps can
reflect something about the player. Has the
data you’ve collected on players and their reactions to these games ever surprised you in
what they may reveal about us as humans?

W: Yes, it’s interesting because different games reveal different portions of
people’s awareness and values. When
somebody sits down to play Sim City, we
don’t tell them what to build. Instead,
we say build your ideal city. Some people
build police states; others build parks everywhere. And it’s interesting because the
city that somebody builds reflects the values about what they would want in their
environment.
We did a lot of studies with The Sims,
watching the way different players played
the game, and we found certain clusters
of people. Certain people were very goal
oriented—Type A personality types that
wanted their Sims to reach the top of
their careers as quickly as possible. Others were more voyeuristic, playing out
these soap operas in a narrative sense.
Still others were really much darker, con2009
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The Wright Side of the Brain
ducting all these unspeakable experiments
on the Sims. The correlations between
these groups were especially interesting.
It turned out that the people most likely
to be torturing the Sims were young girls,
which seems counterintuitive.

“What’s my ideal city?” Or, in the Sims,
“What kind of family do I want to build?”
And I think that’s the most valuable portion, when the players are presented with
a number of different goals states that they
could pursue.

E: When you develop games such as The
Sims and Spore do you visualize them being
used in a certain way? Do you have anything
to say to people who play the game in arguably evil ways?

E: And that harks back to what people
want, how they play the game, and what it
says about them…

W: I love the fact that players can play
them in evil ways. I think that games draw
from a different emotional palette than
does storytelling. There are certain things
you can feel in a game that you don’t feel
in linear storytelling. Emotions like pride
or guilt over what you’ve done can be experienced in games because you’re actively
involved in that world.
In general, we want to give players the
largest possible space to explore within a
game and so we make these games more
and more open-ended. I especially like
to see players who are reactionary or posses what I call the “Calvin Factor.” These
players really push against the game in
ways that seem subversive, in directions
that the creators might not have intended
for the game to go.
C: How do you decide what type of game
you want to create, and what is your creative
process?

W: Usually I start with a subject or
theme, and that’s the major anchor point
for me. I’ll pick a subject and immerse
myself in it, looking at it from as many
different angles as possible. Then, I’ll
slowly figure out ways to turn that into
an interactive toy. For example, in Spore,
I was thinking, “What would a toy galaxy
look like?” or “What would I want to do
with a toy planet?” From the toy emerges
the game play and the handles on that toy.
Then, I think about what kind of constraints I can put on that toy to make an
interesting game.
You also want to have several possible goal states the player could choose to
pursue depending on how they feel. Again,
in Sim City, we don’t tell people what to
build, so the first thing they have to do
when they sit down is evaluate their value
judgments. They have to sit and think,
2009

W: Yes, I think that in a sense the artifact that they’ve created reflects their internal value system or their understanding
of the way that thing works. The artifact
can also be seen as a means of self-expression. A lot of people use The Sims to tell
stories, to create little movies they would
share online.
E: What you said reminds me of a “virtual
archeology,” where we can look at what players have created and analyze their culture
and their individual preferences.

W: We do much of that after we release
these games. We embed a lot of metrics in
them and then we go back and study those
metrics to keep track of what the player
has been doing. We can actually aggregate
this data over thousands of players and get
some sense of the directions players are going within the game’s “possibility space.”
C: Have psychologists or even neurobiologist perhaps approached you about using
the data you’ve collected?

W: Many different people have used
this data for different purposes. Some of
the online games and things we’ve done
have been used by economists studying
large scale social interactions. Psychologists use The Sims in personal interactions
with kids, almost like little dolls in psychotherapy. We’ve had people use Sim
City for competitions like the “Build Your
City” Competition, where school teams
create their ideal version of the future
city.
E: Shifting gears slightly, do you have a
favorite video game to play? And do you ever
write off playing video games as work?

W: I always rationalize it as work. I
have a lot of games which are favorites,
some that I play obsessively. One of my
favorites is Vance Wars on the DS. For me,
it’s more like meditation. Other ones I’ll
play for one or two months really heavily
and then put away, like Grand Theft Auto.
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Other games are ongoing because I’ll play
them with social groups like family and
what not; RockBand is probably one of my
favorites.
E: That’s popular in the dorms!

W: RockBand is great. I like RockBand
and Wii games because they’re tapping
into what I call “non-immersive” gaming.
We used to consider a really good game
an immersive one: you would sit there
and get glued to a screen. But you look at
Rockband and Wii and about half of the
entertainment from those games comes
from watching people swinging their arms
around or acting silly.
C: Is there anything in the works beyond
Spore?

W: I have many more ideas than I
have the capability to implement. I’ve already started on the next one. And it’s at
least as ambitious as Spore.
E: Can we ask for a sneak preview?

W: It would just confuse you at this
point because in my mind it’s a bunch of
strange concepts, swirling around trying
to find traction and anneal. So, I’m not
at the point where I can effectively verbalize it.
E: Do you have an opinion as to where
the future of video games lies?

W: I think one of the interesting
things about video games right now is that
they are going through a strong period of
diversification—almost like the Cambrian
explosion of games—and they’re exploding
in different directions. We’re starting to
see really interesting games on the iPhone
and other mobile platforms. The consoles
are getting connected online and there are
more social experiences there. Before, it
used to be about what is the most powerful console coming out. Now, it’s more
about how accessible the games are and if
anybody can use them.
C: And now for our requisite Cranium
Cup question, do you have anyone to thank
for the braininess you possess today?

W: That would have to be my mother.
She’s always encouraged me even when I
was doing a lot of things she did not understand. And for many years, she couldn’t
tell her friends what I did, but through all
that, she was always very supportive.
The Harvard Brain

Article Title

Smith

A Dash of

Madness
The Link Between Creativity and Psychosis
by

D

ry leaves crackle underfoot as a man steps
out of a black sedan. His hat pulled low over
his face, he sneaks a furtive glance behind him and
pulls out a thick manila envelope. He drops it into
a mailbox.
Six months later, the same sedan drives up in
broad daylight, and a pretty young woman gets out.
She pulls a thick stack of manila envelopes out of
the mailbox. With a pained expression on her face,
she returns to her car and drives back to the mental

hospital where her husband is institutionalized.
It is only when Alice shows the unopened envelopes to her husband that he realizes he has not
been searching for Russian conspiracies under the
commission of military officials at the Pentagon.
John Nash, a brilliant mathematician and winner
of the Nobel Prize in Economics for game theory,
was also a schizophrenic who experienced auditory
hallucinations that threatened to destroy his career
and family.

A

link between geniuses and madmen has been suggested since the
time of Aristotle in the third century BC. In Problemata XXX, Aristotle
observes that “men illustrious in politics,
poetry, and art have often been melancholic and mad.”
Biographical and scientific studies
have revealed that many geniuses suffered
from a mental disorder, and similarities
can be drawn between the unusual ideas
of the mentally ill and the truly original
ideas of creative individuals.
Initially, psychologists postulated a
link between schizophrenia and creativity, but this idea was then abandoned
in favor of a theory linking the creative
process with depression and other mood
disorders. With a better understanding
of the differing creative methods in the
arts and the sciences as well as in the distinct affective and cognitive symptoms of
schizophrenia and mood disorders, psychologists now believe that schizophrenia

The Harvard Brain
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is associated with scientific genius and
mood disorders with artistic creativity.
In order to understand the link between creativity and psychoses, we must
first define these two terms.
Creativity is different from mere
intelligence—it encompasses the ability
to not just recognize and find solutions
to problems, but also to discover the problems and find original solutions. While
creativity can be studied by looking at
the creative individual, the products they
create, the conditions that foster their
creativity, or their creative process, it is
most commonly measured with divergent thinking tests. Creative individuals
are presented with an open-ended problem with no single correct solution—for
example, describe as many uses as you
can for a common object such as a brick
—and their creativity is scored based on
how many meaningful solutions they can
come up with and elaborate on.
Results from tests like these led
2009
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“

This dimensional view suggests that there
might not be a link between psychotic states
and creativity, but rather a link between the
traits underlying both.

psychologist Robert Sternberg to define
creativity in his appropriately titled and
definitive book Handbook of Creativity
as “the ability to produce work that is
both novel and appropriate.” A creative
individual is able to “oscillate back and
forth on a cognitive continuum,” from
a defocused state where remote elements
can be associated with each other to a focused state where these elements can be
combined in a useful way.
Nash’s game theory was so brilliant
because it broadened previous work to
include games that involved both competition and cooperation. This “opened
the door to applications of game theory
to economics, political science, sociology, and, ultimately, evolutionary biology” writes Sylvia Nasar in A Beautiful
Mind. Nash’s work was indeed novel and
appropriate to many fields.
While psychosis is similarly easier
to describe than to define, many psychologists now view mental disorders as the
extreme end of a personality continuum.
Some also argue that the two main “categories” of mental disorders—affective
disorders, where patients shift between
periods of depression, mania, and seemingly normal behavior; and the more
pervasive schizophrenia that afflicted
Nash—are more like dimensions. This
dimensional view suggests that there
might not be a link between psychotic
states and creativity, but rather a link between the traits underlying both.

”

his results in his book, The Men of Genius, published in 1896. Like those who
conducted similar historical studies after
him, the conclusion Lombroso reached
was that, “Between the psychology of the
man of genius and the pathology of the
insane, there are many points of coincidence; there is even continuity.”
The temporal relationship between
psychotic episodes and creativity was
studied in Lomboro’s book The Problem
with Genius, which concluded that those
creative individuals tended not produce
their creative work during times of psychosis, but often right after. As Sylvia
Plath wrote, “When you are insane you
are busy being insane—all the time.”
With Mendel’s discovery of genes
and chromosomes, studying the link
between creativity and madness shifted
toward family studies in an effort to uncover whether creativity and psychoses
were heritable.
These studies revealed that creativity results from a combination of other
traits that are partially heritable. Creative
individuals rank high on personality
traits such as openness to experience and
novelty seeking, leading to a decrease in
latent inhibition and an increase in fan-

tasy proneness. This lower threshold for
screening irrelevant stimuli from conscious awareness is also a factor underlying vulnerability to psychosis. Similarly,
while psychoses show modest heritability—relatives of schizophrenics having
higher rates of mental disorders than
the normal population—biological vulnerability to psychoses must be complemented by stress from the environment.
Taken together, these results suggest an
evolutionary hypothesis whereby genes
that cause a predisposition to psychoses
are kept in the gene pool because they
also offer an advantage—in this case, creativity: the ability to paint Starry Night,
compose Symphony No. 9, or calculate
the laws of motion.

B

ut do the same traits of creativity
and psychoses underlie both eminent artists—Woolfe, Van Gogh, and
Beethoven—and scientists—Einstein,
Newton, and Nash?
In his book Madness and Modernism, Louis Sass argues that the symptoms
characteristic of those with affective disorders map onto artists, while in The Dynamics of Creation, Anthony Storr argued
that those symptoms characteristic of
schizophrenia map onto scientists.
One can imagine Beethoven sitting
at his piano, a romantic, emotional figure motivated to take pen to paper and
compose an inspiring symphony. Many
other artists, poets, and novelists display
characteristics of this affective psychosis.
One can also imagine Nash sitting

A

t the turn of the twentieth century,
Italian psychiatrist Cesare Lomboro
undertook a large biographical survey,
initiating the scientific search for a link
between creativity and psychosis. Lombroso studied the biographies of creative
men and women across diverse fields—
including Julius Ceaser, Isaac Newton,
Petrarch, and Descartes—and reported
2009
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alone in his room, detached from the
world, his abstract thinking manifested
in the equations and patterns he circles
and scribbles down on reams of paper.
Many other scientists, philosophers, and
mathematicians display characteristics of
this schizotypic personality.
Recent studies have started to investigate the neurological mechanisms
underlying creativity in these psychotic
individuals. By using near-infrared optical spectroscopy while individuals were
engaged in divergent thinking tests,
Brandon Folley, a psychologist at Vanderbilt University, reported that creative
thinking causes bilateral activation in

the prefrontal cortex—the region of the
brain associated with higher order, abstract thinking. Schizotypes, however,
show an increase in only right prefrontal
cortex activation—which is involved in
forming unusual verbal associations—
during divergent thinking.
Could this be the answer to the
much sought after link between creativity and psychoses? Further studies using
more advanced imaging techniques aim
to discover whether neurotransmitter
imbalances—especially serotonin and
dopamine, which are hypothesized to
play a role in many mental disorders—
are the common factor.

John Nash, whose symptoms improved with shock therapy, medications
and the passage of time, was eventually able to cope with the disorder, but
he now hopes for a cure for the sake of
someone else. His son, Johnny, a gifted
student who used to spend time in the
common room at Princeton where his father first came up with his ideas of game
theory, developed the same mental illness
that plagued his father. As Nasar writes at
the end of A Beautiful Mind, “Johnny has
been treated with the newest generation
of drugs…these have enabled him, for
the most part to stay out of the hospital,
but they have not given him a life.”
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Research
Update

Proteins Behaving Badly

Nearly 5.2 million people suffer from Alzheimer’s
disease (AD) in the US and, despite decades of research,
the causes of this disease remain elusive. Scientists have
known for some time that amyloid β (Aβ) peptides or
plaques accumulate in the brains of AD patients. These
proteins are believed to disrupt the communication
between neurons responsible for learning and memory.
How AD plaques do this is unknown. In a recent paper
published in Nature, Laurén et al. have found a relationship between prion proteins and the negative effects
seen with Aβ protein accumulation, which may underlie
how Aβ plaques disrupt neuronal function.
Correctly folded prion protein serves a maintenance function in neural tissue, but incorrectly folded
prion protein becomes highly resistant to enzymatic
The Harvard Brain

degradation and is responsible for such lethal neurodegenerative diseases as Creutzfeld-Jakob and Mad Cow.
However, Laurén et al. show that correctly folded prion
protein can mediate a buildup of Aβ peptides in the
memory centers of mice brains, providing a previously
unknown link between AD and prion diseases. Already,
new studies aim to use this newly discovered relationship between prion proteins and Aβ peptides to study
if therapeutic targeting of prion protein in mouse
Alzheimer’s models can reverse memory loss without
compromising overall neural function. -R.H.
Reference
Laurén, Juha and David Gimbel (2009). Cellular prion protein mediates impairment of synaptic plasticity by amyloid-b oligomers.
Nature, 453, 1128-1132.
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Project
Brainstorm
Mapping the Mouse Brain in 3D
by

J oseph S tujenske

Imagine you are an architect contracted to reconstruct a large build-

ing. You can walk through all of the rooms in the building and see
it from the outside, but there is no blueprint. Now imagine that the
building has one hundred billion rooms, each room connecting to
7000 others on average.
This is essentially the problem for neuroscientists studying the structure of the brain in the field of connectomics, except that instead of rooms there are neurons, interconnected
through an extensive network of synapses. Scientists working
on connectomics believe that mapping the brain’s neural circuity is the best way to figure out how the brain works. The
end result, a circuit diagram, specifies all of the neurons of an
organism, their connections with other neurons, and the types
of connections (for instance, excitatory vs. inhibitory, specifying what happens to postsynaptic neurons upon presynaptic
firing).
It is particularly important to understand this connectivity
at the neuronal level in part because some brain regions are
responsible for a wide variety of functions. By studying the
projections of individual neurons, researchers can investigate
how these functions fit together. It is also possible that other
areas of the brain may also have previously unknown functions
that could be revealed by careful histological study. For instance,
the cerebellum, a small fist-sized region that sits at the base of
the brain, was once believed to be only responsible for motor
coordination, but new studies have shown that it is connected
to regions of the brain responsible for cognition. Furthermore,
brain reconstructions can be used to study the relationship
between the structure and function of individual neurons.
Even beyond this, the brain must be studied at a subneuronal level in order to expand our understanding. Though
much research has been done to study specific cell types, limits
on our ability to visualize the brain prevent us from confidently
claiming to know all about the characteristics of any individual
brain cell. Questions remain regarding cell morphologies, connection topologies, molecular architecture, and the amount of
diversity of cell and synapse types. New techniques allowing
for better resolution imaging are needed to overcome some of
2009

image Courtesy of Xiaowei Zhuang, Harvard University

The mitochondrial network in fixed monkey
kidney BS-C-1 cells visualized in three ways for
comparison: from left to right is a conventional
image, a STORM image, and 3D STORM image
with a thin section. Scale bar, 3 mm.

these limitations and better characterize both cell and synapse
types. The importance of these advancements are illustrated
well by research on spines, small postsynaptic projections that
often form a single synapse and transmit electrical signals toward the cell body. The plasticity of these structures may underlie overall synaptic plasticity in the brain, but investigations
into morphology and electrical integration in spines have been
particularly restricted by the inaccuracy of methods for measuring spine size and shape.

Time to BrainSTORM
To this end, several prominent neuroscientists have received a large amount of funding to map the entire mouse
brain at nanoscale resolution. The endeavor is known as Project
BrainSTORM, and the end goal of the project is a free, online
database cataloging the entire mouse brain.
This project is ambitious when considering prior work in
the field. The roundworm C. elegans is often used as a model
organism in neural development because of its stereotyped wiring diagram, meaning that there is little variability in circuitry
from organism to organism. Though it is less than .01 cubic
meters in volume, the worm’s brain took over a decade to crack.
The mammalian brain is not only several orders of magnitude
larger but also lacks stereotypic connectivity. More strikingly,
the database generated by BrainSTORM will be substantially
more comprehensive than the C. elegans circuit diagram because it will include an entire reconstruction of the brain, more
than merely circuitry. Given this complexity, one might expect
the endeavor to take several decades, but the leaders of BrainSTORM believe they can cut this time down substantially by
combining several newly discovered tools of modern neuroscience. The techniques being utilized in this project are each revolutionizing the field of neuroscience, and may yield profound
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results when combined together.

The Brainbow and its Pot of Gold
The first of these techniques is the engineering of the
Brainbow mouse. In fall 2007, postdoctoral fellow Jean Livet
and the laboratories of Harvard professors Jeff Lichtman and
Joshua Sanes revealed a transgenic mouse, aptly named for its
multicolored fluorescent neurons. (See box below for details.)
Each neuron is stained with one of about a hundred different
colors at random, such that the color of a neuron is chosen
independently from all of its neighbors. These colors can be
visualized by fluorescent microscopy to create beautiful, not to
mention award-winning, images.
Brainbow is of great advantage for investigations of neuronal circuitry because it makes adjacent neurons easily distinguishable. Unlike a 2D map, there is no number of colors that
is sufficient to paint regions in 3D such that any two adjacent
regions are different colors. Brainbow attempts to solve this
problem by creating approximately 100 different hues, which
are hopefully sufficient for distinguishing all neighboring neurons.

Sub-diffraction Resolution Takes Light
Microscopy by STORM
The next problem is then how to determine if neurons are
connected. This seems easy enough: stain with pre and post-

synaptic markers and look for colocalization—the expression of
both fluorescent markers in the same position—indicating the
existence of a mature synapse. However, each neuron makes
approximately 7000 connections, so very high resolution is
needed to distinguish all of the synapses in the brain from one
another. The weakness of conventional light microscopy is that
its resolution is limited by the diffraction of light, ~250 nm,
which is very large when one considers that spines are on the
order of 1000 nm long. Several methods, for instance electron
microscopy, have been developed to allow for sub-diffusion resolution, but only a few are applicable for fluorescent biological
imaging on the scale of cells or organelles.
A new technique developed by Mark Bates, Michael
Rust, and other members of the laboratory of Prof. Xiaowei
Zhuang stands out among these methods. Stochastic optical reconstruction microscopy (STORM) utilizes photo-switchable
probes to produce nano-resolution fluorescence micrographs
(see box on next page for details). Theoretically, a resolution
of 0.1 to 1 nm could be achieved, but for imaging to be done
in a reasonable time scale, a resolution of about 25-50 nm is
more practical. This is small enough to image cellular connections and microstructures. The photo-switchable probes of
STORM are utilized in conjunction with antibodies, which
are used to immunostain proteins, to localize structures of particular interest with a high degree of spatial accuracy. Thus,
STORM overcomes the problem of distinguishing synapses
by co-immunostaining, as Brainbow makes it possible to dis-

Utilizing the Lox/Cre system for Brainbow
How is this rainbow made? The basis of the Brainbow
construct is the site-specific recombinase Cre, an enzyme
that acts at Lox sites on DNA to excise, invert, or inter-chromosomally recombine sequences of nucleotides. In other
words, the enzyme Cre takes the genetic information lying
between two Lox sequences and manipulates it so that the
genes encode something different. For instance, a backwards
sequence can be placed so that it makes no sense, encoding
nothing functional, until acted upon by Cre. In this way, the
gene expression of an individual neuron can be manipulated
so that it is different from the population around it.
Interestingly, it was found that Lox sequences could
be mutated to create more variety. Each of these different
sequences only recombines with itself, and not with the socalled “canonical” sequence LoxP, the first one identified. Cre
does not appear to have more affinity for any of these sequences over any others, so when used in combination, the
first site that Cre binds to is random. Thus, this allows for a
stochastic choice between different genetic manipulations.
The mechanism behind Brainbow is a set of overlapping sequences flanked by different Lox variants and containing a family of fluorescent proteins (XFPs, where X denotes color) that are visualized at a particular wavelength. A
transgene made up of GFP (green), RFP (red), and CFP (cyan),
is constructed and transfected into mice embryos, so that
after Cre exposure, excision or inversion (depending on the
The Harvard Brain

Brainbow construct) occurs such that for each transgene,
the sequence for only GFP, RFP, or CFP is transcribed. These
genes are also linked to a neuronal promoter so they are only
expressed in neural cells. If only one transgene is incorporated, populations of neurons are colored tri-chromatically;
however, multiple copies of the transgene exist in each cell,
so that a combination of several XFPs produces one of approximately 100 distinquishable hues.
In this way, neurons are colored at random since for
any neuron, Cre recombinase either acts at one Lox site or
not at all for each transgrene.

A fluorescently labeled section from the hippocampus of a
brainbow mouse. Courtesy of Tamily Weissman, Harvard University
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Project BrainSTORM

Joseph Stujenske

How STORM works

S

TORM is unique among the techniques using light to achieve sub-diffusion resolution because it allows not
only for imaging using one fluorescent
probe or molecule, but also multi-color
super-resolution imaging. STORM relies upon the use of photo-switchable
probes constructed pairing of cyanide
dyes. The first dye serves as a photoswitchable “reporter” fluorophore. Under red light, the reporter fluoresces for
a short time before entering a dark state.
It was found that the reporters could be
reactivated back to the fluorescent state
by exposure to green light when placed

in close proximity to a particular dye,
deemed the “activator.” Probes were created by pairing these molecules together.
These probes can be attached to
antibodies to be used in microscopy.
Through the use of green light pulses,
small fractions of the probes are activated. These activated probes then fluoresce
under red light until they are again darkened. This small population of probes
can be localized with a high degree of accuracy, in contrast to the coarseness of using the entire population of probes. The
idea is that diffuse objects smaller than
~250nm appear as blurry, diffractionlimited spots under a light microscope.

tinguish neurons. Melike Lakadamyali of the Lichtman lab
and Mark Bates of the Zhuang laboratory are working together
to apply this technique to the labeling of the brain in Project
BrainSTORM.

Array Tomography: An innovation in
serial sectioning
A remaining difficulty of connectonomics is how to reconstruct the entire brain quickly enough to make it practical.
Studies utilizing the Brainbow mouse or STORM both require
the slicing and imaging of small sections of brain at a time.
Further, there is a limitation on how many fluorescent antibodies can be used for staining a given section. The new technique
of array tomography, developed by Prof. Stephen Smith and
postdoctoral fellow Kristina Micheva at Stanford, overcomes
this limitation and quickens the task.
The basis of array tomography is in classical histology of
fixed tissue. The general technique begins with fixing specimens in resin. The resin is sliced very thinly (~100 nm in
thickness) and each successive slice is stuck to the one before
it with cement, creating a spatially ordered line. The resin can
be specifically chosen so that the polymers of the resin are just
porous enough to allow antibodies to bind to protein without
compromising the integrity of the slices.
All of the sections can then be visualized by automatic
fluorescent microscopy, and an algorithm is used to align the
sections in 2D space. Subsequently, they can be stacked to
form a 3D image. This is the elegance of array tomography
and the reason why it offers such a great advance for imaging
tissue.
Another key advantage of array tomography is the ability to reuse the same sections for multiple immunostains and
save them for use in future projects. Due to the porosity of
the resin, it is possible to stain, rinse and remove the antibod2009

Though details within the spots cannot
be precisely distinguished, the centers
of the spots, which correspond to the
actual location of the fluorophores, can
be found to a high degree of precision.
By repeating this process thousands of
times, a high resolution image can be
constructed from the individual pulses
to reconstruct the entire sample.
By using photo-switchable probes
of different colors, colocalization can
be investigated. Importantly, a recent
2008 paper by Huang et al. reveals that
multicolor STORM can be used for 3D
reconstructions to look for interaction
between objects in space.

ies, and repeat. In Prof. Smith’s experience, fixed sections can
last for over a year, though the upper limit for their use is not
known. Not only does this allow researchers to study the same
tissue with new stains as they are developed, it also allows visualization of tissue with three or more antibodies. Neurons,
their synapses, microtubules, and a variety of other proteins of
interest can be shown simultaneously to study connectomics.

Filling the Gaps: ATLUM and
Bioinformatics
To further quicken the process of reconstruction, Narayan
Kasthuri of the Lichtman Lab, in collaboration with Smith,
has been developing the first Automatic Tape-Collecting Lathe
Ultramicrotome (ATLUM). This device would be able to automatically slice large sections of brain tissue into what Lichtman calls “brain tape” for later use in array tomography. This
would put the only time limit on reconstruction at the level of
microscopy, but this difficulty is easily overcome by using multiple microscopes (albeit, automatic fluorescence microscopes
are very expensive!)
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Courtesy of Sebastian Seung, Massachusetts Institute of Technology

A connectomics reconstruction of the rabbit retina.
The Harvard Brain

Joseph Stujenske

Project BrainSTORM

The last component to Project BrainSTORM is the
bioinformatic algorithms of Prof. Sebastian Seung’s laboratory.
While Prof. Smith has 3D reconstructions working for small
tissue section stained with approximately 3 fluorescent markers,
there will be greater difficulty processing all of the information
from the Brainbow and antibody staining with photo-switchable probes for 3D Storm. Seung’s lab has already developed
impressive algorithms for alignment of circuitry from electron
micrographs, identifying and reconstructing individual neurons from the black and white images. His expertise will likely
prove invaluable to the project.

Conclusion
This ambitious project incorporates five new and powerful tools for connectomics research: the Brainbow mouse,
STORM imaging, Array Tomography, ATLUM, and new bioinformatic algorithms. The project aims to reconstruct all of
the cells and synapses within the mouse brain and compile a
massive database of information. Much work has yet to be
done in order to fully streamline and automate the reconstruction process, but nevertheless, the progress of the laboratories
involved thus far is very exciting.
Project BrainSTORM is certainly an ambitious endeavor,
and thus, not without its critics. Criticism of connectomics as a
field goes back again to C. elegans. Its neural circuity has been
known for decades, yet we are not even close to revealing how
its nervous system functions. Moving to a so-called “higher
level” in more complex organisms such as mice, the study of
circuitry becomes more difficult not only due to larger brain
volume but also increased variation in neural localization and

connectivity across individual organisms.
Despite these complications, Professors Lichtman, Smith
and colleagues work on Project BrainSTORM because they
believe that understanding the circuitry of the mouse barrel
cortex will be the key to understanding higher level questions
about human cognition and overall brain function. Smith proposes that the mouse brain database will have “the impact on
neuroscience that the genome had on genetics.” Circuitry may
or may not be the “holy grail” of the brain, but it certainly
seems like it will take more than Indiana Jones to unearth. it.
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Comparing Array Tomography to Confocal Microscopy
This type of 3D reconstruction can
also be done using confocal microscopy
but with some key differences. A confocal microscope works by shooting a laser beam such that it illuminates tissue
in a wide area, but narrows it down to a
small region, known as the “waist” of the
beam. Any fluorescent dyes or proteins
within the area emit light, so specificity
is assured by using a small pin-hole aperture that excludes all of the fluorescence
outside of the waist. This technique can
be used in both live animals and tissue
slices.
There is both an advantage and disadvantage to array tomography in terms
of visualization when compared to confocal microscopy. The disadvantage is of
course that fixing tissue prevents the study
of cells in living organisms. The advantage of the technique is improved resoluThe Harvard Brain

tion over confocal microscopy in the axis
of depth. Traditionally, the resolution
of a microscope has been described by a
point spread function, a measure of the
“spread,” the effective blurring in twodimensional space, of each point when
attempting to visualize an object below
the resolution of the microscope. In this
case, as pointed out by Prof. Smith, one
must adapt the concept to imagine a 3D
point spread function with three axes,
one for depth and two defining the perpendicular plane. Confocal microscopy
is limited because it relies upon the penetration of dye into thick tissue. As depth
increases, penetration decreases and the
spread along the depth axis is drastically
increased. While array tomography does
not offer any improvement for resolution
in the plane, there is no change in spread
in the depth axis because the resolution
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is only limited by the thickness of the
sections used. Since the thickness of the
sections is typically between 70-200 nm,
light scatter and immunostain penetration do not pose a problem.

An array tomograph of mouse cortex, labeled
with antibodies for several proteins of interest.
Courtesy of Stephen Smith, Stanford University
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MEMORIZE THIS:
how the brain encodes and
retrieves long-term memories
by

R ebecca H ersher

“

Some things - how
to ride a bicycle,
your first kiss - you
remember forever.

”

T

hree years ago Matt and Lilly
were crossing a street together
when Matt was hit by a motorcycle. He suffered a concussion which
left him with serious amnesia for nearly
six months. Lilly, distraught, relived the
accident hundreds of times during the
period while Matt was incapable of remembering it. After six months, whose
memory of that night is more accurate?
According to neurobiologist Yadin
Dudai at the Weizmann Institute, Matt’s
is, and virtually every neuroscientist
in the last decade would agree. Although it may seem counterintuitive, when Matt remembers the
accident for the first time six
months later, his memory is
more honest simply because
he has remembered it fewer
times. And yet, repetition has
for centuries been the most
universal method of committing things to memory. The most
abiding oral traditions are built
upon it. After all, our confidence in
a memory increases with repetition.
So how can Matt’s memory be more
authentic than Lilly’s?
2009
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The answer lies in what a memory is. As elusive and abstract as it may
seem, a memory is a physical entity, a
series of connections left behind in the
brain by firing neurons.Every time a
memory is recalled, a chain of transient
protein bridges between neurons is laid
down. Moment to moment, memories
are ephemeral. The protein bridges are
formed by the firing along a given circuit, but within minutes they dissipate.
This is short-term memory. Without it,
we can’t store information from one instant to the next. Left with it alone, our
lives are reduced to a series of unconnected snapshots.
Long-term memory is the brain’s
mechanism for storing in context the
snapshots that are most important to
us. The gene responsible for long-term
memory codes for the protein CREB
(cAMP Response Element Binding). Dr.
Eric Kandel, the Columbia neuroscientist and 2000 Nobel Laureate, describes
the CREB gene as a switch that turns on
long-term memory. A genetic switch,
like a light switch, has to be flipped on
or off by some outside force. In the case
of CREB, the trigger is none other than
repetition, the same repetition that a
third grader uses to learn his multiplication tables or you use every time you
memorize a flashcard. Repeating a circuit
of bridges will trigger CREB to switch
on long-term memory, which captures
the memory by modifying the activation
of genes along the circuit. Modification
at the level of gene control is a more perThe Harvard Brain
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Memorize This

Memory enhancement: How far would you go?
If long-term memory is activated by CREB, is it possible to enhance or even repair memory with
drugs targeting regulatory genes?  
Tim Tully at Cold Spring Harbor Laboratory thinks it is. He and his group
are just one of many teams identifying negative regulators of memory.
Negative regulators work like house
alarms; when the alarm is on, the
house is locked. When a negative
regulator is on, CREB is deactivated.
Inhibit a negative regulator of CREB
with drugs and you have boosted
CREB activity, effectively enhancing
memory. If such drugs were made
widely available they could benefit,

among others, hundreds of thousands of people with Alzheimer’s
and other neurodegenerative diseases. This may be coming—such
treatments remain in early stages of
development.
There are possible downsides
to memory enhancement, however.
Tully points out that, in addition to
ethical qualms, society may have
about genetically enhancing such
an innate characteristic, a hyperactive memory can be debilitating.
Our brains selectively remember
the things that are most important.
Enhancing memory indiscriminately
could give the brain too much infor-

mation to handle. Says Tully, “There
is, at least theoretically, the possibility that you could form memories
of trivial events too easily and essentially fill the hard-drive.” With research still in early stages, however,
it is impossible to know whether
in the future memory enhancing
drugs could be too drastic to be
used in the human brain. What can
be known is that in the coming decades it is gene targeting and not
protein control that will be the frontier in memory enhancement and
repair, something that only decades
ago would have been impossible to
predict.

manent way to store information than
rapidly deteriorating protein pathways.
Classifying memory as long and
short term is scientifically useful both because the mechanisms are so distinct on
the cellular level and because it explains
logically what we observe in our day to
day lives. Some things—how to ride a
bicycle, your first kiss—you remember
forever. Other things—what you had for
lunch last Tuesday—are never committed to long term memory even though
shortly after the meal you have no
trouble remembering the meatloaf you

ingested. The mechanisms are intuitive:
fleeting bridges for the millions of forgettable moments and indelible, repetitioninduced gene expression for the crucial
recollections that make us who we are.   
Retrieval of memories should be as
simple, something akin to reaching into
a filing cabinet and finding information filed there by CREB in the weeks
or months before. However, the brain
doesn’t just read, it recreates. Protein
bridges are laid down; it is as if you are
creating the memory anew, reliving it
in the most basic synaptic sense. This is

how, over time, a memory is corrupted.
Each time it is recalled, the circuit can
be modified, the memory can change
and become as much a product of later
impressions and reasoning as an accurate
account of the original information.  
So the more times you remember
something, the less reliable it is. In this
way, remembering is very much an act
of imagination. Lilly’s oft-recalled memory of the accident is less accurate than
Matt’s amnesia-shielded version precisely
because she has remembered it more.
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Research
Update

Who Wants to Be Just One in the Crowd?

We would like to think that our personal beliefs
and values are what govern our behavior; however, our
behavior is also significantly influenced by the people
around us. Results from a recent study shed new light
on human tendencies to ‘fit in.’ Using functional magnetic resonance imaging (fMRI), researchers asked
participants to rate how beautiful a person’s face was.
Interestingly, when the individual’s judgment conflicted with the group opinion, researches saw neuronal activation in brain regions known as the rostral
cingulate zone and the ventral striatum, which play
The Harvard Brain

important roles in reinforcement learning and behavior
adjustment. The activation of these brain regions also
predicted conforming behavior by participants who
would change their ratings based on group opinion.
This finding suggests that social norms induce conformity by rewarding those who agree with the group.
–B.M.
Reference
Reinforcement Learning Signal Predicts Social Conformity (from Neuron, January 15 2009).
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Mnemonics,
Not Magic

How to Accomplish Feats of Memory

Everyone has a photographic memory.

by

-Anonymous

Francis D eng

T

he current World Memory Champion, Ben
Pridmore, memorized 819 digits in 15 minutes. Other world records for memorization
include such extraordinary feats as recalling the order
of a shuffled deck of cards in less than 30 seconds,
110 fictional historic dates in five minutes, and 255
random words in 15 minutes.
Memory has long been used as a measure of
intelligence, but what really distinguishes individuals who can memorize thousands of digits from those
who cannot? Just practice. Competitive mnemonists
are quick to note that the secret to their success lies
not in any innate mental abilities, a claim proven
by various neuroimaging studies (Ericsson 2003).
Rather, they attribute their success to the dedicated
rehearsal of a few mnemonic techniques that, they
claim, anyone can learn. In fact, practitioners of the
“art of memory” have used mnemonics to improve,
recall, and organize information efficiently since the
time of the ancient Greeks. As Pridmore says, “Everybody is born with a good memory; then most people
are trained how to use it badly.” This article will look
at what studies tell us about how to use our memories
for activities from remember mailbox combinations
to studying for exams and reveal the secrets that can
drastically improve them.
Much psychological research substantiates the
claim that one does not need a “special” memory to
be good at memorization. In one study, psychologists
at Carnegie Mellon investigated whether ordinary
college students could develop a world-class memory
with practice, and indeed, the results suggested that
they could (Chase & Ericsson 1981). The researchers invited average undergraduates to daily sessions
where they would be presented with strings of digits
that they would then have to recall. During the first
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Some just don’t have film.

20

few weeks of this exercise, the students did not get
far past seven or so digits (the number thought to
be the capacity of human short-term memory). Soon
enough, however, student began recalling steadily
more and more digits. After several months and several hundred hours of training, SF could recall 82
random digits, in order, after having only seen them
once.
What happened? Did reciting digits repeatedly
exercise some numerical memory muscle? No, SF’s
astounding feat of memorization stems from the use
of his own mnemonic devices that became more and
more elaborate with practice. He was a track runner, so he associated chunks of three digits with running times that had meaning to him. For example,
he would think of the number 359 as ‘3 minutes
59 seconds for running a mile.’ He took meaningless information and encoded it into something more
memorable, a task that other ordinary students after
SF achieved (Ericsson 2003).
The key to mnemonics is creating a strong
mental association between one to-be-remembered
item and one easily remembered item. Most of us
have used mnemonics since elementary school: “Roy
G. Biv” for the colors of the rainbow, “Every Good
Boy Does Fine” for the notes on the treble clef, and
“’i’ before ‘e’ except after ‘c’” for spelling. While these
first-letter mnemonics and rhyme mnemonics can be
very useful, these tactics are limited as general strategies of memorization. When acronyms and acrostics
are troublesome, pieces of verbal information can instead be linked to mental images, letting you perform
your own feats of memory.

Using Imagery
A better mnemonic device may be to link the
The Harvard Brain
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Whose Mnemonic Is It Anyway?

to-be-memorized information to mental images, creating a
unique association. In 1966, Frances Yates published The Art of
Memory and set off a flurry of experimental memory research.
In the following decade, psychologists conducted a variety of
experiments that demonstrated the power of using mental imagery rather than rote repetition to remember information.
In one experiment (Bower 1972), researchers instructed two
groups of subjects to memorize a list of 20 word pairs. One
group was instructed to repeat the word pair to themselves
(rote), while the other group was told to visualize each word
pair interacting in some way. For example, if the word pair
were cat-bicycle, you might imagine a cat inside the basket of
a bike. Imagery-instructed subjects recalled pairs up to three
times better than rote-instructed subjects did. In an interesting
twist, subjects told to imagine separate images for each word
pair did not perform much better than the rote memorizers
did. It turns out that for imagery to create an effective and
cognitively meaningful association, the objects must interact
in some way.
Many mnemonists also claim that the conjured image
will work best if it is vivid, bizarre, or comical (a phenomenon
known as the Von Restorff effect). With the previous word pair
(cat-bicycle), for instance, you might imagine a fat cat riding a
bike or a bike gruesomely running over a cat. These visuals may
be more memorable because (a) our minds pause longer when
thinking about weird interactions, (b) the memory is likely to
be freer from interference from similar memories, and (c) the
memory is emotionally colored.

It’s the night before your Science A-47: Cosmic Connections exam, but you haven’t begun studying because of two
papers and a quiz the day before. What mnemonic would you
use to memorize the order of the planets (yes, you’re that far
behind)? We asked students in all of the Harvard Houses to
tell us their favorite mnemonics for the order of the planets,
the Linnaean classification scheme, and the stages of mitosis.
Recognize the response of that impossible person in your section who consistently asks questions “beyond the scope of the
course?” Or the person who always seems to respond to questions with another question? Check out the results from our
survey and find out!
Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus:
The Smart Aleck: It’s easy - I just remember all the names backwards – Enutpen, Sunaru, Nrutas, Retipuj, Sram, Htrae, Sunev
and Yrucrem.
The Astronomy Nerd: This one’s not hard enough to need a mnemonic, I just separate inner/outer by the asteroid belt and
break it into two series of four.
The “Normal” Person: My Very Energetic Mother Just Served Us
Nine Pizzas. (No one gives up on Pluto)
Kingdom, Phylum, Class, Order, Family, Genus, Species:
The Overeager Section Guy: None. And isn’t Linnean [sic] classification outdated anyway?
The Pothead: King Phillip Came Over From Greenland Stoned
The Smelly Kid: King Philip Can Only Fart Green Smoke
Interphase, Prophase, Metaphase, Anaphase, Telophase:
The Sexually Frustrated: Unprintable due to common decency
standards.
The Former Premed: Would anybody other than a premed really
care about this enough to have a mnemonic (or even to
want to know it) anyway?
The Anarchist: In Politics, Most Are Transvestites.

Remembering Names
While word pair associations may be useful for memorizing facts, mnemonics can even be used outside of the classroom. In fact, elaborate associations can help develop interpersonal skills, something that is especially useful in college. When
you meet somebody new, you must learn to match the new
name with the new face. To help you master this important social talent, here is a mnemonic tip: vividly connect one distinct
feature of the person with a concrete object easily associated
with his or her name. In other words, remembering someone’s
name involves two links: one between the face and the associated keyword-object, and another between the keyword-object
and the name. For the latter, you could think of an object that
has similar properties to the name: Jenny sounds like penny,
Rosenberg spells a rose and iceberg, Diane rhymes with fan.
Imagine Diane (name) and her dark wavy hair (feature) becoming horrifically caught (vivid interaction) in your fan (keyword associated with name), Tony giddily riding a pony with his
wide smile, or Allan’s large head getting surgically drained of a
gallon of fluid. Alternatively, you could take advantage of connections already made in your memory: associate Alexander
with telephones (Graham Bell) or Serena with a tennis racket
(Williams). (For many more examples of name associations and
mnemonic strategies, see The Memory Book by Harry Lorayne
and Jerry Lucas.) If learning names is not enough, you can
The Harvard Brain

also apply this mnemonic to art class. In a recent study, college
students who learned to employ an adapted face-name mnemonic strategy to associate paintings with their artists’ names
substantially outperformed controls who were left to their own
methods (Carney & Levin, 2000).
For mnemonic imagery to be effective, it should not only
be interactive and distinctive, but also concrete. Ask yourself,
why can we remember a fan more easily than the name Diane?
Because the fan is a concrete object with a solid image. Imagery
works because of its vividness in our mind’s eyes. Paivio and
colleagues (1969) showed that concrete words like cat are more
accurately recalled in various memory tasks than abstract words
such as truth. So how can we memorize concepts? One tactic
is to transform the abstract into a symbol that can be visually
represented. For instance, think of the Veritas shield for truth,
a pair of ski poles for the number 11, or flicking on a light bulb
switch for realize.

Learning Languages: Keyword Method
Imagery can also be of great help in studying foreign
languages, since visual imagery mnemonics help link the irregular and the unknown (the foreign words you’re trying to
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memorize) with the familiar and easily
remembered (the corresponding translation). The first step in this process is to
associate a foreign word with a similarsounding and easily visualized English
keyword or phrase. The second step is
make the keyword and the foreign word’s
translation interact in an image, thereby
creating a link between the foreign word
and its meaning. For example, you can
remember the Spanish word for head,
cabeza, as a giant Mr. Potato Head sticking out of a taxicab filled with bees. Evidence for the effectiveness of this type of
mnemonic device comes from a study by
Atkinson & Raugh (1975). In this study,
Stanford undergraduates were presented
with 120 Russian vocabulary words and
allowed three days of study. Students in
the experimental group, who were given
training on using the “keyword method,”
remembered 26% more words than students who received no such training.

Linking Images: Method of
Loci

Sometimes, the situation calls for
more than just creating an association
between two bits of information. You
may want to link multiple pieces of information together, such as memorizing
a timeline of events or the sequence of an
experimental method. To link multiple
items and their images together, the top
competitive memorizers in the world invariably use the “method of loci,” which
was used by ancient orators to memorize speeches. Also known as the architectural mnemonic, this device involves
first memorizing a series of familiar locations or ‘loci,’ such as various objects
in your dorm or landmarks around campus, and then using imagery to associate
items with each locus. You can then take
References
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a mental stroll to visit each locus, seeing
in your mind’s eye each item in sequential order. During recall tasks, brain scans
of champion memorizers not only show
increased activity in areas associated with
visual imagery, but also increased activity in areas linked to spatial navigation
(Maguire et al. 2002).
Although it may sound daunting,
learning the method of loci is no arduous task. Ross and Lawrence (1968) gave
a group of college students instructions
on using the method of loci. First, the
students took two mental walks through
campus and learned 52 loci well enough

The key to mnemonics is creating a strong mental
association between one to-be-remembered item
and one easily remembered item.
to recite them forward and back. Then
the researchers asked the students to
study many 40-item-long lists, with
about 13 seconds given for each item. As
a result, the students on average recited
more than 95% correct immediately after studying, and still more than 85% the
next day.

Linking Images: Peg System
An alternative to the loci method
is the “peg system.” This system also uses
imagery, but associates to-be remembered
information with a pre-memorized list of
words in order to create an ordered list.
One common peg system is based on the
children’s rhyme “one, two, buckle my
shoe…” and depends on a list of numbered “pegs” upon which to-be-remembered items can be “hanged”: “one is a
bun, two is a shoe, three is a tree, four is
a door, five is a hive, six is sticks, seven is

Atkinson, R. C., & Raugh, M. R. (1975). An application of the mnemonic
keyword method to the acquisition of a Russian vocabulary. Journal of
Experimental Psychology: Human Learning and Memory, 1, 126–133.
Bower, G. H. Mental imagery and associative learning. In L. W. Gregg
(Ed.), Cognition in learning and memory. New York: Wiley, 1972.
Carney, R. N., & Levin, J. R. (2000). Mnemonic instruction with a focus
on transfer. Journal of Educational Psychology, 92(4), 783–790.
Chase, W. G., & Ericsson, K. A. (1981). Skilled memory. In J. R. Anderson
(Ed.), Cognitive skills and their acquisition. Hillsdale, NJ: Erlbaum.
Ericsson, K. A. (2003). Exceptional memorizers: made, not born. Trends in
Cognitive Science, 7(6), 233–235.
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heaven, eight is a gate, nine is wine, ten
is a hen.” To remember the first ten U.S.
presidents, for example, hang Washington (a washing machine, perhaps) on peg
one (hundreds of hot dog buns in a washing machine), Adams on peg two, and so
forth.
To increase the capacity for remembered items, the peg system may be used
in conjunction with the “link system,”
which consists of constructing a chain
of mental images. The links in the chain
are pairs of to-be-remember items, so the
first is associated with the second in one
image, the second is associated with the

third in a separate image, and so on. Using the link system, you can recall an ordered list that contains more items than
there are pegs, because each peg is its
own list. The highly versatile link system
can even aid in memorizing pictures or
symbols, such as when learning Chinese
characters, by linking one element to another in a chain-like fashion.
With these tips in mind, you can
systematically remember all the little details you need to understand and excel in
your classes. Remember, the key to these
mnemonics’ effectiveness is making information more meaningful by adding
associations, more organized by adding
patterns, and more readily available by
adding cues that activate different parts
of the mind. Using mnemonics well requires a little practice and creativity, but a
photographic memory is certainly within
your reach.

Lorayne, H. and Lucas, J. (1974). The memory book. New York: Stein and
Day.
Maguire, E. A., Valentine, E. R., Wilding, J. M., & Kapur, N. (2002)
Routes to remembering: the brains behind superior memory. Nature
Neuroscience, 6, 90–95.
Paivio, A. Yuille, J. C., & Rogers, T. B. (1969) Noun imagery and meaningfulness in free and serial recall. Journal of Experimental Psychology, 79,
509–514.
Ross, J. & Lawrence, K. A. (1968) Some observations on memory artifice.
Psychonomic Science, 13, 107–108.
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Cooking Up A Storm:
A Review of Prof. Wrangham’s Latest Book
by

S arah B ayefsky

A

quick glance at our closest relatives makes it obvious that some
of our characteristics are distinctly human. Chimpanzees and bonobos
do not run marathons, complete math
problem sets, or debate politics. Yet millions of years ago, we shared a common
ancestor with these and other non-human primates. How did we evolve into
the human beings we are today? What
sparked the astonishing transition from
apelike animals to Homo sapiens?
These and others questions are the
heart of Catching Fire: How Cooking
Made Us Human, a new book by Harvard Professor of Biological Anthropology, Richard W. Wrangham. In Catching
Fire, to be published in late May, Wrangham tackles the familiar question of how
we became human and provides an unfamiliar answer: cooking.
Wrangham has spent years in the
field, focusing primarily on chimpanzees, but he stumbled upon the “cooking
hypothesis” a decade ago while sitting in
front of his fireplace. His central claim is
that humans have evolutionarily adapted
to eating cooked foods, which provide
more energy than raw foods. Wrangham points out that cooking “gelatinizes
starch, denatures protein, and softens everything” (p. 57), easing the breakdown
of food, increasing net ATP gain and destroying toxins. Mothers eating cooked
foods give birth to more and healthier
children, who in turn have more children of their own.
Wrangham rejects the view of
many anthropologists that eating meat
is what distinguishes us from our ancestors. He explains that there have been
two major stages in human development – one from australopithecines to
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habilines about 2.6 million years ago and
another from habilines to Homo erectus about 1.9 to 1.8 million years ago.
Wrangham reasons that the evolutionary
explanation for both transitions cannot
be the same. So while the meat-eating
hypothesis may explain the first shift,
which resulted in larger brains, it cannot
explain the second. The smaller jaws and
guts of H. erectus as compared to habilines would be ill-equipped to chewing
and digesting raw meat. Cooked meat,
however, can account for those changes.
Since H. erectus, there have been no major anatomical changes. As Wrangham
writes, “While other habilines elsewhere
in Africa continued for several hundred
thousand years to eat their food raw, one
lucky group became Homo erectus – and
humanity began” (p. 194).
Critics respond, however, that
archaeological evidence is needed to
substantiate Wrangham’s theory. Ofer
Bar-Yosef, Professor of Prehistoric Archaeology at Harvard, objects to the
cooking hypothesis: “There is no evidence in the records to support the use
of fire before 800,000 years ago. No one
would disagree that cooking played an
important role in human evolution. The
question on which we differ is when we
start. If you say we started using fire 1.8
million years ago, then you have to prove
it by finding evidence in the field.”
Wrangham acknowledges that he
lacks archaeological evidence to confirm
the idea that the cooking transformation
took place at the origin of H. erectus, but
he points to biological evidence to support his claim. In addition to smaller
jaws and guts, smaller teeth and less
flared rib cages also accompanied the
transition to H. erectus. Such modifica-
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tions are consistent with eating cooked
foods. Furthermore, H. erectus lacked
the long arms and other traits that facilitated efficient climbing. Thus, they slept
on the ground, a behavior that would
have been dangerous without the ability
to control fire.
There are some fascinating offshoots
of Wrangham’s theory, including his exploration of the sexual division of labor
that resulted from cooking. According
to Wrangham, cooking “created and perpetuated a novel system of male cultural
superiority” (p. 177). Who knew this
was a 1.8 million year-old problem?
With clear and engaging prose,
Catching Fire addresses a key and enduring scientific issue central to the quest
to understand our species. It offers new
insights for anyone interested in human
evolution, history, anthropology, nutrition, and food in general. And for those
resenting the evolution of the problem
set, go grab a hamburger. After all, if
cooked food got humankind this far,
maybe it can nab you that A as well.
2009

I Speak,Therefore I Am:
Language and the FOXP2 Gene

by

T

D aniel D ing and
S arah Z hang

hroughout the animal kingdom,
various species have developed
sophisticated forms of communication: bees dance to tell their hive mates
where to find food, songbirds sing to attract mates, and marmosets have predator-specific cries to alert their group of
danger. But no form of communication
compares to human language in terms
of complexity or sophistication. What
makes humans so special? Could there
be a “language gene” encoded in our
DNA?
The FOXP2 gene has been so
dubbed. Its discovery in the last decade
seemed like a vital breakthrough in our
understanding of the molecular biology
of human language, a subject that up to
this point was occupied with abstract linguistic and psychological theories. Even
the story of the discovery seemed too
good to be true.
At the center is the KE family, a
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British family of Pakistani origin, half
of whose members over four generations
suffer from a severe speech disorder. The
problem lies with both motor control—
they lack the fine motor control of the
lower jaw necessary for making specific
sounds—and the ability to comprehend
grammar and syntax. Affected individuals also have difficulty with tasks such as
writing down a list of words that start
with the same letter.
The existence of an inherited
speech disorder within the KE family
gave strong evidence for the genetic basis of language. Sure enough, subsequent
experiments located the mutated gene
responsible for their disorder on chromosome 7. FOXP2, as this gene was called,
encodes the FOXP2 protein, which belongs to the FOX family of transcription
factors—master controller proteins that
bind to DNA and regulate the expression
of many other genes in the cell. Thus, a
mutation in the FOXP2 gene affects not
only the structure of the FOXP2 protein
but also the activity of other proteins
under its sphere of influence, giving rise
to wide-ranging consequences in motor
control and cognition.
But the case of language isn’t solved
so easily. The FOXP2 gene undoubtedly
affects language ability, but it is not at all
unique to humans. In fact, the sequence
is found in the genomes of many organisms, from yeast to alligators. Remarkably, only two amino acids out of 715
differentiate human and chimpanzee
Uriagereka, J. (2007, September 25) The Evolution of Language. Seed Magazine.
White, S. A., Fischer, S.E., Geschwind, D.H.,
Scharff, C., & Holy, T.E. (2006, October 110
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for FOXP2 Function and Dysfunction. The
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FOXP2 proteins. Since FOXP2’s discovery in 2001, experiments in chimpanzees, mice, and birds have furthered our
understanding of the transcription factor
it encodes.
Using mice, scientists have found
that FOXP2 is a key regulator of the development of the heart, lungs, and particularly brain. Mice with two mutant
copies of the FOXP2 gene had brain abnormalities that led to motor problems,
reduced vocalization, and premature
death. Having one unaffected copy of
the gene led to observable but less severe
symptoms.
Studies of birds suggest that FOXP2
is more specifically related to learning
and plasticity in the brain. Young male
zebra finches learning songs show increased expression of the gene in Area
X, the part of the bird brain integral to
song learning, as do adult male canaries
in the process of remodeling their birdsongs. Birds, however, still do not have
language because they lack the higher
order language processing of the human
outer cortex.
Though originally hailed as the holy
grail of language, FOXP2 unfortunately
cannot unlock all of the mysteries of human language. FOXP2 may be necessary
for speech, but it is not sufficient in and
of itself. Thus, despite the discovery of
the FOXP2 gene, the difference between
us and bees or chimps and songbirds still
remains a mystery. Solving this mystery
will require concentrated research efforts
from all fields including molecular biology, linguistics, and psychology.
Praxic and nonverbal cognitive deficits in a
large family with a genetically transmitted
speech and language disorder. Proc Nat Acad
Sci. 92, 930 – 933.
Vargha-Khadem F., et al (1998, October 13)
,Neural basis of an inherited speech and language disorder. Proc Nat Acad Sci 95, 12695
– 12700.
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A Glass

Half-Full?
The Role of Optimism
in Healing
B y J ason S ar te
ter understanding of their own being during times of illness (Read, 1997). Numerous
“Peter Mastroianni has had a heart condition for
studies have been conducted by Harvard
some time and just…had a new procedure done at
Medical School to analyze a possible correlation between spiritual optimism and physithe Montefiore Medical Center. Mr. Mastroianni is
cal health. The studies have found that there
young, early 50’s. He also describes himself as an ‘opis indeed a correlation between health and
timist,’ optimistic about what is ahead for him. Peter
spirituality, stemming from some positive
physical effect produced by a spiritual mindMastroianni is a recovering heart patient.”
set. When a person prays or acts in some
form of repetitive meditation, brain waves
he practice of healing usually consists of physical in- slow, and metabolism, heart rate, and breathing rate decrease.
tervention: surgery, physical therapy, drug administra- These effects oppose the “fight or flight” responses produced by
tion, radiation, etc. But another crucial component of stress, potentially preventing a worsening of symptoms. Spirihealing—less tangible than scalpels or chemicals but perhaps tual optimism can facilitate healing by countering the effects of
just as important—has been gaining attention on the scientific stress-causing agents associated with many diseases.
frontier: the mind-body connection. It has long been tacitly
understood that a positive attitude may contribute to a better Tragedies Happen—So Do Miracles
If optimism has a positive role in healing, then would
prognosis. In fact, optimism may not only prevent a worsening of symptoms but even improve a patient’s state of health. the lack of optimism—or, more extremely, flat-out pessimism–
For Peter Mastroianni, optimism may be instrumental to his actually detract from a patient’s health? In his 2006 article
recovery from heart disease.
“Optimism,” Dr. Dossey, an ardent believer in the potential
of optimism in healing, cites two compelling cases in which
The Mind-Body Connection
a lack of optimism detracted from the patients’ health. The
Optimism is formally defined by Dr. Larry Dossey as “the first describes an otherwise healthy fifty-five-year-old who
tendency to believe, expect, or hope that things will turn out complained of stomachaches, and whose check-up revealed a
well” (2006). Particularly unique about the role of optimism mass in his pancreas. Cancer was likely but unconfirmed. The
in healing is that it is a self-induced. All patients, in this sense, patient, however, was shocked by his diagnosis and considered
possess potential for some form of self-healing. In his book his case so hopeless that he refused to even undergo surgery to
Health Education: A Cognitive Behavioral Approach, Donald resect the tumor. Though he was finally admitted to the hosRead explores self-healing as an integral part of holistic medi- pital, he continued to be pessimistic—to the point of physical
cine, which views the person as a spiritual as well as physical rigidity. His preliminary blood samples came back normal, but
being. This belief suggests a very real spiritual and psychologi- he seemed to have already accepted his fate: the patient was
found dead the next morning. Could a dose of optimism have
cal role in physical healing.
Dossey believes that health is a “conscious-dependent” saved him?
state, meaning that patients have an opportunity to realize a
The second case presented by Dr. Dossey is even more
better sense of meaning in their lives and thus to gain a bet- compelling. In 1957, Dr. Bruno Klopfer had a terminally ill
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A Glass Half-Full?

“

Jason Sarte

The proposed correlation between optimism and healing
might, then, more correctly be described as a correlation
between healing and not over-reacting, neither
positively nor negatively, upon hearing a bad diagnosis.

patient with advanced lymphoma, for whom the end seemed
near. In a seemingly vain effort, Dr. Klopfer administered an
experimental drug to his patient (who was aware of the new
drug being given to him); to his surprise, the patient was soon
out and about, walking around and talking to people as if he
had never been on his deathbed. His tumors almost completely
disappeared. The patient was eventually released from the hospital and maintained excellent health until reports began appearing about the possible inefficacy of the experimental drug
administered by Dr. Klopfer. He soon became terminal again,
and so Dr. Klopfer employed extreme use of the placebo effect
by administering to his patient a new “extra-strength” version
of the drug, injecting plain water into his veins. His condition again improved, but he became terminally ill again after
the American Medical Association (AMA) officially denied any
positive effect of the drug in question. The patient returned to
the hospital and died shortly thereafter.
The conclusions drawn from these two cases of pancreatic
tumor and lymphoma regarding optimism’s role in healing are
not necessarily supported by the data from the above-mentioned
studies. For instance, it is hypothesized that in cancer patients,
optimism is correlated with openness to therapies suggested by
the doctor, and this proactivity may in fact be the cause of a
longer survival or better quality of life (Marcus, 2004). But in
the second case of the lymphoma patient, health-related effects
were not due to compliance to the doctor’s proposed treatment
but instead to a general belief that the treatment was working.
This illuminates another dimension in the doctor-patient relationship, one not of mere compliance to “the doctor’s orders”
but of a trust between the two: the patient’s expectation that
the doctor will always do what is in the patient’s best interest and that the doctor and patient have the same goal—to
preserve the patient’s life by whatever means possible. For this
reason, it is the optimism or pessimism of both the patient
and the doctor can profoundly affect the patient’s health. If a
doctor goes about his or her treatment plan with an outwardly
pessimistic attitude, why should a patient, who wants to trust
his or her doctor, be any more optimistic?

”

ture of the stresses induced by the particular circumstance. In
Segerstrom’s view, optimism can augment immunity when the
cause of stress is “easy or straightforward,” but can actually decrease immunity when the cause of stress is complex (Segerstrom, 2005). Under this hypothesis, a long-term cancer patient, for instance, would potentially benefit from inhibiting
increased optimism throughout the course of the illness. This
theory comes in response to some studies which have shown
that under short-term stress (e.g. common cold), people who
are optimistic exhibit increased immune system activity. On
the other hand, when stress is long-term, the opposite is true.
To explain these phenomena, Segerstrom proposes an engagement hypothesis: prolonged stress requires the optimist to “engage” the stressor for a longer period of time, weakening the
immune response (2005). But such a theory still does not explain cases like Dr. Klopfer’s advanced lymphoma patient who
miraculously healed (though temporarily) with an optimistic
outlook. That is to say, Segerstrom’s theory does not elucidate
the observed placebo effect in Klopfer’s cancer patient.
Dr. David Spiegel of the Stanford University School of
Medicine suggests an alternate hypothesis: the best way to
combat disease is simply not to become any more optimistic
or pessimistic than you were prior to being diagnosed. For patients who are naturally predisposed to being pessimistic, being “forced” into optimism by a doctor may prove to be more
of a stress than simply remaining pessimistic (Marcus, 2004).
Cindy Miller, a cancer patient, agrees with Spiegel, stating that

Pessimists Out of Luck? Maybe Not
Alongside studies that support the hypothesis of optimism-driven healing are reports which imply that the effect of
optimism may not be as significant as some think.
One hypothesis, as presented by Suzanne C. Segerstrom
of the University of Kentucky’s Department of Psychology,
suggests that the effect of optimism is dependent on the na2009
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Surround
Sound NEUROETHICS
Expert Voices on:

O

n a balmy Saturday afternoon,
participants at the 2009 National Undergraduate Bioethics
Conference (NUBC) witnessed a heated debate among panelists from backgrounds in psychology, philosophy and
cognitive science. Recent advances in
neuroimaging have encroached on traditional philosophical and psychological
views of moral reasoning, and experts are
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split on the value of this new technology.
Moderator Selim Berker, Assistant Professor of Philosophy at Harvard University, asked each panelist two questions.
First, can neuroscience answer bioethical
questions? And second, is moral reasoning an illusion?
In response to the first question,
Joshua Greene, Assistant Professor of
Psychology at Harvard, noted that although data can never directly answer
normative questions, psychology could
provide relevant frameworks for critiquing our bioethical judgments. The human mind, Greene explained, works like
a camera, with automatic settings for the
standard conditions under which our ancestors evolved and a manual mode for
exceptional situations. Greene argued
that many modern bioethical dilemmas
are exceptional, so we should be critical
of our automatic emotional judgments.
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Frances Kamm, Littauer Professor
of Philosophy and Public Policy at the
Kennedy School, expressed considerably
more skepticism, asserting that ethical
questions cannot be answered by a “pure
procedural argument.” For instance,
Kamm proposed, neuroscientists might
consider a judgment motivated by the
brain’s emotional center to be “wrong”
and one motivated by the rational center “right.” This presupposes that we already independently have decided what
is right and wrong, without any involvement from fMRI scans. The moral and
bioethical work here is not being done by
neuroscience, she argued.
Liane Young, a post-doctoral fellow at MIT in the Department of Brain
and Cognitive Sciences, responded to
Professor Kamm’s critique by proposing
limited applications for neuroscience. In
a situation where we have a prior idea
2009

Surround Sound
of the mechanism by which we reach a
moral judgment, neuroscience can confirm or deny our assumptions. If we learn
that our brains actually make judgments
based on factor A rather than factor B
when we consider only factor B a valid
source, that may be grounds for reevaluation.
All three panelists denied that
moral reasoning was strictly an illusion.
Professor Greene cited a psychological
experiment in which participants presented with a sound but counterintuitive

Surround
Sound

“M

y kidney’s available
for $2 million,” joked
moderator Dan Brock,
Director of the Harvard University Program in Ethics and Health, at the beginning of the NUBC Organ Markets panel, “Though in today’s economy, prices
are negotiable.”
Dr. Brock’s light-hearted introduction to this serious topic nevertheless
touches on key points of the ethical debate. Because each of us can donate or
sell one kidney and still function perfectly well with the other, kidneys are often
the focus of organ markets. So is there
something wrong in allowing two consenting adults to exchange money for an
organ? This is the underlying question in
the ethics of organ markets. With a medical ethicist, an economist, and a surgeon
on the panel, a diverse set of viewpoints
and opinions were exchanged.
Nir Eyal, Assistant Professor in
Global Health and Social Medicine
(Medical Ethics) at the Harvard Medical
School, kicked off the panel with some
statistics of the problems in our current system, in which kidneys are either
harvested from cadavers or donors who
do not receive compensation. For every
kidney that becomes available, three patients are added to the waiting list. On
2009

argument were more likely to accept it
the longer they were given to think. This
indicated that rational processes could
produce changes in moral judgments.
Young and Kamm looked at the
question from a more philosophical perspective. Young pointed out that college
students who were told a story about
harmless brother-sister incest still judged
it to be wrong, although they could not
defend their judgments. However, she
was quick to add, a moral principle difficult to defend on rational grounds

should not necessarily be abandoned.
Kamm added that the lack of conscious
awareness of reasons in making an “intuitive” judgment does not mean that
moral reasoning is an illusion. Reasoning may simply exist on the subconscious
level and only surface when we are asked
to defend our judgments. This does not
make them mere “rationalizations”; rather, they reconfirm the objective merits of
our intuitive judgments.

Expert Voices on:

Organ Markets
the flip side, the risk of donating a kidney with proper healthcare is very, very
low, 0.03%, which is just the risk of
death from general anesthesia.
Ethics aside for a moment, these
statistics seem to point toward legalizing organ markets as a solution. Iran is
currently the only country where selling
a kidney is legal practice. In principle,
the Iranian system works as follows: a
nongovernmental charity organization
mediates the transaction, the donor is
paid a certain amount, and the recipient
pays for the surgery and the kidney. In
practice, the process is less clear-cut, and
recipients are often obligated to pay additional gifts to the donor.
Alvin Roth, George Gund Professor of Economics and Business Administration in the Department of Economics
at Harvard University and Harvard Business School, focused on the economics
and market structure of a possible organ
market. To avoid ethical issues, such a
market must function differently on the
supply and demand sides. Donors can be
compensated based on the supply of kidneys—for example, certain blood types
are rarer than others and thus are more
valuable—but recipients should receive
kidneys based on medical necessity. In
other words, the patient who receives the
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first available kidney should be the one
who needs it the most, not the one who
can afford to pay the highest price. Frank
Delmonico, professor of surgery at Harvard Medical School and member of the
World Health Organization Advisory for
Human Transplantation, argued that organ markets are difficult to regulate given
the ethical issues.
Among the major ethical concerns
are violation of human dignity, stigma for
the seller, and crowding out of altruistic
donations. The single gravest issue, however, is exploitation, as only those in dire
need of money would take the invasive
step of selling an organ. For a Brazilian
worker who earns $1 a day, the $6000
he earns from selling a kidney represents
two decades of income. Money can be a
powerful motivator, and with such large
sums of cash thrown around, ethical issues become magnified. Dr. Delmonico
added that selling a kidney is not an automatic ticket out of poverty and studies
have not shown improved quality of life
for those who sell their kidneys.
All together, the ethics of organ
markets touches on areas from economics to medicine to social justice, a complexity reflected in the backgrounds and
opinions of the panelists.
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Reprint (with permission of the author) from
S. Y. Song, Y. M. Koo & D. R. J. Macer (eds.),
Asian Bioethics in the 21st Century, Tsukuba,
2003, pp. 143-156.
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Consider…the

issue of genetic engineering.

Many biologists tend to think the problem is
one of design, of specifying the best types of
persons so that biologists can proceed to produce them. Thus they worry over what sort(s)
of person there is to be and who will control
this process. They do not tend to think, perhaps
because it diminishes the importance of their
role, of a system in which they run a “genetic
supermarket,” meeting the individual specifications (within certain moral limits) of prospective parents…This supermarket system has the
great virtue that it involves no centralized decision fixing the future of human type(s).
Robert Nozick, Anarchy, State and Utopia,
Basic Books, New York, 1974, p. 315n.

Come up to beauty
Welcome to ronsangels.com — the only
web site that provides you with the unique opportunity to bid on eggs from beautiful, healthy
and intelligent women.
www.ronsangels.com/index2.
html, March 21, 2000
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ozick’s genetic supermarket has arrived on
the wings of angels brought to us by Ron
Harris, the founder of ronsangels.com. How
should we respond to this and other options that will
soon be beckoning? To assist us in answering these
questions, I shall begin by considering a technique
that has been with us for some time, but has the effect
of changing the nature of children. Understanding the
basis on which this technique can be supported may
help us to grapple with the more difficult question
of what we should do about newer options that also
change the nature of our children. It is not, however,
my aim here to deal with all the objections that could
be urged against these options. My purpose is the narrower one of developing a clear understanding of the
central values at stake. In the deaf community there
has, for some years now, been a debate over attempts
to alleviate some of the effects of deafness by the provision of cochlear ear implants in children. Although
this is not a technique that makes use of genetics, the
issues raised are in many respects similar to those that
would be raised by the discovery of a genetic marker
for congenital deafness. Cochlear implants do not restore normal hearing; instead they transform speech
and other sounds into electrical impulses, and transmit these impulses to auditory nerve fibers in the inner ear. When implanted in children below the age
of three, they make it possible for them to grow up
“hearing” speech and thus to be able to take part in
the speaking community as if they could hear. In children who have been deaf from birth, the implants are
less successful when implanted at a later age.
The scientists who first developed cochlear implants assumed that they would be enthusiastically
2009

Shopping at the Genetic Supermarket

Peter Singer

embraced by the deaf community, and especially by the parents of congenitally deaf infants. Some parents of deaf children
do have exactly this response. But others have a very different
response, as the following statement indicates:

child with Down’s Syndrome. Yet others have described people
with Down’s Syndrome as ‘stars in an increasingly materialistic
world’, “without exception magic children” and capable of “unconditional love”. One parent has said:

THE GENOCIDE OF DEAF CULTURE

Those of us with a Down’s Syndrome child (our son,
Robert, is almost 24) often wish that all our children had this extraordinary syndrome, which deletes anger and malice, replacing them with humor,
thoughtfulness and devotion to friends and family.

FACT: The law says that genocide is the destruction
of an ethnic group.
FACT: The law says that an ethnic group is “a set of
individuals whose identity is distinctive in terms of
common cultural traditions or heritage”.
FACT: Deaf people are “a set of individuals whose
identity is distinctive in terms of common cultural
traditions or heritage”.
»» Cochlear implants are an attempt to eliminate
the trait of Deafness.
»» Eliminating the trait of Deafness will destroy “a
set of individuals whose identity is distinctive in
terms of common cultural traditions or heritage”.
(That “set” of individuals will no longer exist.)
»» Therefore—cochlear implants are genocide.
Though extreme in its language, this is not an isolated
point of view. A significant number of deaf parents are refusing
to allow their deaf children to have the implants. They argue
that the implants will cut them off from the Deaf community
and from Deaf culture, which survives because of its distinctive
language and its separation from the world of hearing people.
(The Deaf community expresses the idea that it has a distinctive culture by the use of capitalization. To be Deaf is to be part
of a culture [like being French or Jewish] whereas to be deaf is
to be unable to hear.) As one parent said: “If somebody gave
me a pill to make me hear, would I take it? No way. I want to
be deaf.”
Something similar is happening among people with the
short, stocky body shape known as achondroplasia, or dwarfism, since the discovery of the gene for this condition raised
the prospect of prenatal diagnosis and selective termination.
Little People of America, an association for those with short
stature, has issued a position statement asserting that some of
its members fear “genetic tests such as these will be used to terminate affected pregnancies and therefore take the opportunity
for life away from children such as ourselves and our children.”
In response, they remind the rest of us that they are productive members of society who “face challenges, most of them
are environmental (as with people with other disabilities)” and
“value the opportunity to contribute a unique perspective to
the diversity of our society…” They have “a common feeling of
self-acceptance, pride, community and culture.”
For a final example, consider the contrasting views taken of Down’s syndrome. At least 90% of women in both the
United States and the United Kingdom will terminate a pregnancy after prenatal diagnosis shows that they are carrying a
2009

Consistently with this view, Diane Beeson has opposed
present practices of prenatal diagnosis on the grounds that:
The central assumption behind the deployment of prenatal diagnosis is that life with a disability is not worthwhile and
is primarily a source of suffering… From a disability-rights perspective, prenatal testing for fetal anomalies gives a powerful
message that we seek to eliminate future persons with disabilities, fails to recognize the social value of future persons with
disabilities, and conveys a devaluation of those now living with
disability… By focusing so many resources on the elimination
of potential persons with disability, we are drifting toward a
eugenic resurgence that differs only superficially from earlier
patterns. In the process we are seriously distorting the historical purpose of medicine as healing. We are creating a society
in which disability is becoming increasingly stigmatized; with
the result that human imperfection of all kinds is becoming
less tolerated and less likely to be accepted as normal human
variation.
The cochlear ear implant, the discovery of the gene for
achondroplasia, and the use of selective abortion to prevent the
birth of children with Down’s syndrome serve to test the outer
limits of our support for the politics of equality and diversity.
We say that we believe that all humans are equal, and we value
diversity. Does our belief in equality go so far that we hesitate
to say that it is better not to have a disability than to have one?
Does the value we place on diversity mean that we should oppose any measures that might weaken Deaf culture, or reduce
the number of people born with Down’s syndrome or achondroplasia? Should we stop the use of public funds for prenatal
diagnosis or cochlear ear implants?
To assess this criticism of prenatal diagnosis, it will help
to think for a moment about two related questions. First, how
important is it to most parents to give their child the best possible start in life? Second, how serious a reason does a woman
need in order to be justified in ending her pregnancy?
The answer to the first question is that, for most parents,
giving their child the best possible start in life is extremely important. The desire to do so leads pregnant women who have
smoked or drunk heavily to struggle to kick the addiction; it
sells millions of books telling parents how to help their child
achieve her or his potential; it causes couples to move out to
suburbs where the schools are better, even though they then
have to spend time in daily commuting; and it stimulates saving so that later the child will be able to go to a good college.
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The answer to the second question must begin with the
fact that, in accordance with the decision in Roe v. Wade, a
woman in the United States can, in the first and second trimesters, or at least until the fetus is viable, terminate her pregnancy
for any reason whatsoever. This does not, of course, mean that
she is ethically justified in doing so. Some say that she is never
ethically justified in terminating her pregnancy, and others that
she is justified in doing so only to save her own life, or in cases
of rape and incest. Beeson and many others who are concerned
about prenatal diagnosis, however, do not rest their argument
on opposition to abortion. So rather than argue this point in
detail here, I shall simply state that, as I have argued elsewhere,
I do not think that a fetus is the kind of being that has a right
to life. Hence it is not hard to justify terminating a pregnancy.
For example, suppose that a couple plan to have children, but
an unplanned pregnancy has occurred before they feel ready to
do so - let’s say that at present they are sharing a studio apartment and cannot afford anything larger, but in five years they
will be able to move to a larger home. In my view, they would
not be acting unethically if they decide to obtain an abortion.
Now think about a couple who are told that the child
the woman is carrying will have a disability, let’s say, Down’s
syndrome. Like most parents, the couple thinks it important
to give their child the best possible start in life, and they do
not believe that having Down’s syndrome is the best possible
start in life. Is it true that this couple must be making the assumption that “life with a disability is not worthwhile and is
primarily a source of suffering”? There is no more reason to
believe that these parents make that assumption, than there
is to believe that parents who terminate a pregnancy because
they can’t afford a larger apartment believe that “life as a child
in one room with one’s parents is not worthwhile and is primarily a source of suffering.” In both cases, all that the parents
need assume is that it would be better to have a child without
Down’s syndrome, or to have a child who can have a room
of her own. After all, in neither case are the parents choosing
whether or not to have a child at all. They are choosing whether
The Harvard Brain

to have this child or another child that they can, with reasonable confidence, expect to have later, under more auspicious
circumstances.
Thus it is possible to justify abortion in these circumstances while accepting Beeson’s claims that people with congenital disabilities “often achieve the same high levels of life
satisfaction as non-disabled persons”. A couple may reasonably
think that “often” is not good enough. They may also accept as I do - that people with Down’s syndrome often are loving,
warm people who live happy lives. But they may still think
that this is not the best they can do for their child. Perhaps
they just want to have a child who will, eventually, come to
be their intellectual equal, someone with whom they can have
good conversations, someone whom they can expect to give
them grandchildren, and to help them in their old age. Those
are not unreasonable desires for parents to have.
What of the “powerful message that we seek to eliminate
future persons with disabilities” that Beeson tells us is sent by
prenatal diagnosis and abortion to people with disabilities? Her
concern seems highly selective. She has surely noticed that every bottle of alcoholic beverage sold in the United States bears
the words:
GOVERNMENT WARNING: (1) ACCORDING TO THE
SURGEON GENERAL, WOMEN SHOULD NOT DRINK
ALCOHOLIC BEVERAGES DURING PREGNANCY BECAUSE OF THE RISK OF BIRTH DEFECTS
Does not that warning - much more visible to ordinary
Americans than prenatal diagnosis - send out a “powerful message” that we should prevent the birth of children with defects.
What about the message sent by programs that immunize girls
against rubella? Is anyone seriously proposing to withdraw such
government warnings, or end such immunization programs?
The Surgeon General’s desire that women should not,
through alcohol consumption, give birth to people with disabilities, does not in any way imply that he has less concern
for the interests of people living with disabilities than he has
for those without disabilities. As I have argued elsewhere, we
can and should have equal consideration for the interests of
all beings that have interests. Although this is, in my view, the
fundamental basis of equality both within our own species and
between our species and beings of other species that have interests, for that very reason it may not satisfy the advocates of
people with disabilities. But what other defensible sense can we
give to the idea of equal worth?
Ani Satz has argued that measures to prevent the birth of
people with disabilities are compatible with regarding people
with disabilities as having equal worth, because these practices
do not imply any judgments about the value of life with a disability:
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The obese are not devalued by overweight individuals who join Jenny Craig on the belief that obesity
detracts from quality of life… Organizations actively try to prevent workplace, automobile, household,
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and sporting accidents, contributors to disabling
conditions. These precautions do not judge the
moral worth of disabled individuals. To argue otherwise would be to assume, reductio absurdum, that
industrial workers or rock concert-goers who wear
earplugs are indicating that membership in the
deaf community would be of less value than membership in the hearing community.
We should distinguish two different kinds of judgment
that are in danger of being conflated in this passage: judgments
about “the moral worth of disabled individuals” and judgments
about the general quality of life, or even the value of life, with
a given disability. The moral worth of individuals is not dependent on their abilities, except where they have very limited
intellectual capacities; but the reductio with which Satz ends
her argument in the passage quoted above is, in my view, not
at all absurdum. If I take precautions to prevent deafness, I do
so on the grounds that I think life with the ability to hear is, in
general, better than life without the ability to hear. Is this perhaps just because I have been able to hear for the first 50 years
of my life, and would have difficulty in making the adjustment
to being a member of the Deaf community? That may be part
of the story, but it is not the whole story. Imagine that shortly after the birth of our child, a doctor tells us that it has an
ear infection, which unless treated will cause deafness. Fortunately, the doctor adds, there is an antibiotic that will clear up
the infection in a few days. Would we contemplate for a moment saying: “Wait a minute, Doctor, we need to think about
whether we value membership of the hearing community more
highly than membership of the Deaf community”? Obviously
not: but the reason we would not is not that we are not judging
membership in the Deaf community to be less desirable than
membership in the hearing community, but because we take it
for granted that it is less desirable.
To get this point correct, we need to be very precise in
our language. Jonathan Glover has said: “Medical treatment
presupposes that health is better than sickness, but those who
believe in it are able to treat sick people as their equals.” That
is true, of course, but the sense in which the sick are our equals
needs to be specified. As Glover himself has pointed out, if we
do not have enough resources to treat all the sick, we have to
decide whom to treat. He has supported the view that in making this decision we should take into account both the expected
life-span of the sick person, and the quality of that person’s life,
at least when it is clear that it is not worth living. So while we
treat the sick as our equals, socially, morally and politically,
when it comes to tough decisions about saving their lives, some
of the sick are less equal than others.
The same point applies to a claim made by Allen Buchanan:
We devalue disabilities because we value the opportunities and welfare of the people who have
them - and it is because we value people, all people, that we care about limitations on their welfare
2009

and opportunities. We also know that disabilities,
as such, diminish opportunities and welfare, even
when they are not so severe that the lives of those
who have them are not worth living. Thus, there is
nothing incoherent or disingenuous in our saying
that we devalue the disabilities and wish to reduce
their incidence and that we value all existing persons with disabilities - and value them equally to
those who are not disabled.
The argument of this passage is compelling, until we get
to the word “equally” in its final clause. Suppose that there are
two infants in the neonatal intensive care unit, and we have the
resources to save only one of them. We know nothing about
either of them, or their families, except that one infant has no
disabilities, and the other has one of the disabilities that Buchanan mentions - a disability that will limit the child’s “welfare
and opportunities”. In these circumstances, it seems rational,
for precisely the reasons Buchanan gives, to save the life of the
child without disabilities - but this shows that there is a clear
sense in which we do not value both children equally.
In our very commendable concern to give equal consideration and respect to every member of our community, and
to avoid the least appearance of bias against those with disabilities, we are in danger of going to what is a truly absurd
conclusion: that the abilities we have - to hear, to see, to walk,
to speak, to understand and reflect upon information given to
us - are of no value. We must not deny the obvious truth that
most people, disabled or not, would prefer to be without disabilities, and would prefer to have children without disabilities.
There may be some members of the Deaf community and some
people with achondroplasia who disagree, and of course there
are many people with intellectual disabilities who are incapable
of expressing an opinion, but to the best of my knowledge advocates for people in wheelchairs accept that they would be
better off if they could walk; at least I am not aware of them
ever calling for governments to stop wasting their taxes by supporting research into ways of overcoming paralysis.
If the use of cochlear implants means that there are fewer
Deaf people, is this “genocide”? Does our acceptance of prenatal diagnosis and selective abortion mean that we are “drifting
toward a eugenic resurgence that differs only superficially from
earlier patterns”. If the use of the term “genocide” is intended
to suggest a comparison with the Holocaust, or Rwanda, it
overlooks the crucial fact that cochlear implants do not have
victims. On balance, it seems that they benefit the people who
have them; if this judgment is contestable, it is at least not
clear that they are worse off for having the implant. Imagine a
minority ethnic group in which all the parents reach separate
decisions that their children will be better off if they marry a
member of the majority group, and hence urge them to do so.
Is this encouraging “genocide”? If so, it is genocide of such a
harmless form that the term should be divorced from all its
usual moral associations.
Similarly, if Diane Beeson’s reference to “earlier patterns”
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of eugenics is a veiled reference to Nazi policies that led to the
murder of tens of thousands of disabled people, she is guilty
of overlooking the vast moral gulf between what happened
then and what is happening now. No state is ordering anyone’s
death; no one who wants to go on living is being murdered; no
children whose parents want them to survive are being killed.
The Nazi program was based on the interests of the Volk, and
utter indifference to the interests of the individuals most involved, including both the victim and his or her family. Even
if Beeson has in mind not Nazism but American eugenics in
the first half of the present century, the differences are profound. That eugenics movement used compulsory sterilization
of criminals, introduced an immigration policy based on belief
in the superiority of the Northern European races, and became,
as Dan Kevles puts it, a facade for “advocates of race and class
prejudice, defenders of vested interests of church and state, Fascists, Hitlerites, and reactionaries generally”. There is no comparison between such state-sponsored, coercive policies and the
use of prenatal diagnosis and selective abortion by couples that
choose to avail themselves of this option.
Even if cochlear implants are not genocidal, and prenatal
diagnosis combined with selective abortion is not at all like
past eugenic practices, they might be considered wrong. But
consider the following principle:
For any condition X, if it would be a form of child abuse
for parents to inflict X on their child soon after birth, then it
must, other things being equal, at least be permissible to take
steps to prevent one’s child having that condition.
I propose this not as a self-evident truth, nor as a derivation from any particular moral foundation, but as something
that might appeal to many people, irrespective of the foundations of their moral views. The “preventive principle” as I shall
call it, requires us to reject the view that the fact that something

Research
Update

is the outcome of the genetic lottery is enough to make it right.
Why would anyone believe that? Only, I suggest, if somewhere
deep down, they think of the genetic lottery as no lottery at all,
but rather the workings of a divine Providence. If that were the
case, then we might think it wrong to interfere with the natural
order of things. But let us put that view aside, for lack of supporting evidence, and assume that the genetic lottery really is
a lottery. Then, if there is no moral barrier that says we must
not interfere with the way things are, the preventive principle
seems sound.
Now let us apply the preventive principle to the cases we
have been considering. Suppose that a Deaf couple give birth
to a daughter who can hear normally. Because they value very
highly their membership of the Deaf community, and they
fear that their daughter will not be a part of the Deaf community, they make arrangements with a sympathetic surgeon
to destroy the child’s hearing. The operation, performed under
general anesthesia, causes the child no pain, but achieves its
goal. The child will now be permanently deaf. Is this a case of
child abuse? I suggest that it is. What the parents have done
ensures that their child will never be able to hear Beethoven,
or a babbling brook, or listen to lectures and debates delivered
in spoken languages, except in translation. The child will also
be at a disadvantage in countless other ways in getting through
life. Admittedly, we must also take into account the benefits
that the child will get from being part of the Deaf community,
especially when being a part of the Deaf community means
that the child grows up in the community to which her parents
already belong. But that does not justify what they have done.
If you respond to this example in the way I do, and accept the principle I stated above, it follows that it must at least
be permissible, other things being equal, for parents to take
steps to ensure that their child will not be deaf.

Amyloid Plaques Affect Multiple Cell Types

Alzheimer’s is a neurodegenerative disease whose
most observable symptom in patients is loss of memory. The disease is characterized pathologically by amyloid beta plaques and neuorfibrillary tangles of hyperphosphorylated tau protein. In the February 27th issue
of Science, researchers from the Massachusetts General
Hospital’s Institute for Neurodegenerative Disease reveal that the amyloid plaques may not only affect neurons, but also astrocytes, a type of glial cell that makes
up half of the brain’s volume. Astrocytes have traditionally been considered passive support cells, but were
recently shown to be able to transmit wave like signals
through transient calcium increases. In this study, the
researchers used a fluorescent calcium dye to measure
both astrocyte activity and intracellular calcium con-
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centration via fluorescent lifetime imaging microscopy
of astrocytes in a mouse model of Alzheimer’s and in
wild-type mice. They showed that the astrocytes in the
Alzheimer’s mice were more active than in wildtype
mice and that there were increased resting calcium
levels in the astrocytic network. They also showed that
this astrocyte activity was neuron independent and
synchronized, spreading much farther than the local region where the amyloid plaques accumulated.
Although many questions remain to be answered, their
study provides insight into the role astrocytic networks
play in Alzheimer’s disease and may provide possible
therapeutic targets in the future. –A.DG.
Reference: Synchronous Hyperactivity and Intercellular Calcium Waves
in Astrocytes in Alzheimer Mice. Kuchibhotla et al. Science Feb 27,
2009.
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wo ferries silently cross a river during the night. The
two carry very different passengers: one holds civilians,
who expect a simple cruise; the other solemn convicts,
who have only a lifetime of prison ahead of them. But, the
ferries have something in common: on board each vessel are
stowaways—bombs left behind by a green-haired madman.
The deadline is fast approaching; it’s almost midnight.
The passengers have only fifteen minutes to make a moral decision.
To make things interesting, our benevolent madman has
left an additional gift for each group of passengers: a detonator
that will set off the bomb in the other ferry. If the passengers
of one ferry set off the detonator, killing the passengers of the
other ferry, then, the madman promises, he will leave the passengers on the remaining vessel alive. However, if neither bomb
has been detonated by midnight, the madman will happily intervene and kill the passengers on both boats.
Have I mentioned that they have only fifteen minutes?
Stripped of its melodrama, this scenario from last summer’s blockbuster movie, The Dark Knight, becomes a creative
depiction of the Prisoner’s Dilemma, a long-standing game
theory model for studying human behavior. Should we hesitate
to save our lives at the cost of others? Can we depend on the
other passengers’ willingness to bet on the same risk? How long
before we explode into miniscule (yet righteous!) pieces, while
we sit and ponder? As the Joker gleefully points out, the people
in the other boat may not be “quite so noble.”

O monkey! Hast thou morality?
The button of the detonator looks tempting. To push or
not to push? The movie’s characters struggle with this ques-

“

tion, which reflects the tension and anxiety we feel when faced
with the classic conflict between self-interest and what we call
“morality.” While saving ourselves may seem like the obvious
choice, we also recognize that sometimes we have to deny our
own instincts and do what is right by, for instance, empathizing with others. Recall the well-known Golden Rule: “Do unto
others as you would have them do unto you.” Why might we
believe that refusing to kill the other passengers is the correct
moral decision?
One traditional approach is to credit our conscience. Often we view the conscience at odds with nature, and we assert
that the moral principles guiding our conscience are a uniquely
human characteristic. After all, in the dog-eat-dog world that
nature is said to embody, self-sacrifice doesn’t seem practical.
That is, we can’t reproduce if we’re dead.
But in fact, recent studies suggest that morality may be,
at least in part, a product of such a natural world. Evolutionary
biologists present evidence of empathy in non-human animals,
hinting that such features may have served as building blocks
for the emergence of human morality. The idea that our moral
judgments are driven by emotion can be traced back to the
philosopher David Hume (Wade, 2007, para. 23).
In other words, people often intuitively believe that their
sense of right and wrong has emerged solely out of their communities or cultures. However, novel evidence reveals that natural selection may have had a larger role as the designer of our
morality.
For example, a recent experiment gave monkeys the option of helping another at no added benefit to themselves. In
this study, brown capuchin monkeys were presented with two
tokens: a “selfish” token and a “pro-social” token. Choosing

In the dog-eat-dog world that nature is said to embody, self-sacrifice
doesn’t seem practical. That is, we can’t reproduce if we’re dead.
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and returning the “selfish” token to the experimenter resulted
in a reward only to the subject monkey. However, returning the
“pro-social” token resulted in the reward and the same reward
to a neighboring monkey. There was no cost to selecting the
“pro-social” token, but the monkeys were found to prefer the
pro-social option (de Waal, Leimgruber, & Greenberg, 2008).
These results add to the growing evidence supporting the existence of empathy in monkeys. So, what might explain this bizarre but familiar behavior? How can we make the jump from
the empathy we see in monkeys to the altruistic cooperation
that we attribute to human morality?

Some Theories
Sociobiology offers two theories on the evolutionary development of empathy: genetic kinship theory and reciprocal
altruism (Axelrod & Hamilton, 1981). Kinship theory looks
beyond the sole interest of the individual and into the survival
of the wider genetic pool. If the individuals affected by the
altruistic action are sufficiently related to the actor, then the
action might help the actor’s genes survive, despite his or her
personal sacrifice.
On the other hand, reciprocation theory is essentially
the philosophy, “If you scratch my back, I’ll scratch yours.”
In other words, despite adverse short-term consequences, an
altruistic action could potentially rein in more valuable benefits
in the future. Both theories thus explain altruism and social cooperation more generally as mechanisms that developed solely
as means to pass along our genes.
In the experiment with the capuchin monkeys, there
was a favorable bias towards familiar monkeys (de Waal et al.,
2008). According to sociobiology, familiarity promoted empathy and increased the incidence of altruism in these monkeys
because the neighboring monkeys were more likely to be related to the subject monkey and/or more likely to stick around
to return the favor.
Case closed? Leading ethologist Frans B. M. de Waal says
no. He asserts that theories of sociobiology tend to be “gross
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simplications of genetic effects” (1996, p.13). He claims, “Human morality shares with language that it is far too complex…
and far too variable to be genetically programmed” (de Waal,
1996, p.36). Instead, he believes that in addition to an inborn
programming that has its basis in evolution, like the capacity
to empathize and invest emotionally in others’ situations, human morality needs to be further fine-tuned by the environment. This allows us to “internalize the moral fabric of our native society” (de Waal, 1996, p.36). In other words, although
the building blocks of morality may be coded in our genes,
de Waal believes that there is plenty of wiggle room for our
environment to structure our moral compasses. This, he writes,
explains why conflicting ideas of moral behavior may exist.
A critic of Hume and de Waal may posit that instead of
the emotions stirred by our empathy, our moral decisions are
driven by our reason — this may strike a particular Kantian
chord. The Kantian model proposes that moral judgments are
made after rational deliberation (Hauser, Young, & Cushman,
2007). However, de Waal responds by claiming that reasoning came “afterwards as a post hoc justification” (Wade, 2007,
para. 24). Significant moral decisions come into play in lifeand-death situations, biologists like de Waal claim, when emotions run high and conscientious reasoning take a back seat. As
Hume claimed in A Treatise of Human Nature, “Reason is, and
ought only to be the slave of the passions, and can never pretend to any other office than to serve and obey them” (1740,
p.295).
Marc Hauser, Harvard Professor of Psychology, Organismic and Evolutionary Biology, and Biological Anthropology,
defends a third possibility — the Rawlsian model — to explain
the evolutionary development of a uniquely human morality.
Here, judgment is believed to precede both emotion and reasoning. According to Hauser, we often form moral judgments
“reflexively” and thus, our moral behaviors might be explained
by an underlying mechanism or mediating principles distinct
from those of emotion and reason — just as our capacity to
learn language is mediated by linguistic principles. This “universal moral grammar,” he explains, “operates over the causes
and intentions of an agent vis-à-vis the actions that he or she
pursues toward some consequence or outcome” (M. Hauser,
personal communication, February 22, 2009).
These moral principles “operate like a knee-jerk reflex in
that they are automatic [and] unconscious,” and some examples of such principles are the beliefs that “means-based harms
are worse than side effects, actions are worse than omission,
[and] using someone as a means to a greater good is permissible
when you don’t make them worse off” (M. Hauser, personal
communication, February 22, 2009). Our “moral instinct,” as
he describes it in his book, Moral Minds, evolved just like any
other organ in our bodies, refined by years of environmental
pressures to become what it is today.
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Why so serious?
So back to the life-and-death situation we first considered.
As it turns out, you can breathe a sigh of relief — no one dies
in this particular scene. In the end, the passengers in each ferry
choose to risk their own lives instead of killing the passengers in
the other, and Batman saves the day as usual so that the Joker
can’t detonate the bombs. However, the point of this article, if
you remember, was to explore the reasons for why you breathed
that sigh of relief.
Why do the scenes depicting the final decisions of the passengers evoke feelings of triumph — such as when the convict
grabs the detonator from the ferry captain’s hands and dramatically throws it out the window? Why do we cheer the willingness of our fellow humans — whether average citizen or alleged
criminal — to sacrifice themselves for the sake of others, for a
greater good?
A reasonable Kantian may argue that setting off the
other bomb would be wrongly treating those on the other ferry
merely as a means to one’s own survival. Our universal rationality, he would say, prohibits us from giving in to the crude
instinct of self-preservation. On the other hand, an emotional
Humean may counter that our ability to put ourselves in the
shoes of those in the other boat makes us consider self-sacrifice.
Empathy may have evolved as anything from the sole motivator for increasing genetic fitness or as more of a basic building
block for human morality. Or finally, a third party might chime
in, defending a Rawlsian point of view, and claim that moral
actions are “cold” reactions to an evolved set of moral principles
(M. Hauser, personal communication, February 22, 2009).
Despite the undeniable ambiguity of morality, evolutionary theory has come a long way in attempting to explain its

origins and development. However, it is also just getting started.
Hauser points out that the evolutionary approach to morality
is being taken more seriously and has become a hot topic as
“over the last few years…several different disciplines have crossfertilized” to find themselves debating over converging issues in
the moral domain. “Interesting theories and novel methods,”
among those the ones discussed above, have kept the subject at
the forefront of modern scientific discourse.
So when you re-watch The Dark Knight for the umpteenth
time, pay more attention to the ferry scene. Tally the number of
silent arm pumps and triumphant smiles rallying for the good of
humanity. But, if you find yourself actually sympathizing with
the psychotic Joker… Well, there’s another evolutionary theory
for you…
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Should you be sleeping with one eye open?
In “The Joker Was an Ethicist,” the boat situation is
presented as an example of a moral dilemma. Like the Joker,
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we too wanted to carry out a little social experiment (albeit
a more benign one). We asked students in all of the Harvard
Houses to tell us what they would do if they were stuck in
the “Dark Knight-mare.”
In turns out that freshmen were most likely to choose
to die along with the convicts, suggesting that the long-cited
myth of naive, optimistic freshman may in fact be true. Out
of their older, more jaded colleagues, Dunster and Winthrop
proved themselves to be most empathetic, with just over
50% of students opting to perish with the convicts.
In general, students found it easier to empathize with
civilians than with convicts; 19% of respondents, on average, changed their answers to “don’t kill” when the other
boat was filled with civilians and not convicts. But don’t wait
for us to tell you, check out the results yourself. And for
those of you in Adams and Quincy, well, you may want to
check your locks. At the very least, you’ll know who not to
turn to for help.
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A Glass Half-Full

Continued from page 26...
her state of health should not be attributed to a newfound optimism; after all, she says she is a “naturally optimistic person”
and that she coped with her cancer how she would cope with
any other problem: “You are who you are, and you bring that
to cancer” (Marcus, 2004).
Spiegel’s hypothesis would then suggest that the death of
Dr. Klopfer’s patient can be explained by the possibility that
the patient was, prior to becoming ill, a naturally optimistic
person, and so the pessimistic proclamations of the AMA may
have added significant stress to his body, more than any natural
optimist could handle.
Let’s also think back to Peter Matrioanni, the heart patient. Peter himself admits to being a naturally optimistic man,
and so an optimistic outlook is probably the best mental medicine for him. The proposed correlation between optimism and
healing might, then, more correctly be described as a correlation between healing and not over-reacting, neither positively
nor negatively, upon hearing a bad diagnosis. Observed statistical relations between optimism and healing may have more
to do with general correlations between optimism and patient
proactivity (following the doctor’s orders), as well as with the
fact that most people, like Peter, are relatively optimistic before
a bad diagnosis brings them down, and less to do with biologi-

cal stressors associated with pessimism itself.

The better we know ourselves, the better we
will heal
Whether or not optimism is always beneficial in healing
may still be a topic for debate, but in any case, the data invariably prove one profound point: there is an inherent and
immensely powerful connection between mind and body.
Whether we see a poor prognosis as a “glass half-full” or a “glass
half-empty,” we all possess, to some degree, the potential for
self-healing, whether this be as extreme as Dr. Klopfer’s miracle
patient or as subtle as a sense of internal peace.
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Suffering in
Silence AD/HD in Girls
by
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or much of my childhood, Attention Deficit/Hyperactivity Disorder dictated my life. I couldn’t sit still, and it
was a common occurrence to see me climb on restaurant
tables, run up and down movie theatre isles, and intrude on
others conversations. By the time kindergarten came around it
was clear to my family and my teachers that my behavior was
the result of a deeper problem. Once I began taking medication for AD/HD, I started doing very well in school. Without
the intervention, I would certainly not be at Harvard. My experience, however, with AD/HD is not the norm for most girls
with the disorder; up to 75% of girls who have AD/HD will
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go undiagnosed (or will be diagnosed with depression or anxiety) until adulthood. What could be the cause for this discrepancy between the diagnosis rates for boys and for girls? Is there
something different about the way in which AD/HD manifests
itself in boys that makes it easier for physicians to diagnose?
AD/HD does not always appear the same in boys as it
does in girls; it is actually much more noticeable in boys. I
will explain the reason for this discrepancy later on. But for
now, one should understand that even though AD/HD in girls
tends to be less noticeable, it is not less detrimental and will
often have a much more negative impact on their lives if left
untreated (Biederman et al., 2002).Before I go any further in
drawing a distinction between boys and girls with AD/HD and
their likelihood of getting diagnosed, it is important to explain
what exactly it means to have AD/HD. According to the Diagnostic and Statistical Manual of Mental Disorders (DSM-IVTR), the essential feature of AD/HD is a continuous pattern
of hyperactivity-impulsivity and/or inattention that is more
severe than in people at the same developmental level. It is also
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important to distinguish between the two types of behaviors.
Hyperactive-impulsive behavior can include constant fidgeting
or restlessness, an inability to stay seated, blurting out answers
to questions, and intruding on conversations or games. In
contrast, some classic symptoms of inattention include an impaired ability to stay focused on activities, failure to pay attention to details (often leading to careless mistakes in assignments
and projects), forgetfulness, and difficulty staying organized.
Symptoms of hyperactive-impulsive behavior and inattention vary in intensity. The different combinations of symptoms have actually given rise to three different subtypes of AD/
HD: combined Type (where both inattentive and hyperactive-

with predominantly hyperactive-impulsive type AD/HD as
“Tomboys,” girls with combined type as “Chatty Kathys,”
and the inattentive type as “Daydreamers.” According to
Nadeau (1997), the difficulty of identifying the Daydreamers has already been discussed, but the Tomboys and Chatty
Kathys can also be difficult to diagnose. The Tomboys, are
“more physically active, drawn to more risk-taking activities
such as tree climbing.” Girls with this form of AD/HD are
slightly easier to diagnose because their behavior is more
noticeable, but sometimes they are misread and are labeled
as “undisciplined and just not academically inclined.” Nadeau also states that the “Chatty Kathys” are hyper-talkative

Up to 75% of girls who have AD/HD will go undiagnosed (or will be
diagnosed with depression or anxiety) until adulthood.
impulsive tendencies are present), Predominantly Inattentive
Type, and Predominantly Hyperactive-Impulsive Type. These
distinctions were not always present in the DSM, however. For
many years, both impulsivity and hyperactivity were thought
to be the primary traits displayed by children with AD/HD –
symptoms that incidentally many more boys than girls exhibit.
Therefore, research on the disorder and the ensuing diagnostic
criteria has been disproportionately based on the observation
of boys (Quinn & Nadeau, 1999). However, in the 1980’s,
researchers noticed that some children displayed symptoms of
severe inattentiveness, yet lacked classic hyperactive and impulsive behavior (National Resource Center on AD/HD, 2008).
This groundbreaking discovery changed the definition of AD/
HD, such that the revised fourth edition of the DSM now includes the three aforementioned subtypes of the disorder.
The declaration of these subtypes did not eradicate the
stark difference in the rate at which boy and girls are diagnosed
with AD/HD. The ratio of boys to girls with AD/HD in the
general population is believed to be 3:1, but the ratio between
the two sexes in clinical referrals is a whopping 10:1 (Biederman et al, 2002). One explanation for such a discrepancy is
that boys with AD/HD often stick out. They tend to exhibit
disruptive behaviors such as impulsively hitting someone when
they are upset or blurting out inappropriate comments, which
attract a lot of attention. As a result, boys are often diagnosed
with AD/HD at an early age (National Resource Center on
AD/HD, 2008). Unfortunately, the case is often different for
girls with AD/HD. Girls tend to have Predominantly Inattentive Type AD/HD; they display little or no hyperactive behavior and are therefore less disruptive in the classroom and at
home than their male counterparts.
When girls do have predominantly hyperactive-impulsive or combined type AD/HD, their symptoms of hyperactivity are frequently misread as something other than AD/
HD. Kathleen G. Nadeau, Ph.D., a leading psychologist on
the effect of AD/HD on girls and women, categorizes girls
2009

and hypersocial rather than hyperactive; “they are ‘silly’,
excitable and overemotional.” A teacher or parent of a girl
who talks incessantly may simply see her as chatty, not hyper or problematic — and thus are less likely to recommend
the child for an evaluation (Karras). Also, while they might
be viewed as bright and highly sociable, their behavior will
often result in social problems because of their inability to
listen when being spoken to, their desire to be the center of
attention or their failure to focus.
Unfortunately for girls, AD/HD tends to have a much
more negative impact on their lives if left untreated (Quinn
& Nadeau, 1999). According to Connolly (2004), girls with
undiagnosed AD/HD (especially those with hyperactive-impulsive or combined type) tend to face more peer rejection
and have more difficulty maintaining friendships than boys.
Often, this difficulty stems from the different social rules applied to males and to females. Girls are generally very complex in the ways they socialize, and their friendships often
require more maintenance and place greater value on cooperation than those of boys. Unfortunately, since AD/HD creates difficulties with verbal control and expression, having
this disorder can impair a girl’s ability to pick up on subtle
social cues, thus hindering her ability to make and maintain
friendships. Most boys who have AD/HD do not rely on the
same set of skills that girls do to facilitate successful social
interaction (Connolly, 2004). Boys tend to be more direct
and less covert in resolving conflicts than girls. Also, boys
often participate in activities that involve more exploration,
risk-taking, and competition. As a result, boys who have difficulty reading social cues or struggle with verbal expression
tend not to be as negatively impacted by ADHD because
their social interactions are generally more activity-oriented
(Quinn & Nadeau, 1999).
In both genders, AD/HD can lower self-esteem. When
a child has an undiagnosed obstacle to learning and cannot
change his or her behavior despite his or her efforts, it is
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nosed at an early age because of my unusually overt symptoms. The failure to recognize AD/HD in females impairs
the development of their social skills, affects their future academic success, and significantly increases their risk of depression, anxiety, substance abuse, and sexual promiscuity.
With further research and increased awareness of the symptoms girls with AD/HD display, we will hopefully be able to
prevent more girls from slipping through the diagnostic net.

“

Unfortunately for girls, even
though their AD/HD tends to be
less noticeable, it is not less detrimental and will often have a
much more negative impact on
their lives if left untreated.

”
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difficult for them to feel good about themselves, especially if they know that they are capable of success. Edward
M. Hallowell and John J. Ratey, authors of the acclaimed
book Driven to Distraction, explain that “many people who
have ADD are very smart. It’s just that their smartness gets
tangled up inside” (Hallowell & Ratey, 6). However, even
though both boys and girls coping with untreated AD/HD
will generally face this problem, girls are likely to face additional social difficulties, compounding their problems. Girls
with ADHD also suffer from anxiety and depression more
than boys with the disorder because of their “internalized
symptoms.” Among the girls who have been diagnosed, the
most common prior diagnosis is depression (Quinn & Nadeau, 1999). Physicians seeing adult women all too often
focus on the symptoms of anxiety and depression rather than
recognizing that these emotional problems may mask the actual problem, ADHD (Sigler, 2005).
Perhaps in an attempt to win social acceptance and
raise their self esteem or as a result of impulsivity, girls
who silently suffer from AD/HD become sexually active at
an earlier age than girls without ADHD (Quinn & Nadeau,
1999). With peer acceptance on the line and already impulsive tendencies, they are much less likely to weigh the consequences of unsafe sex than their non-AD/HD counterparts.
As a result, they are at a higher risk of pregnancy and can
face greater obstacles than adolescent boys as they become
familiar with their sexuality. Several studies (Biederman et
al., 1999) also indicate that girls with AD/HD are at a much
higher risk of substance abuse and smoking; they are four
times as likely to smoke during adolescence than girls without the disorder (Quinn & Nadeau, 1999). However, when
treated with stimulant drugs (used to dampen the negative
psychological effects of the disorder), they are half as likely
to abuse drugs and/or smoke than if they do not take stimulants (McCoy, 2008). Thus, an earlier diagnosis may significantly decreases the likelihood that a girl becomes engaged
in dangerous activities.
The stereotype that AD/HD is reserved for hyperactive boys in elementary school has left many girls suffering
silently from this disorder. I was lucky enough to be diag-
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The Vehicle in the Driver’s Seat
Reassessing Dawkins’ “Replicators”
by Amanda Klimczuk

“Just as a population is contaminated by other populations, so an individual’s posterity is contaminated
by that of his sexual partner. Your children are only half you, your grandchildren only a quarter you….
Individuals…are fleeting. Chromosomes too are shuffled into oblivion, like hands of cards soon after
they are dealt. But the cards themselves survive the shuffling. The cards are the genes. The genes are
not destroyed by crossing-over; they merely change partners and march on…That is their business.
They are the replicators and we are their survival machines. When we have served our purposes we are
cast aside. But genes are denizens of geological time: genes are forever.” (35)

T

hus wrote Dawkins in his 1976
magnum opus, The Selfish Gene,
which spells out an approach
to evolutionary theory with the
gene at its center. As the author observes,
an individual organism is painfully shortlived—but the genes that comprise its biochemical “blueprint” can survive unaltered
for thousands of generations until bad luck,
copying error (16), or natural selection
destroy them.
According to this “genocentric” description, these high-fidelity “replicators” are selected for by natural selection. Individuals,
in contrast, are merely transient “vehicles”
that genes use to jump from generation to
generation (34). Dawkins states that genocentrism “is a different way of seeing [evolution], not a different theory” (x). Foremost,
however, his ideas are difficult to reconcile
with modern knowledge of genetics, which
now views “the gene” as a somewhat outdated concept (Keller 68). Furthermore,
despite claiming the contrary, Dawkins often imbues the gene with a strange agential
power (“Replicator in Retrospect” 11) that
obscures reality and consequently provides a
problematic picture of evolution by natural
selection. I aim to critically examine Dawkins’ ideas for both their internal consistency
and their relevance to modern genetics.
Section I analyzes the ways in which the
genocentric view misrepresents specific
case studies which purportedly support it,
thereby questioning the validity of Dawkins’ arguments. Section II covers broader
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theoretical problems that the genocentric
perspective fails to explain. Finally, Section
III reexamines Dawkins’ concept of the gene
as the unit of selection and judges that it
is not, as he claims, a “helpful” (Extended
Phenotype 91) way to think about natural
selection and evolution.

I. Assessing Evidence for
Genocentrism
Introns: Genomic Free-loaders
In order to support the gene-selection
theory, Dawkins discusses “introns”—
segments of non-coding DNA that lie
between coding regions (Extended Phenotype 156-164). Sometimes referred to as
“junk DNA,” these regions are effectively
inert. They are carefully “spliced” (removed)
from the genome after DNA transcription
occurs, which prevents them from being
translated into meaningless chains of amino
acids. From the organism’s point of view,
introns are little more than useless stretches
of base-pairs, helpful for neither survival
nor reproduction. Indeed, they seem to be a
waste of space and materials (163).
To explain introns, then, Dawkins
invokes the agential gene. The intron thus
viewed becomes something like a parasite
concerned only with its own survival, which
it can secure by hiding in a host genome.
“Paradoxically,” Dawkins writes, “we are
most familiar with the more indirect, elabo-
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rate, and roundabout methods by which
DNA molecules secure their future…But…
cells are home to a motley riff-raff of DNA
and RNA fragments, cashing in on the
perfect environment provided by the cellular
apparatus” (159).
There are several issues with this view,
the first of which is its ignorance of alternative splicing, a process that puts a great
deal of pressure on the terms “intron” and
“exon.” Alternative splicing allows for the
possibility that “introns” themselves actually
get transcribed. This apparently flexible division of the genome calls into question where
“dutiful” genes (i.e., exons) end and “rogue”
genes (introns) begin.
Alternative splicing is a an example of
greater theoretical difficulties we will discuss
later. However, assuming for now that introns and exons are, in fact, discrete entities,
we must ask: why be an exon? If introns are,
on Dawkins’ conception, genetic “freeloaders” who act as clever opportunists and
exploit an organism’s replication machinery,
why are they “tolerated” by more “fairminded” genes who do their share of the
work? The question seems odd, but it is in
accordance with Dawkins’ personifying terminology. Put another way, it is difficult to
imagine how genes could cooperate to form
a replicating organism or “vehicle” if some
of them refuse to do any “work,” or if they
are interested only in their own survival.
First, Dawkins’ conception conflicts with
empirical evidence, which suggests that
introns are comprised of “residual” DNA
The Harvard Brain
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that might once have contributed to an
organism’s survival. Beyond this, however,
we see the dangerous logical pitfalls that result from overzealously painting genes with
metaphors of agency and personality, as
Dawkins does. With such a conception, it
becomes easy to forget that neither introns
nor exons literally “care” about the survival
of the organism in which they dwell, or even
about their own survival. The difficulty we
have in imagining an organism comprised of
self-interested, self-preserving genes is due
precisely to Dawkins’ manner of conceptualizing. In other words, Dawkins’ concept of
the gene as the basic replicator makes it hard
to see how an organism is possible.
If we strip introns of their “subversive
intentions,” the question “why be an exon?”
is no longer problematic. Reverting to the
passive voice, we can instead ask why introns are preserved in an organism’s genome
despite being inefficient. The answer is that
natural selection is imperfect. Organisms
are not necessarily perfectly adapted to their
circumstances; they must solve novel problems by starting with what adaptations they
have already developed. Evolution follows
the “path of least resistance;” it does not get
rid of “unnecessary” vestigial features unless
they are deleterious. Thus, an intron’s lack of
necessity (Extended Phenotype 156) makes it
no more “selfish” than coding DNA.
In sum, discussing introns from
the genocentric perspective
forces Dawkins to violate
the boundaries of his own
concept of “gene competition.” Dawkins denies that
non-coding DNA is completely impervious to selection pressures—for instance,
longer segments of “spacer
DNA” might lead to higher
frequencies of exonic gene
crossover, which might be
selected for under certain circumstances (EXP 157). Thus,
Dawkins is forced to refer to the selection
of introns as a function of their phenotypic
effects. Foremost, this suggests that the gene
is not the basic unit of selection, something
that Dawkins seems to believe. Additionally,
it prohibits the intron from being support
for genocentrism. If the intron’s “free-loaderness” is supposed to suggest that genes are
in some way concerned only with their own
propagation, then this supposition is wrong
in light of the fact that introns themselves
are selected for according to the advantage

they confer on the organism.

My way or the Highway:
Examining the Medea Gene
At first glance, introns may seem to support a genocentric theory of natural selection because they cannot be easily explained
at the level of the organism. There are other
examples of seemingly “selfish” genes, which
employ techniques that we cannot help but
think of as “sneaky” or “deceitful.” Among
these examples are segregation distorter
genes, which bias meiosis in their favor
(Ridley 98), and invasive sperm that infiltrate and usurp the gonads of a full-grown
scale insect (Ridley 97). As a test case, I will
focus on a gene known as Medea (for “maternal effect dominant embryonic arrest”).
While I will refer specifically to the gene
as it exists in the flour beetle (Tribolium
castaneum) (“Medea”), similar variants exist
in other species, including a certain variety
of cress (“Flora Like Fauna”).
When a female beetle heterozygous for
the dominant Medea (M) allele produces
offspring, only half on average will inherit
Medea from her; the other half will inherit
the alternative allele. The father will also
pass on an allele: M or m. Shockingly,
those beetles unlucky enough to inherit only

to secure Medea’s perpetuation into future
generations. Indeed, it is difficult to avoid
seeing the “will” of the gene. Foremost,
however, it is important to remember that
complex behaviors can evolve entirely
without consciousness. Humans have spent
many centuries trying to decipher the workings of the body and brain, but this does not
necessitate the existence of a “designer.”
Similarly, Medea’s effects are not volitional
but coincidental. Just because it is true that
Medea does destroy recessive alleles does not
mean that it has any sort of intent or drive
to kill things or to increase its own survival
time. It bears repeating: genes do not “care”
about their continued existence. This may
seem obvious, but it is important to acknowledge for the aforementioned reasons.
What about Medea’s deleterious effects
on the organism? If, as I have been suggesting, the organism is the unit of selection,
how can we explain a gene that reduces the
reproductive success of its host even as it
gains a relative advantage over competing
alleles? It is not, as might be claimed, impossible to view the case of Medea from an
organism’s point of view. Those female flour
beetles with the mm and MM phenotypes
are well-off, whereas those with Mm are
doomed to half-brood sizes (on average).
Instead of thinking of selection as acting
positively on the Medea gene, it is reason-

The problem is that Dawkins’ colorful language is more than
unhelpful; it is harmful. It obscures the true role of genes...
instead deifying them as “quasi-mythical entities.”

The Harvard Brain

small “m”s die as embryos; in other words,
only those offspring that themselves carry
the Medea allele make it out of the womb.
In this way, the Medea gene seems to “make
itself necessary,” especially since its function
is otherwise unclear. Although Medea is
not fully understood, it is possible that the
gene secretes both a poison, perhaps released
universally by the mother onto all of her
eggs, and an antidote, produced in each Mcarrying embryo after fertilization occurs.
This system seems like a sinister ploy
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able to consider selection as acting negatively against the heterozygous phenotype.
It is, for obvious reasons, difficult to wipe
out heterozygotes completely: so long as two
variants of an allele exist, they are bound to
meet eventually in one individual. But it is
not impossible, and Medea could eventually
take over a population—indeed, it already
had before it was discovered. The “heterozygous Medea” phenotype then becomes like
any other disadvantageous mutation that is
subject to environmental selection pressures.
2009
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In The Selfish Gene, [Dawkins] even goes so far as to name to a [single] gene
a discrete cluster of effects, for example the effects that collectively form a
butterfly’s colored wings. But by referring to function rather than structure,
it becomes unclear why Dawkins should be talking in terms of “genes” at all!
Phenotypic effects do not follow directly from genes under any causal model;
DNA is only one factor that...leads to outward structure and appearance.
Thus, we could read Medea not as a selfinterested replicator, but as a gene whose
propagation is selected via phenotypic
effects.
More fundamentally, there may be problems with taking Medea as a discrete gene to
begin with. Suppose that Medea does work
via the poison/antidote mechanism, and
consider the hypothetical situation in which
the codes for “poison” (P) and “antidote”
(A) are separated from each other by more
than just a few base-pairs. In other words,
they are no longer linked together; the
Medea “gene” has been fragmented. Such
a scenario affords us a few possible phenotypes. The pp/AA, pp/Aa and pp/aa types
are essentially unburded by the effects of
Medea, since no poison is secreted, and they
have normal brood sizes. A female with P*/
aa, though, would appear sterile; all of her
offspring would die defenseless against her
own poison. This female is better off mating
with an Aa male (half-brood survives) or an
AA male (the whole brood survives). Ultimately, the A allele will come to dominate
its non-antidote-producing competitor.
The P allele is not advantageous, but it is
permitted to exist in the population because
its extremely harmful effects are nullified by
the pervasive A.
The point of this scenario is to illuminate
the flawed, contingent nature of “selfish
genic” thinking. We come away with a
different perspective on Medea merely by
moving it around. In the original, “one-
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gene” case, it seems that Medea is “selfish”
because of its “nefarious” tactics to “kill off
the competitor.” When Medea’s two effects are separated, something shifts in our
psychology. Now, the poison is exposed for
what it really is: a gene under negative selection pressure that is lethal to all offspring
unless they are lucky enough to be buffered
from it. It is the A allele that is positively
selected for because it can compensate for
the hurtful effects of a deleterious mutation.
It may have even evolved first, a neutral mutation in the genome without phenotypic
effect, until its “antidote” properties were
realized with the development of the poison
mutation. We have no illusions about this
process; it is clearly a straightforward case of
natural selection. We are no more tempted
to call the antidote code “selfish” than we
are to call the poison code “suicidal”. 1

II. Putting Pressure on the Gene
Questioning Gene Boundaries
The cases of introns and the Medea gene
illustrate one fundamental problem for the
genocentric theory; that is, where does one
gene end and another begin? We arrive at
different ideas depending on how we define
1 This two-gene situation is not unrealistic. Many

organisms have “killer” and “rescuer” alleles, and often
the “rescuer” allele comes to dominate the gene pool
(Gould et al.).
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gene—in Medea, we saw that Medea
can be either the “gene” under which the
functional process of poison/antidote release
is subsumed, or the structure divided by
base pairs. Dawkins himself admits that
gene boundaries are “arbitrary” (Extended
Phenotype 80) and that crossing-over does
not respect coding regions of the genome
as discrete entities (Selfish Gene 28). The
problem is exacerbated when we take into
account modern discoveries, which seem
to “put the very concept of the gene into
jeopardy” (Keller 69). As discussed, alternative slicing jumbles what seems to be orderly
sequencing of base-pairs. A number of
variable “rules” that regulate transcription
(Keller 67) make it more and more difficult
to think of nucleotide bases as orderly “letters” that spell out distinct and meaningful
gene-“words” (22-24).
Dawkins describes the definition of
“gene” as a “fading-out definition, like the
definition of ‘big’ or ‘old’” (32): in sexually
reproducing creatures, the larger the length
of chromosome, the greater the probability
that it will be “broken up” during meiotic
crossing-over. Any single nucleotide has an
extremely high probability of being carried without error into the next generation
(Extended Phenotype 90). Recognizing the
absurdity of the concept of a “selfish nucleotide” (90), Dawkins rejects it as “unhelpful” (91).
In order to come up with something
conceptually “helpful”, Dawkins is forced
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to resort to a gene in terms of its effects on
the world: “a cistron is large enough to have
a consistent phenotypic effect relatively, but
not incompletely, independently of where
it exists on the chromosome” (92). This,
along with Dawkins’ statement that genes
must have different effects if they are to be
considered different units of selection (93),
has the consequence that even structurally different DNA sequences that have the
same effect are not considered “different
genes”—a decidedly “individualist” view.
In The Selfish Gene, he even goes so far as to
name to a [single] gene a discrete cluster of
effects, for example the effects that collectively form a butterfly’s colored wings (32).
But by referring to function rather than
structure, it becomes unclear why Dawkins
should be talking in terms of “genes” at all!
Phenotypic effects do not follow directly
from genes under any causal model; DNA is
only one factor that, along with cellular machinery, other existing molecules, etc., leads
to outward structure and appearance.
By referring to visible, external effects,
Dawkins is subtly shifting the focus to
the individual as a unit of selection and
undermining his own genocentric argument. Keller expresses this view best in her
Century of the Gene:
The breakdown of the one-gene-oneprotein hypothesis critically undercuts
the possibility of attributing function to
the structural unit that has traditionally
been taken as the gene. Yet reconceived
as a functional unit…the gene can no
longer be set above and apart from the
processes that specify cellular and intercellular organization…the inherited
DNA provides the crucial and absolutely indispensable raw material, but
no more than that (71).
Put another way, by redefining a “gene”
as a cluster of functional effects, it’s hard
to see the different between a gene and a
phenotype—and since traditional views
of evolution hold phenotypes as the basic
unit of evolution, we then are hard pressed
to see why Dawkins’ view is interesting or
revolutionary.

Reconsidering the “Replicator”
Dawkins might nevertheless claim that
genes are fundamentally different than
individual organisms. Recall Dawkins’
quotation: individuals are transient entiThe Harvard Brain
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ties. Sexually-reproducing organisms have a
100% chance of being imperfectly copied in
the next generation; DNA miscopies about
1/50,000 of its characters per generation
(Blind Watchmaker 179). Dawkins is certainly correct that individuals, at least sexually- reproducing ones, are not high-fidelity
replicators (Extended Phenotype 82). What
he is incorrect about is the claim that “you
cannot get evolution by selecting between
entities when there is only one copy of each
entity!” (Selfish Gene 34).
Again, Dawkins has unwittingly admitted, natural selection is blind to genes; it
can act only on what it “sees”—phenotypic
effects. It is impartial to the difference
between two segments of genetic code if,
by chance, they both do the same thing.
What should be clear, then, is that natural
selection is not acting to preserve genes but
simply the survival of a number of stable
forms that keep recurring. High-fidelity
replicators, as Godfrey-Smith points out, are
not essential to reproduction (“Replicator
in Retrospect” 7) or evolution (8). Indeed,
the earliest forms of replicating entities were
probably not very accurate at all (“Lectures”). Put simply, the only characteristic
that a replicator needs to pass on to its
replicates is the ability to make other replicates. In other words, the continued fidelity
of a gene is not what drives its own survival
(though, on Dawkins’ genocentric account,
the desire to retain this fidelity does drive a
gene). Only the phenotype is selected for.

III. Cutting the Gene
Down to Size
Claiming that “things that tend to
survive, survive” may seem tautological, but
at least it is accurate. Dawkins makes this
claim at the very beginning of The Selfish
Gene: “there is no need to think of design
or purpose or directedness…natural selection was simply a selection of stable forms
and a rejection of unstable ones…It had to
happen by definition” (13). The problem is
that he is liable to lapse into vivid metaphor, imbuing genes with an undue agential
power: “Evolution is something that happens, willy-nilly, in spite of all the efforts of
the replicators (and nowadays of the genes)
to prevent it happening” (18). We must
remember that a replicator is completely
apathetic about its fate: “Genes cannot be
selfish or unselfish, any more than atoms
can be jealous, elephants abstract or biscuits
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teleological” (Midgley). The problem is that
Dawkins’ colorful language is more than
unhelpful; it is harmful. It obscures the true
role of genes as “placeholders,” “trackers” or
“bookkeepers” (Godfrey-Smith, “Lectures”),
instead deifying them as “quasi-mythical
entities” (Keller 145). It uses “unworkable”
(Midgley) genetics to justify a personification of discrete entities that are, in modern
terms, effectively nonexistent.
Genes do not have foresight; they do not
agonize over their eventual inexistence; they
do not care about persisting in time. Humans, however, do. The prospect of eventual death sparks religious fervor. It inspires
poetry and artwork. It has been argued that
a human being cannot imagine nonexistence, which is one reason why Dawkins’
“immortal genes” seem so appealing. But
although it may be somewhat less tedious to
equip genes with teleological properties, we
must be very careful to keep in the back of
our minds a concept that Dawkins himself
is fond of reiterating: that evolution has
neither goal nor soul.
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F

amed Russian-American writer
Vladimir Nabokov admitted to
seeing colors in the letters he used
to write his masterpieces. Wassily Kandinksi, the brilliant German artist,
used the colors he envisioned in sound
to produce his paintings. Jazz musician
Duke Ellington said he ‘heard’ colors when
composing and playing music. Some have
admitted to ‘tasting’ touch or ‘feeling’ numbers. These strange perceptions are the basis
of a well-known neurological phenomenon
known as synesthesia. Synesthesia has been
documented by scientists for hundreds of
years, and it is a prevalent condition affecting upwards of 1 in 200 people (Ramachandran and Hubbard, 2001b). Individuals
with this condition explain that they experience a sensation that combines two senses
into one. At an early age, synesthetes may
complain that numbers, when presented as
fridge magnets for example, feel “wrong,” in
that the colors of the magnets do not match
up to a perceived color scheme for those
numbers. This is an example of grapheme à
color synesthesia. Other types of synesthesia
enable individuals to hear sounds as colors
(sound à color synesthesia), even ‘taste’
words (lexical à gustatory synesthesia),
or assign personalities to days of the week
(Cywotic, 1995). Interestingly, the disorder
occurs predominantly in women (6:1 to
men) and seems to be passed down in families (Bailey and Johnson, 1997). Synesthetes
are predominantly non-right-handed, have
excellent memories, are prone to “unusual”
or “supernatural” experiences, and many
temporal lobe epilepsy patients tend to have
synesthesia (Cytowic, 1995). To this day,
a coherent theory detailing the etiology of
synesthesia is yet to be devised.

Association Theory
In recent years, scientific studies have
proven that synesthesia is indeed a true
2009

sensory phenomenon rather than a cognitive one. The first major theory about
synesthesia was developed in the late 19th
century and denied that the condition was a
sensory/perceptual phenomenon. Instead, it
contended that synesthesia results from individuals associating various letters with colors early in childhood. For example, if these
individuals had played with letter-like fridge
magnets frequently as children, the individuals may simply have associated the colors
of the magnets with the letters (Calkins,
1893) rather than actually having a genuine
sensory experience. This theory was proven
incorrect in several ways, demonstrating that
synesthesia is indeed a perceptual phenomenon. Firstly, it fails to explain the genetic
basis for the condition; it does not explain
why not everyone in the world experiences
synesthesia despite clearly being exposed to
paired stimuli in childhood; it does not address why only certain kinds of stimuli (i.e
letters, numbers) are responsible for the effect. Perhaps the most astounding evidence
is that synesthetes around the world tend
to have similar synesthetic experiences, for
example describing the same numbers as
having the same colors. Surely, not everyone
around the world can encounter the same
stimuli pairings as the association theory
suggests they should (Rich and Matingley,
2002). This is all rather compelling evidence
falsifying the claim that synesthesia occurs
because of associations formed during childhood.
However, the aforementioned evidence
does not definitively prove that synesthesia
is a sensory phenomenon rather than a
cognitive one. To do so, Ramachandran and
Hubbard (2001b) devised a clever experiment in which they made a matrix of the
numbers 5’s and 2’s. The 2’s were positioned
in the shape of a triangle amidst a majority
of 5’s. To a non-synesthete, it would take
several seconds to identify the hidden 2’s
and then deduce that they form a triangle.
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However, to synesthetes, the triangle immediately ‘popped out’ of the grid as a red
shape in front of a green background and
they reported seeing it almost instantly.
This simple test establishes that synesthesia is an automatic sensory perception
and that it is not controlled by conscious
processing. With this fact established, the
more important question becomes: what is
the neurological basis for the phenomenon?

Cross-Activation Theory
Research supporting cross-activation
theory mainly focuses on the most common
type of synesthesia (grapheme à color) but
can be applied to other types as well. The
basic idea behind this theory is that synesthesia results from neural cross-wiring in the
brain. When one sensory area of the brain
is stimulated, a neighboring sensory area is
also stimulated because of common neural
links, leading to an intermingling of sense
perceptions (Baron-Cohen et al, 1993). Not
surprisingly, in the case of grapheme-color
synesthesia, the areas of the brain responsible for color sensation (V4) and number/
letter sensation are adjacent to each other
in the fusiform gyrus (Ramachandran and
Hubbard, 2001a). Perhaps cross-wiring in
this case leads to the feeling of synesthesia by which the sense of number/letter
is provided a certain color (Baron-Cohen
et al, 1997). Since synesthesia runs in
families and is most common in females,
Ramachandran and Hubbard (2001b) suggest that synesthetes carry a gene on their
X-chromosome which may be responsible
for excess cross-wired connections or a lack
of ‘pruning’ of neural connections during neurodevelopment. This is a powerful
theory that is useful in explaining a variety
of synesthetic phenomena. For example, if
most synesthetes are shown Roman numerals instead of typical Arabic numerals, the
colors are not evoked, the colors are not
The Harvard Brain
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evoked, suggesting that cross-activation occurs in the fusiform, rather than higher areas
of the brain responsible for the representation of the meaning of the Roman numeral
(Ramachandran and Hubbard, 2001b).
Some of the most compelling evidence
for cross-activation theory comes from
Baron-Cohen (1996) and Maurer (2005)
who separately demonstrate that all human
babies are born with synesthesia – that their
perceptions of the world are radically different from our own – and that this condition
tends to disappear at around 3 months of
age. Often, these babies also experience
sensory confusion because the senses have
yet to modulate. Some of the evidence for
this finding comes from experiments that
demonstrate that babies match bright, small
objects with higher pitched sounds, as most
adult synesthetes do. This idea supports
cross-activation theory because it is correlated with the observation that hyperconnectivity of neurons degrades with age
(Luek et al, 1989).
However, cross-activation theory is
not without its problems. Research in this
field mainly focuses on grapheme à color
synesthesia and is buttressed by
the neurological proximity of
the sensory regions. The theory
has some difficulty explaining
the rarer synesthesias that result
from merging of neural sensory
centers some distances apart.
As well, cross-activation theory
fails to address the synesthesia
that results from the consumption of LSD or mescaline
(Grossenbacher and Lovelelace,
2001). Clearly, it is unlikely
that individuals grow more
neural connections when they
use these psychotropic drugs
to induce synesthesia effects.
Lastly, cross-activation theory does not
adequately address the process of learning.
It is unclear whether a gene which leads to
hyper-connectivity can be so highly specific
downstream as to induce neurons to wire in
such a distinct pattern so that, for example,
‘5’s appear green, ‘2’s are red, etc. And if the
gene is not responsible for these grapheme
à color associations, how exactly does this
association come about in the first place?
Perhaps, there is some room for learning
and neural plasticity to form these associations, but this process is not adequately
addressed by this theory.

Disinhibited Feedback Theory
Disinhibited feedback theory, developed
by Grossenbacher and Lovelace (2001),
diverges from the cross-activation theory
in two major ways. Firstly, it considers the
synesthete’s brain as being “normal” with
regard to the number and connections
between neurons. Secondly, rather than
considering perceptions from localized,
low-level sensory activity in the V4/grapheme areas, for example, it considers perceptions within a nexus of converging sensory
information. As a start, the theory relies on
the process by which sensory information
is combined to form holistic perception.
Various streams of sensory information start
off at low-level sensory areas of the brain,
then, these must all converge at a juncture
of some kind in order to be perceived by
higher-level sensory areas of the brain that
will later form meanings, interpretations
and appropriate actions. Although this is
a feed-forward (unidirectional) process,
there is a tendency for signals to be sent
back along these pathways as feedback. In
individuals with synesthesia, this feedback

users. Since these drugs act by disinhibiting
neurotransmitters on already existent neural
pathways, natural synesthesia may very well
result from an imbalance of neurotransmitters that occurs naturally.
There are limitations to disinhibited
feedback theory as well, however. It is not
clear why disinhibition occurs along only
junctions of sensory pathways and not other
pathways as well. This is a key problem that
requires substantive evidence. Additionally,
this theory cannot explain why all babies
have synesthesia early on in life and then
lose it at 3 months of age, whereas some individuals keep it into adulthood. Although
there has been lengthy evidence for pruning of neural connections with age, there
has been no evidence suggesting increased
inhibitory processes with age, making this
contention a difficult one to address.

Discussion
The neurological basis for synesthesia
comes down to two contrasting theories:
cross-activation and disinhibited feedback.
There are two major differences between
these theories. Whereas crossactivation considers an altered
brain make-up, disinhibited feedback maintains the same neural
connections but describes faulty
feedback inhibition. The location
where senses merge together is
also different between the theories.
In cross-activation, senses merge
at a low-level area of the brain via
hyper-connectivity; in disinhibited
feedback, the two paths of sensory
perception merge at junctions
leading to higher-level analysis of
the senses.
It is likely that both theories
are partially correct in describing synesthesia. For one, it is possible that
each theory applies to only certain types of
synesthesia. Cross-activation may indeed
occur in grapheme à color synesthesia and
disinhibited feedback may very well occur
in sound à color synesthesia, for example.
These mechanisms may be activated
separately and function independently.
It is also possible that both theories help
explain the same types of synesthesia, but
differ topographically. Cross-activation may
explain more local effects and disinhibited
feedback may explain more global events.
Indeed, this is a distinct possibility in light

Synesthetes around the world
tend to have similar synesthetic
experiences, for example
describing the same numbers
as having the same colors.
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process, which is usually inhibited biochemically, is instead disinhibited. The result is a
merging of the senses at the junctions (the
temporal-parietal-occipital junction as an
example) and the consequent perception of
synesthesia.
This theory can successfully explain a
number of phenomena. Firstly, it better addresses other forms of synesthesia because it
does not rely on cross-wiring of distant areas
in the brain. However, the most convincing proof of this theory comes from the
observation that psychotropic drugs such as
LSD and mescaline induce synesthesia in
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of the growing body of research supporting
a new conclusion about synesthesia - that
there are two types of synesthetes, classified as “higher” and “lower.” The lower
synesthetes tend to experience synesthesia
at the very basic sensory level. They tend
to experience grapheme à color synesthesia only in central vision and with Arabic
numerals (Ramachandran and Hubbard,
2001b). Higher synesthetes experience color
when associated with abstract interpretations of numbers such as Roman numerals,
dots on a page, feeling an embossed number
with their hands, doing calculations in their
heads, or visualizing days of the week and
months (Cytowic, 1995). In order for both
varieties to exist, it is probable that crossactivation and disinbited feedback work in
conjunction. In the case of Roman numerals or dots on a page, it is probable that
cross-activation of the angular gyrus leads to
synesthesia. At the same time, calculations
and days of the week result from imagined
states that rely on pathways between visual
areas and higher thinking areas and may be
prone to synesthesia caused by disinhibited
feedback. Now, recent research is revealing that serotonin plays a major role in the
synesthetic experience (Brang and Ramachandran, 2008). These findings, along
with recent brain imaging studies, suggest a
joint role for cross-activation and disinhibited feedback theory in synesthesia’s etiology.

Conclusion
Synesthesia research has only in the
past twenty years witnessed an astounding
renaissance. Findings in this field may,
as V.S. Ramachandran describes it, serve
as a “window into perception, thought
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and language.” While the phenomenon
continues to evade comprehensive
explanation, synesthesia is a powerful
testament to the scope of perceptual and
sensory experience and serves as a telling
example of the utter complexity of the
human mind.
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Synesthesia as an explanation for the evolution of language?
The evolution of language is a major
topic of interest to evolutionary biologists. Ramachandran (2001b) suggests a
role for synesthesia in the process. After
being shown two outlines of shapes, one
a jagged shard and the other a smooth
cloud, people are asked to determine
which one corresponds to the word ‘kiki’
and which one corresponds to ‘bouba’.
95% choose kiki to be the jagged shape
and bouba as the rounder shape. Why?
Ramachandran suggests that the
shape that our mouths make mirror the
2009

shape of the objects. In his words: “the
representations of certain lip and tongue
movements in motor brain maps may be
mapped in non-arbitrary ways onto certain
sound inflections and phonemic representations in auditory regions and the latter in
turn may have non-arbitrary links to an external object’s visual appearance (as in bouba
and kiki).” This is a form of synesthesia that
most people experience. From here, suggests
Ramachandran, co-evolutionary mechanisms
can help develop this ‘pre-language’ into
what is seen today in humans.
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Which one is “kiki”? “Bouba”?
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Compulsive Hoarding in OCD
Follows a Unique Developmental Pathway
by Juliette Claudine McClendon

C

ompulsive hoarding is characterized by abnormal collecting
and saving behaviors, as well as
the inability to discard items
normally regarded as useless. Hoarding is
also associated with excessive clutter, which
can become so severe that basic functions
like navigating around one’s home become
impossible (Saxena, 2007; Wincze et al.,
2007). Currently, hoarding is considered a
symptom category of Obsessive Compulsive
Disorder (OCD) and a symptom of Obsessive Compulsive Personality Disorder.
Current neurological and cognitive
evidence, however, suggest that compulsive
hoarding may be its own distinct diagnostic
category (Storch et al., 2007; Saxena, 2007;
Wheaton et al., 2008). Though OCD is a
heterogeneous disorder with many symptom subcategories, hoarders are distinct
from OCD patients who have minimal
hoarding symptoms. Notably, the three
major subtypes of OCD (checking, rituals,
contamination) have been found to correlate
strongly amongst themselves, while hoarding correlates only moderately with them
(Saxena, 2007). Furthermore, hoarders
exhibit greater disease severity, distinct brain
abnormalities, cognitive dysfunctions, and
higher rates of comorbidity, all of which
suggest that compulsive hoarding follows a
unique developmental pathway.

Neurocognitive differences
OCD sufferers often avoid making decisions because they fear making potentially
catastrophic mistakes (Wincze et al., 2007).
Decision-making deficits in hoarders, however, seem to be more extensive: unlike patients with “low hoarding symptoms,” compulsive hoarders showed significantly poorer
performance and lower numbers of response
skin fluctuations on the Iowa Gambling
Task (IGT), which assesses decision-making
abilities (Lawrence et al., 2006). This deficit
likely leads to the inability to distinguish
The Harvard Brain

between decision valences, as well as compromised biological responses to decisions,
thus explaining why hoarders struggle to
decide what to throw out and what negative
outcomes a decision may have.
Additionally, hoarders were less able
to distinguish between the advantageous
and disadvantageous decks in the IGT,
thus leading them to frequently choose the
disadvantageous deck (resulting in higher
gains and losses). This fact demonstrates
their overly inclusive decision-making and
compulsive desire to acquire possessions,
and suggests that their desire for acquisitions
surpasses their fear of loss.
Decision-making deficits in hoarders
have been further tested with categorization
tasks, wherein hoarders, OCD nonhoarders, and controls sort personally relevant
items. Hoarders reported increased anxiety
pre-sorting and created more piles, whereas
nonhoarders and controls did not differ
significantly (Wincze et al., 2007). This
study also found that scores on the Frost
Indecisiveness Scale (FIS) correlated with
the number of piles created. Thus, hoarders
exhibited unique cognitive and behavioral
indecisiveness.
These neurocognitive differences in
decision-making and categorization are
underlined by research suggesting that
hoarding and OCD nonhoarding are linked
to different brain deficiencies. Hoarders
exhibit decreased cingulated cortex (CC)
metabolism and increased dorsolateral
prefrontal cortex (dlPFC) and sensorimotor
cortex activity, as opposed to the thalamic
and caudate hyperactivation thought to
characterize OCD (Saxena et al., 2004;
Lawrence et al., 2006). Deficiencies in the
dlPFC (crucial for working memory) and
the CC (associated with visual monitoring,
emotional investment, and decision making)
explain a number of cognitive deficiencies
in hoarders, including reported uncertainty
about memory, difficulty in visual encoding,
poor decision-making, and executive dys-

47

functions (Steketee et al., 2003; Grisham et
al., 2007). These deficits result in hoarders’
need to consciously process visual information due to difficulties in encoding and
remembering it. Hoarders thus feel that they
will forget something crucially important if
visual stimuli are not present (Saxena et al.,
2004).

Stability over the Lifespan
The symptoms of compulsive hoarding
tend to remain severe over time. Rufer et
al (2005) support this claim by showing
that only hoarding and sexual/religious
obsessions remain severe over the course of
3 years. Similarly, Besiroglu et al. (2007)
found that sexual, somatic, and hoarding
obsessions did not alter significantly within
six years, suggesting that symptoms do
not respond to maturation or experience.
This may account for the resistance hoarders exhibit to common OCD treatments,
including psychotropic medications and
Cognitive-Behavioral Therapy (Lawrence et
al., 2006; Wheaton et al., 2008).
Furthermore, hoarding symptoms in
children are similar to those in adults—both
exhibit ordering/arranging compulsions,
magical thinking obsessions (Storch et al.,
2007; Wheaton et al., 2008), higher rates
of comorbid Panic Disorder (PD) and other
anxious symptoms, and lack of insight
(Storch et al., 2007; Wheaton et al., 2008;
11, Steketee et al., 2003; Grisham et al.,
2007; DeBarardis et al., 2005). Though
adults differ in rates of depressive symptoms,
children hoarders frequently express somatic
complaints, which could be symptomatic of
depression, thus further linking childhood
and adult hoarding (Storch et al., 2007;
Wheaton et al., 2008). Adult hoarders have
more comorbid illnesses, but this may be
due to late ages of onset for certain illnesses
(Storch et al., 2007) (additionally, bipolar
disorder was an exclusionary factor in studies regarding child hoarding (Wheaton et
2009
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al., 2008)). In general, such strong overlap is
uncommon in most forms of nonhoarding
OCD.

Links to Early Onset OCD
Hoarding is a common symptom of early-onset OCD (EOCD), and both EOCD
and hoarding are resistant to treatment, thus
leading some to categorize hoarding as an
early form of OCD.
The most compelling evidence for this
thesis is the discovery that hoarding obsessions (including symmetry and religious
obsessions) are significantly more frequent
in EOCD than in late-onset OCD (Tukel et
al., 2005; Millet et al., 2004). Both EOCD
and hoarding sufferers exhibit lower rates
of marriage and cohabitation than OCD
patients (Wincze et al., 2007; Tukel et al.,
2005; Wheaton et al., 2008), and it has
been found that both female hoarders and
those with EOCD report higher frequencies of repeating compulsions and somatic
obsessions.
Some have suggested that hoarding is
merely the most heritable subtype of OCD
(Saxena, 2007), and that a family history of
disorders has been linked to early manifestation of symptoms (Tukel et al., 2005).
Hoarding heritability is supported by studies showing its linkage to chromosome 14, a
potentially heritable trait that can accompany other disorders such as Prader Willi syndrom and dementia (Samuels et al., 2007).
This suggests that a unique genetic locus is
at least partially responsible for hoarding
symptoms. Conversely, Tukel et al. (2005)
found no difference between hoarders and
nonhoarders regarding frequency of firstdegree relatives with OCD, though they did
not test for associations among symptom
subtypes within families. Thus, though
inconclusive, there is substantial support for
the hypothesis that hoarding symptoms are
characteristic of early-onset forms of OCD
possibly mediated by genetic factors.

Insight and Alexithymia
Hoarders, be they adult, child, or
EOCD, have consistently less insight than
sufferers of later-onset or other OCD symptom subtypes (Storch et al., 2007; Wheaton
et al., 2008; DeBarardis et al., 2005).
Decreased insight is further associated with
higher rates of comorbidity, older age of presentation for treatment, and expression of
OCD symptoms (Storch et al., 2007; Tukel
et al., 2005; Wheaton et al., 2008; Millet et
2009
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al., 2004; Steketee et al., 2003; DeBarardis
et al., 2005).
Alexithymia may be an etiological link
between hoarding and PD, a disorder with
which hoarding frequently cooccurs. Alexithymia is the decreased ability to associate
emotions with words, resulting in emotions
experienced on a sensorimotor level (i.e.
emotions are equated with physical sensations). Alexithymia is associated with PD
in children and female adults (Storch et al.,
2007; Wheaton et al., 2008) and is typified
by physical experiences of emotional distress
and expectations of catastrophic outcomes,
experiences that also characterize hoarders.
Furthermore, lack of insight was linked
to alexithymia in OCD patients (DeBarardis
et al., 2005). Those with higher levels of
alexithymia (hoarders and those with somatic obsessions) showed greater paucity of
insight. However, while those with somatic
obsessions associate feelings with bodily
sensations, hoarders associate emotions with
external objects—a claim supported by
the finding that hoarders assign emotional
value to possessions (Saxena, 2007; Wincze
et al., 2007). Moreover, the attribution of
emotional comfort to possessions accounted
for 55% of variance in symptoms between
hoarders and nonhoarders (Steketee et al.,
2003).
Higher glucose metabolism at rest and
greater activation upon provocation were
found in the sensorimotor cortex (MataixCols et al., 2004; Saxena et al., 2004). The
latter finding suggests that, when thinking
about discarding possessions, hoarders experience exaggerated sensory-motor reactions.
Thus, in compulsive hoarding, emotional
expression may be diverted from verbal to
sensory-physical media, namely objects.
Thus, alexithymia may be a risk factor for
the development of compulsive hoarding.
Targeting such a construct via therapy could
potentially improve treatment outcomes.

Conclusions
There is compelling evidence to suggest that compulsive hoarding follows a
unique developmental trajectory. Hoarding
symptoms manifest earlier in patients, and
correlate with brain states distinct from
those underlying OCD symptom categories.
Compulsive hoarding is characterized by
lower insight, alexithymia, and deficits in
decision-making, visuospatial processing
and the assignment of emotional valence.
Hoarding also seems to follow a stable
developmental progression, showing fewer
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changes over time than other symptom categories. Compulsive hoarding does not seem
to change substantially from childhood to
adulthood concerning patterns of comorbidity and symptom features.
In sum, to determine whether compulsive hoarding is a subtype of OCD or a
distinct diagnostic category, we must further
elucidate its unique developmental pathway.
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The Electroshock Disconnect
Opposing Views of Electroconvulsive Therapy
by Alana Ju

O

ver the last seven decades,
Electroconvulsive Therapy
(ECT) has undergone a
dramatic reconceptualization:
from treatment of choice for the mentally
ill, to a visceral illustration of the problems
embodied within the system of medical
institutionalization, to a quaint and outdated reminder of medicine before modern
technology. ECT, however, is still poorly
understood and controversial partly because
of disagreements between those who would
characterize it as a dangerous tool of psychiatry and those who believe in its positive
efficacy. This “electroshock disconnect” is
fundamentally the result of the inability of
both sides to consider a more balanced approach to understanding ECT.

Electroconvulsive Therapy
First performed in the United States by
Dr. Renato Almansi and Dr. David Impastato at Columbus Hospital in New York
in 1940, ECT rose to prominence during
the 1940s and 1950s in an atmosphere of
widespread, and often permanent, institutionalization of the mentally ill (Adams,
2002). As the “mentally insane” demographic expanded by as much as 21% from
1940-1945, doctors began to move away
from Freudian psychotherapy, preferring
instead somatic treatments especially among
lower class patients. Doctors felt this was
the key to reducing the number of patients
in state hospitals.
In this climate, ECT became an aggressive resource for treating mental illness.
During ECT, patients are sedated andplaced
on a flat surface as electric current is passed
through the brain via electrodes placed on
the head. One hundred volts are then applied for two tenths of a second in order to
induce an epilepsy-like seizure. The seizure
was often seen as an indication of a successful treatment. (Elder & Persad, 1988).
The Harvard Brain

(Kalinowksy & Hoch, 1952).
Nonetheless, ECT grew increasingly
popular as early medical literature showed
encouraging results (Kneeland & Warren,
2002). ECT rose even more rapidly after
World War II, as military-trained physicians
instructed in ECT continued its use in the
treatment of psychiatric disorders long after
the war ended. While the rise of alternate
therapies for mental illness in the late 1950s
and earlier 1960s briefly precipitated a
decline in ECT’s popularity, psychiatrists
were quick to inflate perceived limitations
of these drugs in treating severe cases of
depression and other psychiatric disorders.
ECT was quickly reinstated as the most
powerful treatment option available (Fink,
1979).
The civil rights movements of the late
1960’s, however, marked the beginning of
the end for ECT. Activists working on behalf of civil rights for the mentally ill seized
on ECT as a dramatic illustration of the
abuses inherent in the asylum system. They
opposed the confinement of patients, as well
as the often involuntary application of ECT
in asylums. Opponents of ECT seized on
the ideas of French philosopher Michel Foucault, who believed that “insanity was a cultural construct invented in the eighteenth
century” and that the “asylum functioned
to control the behavior of the unreasonable
in the age of reason” (Kneeland & War-

ren, 2002). Other critics claimed it “causes
irreversible brain damage and permanent
memory loss” while others stated that it was
“used chiefly with women, minority groups,
and lower social classes” as an instrument
of social control (Elder & Persad, 1988)
However, the vast majority of psychiatrists
earnest in their desire to treat mental illness,
did not share the most extreme of these convictions. Still, suspicions of the psychiatric
establishment as an agent of social control
persisted in the American psyche. These
themes were echoed in popular culture,
especially in books and film like One Flew
Over the Cuckoo’s Nest, in which a rebellious,
socially deviant man is institutionalized in
a state mental hospital and, after repeatedly
resisting authority, is systematically broken
down by a variety of cruel methods, including electroshock (Kesey, 1963).

The Electroshock Disconnect
Despite the differing views on ECT
thus presented, one could argue that the
disagreement between pro-ECT and antiECT advocates stems from a failure to
understand that ECT use is not a binary
issue. For example, psychiatrists in support
of ECT often cited pervasive public fear and
dislike for ECT, as emblematic of biased
reporting in the media and sensationalist

The disagreement between pro-ECT and antiECT advocates stems from a failure to
understand that ECT use is not a binary issue.
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portrayals of electroshock in books, television, and movies (Walter, 2002). However,
the fear psychiatrists were quick to condemn
was legtimate as psychiatric writings on
ECT have shown an increasing tendency
to discount patients’ claims of emotional
distress or severe memory loss as anomalous
complaints. (Freeman, Weeks, & Kendell,
1981).

Politization and Legislation
Though the battle surrounding ECT
soon entered the legislatures, it remained
virtually unimpeded by legal statutes in
many states, with the exception of California Assembly Bill 4481, which restricted the
use of ECT in California starting in 1974
(Kneeland & Warren, 2002). The fact that
this bill passed almost unanimously, with
one dissenting vote out of eighty, shows the
incredible pressure that the state assembly
was under to temper the use of ECT. However, the anticipated decline of ECT due to
the dismantling of institutionalization never
materialized and, in many psychiatric practices, its use flourished (Adams, 2002).
One should note that in 1982, the
famously liberal city of Berkeley, California banned electroconvulsive therapy on
humanitarian grounds. While the effects of
the ban were small in scale, since only one
hospital in the city performed ECT, the repercussions reveal the mental and emotional
gulf between pro-ECT psychiatrists and
anti-ECT activists.

Silencing Dialogue
The sentiment that electroconvulsive
therapy is abusive reflects one reason psychiatrists are reluctant to discuss ECT as a
legitimate and beneficial practice. Indeed,
there is a pervasive desire to create distance
from public conceptions of past misuses of
ECT. Unfortunately, such attempts appear
increasingly superficial, undermining the
prospect of critical, open debate on the
subject.
Indeed, without open dialogue, the
patient ultimately suffers, as his ability to
offer informed consent for ECT is severally
undermined. Many leading psychiatrists
like Max Fink and Richard Abrams have
reported that patients are often afraid to
undergo electroconvulsive therapy because
they anticipate severe brain damage or
2009
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memory loss (Adams, 2002). In a discussion
of the American Psychiatric Association, the
members of the task force warn of patients
refusing treatment “based on misinformation” without referencing what this misinformation might be. (American Psychiatric
Association Committee on Electroconvulsive Therapy, 2001).
However, with complications that
include fractures, panic, memory loss,
delirium, and cardiovascular fears, patients’
fears cannot be discounted. Unfortunately,
the failure to discuss the legitimate concerns
of both the medical practitioners and ECT
patient share only furthers distrust and
destructive the characterization of opinions
that happen to diverge. In Norman Endler
and Emmanuel Persad’s book Electroconvulsive Therapy: Myths and Realities, for
example, both brain damage and memory
loss are analyzed as “myths”. The authors devalue findings of damage to anterograde and
retrograde memory in patients who have
undergone ECT by referencing an outdated
idea from the 1950s that “memory loss
actually contributed to the therapeutic effectiveness of the treatment,” an idea which
has since been disproved (Fink, 1979). To
discount more recent studies, Endler and
Persad suggest that the memory loss is a
frequent side effect of severe depression itself
and imply that this could confound results
(Elder & Persad, 1988).

Conclusion
Electroconvulsive therapy is a complex
medical issue that has remained largely
misunderstood by the public and been
oversimplified by the psychiatric establishment. In order to establish a true dialogue,
opponents and proponents ECT must reexamine history and the ideological schism
that led to the current lack of trust between
psychiatrists and the public. In order to
reestablish its credibility, psychiatry must
become more transparent, with full disclosure of any conflicts of interest. Psychiatrists
must examine their own internal politics
and recognize the bias that leads many to
dismiss studies showing significant side
effects or problems with ECT. In return,
patient advocacy groups should revisit their
strong stand against all usage of electroconvulsive therapy and recognize that ECT is
a significant tool that must be understood
before being condemned. They must also
decrease their conspiratorial rhetoric to pro-
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ductively connect with psychiatrists who are
often on the defensive from what they see as
an uninformed public and a sensationalist
mass media. Only by reopening channels of
communication will trust be reestablished
between public and psychiatry, and both
sides must participate in studies to definitively determine the risks and rewards of
ECT. A psychiatric treatment that involves
running electrical current through the brain
and serious side effects like memory loss will
inevitably be controversial to some extent,
but work can be done to objectively examine, measure, and present the risks of ECT
so that patients in the future can weigh the
true costs and benefits of electroconvulsive
therapy before giving, or withholding, their
informed consent.
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Medicalization of Racism
Too Fast, Too Soon?
by Hilary H. Wang

O

riginally proposed by Californian psychologist Edward
Dunbar, a set of unofficial
guidelines currently exists
to describe people functionally impaired
by persistent, irrational fears of other
groups (Vedantam, 2005). Amidst great
controversy, advocates are pushing for this
definition of pathologic bias to be added
to the fifth edition of the Diagnostic and
Statistical Manual of Mental Disorders
(DSM-V). Aside from a fear of redundancy
in disorders where patients tenaciously
cling to false beliefs, a major criticism of the
movement is a fear of over-pathologizing life
(Vedantam, 2005). Proponents, however,
argue that extreme racism goes beyond the
realm of ordinary prejudice—as harbored
by everyone—carrying with it an element of
compulsion. The pathologic racist does not
choose to harbor such prejudices, but rather,
the irrational thoughts and behaviors come
unbidden, often to the detriment of the
patient. This process of defining and treating health or behavioral conditions characteristic of everyday living as medical issues
is known as medicalization—or, more provocatively, disease mongering. With strong
cases presented by both sides, one turns to
past precedent, such as the medicalization of
major depression, to seek resolution.
Assuming an entry for pathologic racism
was added to the DSM-V, patients and
society would benefit from certain advantages. For one, those people truly impaired
by pathological racism—people who are not
violent offenders, and who genuinely need
help—are often afraid to seek it due to the
social stigma surrounding racism (Vedantam, 2005). A diagnosis here would lessen
social censure, enabling these people to
benefit from treatment that alleviates their
paralyzing symptoms rather than forcing
them to remain in denial, lash out, or suffer
silently. Furthermore, as extreme racism is
currently regarded as a delusional disorder,
there exists some clinical precedence that
The Harvard Brain

facilitates a new classification in the DSM-V
(some existing diagnosis and treatment
procedures already exist) (Vedantam, 2005).
Socially, the legitimacy conferred to pathological racism by placement in the DSM
would encourage research into the field and
broaden treatment options, decreasing the
number of extreme racists and benefiting
societal interaction.
Conversely, a new label for racist behavior also incurs some disadvantages. First,
similar to all disorders with a gradient of
severity, it is difficult to diagnose pathological racism as distinct from common bias.
Technically, 100 percent of people harbor
prejudiced views since a large part of human
self-esteem derives from group membership
and direct comparison to other groups. One
could, therefore, argue that to call racism
a disorder is to unnecessarily pathologize
a substantial component of everyday life
(Vedantam, 2005). Also, since clinicians
are already aware of delusional disorders,
putting extreme racism in its own category
may not add anything useful or meaningful
to the diagnosis process, and may even box
patients into too rigid a label (Vedantam,
2005). In fact, a genuinely impaired pathological racist may not benefit, on the whole,
from a DSM diagnosis. The label of “racist”
incurs tremendous societal censure and
may ostracize a patient rather than improve
his social interactions and functioning.
Furthermore, a false label of pathological
racism could absolve perpetrators of personal responsibility for hate crimes if the
appropriate infrastructure for differentiating
pathological racists from healthy individuals
with prejudiced views is not in place (current, limited scientific knowledge precludes
a definitive diagnosis of racism based on
biological markers).
Even after setting aside these advantages
and disadvantages, it still remains unclear
whether medicalization of racial prejudice
is appropriate. Because racism remains a
taboo subject in today’s society, there exists
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little research that might suggest a medical
explanation for its pathological origin—thus
doing little to change the status quo belief
that people voluntarily act racist. Consequently, when examining the behavior from
a medical perspective, parallels are often
drawn to the precedent set by major depression as an accepted psychological disorder.
At the extreme end of a spectrum of emotions ranging from temporary sadness to
intense, chronic misery, depression is similar
to compulsive racism in that it lies outside
the scope of healthy emotional variation.
One would imagine then, that if depression
has been successfully medicalized to help
alleviate the symptoms of patients, then
racism—also a severe, disabling irrationality in emotion—could be steered down a
similar path. However, if one delves deeper,
fundamental differences between the two
behaviors can be observed.
First, individuals exhibiting compulsive,
racist behavior can be divided, unlike people
with depression, into passive and active
categories. More specifically, while there
exist patients (henceforth dubbed “passive
racists”) with symptoms of delusional prejudice that disable them, and only them, from
fully functioning in society, these people
represent only a subset of compulsive racists.
A vociferous, socially disruptive group (the
“active racists”) also exists, and often draws
greater attention due to their negative impact upon society. So, the pathology of racism can be divided into two components: 1)
the impairment on an individual unable to
control their irrational thoughts and behavior, and 2) the byproduct of the pathology
as translated through a patient’s interactions
with others. In depression, there are only
passive patients since although depressed
people draw empathy and compassion from
others (usually their close acquaintances)
they do not actively force the byproducts of
their disorder on strangers in a harmful way.
An active racist, however, differs by the
nature of all prejudiced acts—one must be
2009
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racist towards someone else—and so when
he acts on his pathology, he necessarily creates an interpersonal issue that is irrationally
harming a second party. This act, then, falls
under the jurisdiction of society, rather than
remaining just a personal matter between
the patient, his loved ones and his doctor.
As a result, if pathological, yet active,
racism is indeed classified as a psychological disorder, then the question of treatment
arises. Because it is partially a societal issue
due to the obvious detriment to victims of

Hilary H. Wang
the neural roots of prejudice and utilize
treatments to remove the racist views of that
individual. Ideally, this leads to a utopia of
equal acceptance for all—an admirable goal,
but it is in reality the beginning of a slippery
slope. Perhaps treatment could be limited at
first to perpetrators of hate crimes, but the
temptation to extend medical intervention
to people with moderately prejudiced views
remains. Once a precedent for the medicalization of racism is set, the line between
what is pathology and what is not becomes
ever-blurred.
On the other hand, one
might ask why we should be
concerned about the onset of
a slippery slope of treatment;
this is certainly the question
Peter Kramer raises with
respect to the medicalization
of depression. Kramer argues that the deeply-rooted
fear shared by critics—that
of losing a complexity of
emotions uniquely human
(guilt, shame, grief )—is subverted by the
realization, stemming from the use of medication (Prozac specifically), that these affects
are not as essential to humanity as they
appear, although man’s response to them
certainly is (299). In other words, Kramer
credits Prozac with “changing our sense of
constraints of human behavior” (300). In
his opinion, people should not be compelled
to live with even mild mood symptoms simply for the sake of retaining their so-called
humanity. While this is argued with respect
to depression, a parallel case can be made
for racism: why should people—or society,
for that matter—be compelled to live with
the negative consequences of racism? Why
do we need to preserve our current definition of humanity and of morality if medicalization can introduce us to a new way of
life that removes the issue of such a negative
affect altogether?
To Carl Elliot, the answer is distinct from
arguments surrounding the preservation of
the human condition; rather, he takes issue
with the scientific medicalization of existential problems (Elliott 180). To properly lead
a meaningful life, in his opinion, one has to
take responsibility for getting in touch with
ourselves (Elliott, 182), and the ability of
Prozac to alter, or even improve, personality
is not commendable, as Kramer suggests,
but troubling for its defiance of an ethic of
authenticity (Elliott, 182). The incessant
drive to seek fulfillment, solutions to problems of unhappiness, is to Elliot a tyrannical

Instigating racism treatment options for
the sake of the “greater good” of society
would stand on shaky moral ground.
racial discrimination, active racism becomes
more ethically challenging to deal with as a
disorder. Typically, the medical field treats
patients to help alleviate the symptoms of
their pathology; there is a clear cut, causeand-effect logic to the process. Depression
is an example of this, where treatments are
administered to help patients move past
the symptoms of their depressed state that
(even sub-clinically) impair daily function (Kramer, 246); it is for the benefit of
the patients more so than for their loved
ones. In the case of passive racism, a similar
pattern would likely occur. However, with
active racism, the ones affected—the victims
of discrimination—have a much larger say
in the matter. As a doctor, or judge, or
other decision-maker, one might be tempted
to allow, or to even encourage, treatment
of active racism not just for the sake of the
patient, but also for the sake of improving
society. The treatment process would no
longer be primarily patient-based, as depression and most other conditions are.
To take this scenario one step further,
one can foresee a temptation to amalgamate
all instances of racial discrimination under
the umbrella-term of pathology. Healthy
individuals, operating under normal or
slightly-above-average prejudiced outlooks,
could be categorized as being pathologically
racist. In that case, rather than employing
traditional methods of positive and negative
punishment to merely discourage displays of
intolerance, one might be inclined to tackle
2009
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demand, an oppressive call to duty (187);
in his opinion, there is meaning in personal
discovery, not in medicalized detours, even
if the result is a less idyllic state of being.
Extrapolating this contention, the medicalization of racism and its possible extension
to normal ranges of prejudice is yet another
instance where enduring existential quandaries of our identity with respect to others are
dissected in the name of science. Even as it
perhaps smoothes social unrest, it flattens
and falsifies individual personality. Thus,
Elliot and Kramer present two distinct sides
to a moral dilemma with no clear answer.
Perhaps even more troubling in the
matter of medicalizing racism is that the
perpetual ethical debate on treating depression, while applicable, is not the only
issue. Logistically, the treatment options
available for pathological racism are illfitted and unverified, so far mostly antipsychotic medications and talk therapy only
somewhat effective on small sample sizes
(Vedantam, 2005). Thus, before scouring
for patients on a large scale, the efficacy of
treatment should at least approach that of
Prozac: reliable for a continuum of impairment, mild to severe (Kramer, 66). More
crucially, however, an essential difference
between depression and racism is the
motivation behind prescribing medical
treatment. Apart from curtailing the complexity and originality of human emotion,
instigating racism treatment options for the
sake of the “greater good” of society would
stand on shaky moral ground. In addition to
considering whether racist individuals should
be treated, medical experts would need to
decide why; they would need to provide an
absolute and unambiguous purpose for their
condemning diagnosis.
In the end, it remains difficult to say
whether the medicalization of extreme,
compulsive prejudice is beneficial on either
an individual or a societal level. Rather than
racing into an ill-fitting diagnosis, the proponents of racism as a pathological disorder
should instead aim for a level of medical
comprehension approaching the level of
depression to better overlay the experience
of that precedent onto a new DSM-V classification. If not, the realistic repercussions
of falsely vilifying innocents and absolving
racist culprits would render society asunder.
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