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LETTER FROM THE EDITORS

Dear Readers,
With this issue of The Harvard Brain, we invite
you to join us in an ongoing conversation. As editors of
the publication and members of the Harvard Society of
Mind, Brain, and Behavior (HSMBB), we have tried to
embrace the increasingly interdisciplinary nature of any
informed investigation of the brain.
Certainly, this issue of the journal has been one
of learning for us both, as first time editors-in-chief,
and, more importantly, as neurobiology concentrators,
unacquainted with the full range of neuroscience fields.
The philosophical side of the free will debate, the parallels
between processing a poem and a piece of music, and the
subtleties of second language acquisition were all novel to
us. As we have found it both academically enriching and
intriguing to discuss these ideas with friends, colleagues,
professors, and visiting speakers, we only hope that you
will share in our experience.
This year, we have centered The Harvard Brain on two conversations: learning and cognition, and choice and free
will. As in past years, The Harvard Brain, first and foremost, seeks to highlight undergraduate academic work, but we are also
excited to introduce new editorial features, book reviews, interviews, and highlights of faculty research. For these additional
sections, we are indebted to the creativity and hard work of our editors, and, for this, we thank them. We would also like to thank
this year’s layout editor—she will undoubtedly be missed next year for her expertise, dedication, and critical eye.
At its inception in 1994, The Harvard Brain began as a journal of neurobiology, and over the years it has been
transformed into a multidisciplinary journal of not only neurobiology, but linguistics, philosophy, computer science, and
psychology. As editors this year, we have recognized that this transformation is far from complete, and further interdisciplinary
connections are both entirely possible and essential. Thus, whether a student in economics, an enthusiast of the visual arts, or a
professor of applied math we welcome you to share your thoughts, criticisms, input, and daydreams with The Harvard Brain. If
you are inspired to spark a conversation about the issues presented here or become curious enough to seek opportunities outside
your field of study, then our work this year was well worth it.

Happy reading,

&
Christine A. Eckhardt and Penny Fang
Editors-in-Chief
The Harvard Brain
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YOUR BRAIN ON VIDEO GAMES: After implanting a small
sensor into the brain of a paralyzed man, a group of scientists at Brown
University and three other institutions discovered an astonishing
result: the subject could perform computer-related tasks using only
his thoughts. With a 4x4 mm sensor connected to the motor cortex
in his frontal lobe, the man could move a cursor, open e-mails, and
play a simple video game. Possibly on the market by 2008 or 2009,
this product could enable disabled individuals to perform previously
impossible tasks. [Pollock, A. (2006, July 13). Paralyzed man uses thoughts to
move a cursor. The New York Times]

COLOR VISION IN MICE: Lacking an additional third
cone photopigment present in primates, typical mice possess only
dichromatic color vision. However, recently Jacobs et al. successfully
engineered knock-in mice with enhanced color vision by introducing
a certain human X-linked polymorphism to the mouse genome. While
providing a possible model by which color vision first evolved in
primates, the study also highlights the plasticity of the mouse visual
system. [Jacobs et. al. (2007). Science, 315, 1723-25.]
BRAIN LESIONS & SMOKING CESSATION: The part of
the brain responsible for desire—turning emotions into motivation—
may be no larger than a prune. The insula, located deep in the brain
and implicated in everything from addiction to enjoying music, has
also been linked to smoking cessation. In a recent study, 12 smokers
immediately discontinued their habit following injury to the insula,
with no impulses to restart. Unfortunately, a quick ticket to quitting
may be years away for smokers, since the insula sits at the crossroads
of sensation, emotion, and reaction. Damaging this area of the brain
can also lead to a loss of drive for food and sex and overall diminished
pleasure. Although a cure for certain addictions may be years away,
the insula has proven to be a good place to start. [Blakeslee , S. (2007
February 6). A small part of the brain, and its profound effects. The New York Times]

MAPPING THE BRAIN: Imagine a computer that could map
out your entire brain, simulating exactly your thought processes and
cognitive functions. In pursuit of such a blue print, a collaboration
between IBM and the Ecole Polytechnique Federale de Lausanne
recently simulated the firing of 10,000 neurons in a single column
in the neocortex, the largest area of the human brain governing highlevel thinking and action. The effort, coined the “Blue Brain” project,
is currently raising funds to acquire two more Blue Gene computers,
which are neccessary to handle the enormous amount of data. [Olsen, S.
(2006). Blueprinting the human brain. Retrieved April 2, 2007, from CNET.com]

SMELL AND SLEEP: Certain smells can evoke certain emotions; however, can smell actually help retain our memories? Researchers at the University of Lubeck in Germany found that exposing
individuals to odor cues when they were awake and then again during
slow-wave sleep caused enhanced hippocampal neural activity as revealed by functional brain imaging. Subjects who received the odor
cues also performed significantly better in an episodic memory retention test the day after sleep. The study reveals a significant interaction
between memory encoding during sleep and odor presentation. [Rasch
et al. (2007). Science, 315, 1426-1429.]
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Competing Theories and Conflicting Evidence:
Universal Grammar in Second Language Acquistion and Lexical Development
Marina Fisher

S

ince the cognitive revolution of the 1950’s, much
research has been conducted on child language
acquisition. Noam Chomsky’s idea that language is innate in
humans and his concept of Universal Grammar (UG) have
shaped a large portion of the scientific dialogue in modern
linguistics; fundamentally, the innateness hypothesis stems from
the observation that all children, or at least those raised in normal
environments, acquire language within the first few years of life
(Chomsky, 1975). Chomsky and others have concluded that this
feat would be impossible if children did not have a cognitive
predisposition to learn language. Due to the complexity of human
language, children must be born with some sort of expectation
of language patterns, along with a learning mechanism to move
from silent observation to sophisticated language use within a
limited span of time.
However, mastery of the primary language does not
always mark the end of language learning for an individual,
as many people learn a second language later in life, with the
exception of children raised in a bilingual environment from
birth. Unlike children’s primary language acquisition, far less
attention has been given to the mechanisms of adult second
language acquisition. As a result, some of the most basic issues
in the area remain unresolved. How, if at all, does learning a
second language differ from learning a first language? Are the
differences due to slight variations in a single process, or are
they caused by the existence of two fundamentally different
acquisition processes?

Linguists are then faced with the “logical problem of
language acquisition:” why are all children able to master a
language with limited linguistic input to aid them (Bley-Vroman,
1990)? Indeed, it is clear that first language acquisition occurs
without any explicit teaching, and any level of instruction is
minute compared to that which adult learners of second languages
typically receive (Pinker, 1994). Language also develops in
children in the absence of negative evidence, indicating that
positive evidence is sufficient for proper language acquisition to
take place (Guasti, 2002). In other words, children do not need
to be told expressly what types of constructions are allowed in
their native language and which are not. Also, while children
do make occasional errors, the number of these mistakes are
astoundingly low when compared to the amount of correct
utterances they generate spontaneously.
Perhaps the most intriguing aspect of first language
acquisition is children’s ability to generate an infinite number of
new sentences on the basis of finite linguistic input as data. This
observation provides the basis for the “poverty-of-the-stimulus”
argument: because the external input with which children are
provided is so logically insufficient to account for the rich output
which they are able to generate, innate cognitive mechanisms
must aid children in their attempts to learn language (Guasti,
2002). The hypothesis that children learn to speak by imitating
the utterances of those around them utterly fails to explain the
creative use of language by children to form new sentences.
It is largely on the basis of these observations, combined
with studies of cross-linguistic similarities, that the theory of UG
First Language Acquisition
has been proposed. Jackendoff defines UG as a “prespecification
The phenomenon of first language acquisition in young in the brain that permits for the learning of specific grammars”
children has received considerable attention from linguistics, for (2002). Without the guidelines inherent in UG, it would be
the peculiarities of this process strongly support the innateness impossible for a child to acquire the grammar of any particular
hypothesis of language. Most strikingly, language develops language. While UG is not itself the grammar of any language,
nearly identically in all children, regardless of their respective it defines the range of possible characteristics which any natural
society or language (Guasti, 2002).
language may have.
At birth, children are silent observers of the world around
The Principles and Parameters theory elaborates on the
them, born without the capacity to speak, and within a few concept of UG. It sees UG as comprised of several principles,
months, babies begin to coo.
or rules which no
At seven or eight months old,
language can violate,
The most intriguing aspect of first language and many parameters
they commence babbling with
nonsense syllables, moving on to
may be set to
acquisition is children’s ability to generate an which
single words, two-word phrases,
“on” or “off” in any
infinite number of new sentences on the basis particular language.
and finally longer strings of
words all within a limited stretch
Individual languages,
of finite linguistic input.
of time (Pinker, 1994). As Steven
then,
consist
of
Pinker notes, although the exact
principles plus a
timing of language development may vary between children, specific combination of parameter settings. It follows that a
“the stages they pass through are generally the same regardless child’s task during language acquisition involves determining
of how stretched out or compressed” (1994). The result is that which settings to assign to these different parameters (Baker,
children, when raised under normal conditions and not deprived 2001). For example, with the positive evidence available, the
of external linguistic data, invariably acquire language.
young learner can determine whether his native language places
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objects before verbs or after them. The limited syntactical means, in part because children are biologically predisposed
mistakes of young children may result from their failure to to acquire it (Chomsky, 1975). In contrast, the learning of a
determine the proper setting for a certain parameter, as parameter second language by adults is thought to come about through
setting is gradual. Furthermore, since any parameter has different “labored effort” (Bley-Vroman, 1990). For example, the study
settings among languages, these mistakes are actually correct of language in an academic environment is akin to the conscious
expressions in other languages. For example, “Her and me study of mathematics or science, so that adult “second language
play” is a valid sentence in ergative languages such as Basque, acquisition” is often referred to as “second language learning”
“He food gave” is the correct word order in subject-object-verb (Bley-Vroman, 1990).
(SOV) languages, and so forth (Boeckx, 2005b). Because the
Because second language learning in adults is a product
UG, consisting of principles and parameters, is active during of will, “affective” personality factors therefore arise and
primary language acquisition, none of the mistakes made by failure of this learning process is possible (Bley-Vroman,
children fall outside the linguistic boundaries set by UG.
1990). In fact, Mark Goldin argues that the frequent inability of
However, according to Lenneberg’s “critical period” American students to master foreign languages in high school
hypothesis, the time frame during which UG and the domain- and college can be attributed to the “cultural bias” they possess
specific language learning mechanism are available is rather toward learning “anything foreign.” He further cites examples
narrow: languages must
of successful acquisition
be learned before puberty
of English by immigrants
Because the UG [universal grammar] is to argue that “integrative
in order to achieve true
fluency (Lenneberg, 1967).
active during primary language acquisiton, motivation...often goes along
To provide support for the
with successful acquisition”
none of the mistakes made by children fall (1987). As a result of
critical period hypothesis,
the contrasting cases of two
such beliefs, researchers
outside the linguistic boundaries set by UG.
abused children are often
are currently studying the
cited. “Isabel” was subjected
optimal environment and
to solitary confinement by her parents and never received the social conditions for second language acquisition. In contrast,
necessary linguisitic input to acquire language. Thus, upon her parallel research on first language acquisition would seem
rescure at age six she could not speak, but after her return to ridiculous, for affective factors have no influence on the mastery
a normal social environment, she achieved complete fluency. of the native language.
A second girl, “Genie”, grew up in similar circumstances, yet
Adult second language acquisition also requires explicit
was not rescued until age 13 and while able to learn individual instruction in order to be successful. While it is true that some
words, found it impossible to form full grammatical sentences immigrants manage to function in foreign countries without
(Boeckx, 2005a).
technically studying their languages, most never achieve
anything beyond a minimal grasp of the second language. In
Second Language Acquisition
addition, adult learners also benefit from the correction of errors,
Though most linguists agree on the fundamental mechanisms showing that negative evidence, while irrelavant in first language
underlying first language (L1) acquisition, no such consensus acquistion, is later useful. However, its complete necessity has
exists on the subject of second language (L2) acquisition. yet to be proven (Bley-Vroman, 1990).
“There is [even] disagreement as to whether L2’s are true natural
All of the aforementioned differences, then, indicate
languages (i.e. subject to the constraints of UG) or whether they that first and second language acquisition occur by dissimilar
constitute some other kind of linguistic skill” (Thomas, 1995). processes, leading a number of linguists to speculate that the
However, a prevalent—albeit controversial—view follows two are distinct phenomena. Robert Bley-Vroman takes the
that the processes involved in learning a second language are extremely strong position that UG and the domain-specific
qualitatively different from those involved in mastering a first language learning mechanism—which account for child
language. Proponents argue that the characteristics which make language acquisition—are completely absent in second language
child language acquisition so different from general learning are acquisition: in other words, he argues that second language
absent in adult language acquisition. Their claim is made on the learners lack direct access to the principles of UG (1990).
basis of several observations about language learning in adults Instead, he suggests that “adult foreign language learning
that differentiate it from language learning in children.
resembles general adult problem solving and not child language
The first most salient difference between first and second development” (Bley-Vroman, 1990). For this reason, they are
language acquisition is the tremendous variation in success often able to make sense of a second language by comparing it
among adults, unlike in children (Bley-Vroman, 1990). Simply to their first language—that is, by drawing on their knowledge
put, some succeed while others fail; some enjoy the process of L1 to gain indirect access to UG (Thomas, 1991). Adults,
while others loathe the task. Furthermore, perhaps this variation unlike children, also have fully developed, domain-general
is part of another key difference between a child’s and an adult’s cognitive capacities which presumably replace the domainlearning process—second language acquisition is often goal- specific language learning mechanism present in children.
directed and the result of some conscious effort, unlike child
A related hypothesis maintains that second language
language acquisition. Knowledge of language in children, acquisition in adults is often unsuccessful because the existing
according to theories of UG, comes about by unconscious knowledge of one language interferes with attempts to learn
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another. If adults use information about their first language to are acquiring; indirect access to UG through L1 alone cannot
make inferences about the second, problems are sure to arise account for such incorporation (Thomas, 1991). For example,
when the two languages differ in their parameter settings native speakers of Spanish and Japanese were found to be capable
(Bley-Vroman,
1990).
of interpreting reflexive
In this sense, language
pronouns in English, their
If adults use information about their first second language, correctly
acquisition
is
much
easier for children, for
language to make inferences about the second, despite the fact that these
they lack a preexisting
interpretations could not be
problems are sure to arise when the two lan- “derived from inspection
set of parameter settings
which may interfere with
or from knowledge of their
guages differ in their parameter settings.
successful acquisition of
native language” (Thomas,
language.
1991).
Others, however, have challenged the assumption that
Findings such as these suggest that UG may be at least
adult second language learners have no direct access to UG. partially accessible to second language learners past the critical
Lamendella argues that the very existence of a few completely period after all and that the same type of linguistic hypothesissuccessful adult second language learners disproves the critical formation and testing which occurs in children may also take
period hypothesis (1977). On the basis of these adults who are able place in adults (Chun, 1980). The dearth of experimental data,
to master second languages completely, Lamendella therefore however, allows no definite conclusions to be drawn.
suggests that the “critical period” should more accurately be
labeled a “sensitive period” after which language acquisition Lexical Development
is difficult but not impossible. According to the critical period
In particular, L2 lexical development exemplifies the
hypothesis, young children learning a second language still have uncertainty which plagues the current debate over the nature of
access to UG and the language-learning mechanism, and so second language acquisition. The exact mechanism by which
they should achieve greater success than individuals who have adults develop an L2 lexicon is unclear, but various characteristics
reached puberty and are no longer able to access UG. To test this of this process both support and refute the absence in adults
assumption, Fathman divided a group of children learning English of a domain-specific language learning mechanism present in
as a second language into two categories: one aged 6-10 and the children.
other aged 11-15. Surprisingly, she found that although the older,
On the one hand, obvious differences between lexical
post-pubescent children struggled more with pronunciation development in children and adults exist. L2 vocabulary learning
and phonetics than younger children, they nevertheless had in adults clearly cannot compare with the “new-word-everyless trouble with English syntax and morphology rules. She two-hours minimum rate that the child will maintain through
concluded that “different aspects of language are best learned at adolescence” (Pinker, 1994). L2 lexical development has been
different ages depending on biological, cognitive, affective, and shown, however, to proceed at a faster rate when vocabulary
social factors” (1975).
Arguably, the strongest
evidence favoring lifetme access
to UG comes from analysis of the
errors made by second language
learners. If UG were not a factor in
adult second language acquisition,
learners could be expected to make
mistakes that fall outside the range
of linguistic possibility as defined
by UG (Bley-Vroman, 1990). There
would be nothing to stop them from
speaking sentences that could not
be considered grammatical in any
natural language. Linguists have
discovered, however, that the errors
made by adult second language
learners do in fact fall within the
realm of UG-determined linguistic
possibility; indeed the errors to Potential mechanisms at play during first and second language acquisition.
which an emerging “interlanguage”
is prone are similar to those found in the speech of children learning is organized through the use of mnemonic devices,
acquiring their first language (Selinker, 1972). Moreover, second written exercises, and abundant repetition—factors under
language learners appear to be “able to incorporate principles of conscious control (Sanaoui, 1995).
The composition of a young child’s developing vocabulary
UG that are inactive in their L1 into the grammar of the L2” they
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also differs markedly from the composition of an adult’s of sound with meaning in children acquiring language may no
growing second language lexicon. Children first acquire a longer function in adults.
disproportionate number of nouns, while adults show no such
However, some facts support the opposite conclusion.
bias in vocabulary learning; while children learning words for The discrepancies in the composition of emerging L1 and L2
the first time rely mainly on “general nominals”, i.e. nouns for vocabularies, for instance, may be caused not by differences in
concrete “objects and animals” (Leonard et al., 1981), adults linguistic mechanisms but by differences in general cognitive
quickly master all sorts of nouns because their knowledge of a capacities between children and adults. Linguists have noted
first language informs them that
that acquisition of verbs not
“there will likely be words for the
requires a more nuanced
There is also evidence that adults only
sun, the moon, for father, mother,
understanding of syntax relative
for body parts, colors, directions”
cannot expand their lexicons by pair- to acquisition of nouns but also
etc. in their L2 as well (Bleyconceptual sophistication,
ing new sounds with new concepts, as greater
Vroman, 1990). To the extent
which comes gradually to
that it is comparatively slow and
children learning a first language
children do when learning all words.
guided by previous knowledge,
but is already present in adults
adult lexical development does
acquiring a second language
seem qualitatively different from child lexical development.
(Gillette et al., 1999). New word learning, albeit at a slower rate,
There is also evidence that adults cannot expand their may continue for a first language throughout an individual’s
lexicons by pairing new sounds with new concepts, as children life (Chun, 1980). It would be logical to assume that the same
do when learning all words. Young children in all cultures learn mechanism which pairs words with meanings in childhood is
the meaning of the number “one” long before the meaning of responsible for these pairings in adulthood; if adults can pair
the others; at first, they take “two” to mean simply “many”, or new sounds with new meanings in one language, surely they
anything greater than one. With time, they come to comprehend can also do this in another. Indeed, adults may even be more
“two” as an exact quantity and begin using “three” to mean adept than children in some cases of lexical development
“more than two”. By the age of four, however, most children because “disadvantages in learning formal features are offset by
finally learn that each number word denotes a specific quantity advantages in conceptualization” (Swaffar, 1989).
and thus are rendered capable of performing mathematical
Perhaps the strongest evidence for the survival of
computations (Hauser, 2005a).
children’s word-learning mechanisms into adulthood comes
Elizabeth Spelke explains the relative ease with which from studies of “relexicalization.” When researchers examined
young children conceptualize “one” and “two” by theorizing the attempts of adult French learners at various stages of ability
that a sense for such small exact numbers constitutes “core to translate sentences from their native language into the L2,
knowledge” in humans while an understanding of exact larger they noted that beginners most often sought “one-to-one”
numbers comes about artificially through the use of language translations of L1 lexical items into L2 (Bland et al., 1990).
(2003). But the Piraha people of Brazil do not have words for Their French lexicon appeared to be conceptually dependent
single numbers greater than two, so their conceptualization of on their native lexicon; French words were memorized through
large exact numbers does not develop during childhood. Crucially, pairing with their L1 equivalents. However, as learners became
“adult Piraha apparently can’t learn to count or understand the increasingly sophisticated in their knowledge of French, their
concept of numbers, even when they asked anthropologists to lexical “queries became less naive...and less tied to one-on-one
teach them and have been given basic math lessons for months lexical matching behavior” (1990). That is, the adults gradually
at a time” (Strauss, 2004). This fascinating finding suggests began to relexicalize or “explore how the target language itself
that the word-learning mechanism which facilitates the pairing organizes meaning” (1990). For the adults in a more advanced
stage of second language acquisition, lexical development in
French had become detached from L1 lexical knowledge so that
French vocabulary items were paired not with native language
equivalents but with conceptual definitions; presumably, these
conceptual pairings occurred during French acquisition in
adulthood just as conceptual pairings for L1 has taken place in
childhood for the learners.
The case of “Genie,” discussed earlier, provides a final
piece of support for the hypothesis that a language-specific
learning mechanism survives past the critical period: although
Genie was not able to construct coherent sentences, she was
nevertheless able to learn many individual words after 13 years
of silence. That she was able to accomplish this solely by means
of general learning abilities appears unlikely.
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child first language acquisition, and any theory of second
language acquisition must take these differences into account.
The view that UG is no longer directly available to adult second
language learners capitalizes on these differences as proof of
unrelated, distinct processes for either one.
However, such a hypothesis overlooks subtle similarities,
while the idea that second language acquisition occurs through
the use of generalized cognitive abilities is questionable. It
implies that the ability to learn languages should correlate with
other domain-general abilities, such as problem-solving skills
or even intelligence. How can this hypothesis account for the
existence of linguistic savants, who are somehow capable of
learning languages with ease?
Although a definitive explanation of the processes involved
in adult second language acquisition may lie far in the future,
one linguistic theory may help provide some answers. When
discussing UG, Jackendoff suggests that it should be viewed not
as a single lump but rather as a toolbox of gadgets to facilitate
the language acquisition process in childhood (2002). Perhaps,
then, only some tools associated with UG and the languagespecific learning mechanism are time-sensitive and inaccessible
after the critical period, while others remain directly available
even in adulthood. UG is therefore neither completely lost
after puberty or completely available—rather, the answer lies
somewhere in between, an answer awaiting the efforts of current
and future linguists.
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Spotlight on Outstanding
Faculty at Harvard

H

arvard University is a name synonymous with
innovation and discovery. From the Center for
Brain Science, with its goal to understand neural circuits,
to the Mind, Brain, and Behavior Initative, Harvard boasts
a vast array of resources devoted to the study of the
cognitive sciences. This year, we would like to highlight
the research of a few pioneering faculty members who
have sought to solve complex puzzles on how the brain
works. For Prof. Alice Flaherty’s research on creativity,
see below (continued on the next page). For a conversation
with Prof. Daniel Wegner, see page 15. For Prof. James
Quattrochi’s pioneering, internet-based approach to
teaching neuroscience, see page 30.

Experimenting with Creativity:
HMS Professor Alice Flaherty
Mimmie Kwong
For a field that appears to depend deeply on creativity,
science has never fully admitted its connection with this
seemingly intangible, emotional, and almost taboo topic.
But for Harvard Medical School (HMS) Neurology
Assistant Professor Alice Flaherty, creative drive is
more than a subjective feeling without place in the world
of white coats and microscopes.
After authoring The Massachusetts General Hospital
Handbook of Neurology, Dr. Flaherty encountered personal
trauma with the death of her mother and quickly found
herself overwhelmed by a desire to write. The culmination
of this drive and passion, The Midnight Disease: The
Drive to Write, Writer’s Block, and the Creative Brain,
documents her struggle to bring together the opposing
worlds of literary enthusiasm and scientific rationalism.
Named a best book of the year by the The Washington
Post, Kay Jamison praised it as “An original, fascinating,
and beautifully written reckoning…of that great human
passion: to write.” In her book, Dr. Flaherty argues against
the oversimplified model of the right side of the brain as
the seat of creativity and implicates additional areas for
involvement, such as the temporal lobe and limbic system.
She hypothesizes that creativity, the ability to produce
innovative ideas of value, can be studied scientifically as
series of interactions among different brain regions. When
these interactions are modified or the areas are altered, the
creative drive changes.
In 2004, Flaherty, along with Harvard University
experimental psychologist Shelley Carson, investigated
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the use of light boxes to alleviate the negative effects
of decreased light on productivity and creativity.
Exposure to light boxes has been previously proven
effective in combating Seasonal Affective Disorder
(SAD), a condition that results in depressed moods
during months of less sunlight. Drs. Flaherty and

Navigating Virtual Reality Platforms:
Virtual World as Niche for
Support Groups and Philanthropy
Petra E. Pajtas

W

Dr. Alice Flaherty experiences hypergraphia, in the words of
The Midnight Disease, “an overpowering desire to write.”

Carson conducted experiments testing the same
treatment on the creativity of college students.
Recently, Dr. Flaherty proposed a neural and
cortical model for creative drive, as evidenced in
functional neuroimaging, drug studies, and brain
lesion studies (Flaherty, 2005). Contrary to popular
expectations, creative drive correlates more strongly
with creative output than skill, and thus she focuses
her study on it. Addressing a lack of drive, her
model points to frontal lobe malfunction, anxiety,
and sensorimotor and premotor cortex changes to
understand creative blocks (such as writer’s block).
As a 2005-06 Radcliffe Institute Fellow, Dr.
Flaherty spent the past year working on All in Your
Head: Brain Mechanisms of Denial and Disease.
Taking a similar approach to her analysis of
creativity, she researched the neurology underlying
psychosomatic symptoms and suffering.
Through a multi-dimensional research
approach, Dr. Flaherty helps bridge the immense gap
between science and creativity, so that scientists and
writers alike can be free to explore topics beyond the
traditional bounds of their respective areas.
References
Flaherty, A.W. (2005). Frontotemporal and dopaminergic control of idea generation and creative drive. Journal of Comparative Neurology, 493, 147-153.
Flaherty, A.W. (2004). The Midnight Disease: The Drive to Write, Writer’s
Block, and the Creative Brain. Boston: Houghton-Mifflin.
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ith only movies like the Matrix, Vanilla Sky, or games like
Sin City to inform popular conceptions of virtual reality
(VR), computer simulation appears to possess limited applications,
constrained to computer circuits and further limited by our narrow
understanding of reality itself. Currently, VR is comprised of a
computer-simulated environment in which the user (manipulating
controls) is able to interact with the surroundings. Used only for
military training and computer gaming until recently, virtual reality
platforms are rapidly becoming fully functional, internet-based
virtual worlds with multiple end-users, now that access is available
to everyone. As usership expands, VR platforms are changing
how we define our abilities, interpersonal relationships, and social
interactions. Although VR critics argue that the anonymity VR grants
invites inappropriate behavior, the ability to morph one’s identity
also fosters supportive social relationships untainted by physical
differences.
For those unfamiliar with VR, perhaps the label “virtual” is
somewhat misleading. VR platforms are tremendously realistic, so
much so that they have become virtual hosts of support groups and
close-knit communities. For instance, almost 5 million users from
around the world are currently members of Second Life (SL), a VR
platform developed by Linden Lab in 2003.1 Second Life unifies
real-world economics and social functioning with computer-based
navigation and physically impossible perks (such as flying, freefall, and teleport). The platform is complete with currency—Linden
dollars (L$)—exchangeable to US dollars at a variable daily rate.
The company’s web site provides free access to the user interface
(program) and registration is also free.
Due to SL’s high-functioning features and click-of-the-mouse
accessibility, special needs communities have thrived on Second Life,
which is home to groups such as ShockProof, the Brigadoon Project,
and until recently, Wheelies, among others. ShockProof is an open
community for stroke survivors and those interested in learning about
stroke; its members organize building events and art shows, while
fostering discussion on recovery. Brigadoon Project, a restricted
community for persons and relatives of people diagnosed with autism
or Asperger’s Syndrome, hosts weekly meetings and organizes SL
events to raise awareness and offer support.
“After I entered SL through the Brigadoon Project, I found that
working in SL was assisting in increasing memory, alertness, and
executive skills,” said the founder of ShockProof, known in SL as
The Sojourner,2 on establishing her organization. “I am a multiple
stroke survivor…so I took my experiences in SL to form the basis
for my dream regarding a stroke community and asked my friends on
BrainTalk,3 in the stroke forums, if they would like to join.”
When asked to define the role of ShockProof in the SL
community, The Sojourner explained, “ShockProof is not really a
support group. It is a community of people who are stroke and TIA
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[Transient Ischemic Attack] survivors, as
well as family members and caregivers.
They are not in SL simply to provide
support. They are there to further their
own goals and dreams as well, and in the
process of their inter-relationships, actively
provide support and assistance. The Dream
Travelers4 are the same way. While they are
actively pursuing their own growth, they
also provide a non-stroke support network
for ShockProof.”
Furthermore
she
emphasized,
“Support often implies a more passive
bolstering or ‘net in case you fall’ approach.
Our groups focus on dreams and active
pursuit of those dreams. So, while you A recent meeting of ShockProof, a community for stroke survivors, family, friends, and caregivers. ShockProof, founded by The Sojourner (far left), hosts visitors who discuss prevention
may need the occasional boost or sense of and recovery with attendees.
Screenshots by Petra E. Pajtas
direction, we focus on salvaging what we
of morphing into someone or something new. Moreover, since
can of our old lives, finding new strengths,
and learning new skills.” She added: “We talk a lot about the platform allows users to disguise or omit disabilities (such
what the stroke is to each of us and our recovery process. We as wheelchairs), interpersonal interactions—although criticized
do talk about recovery: whether there is such a thing as full- as somewhat “icy” because not face-to-face—can abandon
recovery; recovery expectations, depression, what to expect physical restrictions. In participating in these communities,
from caregivers, family, friends, what aspects of SL are helpful, disabled users can impact the community by creating virtual
products (e.g., plants, clothes, cars, houses) and events. The SL
current situations, fears; most of the usual things.”
As members of ShockProof, these individuals redefine platform provides an opportunity for virtual businesses with real,
social labels. “In a ShockProof meeting last year we got into cash income. Individuals previously hindered in their business
a discussion about what it meant to be a stroke survivor,” said prospects by forced early retirement or the confines of an
The Sojourner, “Were we survivors or victims? During the apartment have the opportunity to launch new ideas. The virtual
conversation, we decided that being a victim is a very passive market has seen a large boom in commerce since the introduction
term that expresses a lack of control; something has been done to of brand labels in virtual life. Consulting and public relations
you and you are not moving forward. ‘Survivor’ was somewhat (PR) firms have geared toward tapping the virtual market by
more active. You ‘pick yourself up and dust yourself off’ but the supporting industries in their virtual transition.7
SL promises not only a novel market and creative support
term is still couched in past events. To label yourself a ‘survivor’
you must focus on that which is survived and is a term that is networks, but new avenues for help and philanthropy. In the
temporal. It only really applies to a stroke itself. You have the last year, Second Life has enabled fund raising for a variety
event…you survive it. It does not really exemplify the struggles of causes, including the American Cancer Society (Second
of recovery or your new life. Marie Hightower5 suggested the Life Relay for Life), the Red Cross (raising funds for Katrina
word “Strivor” (STroke SurvIVOR) as more applicable. It is an victims via private charities and raffles), the American Stroke
active word. You are constantly striving to overcome obstacles Association, and diabetes (via the Second Life Foundation for
Diabetic Children). In 2006, for instance, during the Second Life
and realize the new ‘you,’” she concluded.
To imagine these ShockProof meetings, a non-user should Relay for Life, The American Cancer Society raised over US
$40,000 during a 24-hour virtual walk-athon, attracting over 1000 participants.8
ShockProof....is a community of...stroke and TIA Over thirty volunteers created a virtual
[Transient Ischemic Attack] survivors, as well as family track with landscapes from New York,
Paris, Mexico, and South Africa along
members and caregivers. They are there to further their which participants completed the walkown goals and dreams, as well, and in the process...[they] a-thon.
From April 14 to April 28, Dream
actively provide support and assistance.
Travelers and ShockProof hosted the
Second Annual Dreams Community
Fair and Fundraiser, complete with
understand that on the “grid”6 one can create an avatar—a human
a
live
auction
whose
proceeds benefit the American Stroke
representation of oneself or the person one wishes to be—and
Association.
Although
relatively
small in size, the fair generated
via the avatar one can fly, walk, build, chat, or even dance. Only
L$135,000
(roughly
US
$500)
in
donations alone, within a week
familiarity with the platform and imagination stand in the way
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Virtual Landscapes of Harvard: Weeks footbridge, a Cambridge signature, reproduced as the Berkman Island entrace in Second Life (left).
Berkman Island’s virtual Austin Hall, from the Harvard Law School, leads directly into Ames Courtroom (right).
Screenshots by Petra E. Pajtas

of its launch (apart from revenue generated by the auction on the
last day of the fair).9
However, SL is not limited to peer support groups and
philanthropy. SL members have created forums for interactive
health education including the Second Life Medical Association,
Health and Wellness Center, and HealthInfo Island. A Second
Life Medical Library and a Consumer Health Library have also
been established to teach and inform visitors about science
and consumer health awareness. These sources are replete
with information and trainers who answer questions regarding
particular aspects of each topic.
As Second Life gains popularity, support and awareness
groups are bound to expand, most likely prompted by the
integration of educational institutions into Second Life. Not
only do these institutions increase the visibility and popularity
of Second Life among college age users, but they also benefit
from virtual media support, courses open to the public (that do
not tax institutional budgets), and distance learning opportunities
through the virtual classroom. In the past year, Harvard has
become a strong presence in Second Life. The Berkman Center
for Internet & Society at the Harvard Law School has acquired an
SL island and recreated Austin Hall and campus trademarks (see
figures). Via this portal, Harvard Law School, in collaboration
with the Harvard Extension School, incorporated Second Life
into several law courses including Professor Charles Nesson’s
course, “Cyberone: Law in the Court of Public Opinion,” taught
last spring. Cyberone10 was the first ever class taught partly via
Second Life.
However, Harvard is not the sole academic presence
in Second Life. Professors from New York University, San
Francisco State University, Trinity University, the University
of Texas at Austin, and Vassar College have integrated Second
Life into their courses. As more of the academic environment
is sublimated into Second Life, health awareness resources
and support groups are bound to become a permanent fixture,
14
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especially with the integration of universities’ medical and
research institutions. Although critics claim that VR users just
“take the internet too seriously,” the rise in academic consumers
and the success of social groups would suggest continued growth
and an increasing number of applications of VR.
VR platforms, including Second Life, provide a medium
for abandoning “first life” identities ridden by disability and
enable the smooth integration of all groups into the community.
Not surprisingly, these platforms have a wide range of users and
are known for tolerance and open-mindedness. Online support
groups and philanthropy, when coupled with the friendly
atmosphere, are sure to become a staple of campaigns for raising
awareness and for supporting treatment research. Although still
new and untapped, multi-user VR redefines our understanding
of personal identity, providing fuel for debates and for the
reevaluation of interpersonal interactions. With a four-fold
increase in membership in the last two years, Second Life is
a primary candidate for better help, click-of-the-mouse support
groups, and interpersonal bonding unbiased by appearance.
Footnotes
1
Please visit www.secondlife.com for more information or to download the program that
allows for joining the Second Life grid.
2
The Sojourner uses this name to navigate Second Life and thus this username is the best
method of contact for those who have questions about Second Life.
3
BrainTalk.com is an online forum and neurological patient support group.
4
Dream Travelers is a group focused on creativity and imagination in Second Life, mainly
planning events and building competitions for visitors and residents alike. Dream Travelers was
also founded by The Sojourner.
5
Marie Hightower is the Second Life username of the member quoted. The real name of the
member was withheld.
6
Grid is the name for the internet-based network of computers on which Second Life
operates; thus when signing on to operate the program, you are connecting to the grid.
7
Just some names now in SL are: Adidas, American Apparel, CNet, H&R Block, IBM,
Orange County Choppers, Reebok, Reuters, Starwood Hotels, and Toyota. For insight on how
these brands have been introduced to Second Life, please see http://www.millionsofus.com/
blog/.
8
For details on the 2006 Second Life Relay for Life, see http://www.cancer.org/docroot/\GI/
content/GI_1_8_Second_Life_Relay.asp.
9
A final tally for donations and auction-generated funds was not yet available at press time.
10
For information about Cyberone and another course, Internet and Society, at the extension
school, visit http://blogs.harvard.law.edu/cyberone/ and http://cyber.law.harvard.edu/ptc/
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The Mind et al.:
A Conversation with Professor Daniel M. Wegner
Elizabeth Ryznar

P

rofessor Daniel M. Wegner is well-known among
undergraduates for teaching Psychology 15
(Social Psychology). As a professor in the Department of
Psychology, Wegner currently researches mind perception,
though he also investigates thought suppression and mental
control. He published White Bears and Other Unwanted
Thoughts and The Illusion of Conscious Will, in addition to
co-authoring other books. He publishes articles in journals
such as Psychological Science, Science, and the Journal of
Personality and Social Psychology.

do seem to capture what people think they are. So, for all
practical purposes, this is what the mind is, it’s what minds
appear to be from outside.

Another thing we found is that these dimensions are related
to moral judgment. We asked people to say which of two
characters would be more responsible if they had killed
someone, and found that this judgment is highly correlated
with agency. So if you can do things, you should be
punished—humans and God are examples. But if a baby
is involved in a crime, you don’t punish him, because he’s
Elizabeth Ryznar: How did you get
not a moral agent. If the x-axis is
into the topic of mind perception,
moral agency, then the y-axis is
and what are you analyzing now?
what Aristotle described as being a
moral patient: being someone who
Daniel Wegner: I became interested
can have moral actions done to him.
in whether people would make
In the experience dimension, we
fine distinctions between different
asked people: If you had to harm
types of minds. I put a voluntary
one of these characters, which
survey up on my website, asking
would it be most painful for you
participants to compare pairs of
to harm? It turns out that people
different minds. For example, we
don’t like to hurt things up high
asked if a baby is more conscious
on the experience scale. The frog,
than a robot or if a fetus is more
fetus, and PVS are above the dead
conscious that a frog. We had them
person and the robot [and as such
do lots of different comparisons,
it would be more painful to hurt a
Adjusted character factor scores on the dimensions
not just on consciousness, but
frog than a dead person]. There’s
of mind perception (PVS = permanent vegetative
on other capacities as well. We
no way to do morally bad things
state). 		
Courtesy of Prof. Daniel Wegner
asked, for example, if a person in a
to a robot. It’s funny, God is in the
persistent vegetative state (PVS) is
same place. God is truly a moral
more likely to be hungry than a dead person or if God is more agent, but people perceive God as not having experiences.
likely to be hungry than a frog (for a description, see Gray,
Gray, & Wegner, 2007).
ER: Are you working on any other projects that relate to
mind perception?
ER: What were the results of this study?
DW: I’m working with post-doc Andrea Heberlein. We’ve
DW: It turns out that if you subject the ranking to factor been talking a lot about probing how physicians, nurses,
analysis…you get two dimensions of mind perception. People and people doing health care have to adjust mind perception
organize minds in terms of whether they can experience moment-to-moment. They have to empathize with the
things—for example, hunger, joy—and whether they are patients. Moments later, they have to deal with them as an
agents or not—can do things, such as plan, think, intend. And object. When a person is under anesthesia, you don’t want to
it makes for a very interesting pattern when you look at the wince every time you cut them. Then you have to alternate:
different characters we had people judge and see how they fall the patient comes out of the procedure, and you have to come
onto the two dimensions…The survey brings an interesting back to ‘we are humans, let’s talk, I need to be sensitive to
solution to what minds are. You have a linear distinction, your concerns, I need to help you adjust.’ That really is a
but the survey divides that out into two dimensions of being roller coaster for anybody. People have trouble doing that. If
and doing (see figure; Gray, Gray, & Wegner, 2007)…These you’re watching a movie, if a character you really get into has
dimensions may not reflect what minds really are, but they something bad happen to them, you can feel it. Then you get
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a little distant because you’ve felt it. You feel you’ve invested
a little too much. I think health care providers are caught up
in this all the time.
ER: After reading White Bears and Other Unwanted
Thoughts, I felt as though I could cure any anxiety or mental
road block. Has your research on thought suppression1
changed your outlook?
DW: Well, no. If anything, I have learned one trick, which
is: don’t do it. Whenever I’m thinking about suppressing
a thought, it probably rings a bell for me that I’m getting
myself into trouble and that I better go talk to someone or
do something to solve the problem. Still, when it’s really an
emergency, I suppress thoughts just like everyone does.
ER: In your work on conscious will, you “question the
common sense view that conscious will is the cause of
action.”2 Hasn’t this view affected your everyday life?
DW: I think there are some people who truly fear that they
might become seriously depressed if they became convinced
of a deterministic view of the human mind. There is a fear
that if you lose your sense of conscious will, you might be
unable to get up in the morning.
As for me, I find myself getting up in the morning most days
whether I want to or not. I think that’s another case where
dealing with the field and thinking about the research doesn’t
make me any different than I would have been otherwise.
So even as a determinist who’s convinced that feeling of
conscious will is not an active expression of inner force—
even for someone with that point-of-view—I don’t wake
up depressed. The sense of free will we each have is a very
convincing feeling, a deep intuition that won’t go away even
if you are convinced as a scientist that the feeling is not an
authentic indication of how the mind works. Knowing about

the machinery of mind doesn’t change how it works.
ER: With that bit of news, I just have to ask, is there any hope
for procrastinators?
DW: Actually, it’s related. There are psychological studies on
procrastination that comes from a line of theory called selfhandicapping theory. I talk to my students about this in Psych
15. My students hate this theory. The idea is that people often
handicap themselves to protect their self-esteem. For instance,
people who go out and party the night before an exam think,
“If I get a poor grade it won’t really be a measure of me, it’ll
be because I partied too hard.” Procrastination is like that.
If you procrastinate, the poor grade you get on the project
isn’t really a measure of you. You can say to yourself: wow,
if I managed to get a B on this exam even though I didn’t start
studying ‘till 3 a.m. and I only studied for half an hour, then
imagine how brilliant I am! Procrastination keeps you from
ever truly measuring your ability (what you could get done
if you didn’t procrastinate). In this sense, your excuse for a
possible failure actually creates that failure. Getting around
procrastination has to do with being able to adjust how you
understand the way your performance reflects on you—and
realize that procrastination is a measure of you too. Putting
things off is a measure of inability as much as a low grade is.
ER: Any general advice for college students, apart from
overcoming procrastination?
DW: One of the great advantages of college is being able
to get involved in your field outside of the classroom. It’s
not a bad idea to jump into a laboratory and start being a
research assistant, for example, or to figure out how to do an
independent study with a professor’s guidance. Almost any
professor/post-doc is willing to help someone along who’s
interested in their line of work. I would recommend getting
into hands-on scholarly activity. That’s when school became
fun for me.
Footnotes
1
Wegner definition of thought suppression: “How do you stop thinking about a white bear?
It turns out that this question—asked originally by Dostoyevsky (1863) in Winter Notes on
Summer Impressions—does not have an easy answer. People who are prompted to try not to
think about a white bear while they are thinking out loud will tend to mention it about once
a minute. Since the initial experimental studies of this phenomenon by Wegner et al. (1987),
there have been many further explorations of the futility of suppression...As a result, we end up
thinking all too often about the doubts, worries, fears, and alarms that we have tried to erase from
mind” (Wegner, Thought Suppression).
2
Wegner, Conscious Will and Authorship Processing.
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ALZHEIMER’S DISEASE

Alzheimer’s Disease and the Resting Brain:
Perspectives from Neuroscience
Jay S. Reidler
Recent research on Alzheimer’s disease (AD) has found that areas of the brain associated with “resting”
state activity (i.e. the activity observed in the brain when it is in a passive state) are correlated with those
areas that develop amyloid plaque depositions, one of the key diagnostic features of AD. Since activity of
the default state is also found to correlate with such cognitive functions as episodic memory processing
and stream-of-consciousness thought, current research has offered the intriguing hypothesis that such
cognitive functions may be related to the etiology of AD. Areas for future research are proposed.

D

ue to tremendous advances in public health and
medical practice over the past century, the average
life expectancy has increased from roughly 50 years in 1900,
to 73 years for men and 78 years for women in 2000 (Price,
2000). As the life expectancy has risen, however, the incidence
of the debilitating and progressive senile dementia known
as Alzheimer’s disease, named after its discoverer Dr. Alois
Alzheimer, has risen in tandem. Alzheimer’s disease (AD), the
most prevalent cause of memory loss and cognitive decline in the
elderly population, occurs in 7% of people over 65 and 40% of
people over 80, with most patients exhibiting the first symptoms
of the disease in their sixties (Price, 2000). Researchers predict
that, within the next 25 years, the incidence of AD will triple, as
will its cost to society (Price, 2000). As with any illness, a better
understanding of its etiology is necessary for the development
of successful treatments.
Common symptoms of AD include progressive memory
impairment, cognitive and linguistic decline, paranoia, delusion,
and social impropriety (Hodges, 2006). The two diagnostic
lesions in the brain associated with AD are neurofibrillary
tangles and neuritic plaques, usually not discovered until
postmortem examination (Selkoe, 2001). Neurofibrillary
tangles are composed of the hyperphosphorylated form of the
microtubule-associated protein τ (tau) and are located within
affected neurons. Neuritic plaques, which will be the focus of
this paper, are composed of aggregates of amyloid β-proteins
(Aβ) that are cleaved from the amyloid precursor protein (APP)
and are usually found in the interstitial fluid of the affected brain
(Selkoe, 2001).
Several theories about the etiology of AD have been
proposed, each emphasizing the role of different proteins and
neurotransmitters. The amyloid cascade hypothesis views the
high concentrations of Aβ (Aβ42, more specifically) and the
deposition of amyloid plaques that result as the central factors in
initiating a cascade of neuronal malfunction including synaptic
dysfunction, neuronal loss, and neurofibrillary tangles (Selkoe,
2001). This hypothesis followed from the identification of
genetic markers that correlate with both increased production
of amyloids and the onset of AD. The apolipoprotein E4 allele
(ApoE4), for instance, which was originally found to appear
in half of late-onset AD patients, was later shown to increase
the steady-state level of Aβ peptides in the brain (Price, 2000;
Selkoe, 2001). Missense mutations (those that result in an amino
acid substitution) in the genetic sequence for APP and associated

proteins were also found to robustly predict the production of
Aβ42 proteins and the development of AD (Selkoe, 2001).
While these genetic markers have offered significant insight
into AD, a solely genomic approach to the disease is positively
insufficient. Price (2000) admits that the reason “particular
regions of the brain and specific populations of neurons are
selectively vulnerable in the disease remains unclear.” While
genetics may, in many cases, elucidate the molecular origins
of amyloid plaques in the brain, it fails to explain why the
plaques aggregate in significantly greater concentrations in
certain parts of the brain than in others, and why symptoms
only develop later in life. Localizing AD’s effects in the brain,
moreover, will provide useful information about the specific
psychological impairments associated with the disease. Clearly,
more functionally-related models are needed to explain the
distribution of amyloid plaques in the diseased brain.
The Resting Brain, AD, and Amyloid Deposition
For decades, it has been noted that the energy utilized by
the brain over time remains relatively constant. Sokoloff and
colleagues observed that the global changes in blood flow and
metabolism in the brain due to mental exertion are unappreciable
(1955). That is, though an active area of the brain may locally
consume more energy than an inactive part of the brain, the
brain as a whole consumes approximately equivalent amounts
of energy, whether it is performing an active, goal-oriented task,
or whether it is in a passive, default, or “resting” state.
In an attempt to understand this phenomenon, Gusnard
and Raichle (2001), building off of the work of Shulman et al.
(1997), observed the normal brain in its task-independent, nongoal-oriented state. Through functional magnetic resonance
imaging (fMRI), they found significant baseline activity present
in the dorsal and ventral medial prefrontal cortices, the posterior
lateral cortices, and the posterior medial cortices, including
the posterior cingulate, precuneus, and retrosplenial cortices
(Gusnard & Raichle, 2001). Furthermore, activity in certain
regions decreased below baseline when the brain entered a taskdependent, goal-oriented state. Gusnard and Raichle proposed
that the resting metabolic activity of the brain reflects the
continual housekeeping and surveillance activity of the brain.
When the brain engages in a goal-directed task, however, it
diverts its energy consumption away from these monitor regions
toward those necessary for the task at hand.
Several studies present evidence converging on a link
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between AD and activity in the ‘resting’ brain. Areas associated only implicates brief, intense synaptic activity in causing a
with this resting-state activity such as the temperoparietal and rise of Aβ deposition, it seems reasonable that, in line with the
retrosplenial association cortices exhibit decreased glucose hypothesis formulated by Buckner and colleagues (2005), the
metabolism as AD symptoms worsen (Herholz, 1995). In elevated neuronal activity associated with the resting brain may
addition, Lustig et al. (2003) showed that many areas associated contribute to amyloid deposition found in AD patients.
with resting activity in a healthy brain such as the posterior
It is worth noting that combining Cirrito et al.’s (2005)
parietal region adjacent to the posterior cingulate and the findings with the genetic understandings described above allows
retrosplenial cortex exhibit significantly different activity in us to posit a possible mechanism by which neural activity leads
aged and AD patients. Whereas
amyloid deposition. Perhaps
baseline activity in young
increased synaptic activity in
Epilepsy patients will often develop regions of the brain generates
adults normally decreases upon
task performance, AD patients
amyloid plaques in the areas activated by a greater need for protein
exhibit sustained activation
in these areas of
seizures, supporting the claim that syn- production
of their resting state baseline
the brain, which might lead to
activity throughout a task.
aptic activity may contribute directly to the proliferation of particular
At the same time as
genetic markers associated
amyloid plaque formation.
evidence has emerged relating
with AD in these parts of the
the baseline activity of the
brain. These genetic markers,
resting brain to abnormal activity in AD patients, a correlation such as ApoE4, predispose neurons to produce higher levels of
between areas that are active in the resting brain and amyloid the toxic form of Aβ, Aβ42, and therefore lead to the formation
deposition has surfaced as well. Researchers using recently of amyloid plaques in areas of elevated expression. Thus, recent
developed amyloid-imaging tracers have observed that amyloid findings provide a possible link between the functional processes
plaques tend to aggregate in the prefrontal cortex along the associated with the resting state of the brain, the areas associated
midline and in the medial and lateral posterior parietal regions, with amyloid deposition in AD patients, and the genetic markers
including the precuneus, posterior cingulate, and retrosplenial that predispose individuals to amyloid deposition.
cortex, but only marginally in other areas of the brain such as
the medial temporal lobe (Buckner et al., 2005; Klunk et al., Functions of Resting Activity
2004).
The resting brain’s involvement in the etiology of AD
Synthesizing recent findings, Buckner et al. (2005) noted raises important questions about the purpose of baseline
that the significant overlap in the neural regions associated with 1) activity—Why are these regions constantly active?—and how
the default-network of the resting brain; 2) the hypometabolism its malfunction can explain some symptoms observed in AD
and default activity abnormalities in AD patients; 3) atrophy in the patients. Researchers have suggested several possible answers.
default-network areas of the brain; and 4) the amyloid deposition
Gusnard and Raichle surmise that baseline activity in the
in demented patients. Based on this striking correlation, Buckner resting brain serves to monitor an individual’s internal emotional
et al. (2005) hypothesized that “default activity/metabolism state and the individual’s external environment (2001). They
patterns in young adults, in some unspecified manner, lead to point out that the posterior medial cortices are associated with
or modify amyloid deposition.” Resting activity may contribute representation of the visual periphery and emotional processing;
to the amyloid deposition associated with AD, in turn leading to the posterior lateral cortices are involved in episodic memory
the deterioration of these regions.
and orientation of people toward novel stimuli; the ventral
While Klunk (2004) and Buckner et al. (2005) connected medial prefrontal cortex is involved in integration of emotional
the locations of amyloid plaque in AD to sustained activity in the and cognitive processes; and the dorsal medial prefrontal cortex
default state, further hypothesizing a causal relationship, little is involved in self-generated thoughts, emotions, and attribution
could be said about the details of this causation. Subsequent of mental states to others. In addition, they cite studies
research by Cirrito et al. (2005), however, provided some insight. demonstrating reduced parietal activity in deep anesthesia and
Using microdialysis and field potential recordings, Cirrito et al. persistent vegetative states, suggesting that this area is involved
(2005) demonstrated that Aβ levels in transgenic mice directly in conscious awareness. Other studies have emphasized the role
relate to synaptic activity in their brains. Using an acute brain of episodic memory processing in areas that show significant
slice model, they found that it is specifically the exocytosis of baseline activity. Desgranges and colleagues found a correlation
synaptic vesicles that results in higher concentrations of Aβ, between glucose metabolism in the retrosplenial cortex of
which can in turn result in higher concentrations of Aβ-plaques. the medial posterior region, an area associated with baseline
As an example of this effect in humans, Cirrito et al. (2005) noted activity, and episodic memory recall performance (2002). In a
that epilepsy patients, who experience brief but intense surges series of fMRI studies, Shannon and Buckner (2004) observed
of neuronal activity, will often develop amyloid plaques in the that activity in the posterior parietal cortex, including the
areas activated by seizures, supporting the claim that synaptic inferior parietal lobule complex, the precuneus complex, the
activity may contribute directly to amyloid plaque formation. posterior cingulate cortex, and the retrosplenial cortex, was
While the presence of this phenomenon in epilepsy patients strongly correlated with retrieval success in both old and new
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visual and auditory memory recognition tasks (2004). In
a subsequent study, Buckner and colleagues replicated
these findings and observed a strong correlation between
the parietal regions associated with retrieval success,
baseline activity in the resting brain, and locations of
atrophy, amyloid deposition, and hypometabolism in
AD patients (2005). Grecius and colleagues showed that
there is significant co-activation of the hippocampus
with baseline activity, suggesting that the regions
associated with baseline activity are indeed involved
in episodic memory processing (2004). Maguire and
Mummery (1999) found that memory retrieval utilizes
regions of the brain associated with baseline activity
beyond the parietal cortex, suggesting that even broader
areas might be involved in memory processing during
baseline activity.
Some researchers understand baseline activity as
representing stimulus-independent thought, equivalent
to “stream-of-consciousness.” Fox et al. (2005) used functional
neuroimaging to show that the brain’s stimulus-independent
baseline activity is negatively correlated with its task-dependent
activity. They present a model in which the brain’s overall
activity is the result of a continuous competition between taskrelevant network and stimulus-independent activity in the default
network of the brain. One might suggest that rather than being
truly spontaneous, stimulus-independent activity is the correlate
of subconscious memory processing, which may even influence
conscious thought.
Based on the research cited in this paper, we are tempted
to speculate that increased levels of resting state activity over
the course of one’s lifetime contributes to the development of
amyloid deposition in chronically active areas. This might also
partially explain why the failure of such cognitive functions
as episodic memory is one of the most common symptoms of
AD. These findings, moreover, provide theoretical support for
the anecdotal observation that those who frequently engage in
goal-oriented mental activities such as puzzles enjoy a reduced
incidence of AD. As described earlier, such goal-oriented tasks
reduce the activity of the default-mode network of the resting
brain and increase activity in other areas of the brain necessary
for the task performance. This has the potential to equalize
activity across the entire brain, thereby preventing activity from
becoming concentrated in the default-mode network.
Conclusion & Future Directions
Following the logic above, namely that increased defaultmode activity causally contributes to amyloid plaque formation
in AD patients, whatever behaviors that can be related to the
default-state activity should be more pronounced in individuals
who later develop AD, all genetic factors being equal. These
behaviors should be furthermore disrupted following the onset
of AD due to the impaired function of brain regions mediating
these behaviors. For example, if, as Fox et al. (2005) suggest,
the default state is involved in stimulus-independent thought
like daydreaming, then we might predict that AD patients would
have a greater propensity for idle thought. A study examining

common personality attributes and behaviors among AD
patients, prior to the onset of the disease, might offer insight
into functions of the resting-state and the etiology of AD.
Determining a link between lifetime behavior and AD would
moreover suggest preventative measures for those at risk for this
devastating illness.
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Alzheimer’s Disease and Omega-3 Fatty
Acid Consumption: A Review
Hasan Siddiqi

O

and, after a mean time of 3.9 years, were re-examined (Morris
et al., 2003). Results of the study were normalized with respect
to factors such as a history of hypertension, cardiac disease or
stroke, and level of education. Researchers found an inverse
correlation between risk for AD and the amount of fish consumed.
Participants who consumed one or two servings of fish per week
were 60% and 70% less likely to develop AD compared to
participants who did not consume fish. Another study found a
correlation between increased fish consumption and a reduced
risk for developing AD (Barberger-Gateau et al., 2002). While
one large study did not find a significant link between increased
PUFA intake and a lowered risk of AD (Engelhart et al., 2002),
most longitudinal studies link an increase in DHA consumption
to a decrease in risk for developing AD (for a review, Freemantle
et al., 2006). While the benefits of fish intake have been well
documented, the mechanisms by which the PUFAs it contains
might moderate risk for AD must also be understood.

ver 95% of cases of Alzheimer’s disease (AD) are
deemed sporadic and are thought to arise from
environmental and other non-genetic effects (Turner, 2006).
An area of intense research is devoted to understanding these
interactions and elucidating environmental influences that may
help reduce the incidence of AD.
As an environmental factor, diet, and fatty acid consumption
in particular, has attracted much attention in AD research. Fatty
acids are the building blocks of triglycerides, and are classified
into four categories: unsaturated, mono-unsaturated, polyunsaturated and trans fatty acids. While trans fatty acids are
generally thought to be adverse to health, the other three classes
of fatty acids are known to have beneficial health effects. For Fatty Acids & AD: Possible Mechanisms
To examine the effect of DHA on AD, Lim and colleagues
instance, poly-unsaturated fatty acids (PUFAs) and especially
omega-3 (n-3) PUFAs, found primarily in seafood, play an used a transgenic mouse model to investigate the effect of DHA
important role in controlling heart disease and may reduce on the amyloid plaques accumulations characteristic of AD
the risk of developing diabetes (Engler et al., 2006; Haag et (2005). The authors found that total insoluble Aβ (which is the
al., 2005). More recently, deficiencies in the docosahexaenoic component of plaques), the number of plaques in the mouse
acid (DHA), a poly-unsaturated fatty acid, have been linked to brain, and the activity of the secretase enzymes that produce
Aβ were all decreased in animals that were on the high-DHA
neuron-specific defects that are associated with AD.
DHA, found in certain fish oils, is associated with early diet compared to low-DHA and no-DHA groups. The gene
neural development. DHA deficiency has been linked to neuron- expression of the various secretases was constant in all the
scenarios, indicating that DHA
specific abnormalities in several
central modules including learning
Studies have shown a correlation affected the proteolytic activity
of the enzymes and not their gene
and vision (Marszalek et al., 2005).
between increased fish consumption expression.
Evidence suggests that DHA plays
Further studies documented
a role in the formation, release, and
and decreased risk of developing
similar effects, such as a reduced
reuptake (endo- and exocytosis)
Alzheimer’s.
Aβ accumulation in treatment with
of vesicles because it reinforces
DHA (Hashimoto et al., 2005). Rats
and enriches the phospholipids of
the synaptic plasma membrane (Breckenridge et al., 1972). In that received Aβ infusions performed more poorly on memory
the developing neural system, growth cones of neurites (neural tasks than rats that received either DHA and Aβ, DHA alone,
projections that may turn into axons or dendrites) also have or vehicle control, with rats receiving DHA alone performing
high DHA levels, as do neuronal dendrites in adults (Martin & best of the four groups. Furthermore, the authors found that rats
receiving DHA (with or without Aβ infusions) had reduced
Bazan, 1992).
Furthermore, adding DHA supplements to neural cultures Aβ and cholesterol levels compared to control rats. Thus, DHA
increased neurite growth and proliferation (Calderon & Kim, dietary supplements decreased the number of amyloid plaques, a
2004; Dehaut et al., 1993; Ikemoto et al., 1997; Williams et major feature of AD pathology. It remains to be determined how
al., 1994, among others). Several experiments have shown DHA interacts with the secretases or the secretase substrates
that DHA can prevent the apoptotic cascade cycle of various to reduce the proteolytic activity. This could possibly lead to
enzymes, thus reducing cell death (Rotstein et al., 1997; Kishida an insight regarding secretase inhibitors, which could form the
et al., 1998; Kim et al., 2000). This presence of increased DHA basis for a line of AD therapy.
Recent studies investigated the mechanisms by which
in neuronal extensions indicates a role in neurite growth and
dendritic synapse formation. These findings have led researchers DHA may ameliorate the negative effects associated with Aβ.
to investigate whether DHA may inhibit the pathogenesis of AD Florent et al. found that exposing neural cells to DHA 48 hours
prior to the administration of an Aβ infusion led to a 85% cell
and its associated neuron-specific abnormalities.
In order to understand the influence of DHA intake on AD, survival rate, as compared to the 50% survival rate of cells not
researchers have conducted longitudinal studies of AD complete pre-treated with DHA (2006). There was also a decrease in the
with dietary profiles. In one study, geriatric participants were number of apoptotic nuclei in DHA-treated cells suggesting that
given medical examinations and food frequency questionnaires pre-treatment with DHA inhibited the caspase apoptosis activity
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that is usually activated in response to Aβ treatment. DHA did
not reduce the effects of Aβ cytotoxicity on cells by reducing
oxidative stress as several markers of oxidative stress were
unaffected by DHA pre-treatment. The authors also showed that
while Aβ perturbs the cytoskeletal arrangement of neurons,
leading to the apoptotic cascade, DHA administration maintains
the cytoskeleton in its regular state and thus prevents structural
damaged in cells exposed to Aβ.
These findings are consistent with previous findings that
DHA administration in human neural cells in culture leads to
decreased cellular Aβ secretion and increased formation of a
molecule called neuroprotectin D1 (NPD1; Lukiw et al., 2005).
NPD1 is thought to reduce oxidative stress and has previously
been linked to anti-apoptotic and anti-inflammatory responses
in retinal cells (Mukherjee et al., 2004). DHA is thought to be
a precursor to NPD1. Aβ appears to repress NPD1 production,
which may be the cause of increased levels of inflammation
and apoptosis seen in AD. Aβ is also known to up-regulate
pro-inflammatory and pro-apoptotic gene expression while
NPD1 leads to an up-regulation of an anti-apoptotic family of
proteins (Bc1-2 family of proteins; Mukherjee et al., 2004; Bc12 anti-apoptotic effect noted in Tarte et al., 2004). Researchers
should evaluate whether DHA affects gene expression of other
proteins that modulate the damaging effects of Aβ, in order to
formulate treatments that target genetic expression and block
the neurodegeneration noted in AD.
At the genetic level, an investigation found that DHA
supplements led to an increase in the expression of 23 genes
in the rat hippocampus (Puskas et al., 2003). The experimental
rats were fed fish oils for a period of one month while control
rats received only their usual diet. Of the 23 genes that were
overexpressed, the authors identified transthyretin (TTR) as a
gene of special interest. In the DHA rats, TTR gene expression
was increased 10-fold compared to the TTR expression of control
rats. This elevation is significant because prior studies have
shown that TTR is a protein that has Aβ scavenger activity, and
thus is thought to prevent Aβ aggregation and plaque formation
(Golabek et. al, 1995; Link, 2000; Tsuzuki et. al, 2000). This
TTR gene expression up-regulation with DHA may be a
powerful mechanism inhibiting plaque formation; increasing
TTR expression via DHA may slow or halt the progression of
AD. DHA supplements, via this mechanism of up-regulation,
may also be prophylactic against later risk for AD.
Several epidemiological studies have shown a correlation
between increased fish consumption and decreased risk of
developing Alzheimer’s disease. Increased fish consumption
was associated with increased docosahexaenoic acid (DHA)
levels, which in turn were also linked to a reduction in the risk
of developing AD. While further studies are needed to explore
the role of DHA in AD pathogenesis, significant evidence
suggests that fish (and DHA) consumption may be protective
against Alzheimer’s disease. As a preventive measure against
Alzheimer’s disease, fish (or fish oil supplements) should be
incorporated into diets worldwide, as several positive effects
and only few negative effects (such as elevated mercury levels)
have been linked to a high-fish diet.

References
Barberger-Gateau, P., Letenneur, L., Deschamps, V., Peres, K., Dartigues, J.F., & Renaud, S.
(2002). Fish, meat, and risk of dementia: cohort study. Br Med J, 325, 932-33.
Breckenridge, W.C., Gombos, G., & Morgan, I.G. (1972). The lipid composition of adult rat
brain synaptosomal plasma membranes. Biochim Biophys Acta, 266, 695-707.
Calderon, F., & Kim, H.Y. (2004). Docosahexaenoic acid promotes neurite growth in
hippocampal neurons. J Neurochem, 90, 979-88.
Dehaut, F., Bertrand, I., Miltaud, T., Pouplard-Barthelaix, A., & Maingault, M. (1993). N-6
polyunsaturated fatty acids increase the neurite length of PC12 cells and embryonic chick
motoneurons. Neurosci Lett, 161, 133-6.
Engelhart, M.J., Geerlings, M.I., Ruitenberg, A., Van Swieten, J.C., Hofman, A., Witteman, J.C.,
& Breteler, M.M. (2002). Diet and risk of dementia: Does fat matter? The Rotterdam study.
Neurology, 59, 1915-21.
Engler, M.M., & Engler, M.B. (2006). Omega-3 fatty acids: role in cardiovascular health and
disease. J Cardiovasc Nurs, 21, 17-24.
Florent, S., Malaplate-Armand, C., Youssef, I., Kriem, B., Koziel, V., Escanyé, M., Fifre, A.,
Sponne, I., Leininger-Muller, B., Olivier, J., Pillot, T., & Oster, T. (2006). Docosahexaenoic
acid prevents neuronal apoptosis induced by soluble amyloid-β oligomers. J
Neurochem, 96, 385-95.
Freemantle, E., Vandal, M., Tremblay-Mercier, J., Tremblay, S., Blachere, J-C., Begin, M.,
Brenna, J.T., Windust, A., & Cunnane, S.C. (2006). Omega-3 fatty acids, energy substrates,
and brain function during aging. Prostaglandins, Leukotrienes, Essential Fatty Acids, 75,
213-20.
Golabek, A., Marques, M.A., Lalowski, M., & Wisniewski, T. (2006). Amyloid beta binding
proteins in vitro and in normal human cerebrospinal fluid. Neurosci Lett, 191, 79-82.
Haag, M. & Dippenaar, N.G. (2005). Dietary fats, fatty acids and insulin resistance: short review
of a multifaceted connection. Med Sci Monit, 11, RA359-67.
Hashimoto, M., Hossain, S., Agdul, H., & Shido, O. (2005). Docosahexaenoic acid-induced
amelioration on impairment of memory learning in amyloid beta-infused rats relates to the
decreases of amyloid beta and cholesterol levels in detergent-insoluble membrane fractions.
Biochim Biophys Acta, 1738, 91-8.
Ikemoto, A., Kobayashi, T., Watanabe, S., & Okuyama, H. (1997). Membrane fatty acid
modifications of PC12 cells by arachidonate or docosahexaenoate affect neurite outgrowth
but not norepinephrine release. Neurochem Res, 22, 671-78.
Kalmijn, S., Launer, L.J., Ott, A., Witteman, J.C., Hofman, A., & Breteler, M.M. (1997). Dietary
fat intake and the risk of incident dementia in the Rotterdam Study. Ann Neurol, 42, 776-82.
Kim, H.Y., Akbar, M., Lau, A., & Edsall, L. (2004). Inhibition of neuronal apoptosis by
docosahexaenoic acid (22:6 n-3). J Biol Chem, 275, 35215-23.
Kishida, E., Yano, M., Kasahara, M., & Masuzawa, Y. (1998). Distinctive inhibitory activity of
docosahexaenoic acid against sphingosine-induced apoptosis. Biochim Biophys Acta, 1391,
401-8.
Puskas, L.G., Kitajka, K., Nyakas, C., Barcelo-Coblijn, G., & Farkas, T. (2003). Shortterm administration of omega 3 fatty acids from fish oil results in increased transthyretin
transcription in old rat hippocampus. PNAS, 100, 1580-5.
Lim, G.P., Calon, F., Morihara, T., Yang, F., Teter, B., Ubeda, O., Salem, N. Jr, Frautschy, S.A.,
& Cole, G.M. (2005). A diet enriched with the omega-3 fatty acid docosahexaenoic acid
reduces amyloid burden in an aged Alzheimer mouse model. J Neurosci, 25, 3032-40.
Link, C.D. (2000). Expression of human beta-amyloid peptide in transgenic C. elegans. PNAS,
92, 9368-72.
Lukiw, W., Cui, J., Marcheselli, V., Bodker, M., Botkjaer, A., Gotlinger, K., Serhan, C., & Bazan,
N. (2005). A role for docosahexaenoic acid-derived neuroprotectin D1 in neural cell survival
and Alzheimer disease. J Clin Invest, 115, 2774-83.
Marszalek, J.R., & Lodish, H.F. (2005). Docosahexaenoic acid, fatty acid-interacting proteins,
and neuronal function: breastmilk and fish are good for you. Annu Rev Cell Dev Biol, 21,
633-57.
Martin, R.E., & Bazan, N.G. (1992). Changing fatty acid content of growth cone lipids prior to
synaptogenesis. J Neurochem, 59, 318-25.
Morris, M.C., Evans, D.A., Bienias, J.L., Tangney, C.C., Bennett, D.A., Wilson, R.S., Aggarwal,
N., & Schneider, J. (2003). Consumption of fish and n-3 fatty acids and risk of incident
Alzheimer disease. Arch Neurol, 60, 940-6.
Mukherjee, P.K., Marcheselli, V.L., Serhan, C.N., & Bazan, N.G. (2004). Neuroprotectin D1: a
docosahexaenoic acid-derived docosatriene protects human retinal pigment epithelial cells
from oxidative stress. PNAS, 101, 8491-6.
Rotstein, N.P., Aveldano, M.I., Barrantes, F.J., Roccamo, A.M., & Politi, L.E. (1997). Apoptosis
of retinal photoreceptors during development in vitro: protective effect of docosahexaenoic
acid. J Neurochem, 69, 504-13.
Tarte, K., Jourdan, M., Veyrune, J.L., Berberich, I., Fiol, G., Redal, N., Shaughnessy, J. Jr, &
Klein, B. (2004). The Bcl-2 family member Bfl-1/A1 is strongly repressed in normal and
malignant plasma cells but is a potent anti-apoptotic factor for myeloma cells. Br J Haematol,
125, 373-82.
Tsuzuki, K., Fukatsu, R., Yamaguchi, H., Tateno, M., Imai, K., Fujii, N., & Yamauchi, T. (2000).
Transthyretin binds amyloid beta peptides, Abeta1-42 and Abeta1-40 to form complex in the
autopsied human kidney - possible role of transthyretin for abeta sequestration. Neurosci
Lett, 281, 171-4.
Turner, R.S. (2006). Alzheimer’s Disease. Semin Neurol, 26, 499-506.
Williams, E.J., Furness, J., Walsh, F.S., & Doherty, P. (1994). Characterisation of the second
messenger pathway underlying neurite outgrowth stimulated by FGF. Development, 120,
1685-93.

For more information on AD and nutrition, visit:
www.alzheimersupport.com/library/showarticle.cfm/id/2185

THE HARVARD BRAIN

21

BRIEF REPORT

Facial Expression Control in Blind Children
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A

crucial segment of communication depends on
non-verbal information exchanged through the
display and interpretation of facial expressions; however,
congenital blindness—present from birth—severely limits
both sides of this exchange. Blindness not only obstructs
an individual’s ability to receive and interpret the facial
expressions, but it also reduces the ability to voluntarily
display informative facial expressions (Roch-Levecq et.
al., 2006; Galati et. al., 2003; Galati et. al., 2001). This
inability, as a serious social impediment, begs the question:
how can the congenitally blind improve the ability to
voluntarily create informative facial expressions? For, while
camera technology might easily aid a blind individual’s
interpretation of other’s expressions, such an individual
is still cut off from effectively communicating his own
emotions or thoughts in an interchange. Yet any question
of improvement necessitates a deeper understanding of
exactly how blind children differ from their sighted peers.
Psychologists have long debated whether the
formation of informative facial expressions is a learned
skill acquired through imitation of visual cues, or if it is
an innate feature of the brain—two stances encapsulated
by the Differentiation Theory (DT) and the Differential
Emotions Theory (DET; Galati et al., 2001). Supporters
of DT propose that during the first months following
birth, infants do not display a marked, informative set of
facial expressions. However, as emotional development
progresses, infants learn though visual imitation and
interaction, and they begin to differentiate their facial
expressions in order to convey their emotions more
specifically (Galati et al., 2001). The development of
social and communicative skills may have originated
from mimicry of parental expressions by infants (RochLevecq, 2006). In contrast, DET purports that the brain is
biologically hardwired to develop emotional expressions
as it matures, and learning simply adjusts expressions to fit
an acceptable social display code (Galati et al., 2001).
Galati and colleagues compared how recognizable
the spontaneous expressions of blind and sighted children
were to a sighted observer (2001). When using Max
coding—an objective system that standardizes facial
expression identification by dividing the face into specific
regions—the expressions of blind and sighted children
in various emotion-inducing settings were judged to be
significantly alike (Galati et al., 2001). However, when
the expressions underwent subjective judgment, observers
indicated that blind children displayed a lower amount of
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pleasure than sighted children (Galati et al., 2001). The
results suggest that facial expression formation does seem
to be innately hardwired in the brain; however, learning
and mimicry are needed to fine-tune and coordinate facial
expressions so that they are socially recognizable.
However, blind children generate some voluntary
expressions. Studies of expression masking suggest that
blind children are able to apply social code to expressions.
For example, a disappointed child may mask an expression
of disappointment with a polite positive expression, such
as a smile. Nonetheless, blind children are overall less
effective at visually masking facial expressions than
sighted children (Cole et al., 1989). Researchers propose
that masking in blind children is due to three learned
tactics (Cole et al., 1989). First, masking could be a result
of socialization or verbal feedback regarding appropriate
responses. Second, masking could depend on a blind
child’s understanding that facial control is necessary to
express disappointment as a polite response, again probably
verbally explained. Finally, a child may use masking as a
learned protective coping response—displaying positive
emotions to balance out the negative emotions felt—also
known as cognitive dissonance, which reduces the internal
impact of a negative emotion.
However, even blind children who receive verbal
feedback lag behind their sighted peers. A recent study
suggests that this impairment may be caused by a delay
in the development of Theory of Mind (ToM), the
understanding that another person’s belief system can be
different from one’s own (Roch-Levecq, 2006). Unable to
receive feedback on their own emotional states through
imitation, blind children fail to recognize that others
experience similar emotions. Providing tactile input of facial
expressions in addition to verbal feedback may strengthen
a child’s ToM. As presented above, considerable variation
exists among blind children in terms of facial expression
control. However, tactile and auditory augmentation may
compensate for the lack of visual input in blind children.
Most importantly, these findings open an avenue for
improving communication in the congenitally blind.
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MUSIC ON THE BRAIN

On Music, Mind, and Meaning:
A Review of an MBB Conversation with Fred Lerdahl and Critical Friends
Scott McKinney

F

red Lerdahl, the 2006-2007 Mind, Brain, Behavior
Faculty Fellow and Fritz Reiner Professor of Musical
Composition at Columbia University, is steeped in the emerging
field of music cognition. As both a composer, interested in
aesthetics, and a theoretician, interested in the structure of the
music and how we perceive it, Professor Lerdahl enjoys a dual
perspective on the discipline.
This winter, Professor Lerdahl participated in a discussion
panel with some “friendly critics” in various fields under the
broad umbrella of cognitive science. Professor Mark Tramo,
Director of the Institute for Music and Brain Science at Harvard
Medical School, Professor Erin Hannon, Director of the Auditory
Cognition and Development Lab in the Harvard Psychology
Department, and Professor Andrew Nevins of the Department
of Linguistics all joined the conversation, while Professor Marc
Hauser, co-director of MBB, moderated. For those who might
have missed this event, the Brain highlights some interesting
tidbits from the discussion.
The Evolution of Music
“Music provides a special window onto the mind,”
Professor Lerdahl said as he explained his fascination with the
topic. Music has a puzzling emotional impact on human beings
and appears to be an activity relatively encapsulated from the
rest of our endeavors. These peculiar qualities suggest special
significance for our species and have led investigators to ask:
Is the generally universal appreciation for music a naturally

selected trait? Is music a part of our genetic legacy?
If music engages specialized regions of the brain, then
perhaps it was selected for in human evolution. Accordingly,
many researchers seek to determine whether the human
aptitude is specific to music, or whether it springs from general
cognitive ability. Is music processed by some privileged neural
computation, or is it merely a cognitive ‘spandrel,’ a pleasant
but unintended structure resulting from the chance alignment
of preexisting cognitive architecture? Professor Marc Hauser
frames this distinction, with less exclusion, as searching for the
faculty of music in the broad sense (all the systems recruited for
the job) and the narrow sense (the specialists, if they exist). And
questions of intention aside, how recently in our phylogenetic
lineage did musical competence evolve?
One place investigators look to answer these questions is
the rest of the animal kingdom. Are our musical abilities entirely
unique, or are some elements shared with species with which
we have recent common ancestors? The efforts of researchers
in comparative cognition have yielded some intriguing findings.
For instance, absolute pitch, rather than relative, appears to be
more common among mammals. Most humans, on the other
hand, possess some degree of relative pitch (we have a special
name for people who don’t—the tone-deaf), while absolute pitch
turns out to be quite rare. Some form of absolute pitch would
seem adaptive, allowing organisms to distinguish between
sounds emanating from large animals, potential predators,
and those produced by tiny ones, potential prey. It seems that
relative pitch, the ability that enables us to recognize the melody
of Yankee Doodle whether it is the key of C or F-sharp, is
something uniquely musical. Another angle researchers have
taken is probing animals’ auditory aesthetics. Many animals,
though they can be trained to discriminate between consonant
and dissonant intervals, exhibit no preference for either sound.
What purpose might musical appreciation and ability
serve, anyway? Mark Tramo suggests that music may have
evolved to promote social and emotional cohesion, engendering
the degree of cooperation our ancestors needed to survive. Other
theories in the literature invoke sexual selection, through which
the ability to entertain potential mates was selected for (after all,
what is the predominant theme of pop music?).
Roots in Language
Professor Lerdahl is interested in developing hierarchical
theories of music, akin to Noam Chomsky’s theories of
generative grammar. In Dr. Lerdahl’s models, one musical motif
subsumes another, creating nested groups, all projected onto the
periodic metrical grid of the tempo. From this framework, the
panel worked constructively to characterize music’s analogy, and
perhaps neurocognitive homology, with language. Structurally,
the two appear quite similar. Phrases seem to form natural
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tree-branches, and transitional elements allow speakers and ‘expectancy violation’—how much a note deviates from what
musicians to advance from one linguistic or musical scaffolding was expected within a phrase. (Interestingly, similar results have
to the next.
been found with grammatical violations.)
Another obvious link lies in their perception and
It has also been noticed that seemingly puzzling qualities
production: music seems to share the basic features of of music can be explained by looking at the very entity that
vocalization, phonology and prosody. In this light, vowels can be produces it: the human mind. Dr. Tramo provocatively suggests
considered mere ornamental passing tones among consonants, in a 2001 paper that “basic principles of the theory of harmony
the meaningful chord-tones. This may explain
reflect physiological and anatomical
the rapid evolution of vowels across cultures
properties of the auditory nervous system
Recommended Reading
and over time. As for a common rhythmic
and related cognitive systems.” For
component, computer algorithms trained to
instance, those intervals we perceive as
The Singing Neanderthals
analyze musical passages can detect cadences
consonant may be due to the innate wiring
Steven Mithen
in recited poetry.
of our brains and the differential tuning of
Harvard University Press,
But more subtle relations have been
frequency-sensitive neurons. These systems
384
pages,
$25.95
discovered, even in syntax. The cycles of
produce distinct patterns of activity in the
tension and relaxation generated in an exciting
presence of so-called consonant sounds. The
This is Your Brain on Music
passage of music have a striking analogue
number of pitches in an octave, moreover,
Daniel J. Levitin
in language. In uttering a grammatically
generally preserved throughout all music,
sophisticated sentence, the speaker sets up
may simply be due to memory constraints.
Dutton, Penguin Group,
dependencies climactically waiting to be
Just as psychologist George Miller’s magic
320 pages, $24.95
filled. As soon as you make “the Smiths” the
number for the working memory capacity is
subject of your sentence, you are obligated
7 ± 2, musical scales throughout the world
to use a plural verb—indeed, the listener expects it—even if consist of 5-8 tones.
this resolution does not come until many words later (e.g., The
Overall, just as the MBB Initiative advertised, the panel
Smiths, who live near the street I sometimes walk by on my way managed to “examine some of the history of music cognition
to work, play tennis).
and musical grammar, but also talk[ed] about the new challenges
and issues being explored and pursued by those interested in the
Music on the Brain
intersections between music, cognition, and neuroscience.” In a
Dr. Mark Tramo, a neurologist at Harvard Medical School, brief hour and a half, the discussion touched on a wide range of
discussed recent explorations into the neuroscience of music. In points and thoroughly engaged the audience. The talk certainly
his laboratory Dr. Tramo has found that Event-Related Potentials provoked more questions than can be answered given the current
(EPPs) (measures of electrical impulses in the brain from scalp state of knowledge, but exciting discoveries are surely in store.
electrodes) can be used as an index of mental distance between To learn more about the relationship of music and the mind,
notes in a chord. EPPs also predict the degree of subjective please see the recommended reading list.
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I’ll Do It Later: Academic Procrastination among College Students
Hillary W. Steinbrook

N

ever put off until tomorrow what you can do the day
after tomorrow, Mark Twain humorously suggested.
However, for many people who procrastinate, the factors that
contribute to procrastination and the consequences of this
dilatory tendency are not to be dismissed as a joke. Among
college students, procrastination has a high and variable
prevalence, from 46% to 95% (Janssen & Carton, 1999). This
analysis of the cognitive, affective, and behavioral factors
leading to procrastination will discuss constructs that support
what appears to be a detrimental behavior. Although putting
off assignments can lead to failure, it is noteworthy that the
tendency to procrastinate is also present among students who
have experienced repeated academic successes.
Inconsistencies in the Literature
According to Chu and Choi, procrastination is the “lack or
absence of self-regulated performance and tendency to postpone
what is necessary to achieve a goal” (2005). This definition of
procrastination lacks several key elements. In fact, the definitions
of key terms that appear in the literature on procrastination vary
widely among experimenters. The inconsistency of findings
regarding procrastination is likely due to such discrepancies,
as well as to the variety of assessment devices used. While
various studies have found certain factors to be responsible
for procrastination, other studies have found results to the
contrary. In some articles, the authors begin by stating that
procrastination must have negative consequences, eliminating
the possibility that procrastination could have positive effects
(Sigall, Kruglanski, & Fyock, 2000). These studies clearly do
not measure the same construct that Chu and Choi measured
when they determined that many procrastinators benefit from
delaying task completion.
Factors Contributing to Procrastination
The stereotype the public maintains regarding the causes
of procrastination greatly influences the self-image held by
procrastinators. When asked why they procrastinate regularly,
students often respond that it is due to laziness and problems
with time management and planning (Senecal, Koestner, &
Vallerand, 1995). However, the causes of procrastination
implicated by recent research indicate that the antecedents of
the behavior are more complicated and even counterintuitive.
According to Haycock, McCarthy, and Skay, behaviorists
view procrastination as a learned and reinforced habit (1998).
Procrastinators prefer short-term rewards in the form of enjoyable
activities at the expense of long-term achievement as a result of
academic effort. One study found that procrastinators were able
to remember more examples of successfully completing a project
at the last minute and fewer examples of situations in which
they were punished for waiting too long to start an assignment
(Ferrari, Johnson, & McCown, 1995). The factors that have been

found to most accurately predict procrastination include time
orientation, suboptimal thought processes, level of control over
one’s environment, social presentation, perfectionism, sources
of motivation, neuroticism, and circadian rhythms, all of which
will be discussed. Unfortunately, many of the studies undertaken
in this field have been strictly correlational and therefore cannot
definitively identify directions of causality.
The Planning Fallacy. Both procrastinators and nonprocrastinators often assume that their failure to complete a task
by deadline is due to an inability to plan ahead. The habit of
making optimistic estimates regarding task completion even
after similar tasks have taken longer than expected—known as
the planning fallacy—was hypothesized as the principal cause
of activity delays (Pychyl, Morin, & Salmon, 2000).
In an experiment measuring procrastination, participants
who self-identified as procrastinators were no more likely than
the non-procrastinators to underestimate the amount of time
that they would spend studying for an exam (Pychyl, Morin, &
Salmon, 2000). None of the participants exhibited the planning
fallacy. The procrastinators were able to correctly predict when
they would start studying and how much time they would study.
The researchers predicted that procrastinators would earn lower
grades since they had studied less, consistent with previous
finding of a strong negative relationship between procrastination
and grade point average (Senecal, Koestner, & Vallerand, 1995).
However, the experimenters did not find that procrastination
affected academic performance (Pychyl, Morin, & Salmon,
2000). The researchers speculate that the lack of evidence for
the planning fallacy may be due to the fact that professors rarely
change exam dates. It is not likely that a student will be able
to postpone taking a test; in contrast, the deadlines for term
papers and similar assignments are often flexible, encouraging
procrastination and contributing to the planning fallacy.
From the results of experiments investigating the planning
fallacy, it appears that self-identified procrastinators possess
enough self-awareness to know what their study schedules will
be. However, they do not seem able or willing to alter their
plans so that they can spread out the hours spent working on
assignments. It is possible that their focus on the present, a
manifestation of their preference for a present-oriented outlook,
prevents them from connecting their actions in the present to
consequences in the future.
Time Orientation
Future, Present, and Past Orientation. In one of the earliest
studies on the relationship between time perspective and tendency
to procrastinate, Blatt and Quinlan utilized tools not mentioned
in more recent articles regarding procrastination (1967). Time
orientation, the tendency to focus on the past, present, or future,
contributes to the process of goal-setting that leads to task
completion (Lasane & Jones, 2000). Time perspective, “the
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capacity to relate current experiences to a historical past and (Sirois, 2004). Upward counterfactuals consider how an event
to an anticipation of the future” is a similar construct (Blatt could have turned out better than it actually did; downward
& Quinlan, 1967). Blatt and Quinlan administered the Picture counterfactuals focus on how an event could have turned out
Arrangements subtest of the Wechsler Adult Intelligence Scale worse. Procrastinators tend to use downward counterfactuals,
(WAIS), requiring participants to arrange cartoon frames in a demonstrating that the motivation for delaying task completion
meaningful order, testing their
is related to both selfability to anticipate cause and
and
affect
In addition to being present-oriented, enhancement
effect.
Non-procrastinators
regulation.
Procrastinators
procrastinators may value social interac- not only desire to maintain
scored significantly higher on
this activity; when prompted to
an image of competence but
tions more than academic achievements.
create stories based on storyare also motivated to make
stems, they created stories that
themselves feel better after a
took place over longer periods of time compared to the stories negative event occurs (Sirois, 2004).
of students classified as procrastinators. This suggests that
When an event has negative consequences, individuals
procrastinators have difficulty formulating long-range plans.
likely feel sad and want to remedy the situation. By formulating
It is likely that a student who has formulated a long- upward counterfactuals, an individual can determine how he
range plan would also try to eschew distractions. To test should have behaved to achieve positive results. This allows
whether procrastination is positively correlated with present the individual to plan his behavior effectively for the future.
orientation and negatively correlated with future orientation, However, upward counterfactuals also maintain negative affect
researchers studied the effect of sociability on the ability to because they highlight how the individual failed to accomplish
complete academic tasks in a timely manner (Lasane & Jones, a goal. In contrast, downward counterfactuals improve one’s
2000). They investigated socially induced temporal myopia—a mood immediately by distracting from the crisis at hand.
form of time discounting that involves the extent to which the Since the event did not turn out as badly as it could have, the
existence of appealing social events in the present interferes individual’s inflated sense of his own abilities is maintained.
with setting academic goals to ensure future success. Students When a student procrastinates and receives a poor grade, he
who self-identified as present-oriented not only preferred short- can either acknowledge his suboptimal performance and plan
term enjoyable activities over academic goal-setting, but they to study longer in the future, or he can focus on the possibility
also selected factors related to social relationships when asked that his grade could have been even lower. The tendency of
what influenced their decision; future-oriented participants had procrastinators to prefer the latter thought process enables them
opposite results. Present-oriented individuals may be unable to continue postponing tasks (Sirois, 2004).
to formulate concrete goals or they choose not to do so, since
Wishful Thinking. However, procrastinators will not always
adhering to a schedule entails dismissing opportunities that could delay starting an assignment. The extent to which students
conflict with accomplishing goals (Lasane & Jones, 2000).
avoid tasks is related to task aversiveness (how unappealing
Lasane and Jones also suggest that, in addition to being an assignment may be; Sigall et al., 2000). In an experiment
present-oriented, procrastinators may value social interactions examining procrastination, participants were classified as either
more than academic achievements (2000). If procrastinators feel high wishful thinkers—participants who exhibited high levels
that interpersonal interaction is more important than academic of wishful thinking—or low wishful thinkers and then divided
success, then they will find it acceptable to postpone homework into two groups. One group was told that the task they would
and studying in favor of social functions. An interesting extension be performing was enjoyable, and the other group was warned
of this hypothesis would be an investigation of what types of that the task they would be completing was not attractive. High
activities procrastinators actually engage in when they delay wishful thinkers, who expected to be working on an unattractive
working on academic assignments. If they prefer to participate task, delayed the work longer than the low wishful thinkers in
in extracurricular groups, then Lasane and Jones’s supposition the same group did. Participants who anticipated working on an
may be correct. However, if procrastinators avoid starting tasks enjoyable task did not demonstrate any difference in the time
by playing video games alone, then another explanation for their when they began to work in relation to their level of wishful
behavior is necessary.
thinking (Sigall et al., 2000). Sigall and colleagues discovered a
link between procrastination and task aversiveness (2000).
Irrational Thought Processes
Use of Counterfactuals. While the importance placed on Perceived Causes of Academic Successes and Failures
social versus academic goals may be subjective, some thought
Locus of Control. When students do not view the
processes exhibited by procrastinators are detrimental. In a assignment of grades as arbitrary, it is possible for students
study that did not differentiate between academic and general with an internal locus of control to believe that their grades are
procrastinators, the use of counterfactuals was found to differ a direct result of their efforts and abilities. Such students are
among procrastinators and non-procrastinators (Sirois, 2004). less likely to procrastinate than those with an external locus
Existing in two forms, counterfactuals are defined as mental of control (who believe that outcomes are not contingent on
simulations of possible outcomes that do not actually occur their actions; Janssen & Carton, 1999). Researchers assigned
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students the task of reading an article and answering
questions about it (Janssen & Carton, 1999). Students
also indicated when they began, finished, and handed
in the assignment. Participants with an internal locus
of control completed all three steps of the experiment
sooner than participants with an external locus of
control, showing the strong effect of locus of control on
procrastination. Since an individual’s locus of control
can be measured by preschool (Janssen & Carton,
1999), interventions for curbing procrastination should
be implemented as early as elementary school, in order
to prevent ingrained procrastination.
Procrastinators in Interpersonal Situations
Confidence in Ability. A significant factor related
to the way in which a student approaches an assignment
is his level of self-efficacy, the belief that he can master
the skills required to achieve a goal (Chu & Choi, 2005).
Self-efficacy, which is tied to self-esteem, is inversely
related to both anxiety and procrastination (Haycock
et al., 1998). In conjunction with procrastination, researchers
also assessed stable anxiety-proneness and the tendency to react
to temporary aversive stimuli and found a positive relationship
between procrastination and anxiety (Haycock et al., 1998).
However, a similar study failed to find a relationship
between worrying and procrastination (Bridges & Roig,
1997). In this experiment, researchers measured problem
avoidance, rigidity, worrying, need for approval, and emotional
irresponsibility. Only scores on problem avoidance were
significantly positively related to procrastination, which supports
the behaviorist view considered earlier. In contrast, Milgram and
colleagues determined that academic procrastination follows an
appraisal-anxiety-avoidance model that they based on Lazarus
and Folkman’s cognitive-emotional-behavioral theory of coping

Although procrastinators indicated that the social skills task was
more important and easier to them than the cognitive task, they
chose to perform the cognitive task when they were told that
their performance would be made public.
Shame and Guilt. Fear of negative evaluation is particularly
strong in individuals who are prone to experience shame (Fee
& Tangney, 2000). Shame, which is applied to an individual’s
global self-image, serves as a moderator between chronic
procrastination and socially-prescribed perfectionism (Fee &
Tangney, 2000). Socially-prescribed perfectionism—one of the
three forms of perfectionism identified by Fee and Tangney—is
the belief that others expect the individual to be perfect; it is
associated with depression, anxiety, and obsessive-compulsive
disorder, as well as rigid standards and overgeneralization of

“A factor related to the way in which a student approaches an assignment is his level
of self-efficacy, the belief that he can master the skills required to achieve a goal.”
developed earlier (1998). The theory states that if an individual
doubts that he possesses the skills necessary to complete a task
and achieve a goal, he will become upset and attempt to avoid
the responsibility of completing that task. The form of escape is
usually avoidance, which reduces anxiety thus strengthening the
tendency to delay task completion.
Public Self-Consciousness. Studies have found that
procrastinators are particularly sensitive to scrutiny by others.
In particular, Fee and Tangney demonstrated the severity of
social anxiety among individuals who are likely to delay task
completion (2000). In examining a study by Ferrari (1991),
Fee and Tagney deduced that procrastination may be a defense
mechanism, shielding individuals from experiences that may
result in negative evaluation (2000). This was determined when
procrastinators and non-procrastinators were offered the option
of engaging in a social skills task or a cognitive skills task.

failure (Fee & Tangney, 2000). Fee and Tangney determined that
high-shame prone individuals who exhibit socially-prescribed
perfectionism are likely to procrastinate. In contrast, individuals
who are perfectionists but are not shame-prone will not postpone
beginning an assignment.
Self-Handicapping. Concern with self-image, an aspect
of impression management, also manifests itself through selfhandicapping. Self-handicapping involves the creation of an
external, situation-based obstacle to performance, such as lack
of sleep before an exam (Ross et al., 2002). Beck and colleagues
investigated self-handicapping and determined that it has negative
consequences on students’ academic performance (2000).
Overall, it is difficult to determine whether procrastination alone
has a negative effect on academic performance. Blatt and Quinlan
compared grades of procrastinators and non-procrastinators and
did not find significant differences (1967).
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Perfectionism. In one study, self-oriented perfectionism— them into action. Since students prone to procrastination are
expecting perfection from oneself—was found to be positively less satisfied with their courses than other students, it appears
correlated with self-control and achievement motivation that students who wish to end their procrastination habit should
expend more effort to find an
overall, while negatively related to
aspect of each class or assignment
procrastination in women (Klibert
et al., 2005). The researchers
‘Night people’ exhibit a more that particularly interests them
(Brownlow & Reasinger, 2000).
concluded that socially-prescribed
tense form of arousal, which leads to
Boredom. A number of
perfectionism—a second type of
studies suggest that students who
perfectionism—is more harmful
procrastinating behavior.
have procrastinated, and have the
than self-oriented perfectionism,
most work left to complete, are
as the former is associated with
increased suicide ideation and loss of self-control (Klibert also those who are most likely to report feeling bored. Boredom
et al., 2005). In addition, socially-prescribed perfectionism is is characterized by a focus on the passage of time, inability to
associated with procrastination in men. Of the three different organize activities, poor academic performance, a notion that
types of perfectionism, Flett and colleagues found that simple tasks require substantial effort, negative affect, anxiety,
socially-prescribed perfectionism is the most closely related to and impulsiveness (Vodanovich & Rupp, 1999). Vodanovich
procrastination (1992). Although perfectionism oriented toward and Rupp found that a lack of a sense of purpose and deficient
the self or others was related to fear of failure, they were not organizational skills predicted procrastination (1999). Nonassociated with procrastination. Researchers also determined procrastinators may not allow themselves to feel bored as long
that the association between perfectionism and procrastination as they have tasks to accomplish, while procrastinators may
become distracted and irritated as soon as their work ceases to
is stronger for men than for women.
hold their interest.
Motivating Forces
Intrinsic and Extrinsic Motivation. One might expect that Circadian Rhythms and Association with Neuroticism
While it may be possible through therapy to alter an
a student assigned to write a paper on a fascinating topic would
not postpone it until the night before it is due. The source of individual’s style of attribution of failure or level of perfectionism,
motivation to complete an assignment is a critical factor in the college students have discovered first-hand that it is difficult to
determination of when the studying process will begin. Both permanently alter one’s sleeping schedule. Hess, Sherman, and
intrinsic motivation, an internal desire to achieve a goal, and Goodman investigated the connection between neuroticism,
extrinsic motivation, which is based on external contingencies procrastination, and circadian rhythms, which determine the
to complete a task, such as competing with others, are sleep cycle (2000).
Previously, researchers found that neuroticism is positively
negatively related to procrastination (Brownlow & Reasinger,
2000). Specifically, lack of extrinsic motivation is a predictor correlated with procrastination in college students (McCown
of procrastination in students of both genders, while lack of & Johnson, 1991). Students with high scores on neuroticism
intrinsic motivation is a predictor only in males. Women are scales have greater anxiety and less confidence in their abilities
more intrinsically motivated on academic tasks and procrastinate than students who are less neurotic. In addition, students who
identified themselves as ‘morning persons’ (alert early in the
less on them (Senecal et al., 1995).
Self-Regulation. According to some theorists, the inability day and asleep early at night) completed tasks more quickly than
to motivate oneself to complete a task is due to a failure of other participants, disparaged others’ tendency to waste time, and
self-regulation—the setting, pursuing, and following of goals received higher scores on measures of achievement tendency,
(Brownlow & Reasinger, 2000). Since procrastinators cannot ambition, and introversion than other participants (Watts, 1981,
motivate themselves internally to complete a task, either due cited in Hess et al., 2000). A preference for “eveningness” (by
to lack of interest or paralyzing fear, they require external people who are most alert in the evening and go to sleep late)
motivation to get work done, such as a deadline. Procrastinators is associated with higher neuroticism (Hess et al., 2000). Thus,
are unable to effectively transform external regulations into it appears that neuroticism mediates the relationship between
internal regulations, a process that influences persistence, the predictor—”eveningness”—and the criterion variable—
procrastination. “Night people” exhibit a more tense form of
intellectual curiosity, and self-esteem (Senecal et al., 1995).
The more autonomous the form of regulation a student arousal, which leads to procrastinating behavior.
Although most of the studies considered have used
demonstrates, the greater the student’s initiative, interest in an
activity, feelings of competence, level of concentration, and participant pools composed of students attending North American
time spent on a task. Students with non-autonomous forms of colleges, the findings of Hess et al. (2000) suggest that a crossregulation experience negative and conflicted emotions when cultural analysis of procrastination may be valuable. Overall, the
they are faced with an assignment. According to Senecal and United States appears to run on a morning person’s schedule. In
colleagues, the principal reason for procrastination is a lack of contrast, many European countries, such as Spain, function on a
personal initiative (1995). Procrastinators must wait until the night-person’s schedule. Because of differences in preference for
last possible minute because only the pressure of time can force “eveningness” or “morningness” in these countries, comparative
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procrastination research may help determine which detrimental
cognitive mechanisms may contribute most strongly to the
development of procrastination.

Conclusions
Non-procrastinators may look on with indignation when
they see their procrastinator peers receive equal or better
grades. However, it is clear from the literature on the causes
Positive Consequences of Procrastination
and consequences of procrastination that many students who
Procrastination without Anxiety. Procrastination is often delay task completion are not simply trying to beat the system
viewed as a detrimental behavior, and most procrastinators claim by exerting minimal effort. Task aversiveness does play a major
that they would like to change their academic habits (Janssen role in procrastination tendencies.
& Carton, 1999). However, a definition of procrastination
Nevertheless, many other factors contribute to the
based solely on the delay of a task, without emphasis on the complicated collection of cognitive, affective, and behavioral
accompanying anxiety, allows one to consider the potential constructs that influence procrastination. It is possible, for
benefits accrued by procrastination. Chu and Choi differentiated instance, that procrastination is a beneficial technique for dealing
between two types of procrastinators: passive procrastinators— with an irregular environment (Beck et al., 2000). When students
unable to complete tasks in a timely manner because they are are aware that professors unpredictably extend deadlines and
paralyzed by indecision—and active procrastinators—who change the parameters of assignments after they have been
make the decision to procrastinate because they understand distributed, it appears to be maladaptive to start working on these
that they will perform better under pressure (2005). The assignments immediately. In addition, Chu and Choi point out
experimenters found that active procrastinators are more similar that there are clear short-term benefits of procrastination, such
to non-procrastinators in their purposeful use of time, level as less anxiety at the beginning of a semester when deadlines are
of self-efficacy, and academic performance. Therefore, these still far in the future (2005).
two types of procrastinators differ cognitively, affectively, and
Limitations of the Literature. Substantial inconsistencies in
behaviorally.
the literature on procrastination indicate the need for definitive
It is possible that by separating students who self-identify research using valid and reliable measures. As long as key
as procrastinators into two groups based on the amount of control terms are defined differently, it is difficult to examine patterns
they feel over the tendency to procrastinate, we can provide of findings or draw consistent conclusions from different
explanations for some of the contradictory findings of recent studies. It is especially discouraging to find that some studies
studies. Many of these studies assumed that all procrastinators uncovered strong correlations between procrastination and
intend to begin assignments earlier than they actually do and get various cognitive, affective, and behavioral constructs, while
upset when they do not, rather than differentiating between active other studies found correlations between the same variables in
and passive procrastinators. For example, passive procrastinators the opposite direction or found no relationship at all. By mixing
had lower grade-point averages than active procrastinators (Chu categories, such as the format of the assignment for which a
and Choi, 2005). In addition, although Pychyl and colleagues student may delay completion and the type of perfectionism
(2000) did not find any evidence for the existence of the planning that an individual experiences, researchers inadvertently test
fallacy among procrastinators,
multiple variables at once.
Chu and Choi found that
Several studies mention a
There are clear short-term benefits of lack of behavioral evidence to
only passive procrastinators
underestimated the amount
participants’ selfprocrastination, such as less anxiety at the corroborate
of time required to complete
report on procrastination, which
beginning of a semester when deadlines calls into question the accuracy
a task (2005). The inability to
accurately judge the amount
of the findings. Students may
are still far in the future.
of time needed can lead to a
not have a realistic sense of
sense of reduced control over
their efficiency or the severity
time, which in turn leads to avoidance-oriented coping and their procrastination, which could cause them to misrepresent
procrastination.
their study habits.
Motivation in Active Procrastinators. Interestingly, active
Alternative Research Methods. Other approaches to
procrastinators claimed to have a lower level of time structure procrastination research may be more effective than selfthan both non-procrastinators and passive procrastinators. report measures. Few studies have allowed students to exhibit
Although Chu and Choi explained this finding by labeling procrastination behavior in a laboratory setting (instead students
active procrastinators as flexible, it is possible that active must imagine how they would behave or attempt to remember
procrastinators simply possess an irregular form of motivation how they have behaved in the past). Students may delay work on
(2005). Their spontaneity may be spurred by interests that are one project but feel enthusiastic about projects for another class,
fickle and vacillate frequently. In contrast, non-procrastinators depending both on interest and the importance of the class.
can find an aspect of each assignment that inspires intrinsic
Since studies have established that procrastination is
motivation, while passive procrastinators are often unable to caused in part by fear of failure, a student who feels that
start a task sufficiently before its deadline because they do not everyone else in the class is motivated to succeed may curb his
find the task interesting and thus lack motivation.
procrastination to avoid receiving the lowest grade. In contrast,
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Bio Tutorial Utilizes the Internet for
Problem Solving in Neuroscience
Petra E. Pajtas

A

s far as biology junior tutorials go, one meeting
a week for several hours would suggest a rather
traditional class setting with discussions, term papers, and
an extensive syllabus. However, this description does not
apply to Biology 95hfd, Problem Solving in Neuroscience:
Interactive Case-based Online Network (ICON), a yearlong case-based neuroscience tutorial taught by Professor
James Quattrochi.
The class is everything but traditional. The jargon
for it is crucial: the students call the class ICON and the
professor JQ. Every three weeks or so, JQ assigns his
students a new case: a paragraph or two on a mystery illness
or neuroscience question. The description is nothing but a
basic patient history or limited information on symptoms
and background. Although the class meets only once a
week, students are working to solve the case around the
clock via an online platform that facilitates discussion and
contains editable modules such as Working Papers (for
posting relevant references for a given case), Blackboard
(MRIs and other supporting materials), Virtual Contact
(for contact with the patient, family, and attending doctor),
and Brainstorm (for peer discussion). For an overview of
ICON, visit http://icon.fas.harvard.edu.
As the weeks progress, students develop hypotheses
regarding what biological, neural, and psychological
mechanisms may be involved in the case—based on
independent research and group discussion. In the process,
they can establish contact with the patient, the family,
neurologists and medical residents. At the end of three
weeks, after meeting weekly to discuss the direction in
which the case is going and to clarify complicated neural
mechanisms in class, students are armed with an arsenal
of useful information (mainly online and in class notes)
and must synthesize this information in a case write-up.
Based on a particular hypothesis, each student writes a
single page case synthesis on mechanisms, treatment, and
outcome. After synopses are due, students present their
ideas in a class meeting and they also get in touch with
patients via Virtual Contact to explain findings and answer
any questions that they may have received via Virtual
Contact.
ICON provides a hands-on, case-based learning
experience. Under JQ’s direction, students learn to filter
superfluous literature and synthesize relevant information
from several fields. They build scientific hypotheses and
supporting arguments to solve the case, gaining exposure
to “patient-based” neuroscience.

30

THE HARVARD BRAIN

a student who sees his peers procrastinating may alter his study
habits—engaging in procrastination—in order to avoid peer
resentment and ostracism.
Changing the Concept of Procrastination. The literature
on college procrastinators fails to examine the possibility that
going to college itself may be a form of procrastination. Many
students view college as a step to obtain their desired occupation
and thus feel motivated to succeed. However, some students may
use college as an excuse to delay their entrance into the working
world, due to fear independence and responsibility. From this
issue, an important question arises: are procrastinators afraid of
failure, or are they really afraid of success?
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TREATING ANXIETY

Treating Generalized Anxiety Disorder in China:
A Population-Specific Approach
Rebecca M. Myerson

A

lthough a large body of literature is devoted to
treating Generalized Anxiety Disorder (GAD) in the
West, Western findings have not been implemented in China,
due to funding problems, few properly trained therapists, and
inconsistencies between Western and Chinese diagnoses. In this
essay, I discuss Western GAD treatments, factors preventing their
implementation in China, and one promising Chinese therapy
for GAD. I argue that if an effective cognitive treatment for
neurasthenia—the Chinese diagnostic category encompassing
GAD—were developed, it would be useful for treating Western
patients with GAD and co-morbid disorders.

condition characterized by somatic symptoms similar to GAD,
often co-morbid with GAD (Butler, Fennell, & Robson, 1991;
Joormann & Stober, 1999).

Treatment for GAD in the West
Generalized Anxiety Disorder is a disorder characterized
by excessive worry, and is estimated to have a lifetime prevalence
of 5% (Block et al., 2006). GAD patients differ from nondisordered worriers in the degree to which they experience worry
as uncontrollable, distressing and impairing. The main therapies
for GAD patients are cognitive-behavioral therapy (CBT) and
psychopharmacological agents. Of these two, CBT appears to
be more effective (Butler, Fennel, & Robson, 1991). CBT is a
brief, goal oriented talk therapy based on an educational model
(Beck et al., 1985). Cognitive behavioral theorists believe that
GAD patients’ anxiety is caused by biases in the processing of
threat cues (Mathews & MacLeod, 2002).

Lagging Hospitalization
In a country where there are an estimated 14,000
psychological counselors for 1.2 billion people, governmentsponsored mental health service centers have become
overwhelmed by demand for their services. Because of a focus on
emergency care, psychiatric in-patient beds are disproportionately
occupied by patients showing socially disruptive symptoms. As
an added hardship, government reforms have removed the free
medical services (gongfei yiliao) of the Mao era; in the era of
privatized insurance, many psychiatric hospitals struggle to
balance their budgets. In 1993, the average cost for acute-care
psychiatric admission at the Shashi Psychiatric hospital in Hubei
province was 167% of the average rural per capita income and

Treatment for GAD in China
Although China has a long tradition of diagnosing and
treating mental illness, China’s psychological treatment climate
today is plagued by disorganization, inadequacy and corruption.
Few Chinese people suffering from GAD have the opportunity
to receive the CBT that Western clinical trials have found to be
effective in GAD treatment.

“In a country where there are an estimated 14,000 psychological counselors for 1.2

billion people, government-sponsored mental health service centers have become overwhelmed by demand for their services.”
During therapy, patients alter these processing biases by
identifying, testing, and rejecting dysfunctional beliefs. CBT is
conducted in three phases. The therapist and patient first clearly
identify the dysfunctional cognitions and behaviors, then decide
upon a goal for change, and finally craft a plan to implement the
goal and measure success (Butler, Fennell, & Robson, 1991). A
meta-analysis found that CBT was consistently more effective
than a waitlist or placebo, significantly reducing the severity of
symptoms and length of disorder (Chambless & Gillis, 1993).
Patients who received alternate behavioral therapies were more
likely to seek additional help after completion of the trial or
drop out of the trial compared to patients who received CBT
(Butler, Fennell, & Robson, 1991). CBT most consistently
reduces symptoms and prevents relapse, unlike the results
found from medications such as tricyclic antidepressants,
selective serotonin reuptake inhibitors (SSRIs) and selective
norepinephrine reuptake inhibitors (SNRIs). CBT’s efficacy
must be emphasized because it concurrently treats depression, a

78% of the average urban per capita income (Phillips, 1998).
Hospitals’ search for resources contributes to an increase in drug
prescription; drug sales to outpatients can provide hospitals with a
constant source of revenue. Available treatment resources cannot
satisfy treatment need; and the problem only worsens as demand
for psychological services increases. Demand for services at the
Shanghai Mental Health clinic increased 60% between 1991 and
2001, forcing people unable to afford professional psychological
services to resort to hot-lines and radio programs for counseling
(Chang, Myers, & Yeung, 2005).
Regulation and Treatment Inconsistency
Psychiatric care is largely unregulated in China. There is
no standardized psychological counseling training program, and
quality control of psychological services goes largely unchecked.
Chang, Tong, and Shi (2005) surveyed 258 psychological
counselors about their job-preparation training and found very
mixed backgrounds. Some counselors were medical school
THE HARVARD BRAIN
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Diagnostic & Treatment Inconsistency in GAD
Differences in diagnostic trends (Chinese and Western)
make it difficult to isolate GAD patients in China. Although
Chinese diagnostic manuals include GAD, Chinese physicians
more commonly diagnose GAD patients with neurasthenia
(shenjing shuairuo) than with GAD, because neurasthenia is
more socially acceptable diagnosis. Chinese shenjing shuairuo
is defined by somatic symptoms such as weakness, dysphoria,
excitement, nervousness and/or sleep problems, what are seen as
somatic manifestations of emotional distress. The neurasthenia
category encompasses the Western diagnostic categories of
depression, GAD, and other anxiety and somatoform disorders.
Kleinman, who first raised this diagnostic issue to Western
attention, found that 87 of a sample of 100 Chinese shenjing
shuairuo patients met diagnostic criteria for major depressive
disorder, and that 69 of the 100 met criteria for “various anxiety
graduates, while others had only college-level training in states” (Kleinman, 1982). One study of Chinese Americans
psychology or education. Non-specialists often gained practical found neurasthenia to be a “distinctive clinical condition that
training as apprentices before practicing. Phillips claims that overlaps only partially with other better-recognized diagnostic
quality control of psychological treatment is “sporadic, or in entities” (Zheng, Lin, & Takeuchi, 2004).
the case of cooperative and private institutions, non-existent”
Due to a lack of subcategories under neurasthenia, it is
(Phillips, 1998). According to Phillips, government inspectors difficult to distinguish GAD patients from other patients with
tend to evaluate psychiatric institutions’ physical cleanliness a neurasthenia diagnosis. This lack of distinction is reflected in
rather than their therapeutic practice.
the treatment neurasthenia patients receive. Although doctors
As a result of this lack of regulation, therapeutic practices readily prescribe benzodiazepines (anxiolytics) to patients with
show considerable variation from site to site. While some GAD, patients diagnosed with neurasthenia typically receive
institutions rely mostly on prescription drugs, others also anti-depressants (Zhang, Young, & Lee, 2002). Many Chinese
offer 10 to 15-minute sessions of CBT that costs less than US doctors are familiar with the finding that 87% of neurasthenia
$5 per session. Others use hypnotism to improve patient self- patients are depressed and that 60% respond to anti-depressant
esteem (Chang, Tong, & Shi, 2005; Ya & Guangxing, 2006). drugs (Kleinman, 1982); however, the finding that many
Psychoanalytic therapies, generally unacceptable to Chinese neurasthenia patients also suffer from anxiety is not emphasized
patients who prefer short-term, directive therapy, are “making (Lee, 1999; Kleinman, 1982). Thus, doctors usually treat both
unexpected inroads” into Chinese clinical practice (Zhang, anxious and non-anxious neurasthenia patients with antiYoung, & Lee, 2002; Chang, Myers, & Yeung, 2005).
depressants.
Due to lack of financial support, a shortage of psychological
China’s Emerging Drug Market
counselors, and spotty regulation of therapy quality, psychiatric
Medications are gaining prominence as the preferred institutions in China are unlikely to provide GAD patients with
treatment for GAD. SSRIs have several advantages: they the CBT that Western researchers have found most efficacious
have fewer side effects than imipramine, they sell in China in treating GAD. The Chinese psychiatric community is
for ten times the price
disorganized
and
of imipramine, and are
decentralized, resulting
Doctors receive kickbacks (huikou) from drug in a great variation in
a common treatment for
neurasthenia, the most
available treatments. Also,
companies in return for prescribing their drug.
commonly
diagnosed
due to confusion between
psychiatric illness in China
the Western diagnostic
(Phillips, 1998). Thus, SSRIs have the potential to sell widely system and the Chinese diagnostic category for neurasthenia,
and make large profits. SSRIs are increasingly rewarding for the some Chinese GAD patients are prescribed anti-depressants
country’s doctors as well. Drug companies influence Chinese rather than anti-anxiety medication.
psychologists by sponsoring research conferences. Doctors
receive kickbacks (huikou) from drug companies in return for Taoist Cognitive Psychotherapy
prescribing their drug. Because salaries are low among mental
According to Zhang, Young, and Lee (2002), Taoism
health professionals, such bribes can be influential. Lee concluded and Confucianism are complementary philosophical schools
that while such a system seems corrupt, heavy prescription of embedded in Chinese society. Confucianism encourages people
SSRIs can actually “do good” in China, where medication is to be proper members of a structured society, and Confucian
often the only feasible form of treatment, and many ill people philosophy emphasizes “hierarchy, moral development,
are never treated at all (Lee, 1999).
achievement and social responsibility.” Taoist teachings, in turn,
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encourage people to cope with the vagaries of life by accepting
natural laws and relinquishing selfishness (Zhang et al., 2002).
Case studies propose that Taoism represents an indigenous
Chinese method for learning to endure distress (Yip, 2004).
Zhang and colleagues hypothesize that a therapy combining
Taoist instruction with the Western CBT model might make
CBT more palatable. To test this, they designed Chinese Taoist
Cognitive Psychotherapy (CTCP). In addition to reflecting
indigenous Chinese philosophy, CTCP is convenient to use; it
requires only five hours of therapy and minimal training.
During CTCP treatment, patients are asked to identify
factors creating stress in their lives. They are then asked to
identify the coping mechanisms they most commonly use when
faced with stress or frustration. Rather than ask the patients to
identify the coping mechanisms they most commonly use, the
therapist provides patients with the following list:
There are eight common styles of coping used by people in
modern China: (1) to suppress or deny, (2) to express oneself
openly, (3) to sublimate, (4) to abuse substances, (5) to vent,
(6) to punish oneself, (7) to withdraw and console oneself, and
(8) to engage in recreational activities (Zhang et al., 2002).

The patient is asked to indicate to what degree they employ each
coping mechanism on a Likert scale (1=never, 5=always). The
therapist discusses with the patient how each coping style may
be functional or dysfunctional. The next phase of therapy is the
doctrine direction and practice phase, the “therapeutic core” of
CTCP (Zhang et al., 2002). The patient is asked to memorize
from Lao-zi’s writings that explain how to relinquishing control.
The patient is asked to keep a diary tracking how they implement
these relaxation principles into their daily life, and how this
impacts their worrying.
In a clinical trial of CTCP, eight therapists treated 143
Chinese GAD patients with benzodiazepines, CTCP, or combined
treatment. CTCP was found to be effective in decreasing patients’
GAD symptoms and neuroticism scores; subjects also reported
that they were comfortable memorizing Taoist phrases as part
of psychological therapy (Zhang et al., 2002). Xuebing, Yalin,
and Desen (2001) found that non-clinically anxious Chinese
college students treated with CTCP showed lower neuroticism
scores, improved coping strategies, and improved mental health
compared to anxiety-matched controls. They concluded that
CTCP is useful for both sub-clinically anxious populations
and individuals diagnosed with GAD. CTCP requires minimal
therapist time and therapist training, builds upon Chinese cultural
values, and aids in improving the coping styles of both GAD
patients and people with non-clinical anxiety. Thus, it may be a
fitting solution for introducing cognitive-behavioral therapy for
GAD patients into Chinese psychological practice. Because the
coping mechanisms CTCP reinforces may also be helpful for
depressed individuals, CTCP could be marketed as therapy for
neurasthenia patients as well, thereby increasing Chinese GAD
patients’ access to treatment.
Implications for GAD Treatment in the West
Finally, overcoming the challenges preventing CBT

for GAD in China may prove beneficial for both Western
and Chinese psychological communities. Therapies targeting
“neurasthenia”—which encompasses both GAD and
depression—may be useful for treating Western patients with
both GAD and depression. There are many such patients in the
West: co-morbidity between GAD and other mental disorders
may be as high as 80%, and diagnostic interviews intended
to diagnose GAD have been associated with only poor to fair
reliability, indicating diagnostic confusion (Brawman-Mintzer et
al., 1993; Mannuzza, Fyer, & Martin, 1989; Brown, Di Nardo, &
Lehman, 2001). Western psychologists have recognized that one
of the strengths of CBT for GAD is its efficacy in concurrently
treating patients’ depression and anxiety symptoms (Joormann
& Stober, 1999). Common use of the neurasthenia diagnostic
category in China is an indication that Chinese psychologists
already employ a unified concept of disorders that Western
psychologists have also found to be interrelated. Perhaps if the
Chinese and Western therapeutic communities worked together
to create one effective treatment for “neurasthenia”—GAD and
co-morbid depression—then Western therapists could reduce
reliance on multiple pharmacological agents while improving
treatment efficiency.
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Cycles and Sanity: Kay Redfield Jamison Speaks Out About Mental Illness
Christine A. Eckhardt

O

her license—not to mention the effects on her day-to-day
relationships. Subsequent to her book’s release, she admits,
“I dreaded going back to Hopkins…I was frightened beyond
measure to encounter residents that I teach.” Yet, upon her
return, she quickly discovered the tremendous support of the
university and various colleagues, while patients appreciated
her dual perspective as both doctor and patient. However, while
her readers have similarly embraced her openness—shown by
her books’ frequent appearance on course syllabi and weeks on
the New York Times bestseller list—her forthcoming attitude
also provoked enmity and disrespect.
“Most people have written remarkably supportive letters.
Some letters, however, have been vicious, saying it was a
blessing I did not have children…other letters berated me for
“When I joined the UCLA Faculty in Department of having abandoned my Christian faith, making it clear that
Psychiatry, I went stark raving insane,” Kay Jamison bluntly madness and despair were precisely what I deserved…Other
told the audience about her first serious episode of mania. letters were anti-science, anti-medicine, anti-psychiatry, antiSurprising, offensive, or comforting to the individuals gathered wasp, anti-genetics,” she said, in reference to mail from her
in Emerson Hall, her direct words exemplified the honesty with readership.
Misunderstanding of mental illness probably stems, in
which she enraptured her listeners that night, as she has done
with thousands of readers through her memoirs. Invited by the part, from the difficulty of appreciating not simply the biology,
MHAAG, Dr. Jamison visited Harvard as part of a speaker- but the experience of the disease. As Jamison noted, in reference
to teaching in a hospital years ago, “it became clear to me…
series for Mental Health Awareness Month this past April.
Twelve years after the release of An Unquiet Mind, the that the psychiatry residents were not on intimate terms with
memoir’s immense success perhaps overshadows her personal the subjective experience of mania, depression, and psychiatric
courage to publish such a groundbreaking book. As Dr. Jamison illness. Diagnosis, yes. Which drugs to prescribe, yes….But not
remarked1, her public baring could have jeopardized her what psychiatric illness actually felt like to those who have it.”
professional career, casting doubt on her objectivity, making Lacking the subjective experience, friends and doctors are often
her liable to malpractice claims, or causing her the loss of at a loss to understand a patient’s refusal to take medications,
since these drugs have been clinically proven
to be effective in treating bipolar disorder.
Enduring harsh side effects, a perception
of a loss of self, or a frustrating sense of
dependence on pills, bipolar individuals
encounter a persistent pull to simply stop. Dr.
Jamison herself struggled to continue taking
her medications, ultimately accepting their
necessity only after suffering through severe
depression and its repercussions upon her
personal relationships.
For those without bipolar disorder,
mania, more so than depression, seems
especially elusive to grasp, only hinted at
by memoirs like An Unquiet Mind. Writing
of “a finely wired, exquisitely alert nervous
system,” the clarity, quickness, and flow of
Dr. Jamison’s words convey the mental state
of hypomania; however, the extreme depths
Kay Redfield Jamison (center) stops for a photo with Mental Health Advocacy and Awareness
of mania hardly conform to the rigidity of
Group (MHAAG) members Gabriella Tantillo (far left), Eunice Yang, Susan Putnins, Alissa
Cooperman, and Malorie Snider, after speaking about mental illness and, specifically, bipolar sentences or phrases. Moreover, patients
are challenged to recall these extreme
disorder during Mental Health Awareness Month.
Photo by Christine A. Eckhardt
n April 11, 2007 the Mental Health Advocacy and
Awareness Group (MHAAG) hosted Kay Redfield
Jamison, Ph.D., for a talk about her personal and professional
experience with mental illness, and specifically, bipolar disorder.
Dr. Jamison is currently Professor of Psychiatry at the Johns
Hopkins University School of Medicine, Honorary Professor
of English at the University of St. Andrews, and co-director
of the Johns Hopkins Mood Disorders Center. A recipient of
the MacArthur Grant, TIME Magazine named her “Hero of
Medicine,” and she also received the American Foundation
for Suicide Prevention’s Research Award. Her books include
Manic-Depressive Illness, Touched with Fire, Night Falls Fast,
Exuberance, and An Unquiet Mind.
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states afterwards. “Mania,” Jamison noted, “has some grace
in obliterating memory.” Often mistaken by the public (with a
tinge of envy, perhaps) as a period of exhilaration and energy,
Dr. Jamison pointed out that euphoria is absent in half of manic
episodes. Researchers, in trying to mimic this state in mice
models, have resorted to amphetamines, but the analogy to drugs
quickly breaks down, as the mouse behavior does not completely
resemble that of a manic episode. The closest attempts have
resulted in mice engineered with point mutations in the Clock
gene, which is responsible for regulation of circadian rhythms
and biological cycles (although its exact function remains
unclear). Not only do these mice exhibit similar behaviors to
those of human mania, such as hyperactivity, decreased need for
sleep, and lower anxiety, but they also resemble wild-type mice
after treatment with lithium2 (Roybal et al., 2007).
When discussing potential progress in diagnosis, Dr.
Jamison speaks of cycles of mood states, rather than the
presence of mania, as a defining feature of bipolar disorder. In
recent years, the recognition of mixed states—combinations
of manic and depressive symptoms within one episode—has
complicated the conventional view of mania; Dr. Jamison
speculated that mania could constitute one end of a spectrum, as
an extreme form of depression. In the United States, diagnosis
of bipolar currently relies on the Diagnostic and Statistical
Manual of Mental Disorders (DSM-IV), which presents clearcut categorical classifications of mood disorders, rather than
a continuum. Jamison commented, “Actually the DSM-IV
is pretty good on mood disorders, but the whole system is
beyond parody, and it has cost the field a lot of credibility.” For
instance, if psychiatrists overlook minor symptoms or symptoms
outside the primary criteria; the use of the DSM-IV can lead
to a misdiagnosis of bipolar disorder as depression. Since
anti-depressants, in the absence of mood stabilizers, appear to
accelerate mood cycling, such misdiagnosis can actually worsen
symptoms in bipolar patients (Calabrese et al., 2001). Beside
over-diagnosis in children and “zip code diagnosis,”3 as she
terms it, under-diagnosis of mental illness remains the most
predominant public health problem in American society. As
one member of MHAAG brought up, tentative plans have been
discussed to divide bipolar illness into seven classes, rather than
the current two. Praising the ideas of Emil Kraepelin4, an early
20th c. psychiatrist, Jamison doubted the benefit of dissecting
the pool of patients into potentially meaningless categories,
especially when bipolar seems to exist on a continuum. With
these criticisms in mind, however, Jamison lauded the recent
advances in psychiatry in the last ten years, many of which have
resulted from collaborations between the fields of genetics,
psychology, neurobiology, and literature. Progress has occurred
in discussing mental illness within American society, supported
by Dr. Jamison’s anecdotal evidence; “I’m often struck,” she
said, “when I come back from Europe by how much more freely
we do talk about these things.”
Dr. Jamison herself has fuelled many of these advances, as
she has had a profound impact on the field of psychiatry and the
lives of the mentally ill. Her speech this April was a poignant and
intimate look at bipolar disorder, imbued with themes familiar

to those inexperienced with mental illness. Her emphasis on
understanding all aspects of the disorder, biologically and
psychologically, reinforced a focus of Mental Health Awareness
Month at Harvard, and, in conclusion, she told the audience,
“There is a freeing effect of speaking out; there is relief in the
honesty.”
Footnotes
1
The concluding chapters of An Unquiet Mind also discuss the potential repercussions on Dr.
Jamison’s personal and professional life as a result of publishing the book.
2
In the treatment of bipolar, lithium is the most frequently prescribed mood stabilizer.
3
“Zip code diagnosis” refers to certain areas of increased wealth and knowledge that are
correlated with higher rates of diagnosis (incorrect or correct).
4
Emil Kraepelin revolutionized the psychiatric field by classifying psychiatric syndromes
according to shared patterns of symptoms. He studied bipolar extensively, and, in 1913,
Kraepelin also identified frequent cycling as a feature of bipolar (Calabrese et al., 2001).
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Q&A
Christine Eckhardt: When dealing with bipolar patients,
are personal characteristics ever blamed on the disease?
Kay Jamison: Sometimes. There is a lot of variability in
that. I think there is a natural tendency, that if you have
any kind of catastrophe, moving outside of the psychiatric
disorder, there is a tendency to attribute a lot of things to
the tragedy that aren’t directly related to it. As time goes
by, people begin to sort a lot of that out.
CE: How important is a significant other, friend, or parent
in learning to live with your illness, for instance, in terms
of learning to self-regulate your moods, or to adjust your
medications?
KJ: Huge. In a lot of ways, a person is much more likely
to stay on meds if not living alone. It is a really difficult
disease; it is important to have love and understanding.
I think one of the things that doesn’t get emphasized is
that a lot of people who have this illness are very loveable
and able to generate friendships. These friendships may
get temporarily demolished when they are ill, but are
eventually restored.
CE: Can we look forward to any new books from you?
KJ: I am just starting a follow-up to An Unquiet Mind, I
think it will probably be coming out a year from this Fall.
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Simple Brilliance: Daniel Tammet’s Born on a Blue Day
Rebecca Cooper

D

aniel Tammet’s memoir, Born on a Blue
Day, begs the question, “What is the cost of
genius?” For Tammet, an autistic savant with synesthesia,
extraordinary mathematic and linguistic abilities mean
perpetually living as an outsider, an observer. Existing
on a different intellectual plane requires interacting in a
different social realm.
Tammet’s extremely rare collection of symptoms
allows him to learn a language fluently in a week, memorize
22,500 digits of pi, and remember every book he’s ever read.
Tammet’s synesthesia—a perceptual
disorder in which one stimulus excites
multiple senses—makes difficult
calculations effortless; since numbers
have a distinct color and form, math is
a visual landscape instead of a series
of equations. He includes illustrations
to tour the reader through this world.
While endearing, the doodles serve
more to highlight the uniqueness of
his cognitive process than to invite the
reader into his mind.
Words for Tammet also have distinct visual
associations. Tammet explains: “I was born on January
31, 1979—a Wednesday. I know it was a Wednesday,
because the date is blue in my mind and Wednesdays are
always blue, like the number 9 or the sound of loud voices
arguing.” (Hence the title of the memoir.)
This unique vantage point comes with a price,
however. Coursing through the narrative—both explicitly
and stylistically—is Tammet’s status as an outsider.
Explicitly, Tammet laments the limits of logic to navigate
social situations; his intellect can only get him so far.
Though not paralyzed by an overwhelming sense of
isolation, Tammet perpetually longs for something.
Similarly, his writing style, haunted by autistic limitations,
separates Tammet from non-autistic writers. Mechanically,
it is impeccable: his grammar is flawless, the structure of
the paragraph is perfect. Emotional complexity is another
story: the short, simple sentences never reach beyond the
page, there is rarely a need to read between the lines. (The
few instances to the contrary at the beginning of each
chapter come with a heavy feel of the editor’s hand.) The
narrative is studded with tangents and statistics that have
little to do with the story. These aspects, at times, lock the
reader out of the psychology of the protagonist.
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These literary limitations, however, should not refute
Born on a Blue Day’s merits as a narrative of autism. It
should, in fact, do the opposite. The simple, authentic style
lends an unfiltered, raw power to the book that an account
of the disorder written by someone outside the autistic
world could simply not convey. Tammet awes readers with
his mental powers, but every short sentence and tangential
remark he uses to do so is a reminder of how this disorder
is as haunting as it is a gift. His writing style, in short,
encapsulates Asperger’s Syndrome.
Tammet’s story is similar to that of another
extraordinary autistic savant, Temple Grandin. Like
Tammet, Grandin is incredibly visual, as portrayed in her
book Thinking in Pictures. In both cases, the reader is
alerted to the fact that these incredible minds are limited
on an emotional level. Neurologist and novelist Oliver
Sacks makes a more general observation: “[the writing
of] autistic adults, not excluding some with marked
literary gifts…[is distinguished by] peculiar narrational
gaps and discontinuities,
New York: Free Press,
sudden, perplexing changes
240 pages, $24.00
of topic.” The disjointed
style, common to both
Tammet and Grandin, captures the failure of those with
Asperger’s Syndrome to grasp others’ emotional states
and their transient fixations on various subjects. Tammet’s
narrative, fluttering from subject to subject (did you know
that one in five babies cries enough to meet the definition
of colic? Tammet shares with the reader) should therefore
be appreciated as an honest portrait of the disorder.
Born on a Blue Day is not merely an exercise in
sacrifice. There is a reason this book is popular: for a story
about the brain, it has a ton of heart. Tammet’s anecdote
about his imaginary friend, Anne, is startlingly sentimental,
and his intense feelings of isolation and marginalization
are achingly familiar. The last two paragraphs, brilliantly
innocent and perfectly expressed, make the entire read
worthwhile.
Tammet’s genuine style is able to probe the workings
of the human mind. His simple, uncluttered sentences
demonstrates how grammar and vocabulary can be
peeled away from cultural texture—allusions, nuance
and metaphor. The authenticity of presentation, though
occasionally frustratingly simplistic, makes Born on a
Blue Day not only about Asperger’s Syndrome, but also a
literary mirror of the disorder.

MORAL LUCK AND FREE WILL

Determinism, Free Will, and Moral Responsibility:
How Does Neuroscience Weigh in on the Debate?
Scott McKinney

I

n “Moral Luck,” philosopher Thomas Nagel poses an they cannot be held responsible. Moreover, beliefs and desires
urgent and compelling challenge to our conventional will be shaped by prior experiences. Though some of these may
notion of responsibility. Nagel first points to an intuitive certainly be voluntary, actors cannot choose how they are raised
foundation underlying our moral assessment, aptly called the or to what they are exposed. If certain upbringings cause certain
control principle: “we feel that the appropriateness of moral behaviors, can a child be held responsible for being the product
assessment is easily undermined by the discovery that the act or his environment?
The last degree of freedom Nagel studies is circumstantial
attribute, no matter how good or bad, is not under the person’s
control” (175). This holds for all types of acts, from murder to luck, which pertains to the different problems and situations
altruism. Indeed, it seems obviously irrational to judge a person people face. A person’s moral record is determined by the
on matters over which that person has partial or no control opportunities he is given to display his moral qualities. Though
(177). Nevertheless, such judgments are commonly made. In he may act perfectly heroically, given the chance, if the situation
these situations, a person experiences what Nagel calls ‘moral never arises he certainly cannot prove himself. Conversely, while
luck’: he is treated as an object of moral judgment despite the the same person may very well have acted cowardly, his record
fact that a significant portion of what he does depends on factors is never tarnished if he is not confronted with the opportunity
beyond his control. Though ‘moral luck’ is something to be to do so. By now we see that in applying the control principle,
scrupulously avoided, a meticulous analysis of the world reveals “[t]he area of genuine agency, and therefore of legitimate moral
that no act for which an agent ultimately becomes the object judgment, seems to shrink under this scrutiny to an extensionless
of praise or blame is immune to luck. Frighteningly, automatic point” (183). In accounting for all the fortuitous influences on a
moral assessments we make every day can be undermined by person’s behavior, that person’s agency, and thus responsibility,
becomes variously dispersed through situations, completely
natural application of the control principle.
Nagel observes that luck—factors beyond our control— deflating our original target of praise or blame.
Moral luck’s omnipresence implies that to pass moral
appears to influence all human action. He catalogs four types of
luck that intrude on our behavior. The first is luck concerning judgment is to judge what happens to a person and not what
the outcome of an action. Though Kant felt that we judge this person does; it “amounts to holding them responsible for
others’ behavior solely on the basis of intention, independent the contributions of fate,” a truly disturbing conclusion (180).
of outcome, Nagel believes that this is an inaccurate account Through Nagel’s analysis, human agents become ordinary
of human sentiment: “The same degree of culpability in things, their actions and impulses mere events, all subject to
intention, motive, or concern, is compatible with a wide range the same type of causation as inanimate objects. But agency,
of judgments, positive or negative” (179). Whether we like it or or free will, insofar as it is necessary for moral responsibility,
not, outcome plays a crucial role in moral assessment. Consider is incompatible with this characterization of human action.
A similar problem arises with
the dual statutes of murder and
the mechanistic explanations of
attempted murder. Though two
Moral
luck’s
omnipresence
imaction offered by the cognitive
criminals may act with equal intent
to harm their victim, when one is
plies that to pass moral judgment is to sciences. Events and things can
be celebrated or deplored for their
successful and the other happens
judge what happens to a person and desirability and utility, but they
to fail because a gust of wind
cannot be praised or blamed. Has
sends his bullet astray, we feel that
not what this person does.
Nagel destroyed the rational basis
the second shooter’s culpability is
for moral judgment?
somehow mitigated. Accordingly,
A.J. Ayer, a representative of compatibilist thought
we are content with a less severe punishment. But how can this
be fair, given that the only thing distinguishing the two agents is (holding that causal determination is in fact compatible with
free will), responds negatively. Through the context of free will,
an event out of their control?
Perhaps this points out a flaw in our judicial system, but Ayer argues that we feel that we act freely, but science would
are we compelled to abandon the pursuit of justice completely? have us believe that human behavior, like the movement of any
What if we were to amend the system by paring down each natural body, is subject to determinism—completely governed
act to its “morally essential core,” and evaluate solely based by causal laws. He agrees that Nagel’s control principle
on intention? Still, actors are subject to what Nagel calls a underpins moral assessment conceding that, “a man is not
constitutive luck: The type of people they are, their inclinations, thought to be morally responsible for an action that it was not in
capacities, and temperament are products of heredity, for which his power to avoid” (15). To Ayer, this does seem to imply that
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our actions are not truly free. One may argue further that if our the cause-effect relationships in psychological explanations
actions are simply the result of our body’s tissues adhering to of human behavior seem merely contingent. Admittedly,
physical laws, they must be out of our control and responsibility. psychological explanations of behavior appear problematic:
Ayer finds this conclusion unacceptable, however. In an effort to how can an image cause an emotional or behavioral response in
reconcile determinism and free will, and thereby recover human a subject? The presentation of a stimulus may appear to evoke
responsibility, Ayer reanalyzes what we mean by free action. He some movement, but we are really just pointing to a temporal
lays down three conditions that must be satisfied for a person to correlation between events. One is led to believe that it is but
have acted freely. First, the actor must have been able to choose a contingent relationship linking these so-called causes and
to do otherwise. Second, the action must have been voluntary, effects. If the cause by no means necessitates some action, then
and third, the actor must not have been constrained to act in a humans are in no way constrained to act a certain way. Free will
particular way.
can thus be salvaged.
Ayer feels that these three conditions are, despite a
If Ayer considered the mechanism behind human
deterministic conception of action, fulfilled in most cases. decision-making, however, he would see that there really is
Here Ayer brings to light what he sees as the problem with the physical constraint involved. The problem is that psychological
Nagelian, incompatibilist view. Where Nagel believes causal explanations leave gaps in the causal chain, skipping over
determination to be the opposite of freedom, according to Ayer intermediate events, elements involved in the actual, physical
it is constraint to which freedom should be contrasted. To assign causality. Ayer tries to draw a contrast between the constraint
a cause to an occurrence is merely to say, “There is an invariable of a straightjacket (which would undermine free will) and the
concomitance between the two classes of events; but there is manufactured, metaphorical constraint of some stimulus’s
no compulsion, in any but a metaphorical sense” (21). All that impinging on an agent’s perceptual apparatus (which has no
is required by the postulate of determinism is that events are such potential to undermine). The stimulus’s input, however,
susceptible to causal explanation, but constraint does not follow is no less a physical constraint in light of a neurophysiological
such an explanation. As
explanation of human behavior.
Ayer sees it, determinism is
Consider an analogy between the series of events
insufficient to exculpate the
from stimulus perception to action, and trains traveling on
agent; the causal chain still
a system of tracks. In the same way that a train, once in
passes through his choice. A
motion, can only end up at a limited number of destinations
brain state cannot necessitate
based on the path of the tracks, a certain perception can
a behavior because “the
only yield a limited repertoire of motor output based on the
truth is merely that [causally
way the neural circuitry is designed to process information.
related events] are factually
We can only take action if our nerves stimulate the right
correlated,” even though we
muscles, and our nerves can only stimulate the right muscles
tend to think of one event as
if our brains command them to do so. The brain will give
having power over another.
this order only if it is given the sensory input that yields this
We are not bound to behave as
command. Thus, causal
we do, because predictability
explanations of human
Consider an analogy between a behavior outline the
does not confer necessity. Ayer
attributes our confusion to a
series of events from stimulus per- physical constraints to
“primitive pushing-striking
the actor’s nervous
ception to action, and trains travel- which
conception of reality,” and
system is subject. If
ing on a system of tracks.
an animism that pervades our
Ayer concedes that
conception of the world (22).
physical constraint is the
Who is the architect?
In Ayer’s view, only certain special
opposite of freedom, he
causes of action constitute the constraint
must accept that we are
needed to preclude free will. These include physical impediments, constrained in that we are limited in what we may do by how our
certain mental disorders that compel individuals to act in a brain processes information.
certain way, or personal threats it would be unthinkable to defy.
Let us apply this principle in thinking about the contrast
In all other cases, however, we can choose to act otherwise Ayer sets up between the actions of a free actor and those of
and are therefore not constrained. Praise and blame can thus a kleptomaniac. We realize that the kleptomaniac’s brain, like
rightly be dispensed to human agents. Through this logic, Ayer that of any psychiatric patient, does not function in a manner
attempts to liberate the human beings that Nagel had termed wholly different from that of a normal brain. His neural circuitry
“helpless prisoner[s] of fate,” and he attempts to restore the is simply designed such that, given a certain input, his motor
status of moral responsibility by redressing our faulty notion of output constitutes a pesky material acquisitiveness. It can be
causation as it applies to human behavior (23).
said that the only thing that really distinguishes a kleptomaniac’s
Ayer’s retort, though attractive, is nonetheless unsatisfactory. mind from a normal mind is that the kleptomaniac’s neurological
Ayer errs by reducing causation to mere correlation because compulsion is oriented toward a socially unacceptable behavior.
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What makes us thinks that a philanthropist, too, is not similarly
compelled to act as he does? We don’t find a problem here,
however, because his actions are not cause for social concern.
Continuing the train analogy, who is the architect of each
person’s system of tracks? Who sculpts the “rules” of the system
that determine how signals proceed when the neural pathway
forks and electrical signals continue down only one route—when
paths diverge and “choices” must be made? A compatibilist like
Ayer may now interject: Doesn’t this seem to be a place for free
will, the brain’s train-switch operator? Even though, physically,
information can only be processed in a limited way, is how
the brain processes this information still not the choice of the
person? Though tempting, this cannot be the case. The system,
too, is shaped by antecedent factors outside the person’s control.
These include genetic makeup (Nagel’s constitutive luck) and
past experiences or exposures that alter patterns of connectivity,
for which the person is similarly blameless. Moreover, the
stimulus that triggers the behavior in question is out of the
person’s control (Nagel’s circumstantial luck). Once again the
agency becomes chaotically distributed throughout the physical
world and we are left with none for the so-called actor.
Ayer does employ a rigorous definition of freedom, but
we are now in a position to evaluate where he went wrong. Of
the three conditions necessary for free action, the first (“I would
have acted otherwise if I had chosen to”) requires an additional
condition: namely, that I actually could have chosen to do so.
If we consider our nervous system, however, it appears that
we are constrained in our choice by how our brain responds to
stimulation, both endogenous and exogenous. Crucially, this
response is not unlimited—it can only respond in a manner
dictated by how its circuits are constructed. As we have seen,
the circuits are constructed irrespective of the agent’s will. Thus,
our behavior is not only constrained, but the possible repertoire
of responses is also subject to luck. We in fact can never do
otherwise, and what we do is determined by factors outside
our control. Our only refuge from determinism seems to be
an indeterminism, in which our course of action is determined
by the conspiracy of chance experiences and random activity
in our nervous system. By our control principle, both of these
options preclude praise or blame, for it would be irrational to
hold someone responsible for actions not performed freely.
Moral responsibility has once again eluded humans, in spite of
compatibilist efforts. In order to allow the mind to overcome
the limitations of determinism and attain free will, it seems
we would need to imbue it with the power of something like
Roderick Chisholm’s “immanent causation,” a mystical capacity
that lets its beholder overcome the laws of nature. As complex
as the human mind may be, it feels unwarranted to impart this
power on what is still a physical entity.
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EDITORS’ ROUNDTABLE

A Conversation on Free Will

E

ditors of The Harvard Brain think that many
of the topics discussed in this magazine
would make for great conversation. So, in the
spirit of good conversation, they got together
one night and talked about free will, a topic that
rarely produces a shortage of ideas and opinions.
The result was an energized discussion about the
nature of free will, the impact of cognitive sciences
on our understanding of free will, and the practical
relevance of free will in our lives.
Participating Editors
Christine Eckhardt ‘09, Neurobiology
Penny Fang ‘08, Neurobiology
Meghan Galligan ‘10, Neurobiology
Mimmie Kwong ‘10, Neurobiology
Jimmy Li ‘09, Neurobiology
Scott McKinney ‘09, Neurobiology/Psychology
Roland Nadler ‘09, Philosophy
Jay Reidler ‘08, Neurobiology/Psychology

JR: Quantum mechanics claims that there are no
absolute laws that determine the exact position
where one would find an electron at any point
in time. Even the laws of physics suggest an
inherent uncertainty in the world.

JL (Moderator): Let’s get straight to it. How do
you define free will, in practical terms?
SM: Well, a traditional definition of free will
involves the idea of agency, over and above
natural, deterministic causation. In other words,
“I would have done otherwise, had I so chosen.”

PF: Can we really decompose our behavior into
something simple enough that we could look at it
in that way? There is no way we could come up
with something sophisticated enough.

PF: Having free will is knowing that you have
two choices, and being able to switch choices at
the last moment. My having these choices shows
that I am in control of my actions.

RN: The simplest types of experiments like
this have already been done. In the 1970s, a
researcher named Benjamin Libet was reading
people’s minds with respect to very simple tasks
(the raising of one’s finger). When it came to the
experience of free will, the result of the experiment
showed that there are neural precursors to what
feels like voluntary actions.

MG: A certain philosophical perspective
may also be helpful. As Sartre said, man isn’t
determined by some kind of fate. We are living
in a box, constrained by physical and natural
laws, but it is our radical freedom that allows us
to perceive our circumstances in our own view.
Yes, living in a box subjects your will to certain
conditions—you cannot fly just because you
want to, for instance. But, I have the liberty and
THE HARVARD BRAIN

RN: We could probably agree that one of the
most important things that existentialism tells
us is that a person experiences him or herself as
radically free. The conclusion that I want to push
is that the existentialist conception of human
freedom can persist no matter how conclusively
we disprove the libertarian idea of free will using
empirical techniques and neuroscience.

MK: The number of molecules in our brain is also
limited. You could have a computer statistically
figure out all the different pathways that could
happen, starting with one reaction. If we then
figured out what every single neuron does, we
could figure out what people will do.

RN: I think the classic view about free will—that
can be intuitively reached—is that brain states
and perceptions are not causally sufficient for
decisions. These decisions are not determined
and not random.
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free will to make decisions within the confines of
that natural law.

JL: That makes it sound like we don’t really
have free will at all, if the parts of our brain
responsible for decision making are active before
our being aware of it. Does anyone find this
disconcerting?
MG: What’s most frightening about this is that
every brain has the same response pathway, yet
we put so much emphasis on our individuality.
If everyone has the same responses, then what
makes us individuals?

EDITORS’ ROUNDTABLE

CE: One of the variables you would have to
account for is experience. You do not have to
exclude the fact that genetics has an influence.
SM: Right. Even if we did have a perfect theory
explaining how the neuronal pathways of the will
work, we would still have to look at everyone’s
unique network.
JR: There are two sides to the question of free will
that must be addressed. First, is there something
non-physical that influences decisions? And,
second, is there randomness—that is, the absence
of law—that “influences” decisions?
JL: I think that is a really good point. But what
about spontaneous thinking? Isn’t being able to
just think about something random, say, pink
elephants, a sign of free will?
SM: But even when you are thinking
spontaneously to yourself, the nature of causation
implies that you could trace that neural activity
to a chain of events set in motion even before
you were born.
MK: You mean, you can identify what triggered
that thought?
CE: Why did you think of the pink elephant?
SM: Right. When you spontaneously think about
anything, it arises from activity in your brain.
This activity may be random, but if it is not,
neuroscience would have us believe that it is a
unique output to some earlier input, rather than
just bubbling up from nowhere.
JR: Underlying processes seep into our
consciousness.
MK: Free will is the fact that you can choose
something else. Yes, maybe you are influenced
by something unconscious, but the fact that you
could have done differently shows that you have
free will.
MG: When you make a decision, you are placing
importance on that decision out of many. You put
value on one choice by making that choice.
JL: Okay, I think there is another question. Is it
important to discuss free will at all?

SM: We look for this autonomous “I” within
the locus of our consciousness, an “I” that is
independent of the causal laws of the world in
order to vindicate free will is a gratuitous demand.
What we have is probably good enough, even if
it’s not truly free by those standards.
CE: What’s more important is the perception
that we have free will. It’s just more important to
think that we are in control.
SM: Yes, a world where no one believes that they
have free will is unimaginable.
MK: I really don’t think debating free will has
much practical value.
RN: I think the discussion is important in that
questions about free cause people real, honest
anxiety. It is interesting that these anxieties
didn’t occur when other discoveries occurred in
science.
JR: Our ideas about free will have been shaped
by neuroscience. In the end, it is important to
mention that whatever science reveals about
free will, under normal circumstances, we feel
that we have free will. Perhaps, we experience
free will only to the extent to which our culture
tells us we have it. We, therefore, must always
emphasize that we have this experience of free
will, regardless of what science may reveal about
its underlying nature.

T

he topic of free will has stimulated great
discussion and philosophical thought in
the past, and it was interesting and informative to
discover what fellow editors thought about such an
abstract topic. The editors seemed to agree that even
if free will is merely an illusion, neurobiology tells
us that brain is solely responsible for that illusion.
Consciousness, that is crucial for contemplating
free will, is sustained by some types of neuronal
activity, as we have also seen presented in Scott
McKinney’s article, “Determininsm, Free Will, and
Moral Responsibility.”
Where philosophy can only go so far in
elucidating the nature of free will, neurobiology
has the potential to fill in the gaps by identifying
the molecular and neuronal basis for free will.
For further conversations regarding free will and
similar topics, join the Harvard Society for Mind,
Brain, and Behavior (HSMBB) for one of its weekly
dinner discussions.
THE HARVARD BRAIN
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Free Will, Experience, and the Role of
the Cognitive Sciences
Roland Nadler

P

hilosophers, being frequently challenged by “practical”
individuals to account for the relevance of their
discipline, tend to perk up whenever some intractable quandary
appears in the popular press. 2007 kicked off with excitement
for philosophy when a Jan. 2 New York Times (NYT) article by
Dennis Overbye entitled “Free Will: Now You Have It, Now
You Don’t” generated more than blank stares and shrugged
shoulders. Overbye’s article generated plenty of buzz, especially
in the blogosphere,1 and eventually caught the attention of the
Harvard Society for Mind, Brain, and Behavior.
For once, the question of whether we make freely willed
decisions became fair game beyond university campuses and
Rive Gauche cafés. John Q Public put down his newspaper
and…pondered. In the spirit of making hay while the sun shines,
I will be grounding this discussion of free will in the NYT piece.
Given that it seems to have been quite an attention-grabber, I
hope that its engaging qualities will filter through even to those
who have not read it.
The take-home point of Overbye’s piece is, of course,
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something only he can tell us. Many seem to interpret him as
denying that we have any free will whatsoever.2 Maybe that
was his aim—sometimes it pays to advance a shocking thesis.
Cries of indignation will inevitably ring out: here come the
brain scientists, trying to prove that we are soulless robots!
Such scrapes can get ugly (think Galileo or Darwin, although
in this case religion takes a backseat to existential humanism3
in general), and are worth resolving preemptively. To that end,
I want to mediate with a point that I believe will defuse tension.
However, I anticipate needing to defend this point to scientists,
beyond just the humanists who would oppose them here.
I contend that it is neither defeatist, nor pessimistic,
nor even unscientific, for cognitive science to remove from
its agenda the following task: describing the contents of our
individual experiences of free will better than any of us can
describe them intuitively. Why has this ever been considered
a goal? I blame eliminative reductionism, which seems to
be operating tacitly in scientific thought here. Eliminativist
tendencies crop up despite compelling arguments as to why it
would be a bad idea to express conscious experience in purely
neurophysiological terms. Instead, the cognitive sciences should
focus on developing a completely comprehensive understanding
of how the mind and brain are related. Science should be content
to admit that no knowledge about the mechanistic nature of the
mind can invalidate our experience of free will. My challenge,
then, will be to relay some idea of how a “comprehensive
understanding” can be pieced together without implying that the
nature of the experience is “illusory.” As it turns out, there is
ample reason to believe that this is precisely where neuroscience
will take us.
The philosophical dialogue on the freedom of the will
offers several options, one of which is very accommodating to
the above-mentioned contention. A summary: the initial step
is to ask whether the mind is a deterministic physical system
(operating entirely according to reliable laws of physics) or not.
Until 1915, an answer in the negative generally implied a belief
in dualism, usually articulated in terms of a “soul.” This is a
useful concept in theology, but to invoke it within science is
a category-mistake at best, subversive proselytizing at worst.
In any event, substance dualism is all but discredited in the
mainstream literature.4
After 1915, it became possible to resist determinism
without invoking magic. This is the “vote in favor of free
will…from the physicists” mentioned by Overbye. While it is
true that quantum uncertainty invalidates the hypothesis that
physics is perfectly predictable,5 the notion that “every physical
system that has been investigated has turned out to be either
deterministic or random”6 should not soothe anyone’s free-will
anxieties. Staking my free will to quantum-mechanical dice
rolls does nothing to bring it under my control. And exactly how
small irregularities in particle physics could play a role in brain
circuitry is entirely unclear. I fail to see any promise for a realistic
concept of freedom arising from quantum indeterminacy.7 The
outlook is therefore bleak for what Overbye characterizes as
the “traditional definition,” i.e., the “libertarian” or deep-self
concept of freedom that “the whole chain of cause and effect in
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the history of the universe stops dead in its tracks as you ponder along—that there will never be a good reason to stop believing.
the dessert menu.” One is left with a second question: can free
So yes, Virginia, there is free will. It exists as surely as
will and determinism coexist?
love and generosity and devotion exist.9 One can believe in it,
Commenting on the views of Tufts philosopher Daniel have a career in the cognitive sciences, and honestly find no
Dennett, the Overbye article suggests that they can, and that tension between the two ways of looking at the world.
this is what Dennett thinks. I suspect that his views are being
At this point, the positivist will no longer be able to
8
poorly represented here. I revere much of Dennett’s work, stifle an objection. “Surely you lack imagination. In less time
but I have found every other version of this coexistence claim, than anyone might expect, science will have explained human
properly called “compatibilism,” to be (well-intentioned, but cognition to such an extent that your fanciful endorsement for
nonetheless) alchemy. Compatibilism attempts to redefine free the experience of freedom shall be viewed as embarrassingly
will as, for instance, acting in
naïve.”10 In one sense, to say this would miss the point: I
accordance with one’s desires,
do not deny the possibility of arriving at a comprehensive
as a kind of self-expression—
understanding of how consciously mediated action works.
and this deep “self” expresses
In another sense, though, it is conceivable that the positivist
itself quite in the manner of
proves correct in predicting a truly eliminative outcome. It
a soul. Any compatibilist
could be that experience reduces to neurophysiology in a way
position that does not appeal
that makes “free will” sound silly.
to that kind of deep-self view
Rather than default to outright dismissal, I want to offer
feels unsatisfying because it
a few ways of engaging the possibility—ways that work to
ends up sounding like simple
resist the strong eliminativist. Debates about eliminativism
determinism, cheaply flavored
usually center on
with a pat new definition of free
other aspects of
The
outlook
that
‘the
whole
will. Any compatibilist position
the mind, such as
that does appeal to a deep-self
chain of cause and effect in the his- conscious subjective
view reconciles nothing. It is
experience, or mental
tory of the universe stops dead in states in general.
traditional libertarianism in
disguise. I doubt that Dennett
its tracks as you ponder the dessert While the insights
fits into any easily labeled category. I leave a
I am about to offer
menu’ is bleak.
proper engagement with his (most assuredly not
here come from such
alchemical) views for another day.
debates, my claim of
With compatibilism off the table, we find ourselves back at reduction without elimination should only be taken to apply to
the beginning—only now the view from the beginning is better, the experience of free will.
as is often the case in philosophy. We have the inexorable sense
To begin with, I cautiously turn to New Mysterianism, a
of our freedom on the one (experiential) hand, and practically no view unfriendly to the cognitive sciences that calls the mindhope for a coup of determinism on the other (empirical) hand. body problem “insoluble” by human intelligence, and perhaps
But why must this be unsatisfactory?
by any intelligence. What can we gain from examining the
Well, no reason at all, really. I say that the most sensible resignation to agnosticism for any explanation of consciousness?
thing to believe about the freedom of the will is just that very British philosopher Colin McGinn, in his article, “Can We Solve
thing which has been viewed as the “problem” all along. As the Mind-Body Problem?” presents the view that humans are
Mark Hallett so aptly framed it for Overbye, “free will does “cognitively closed” to understanding consciousness in the same
exist, but it’s a perception, not a power or a driving force. People way that we are perceptually closed to seeing ultraviolet light
experience free will. They have the sense they are free. The more (1989).11 What is interesting about McGinn’s position is that
you scrutinize it, the more you realize you don’t have it.”
even he proves reluctant to call the mind-body problem insoluble
I will move one step further toward my original point by by some “explanatory scientific theory”—his contention is that
adding that this subjective experience of free will can and should no human (and perhaps no possible intellect) can grasp such a
eventually be studied by the cognitive sciences. But it will never theory. He thus answers his initial question “No and Yes.” Even
be explained in the kind of way that makes it a preferable, useful, more conveniently, McGinn invokes something very much
or more proper course of action to discard the contents of the resembling my view as a possible counter-argument which he
experience and start thinking in terms of unfreedom. There is dismisses (in a way I think is weak):
nothing to fear about a comprehensive science of conscious
“This alternative view claims that, even if we now had a
will. An eliminative explanation, one that replaces our intuitive grasp of [the property in virtue of which the brain is the basis
sense by first discrediting it as nonexistent, is not something we of consciousness], we would still feel that there is something
should expect, much less strive to craft. When it comes to free mysterious about the link, because of a certain epistemological
will, I am confident that a whole host of disciplines, including feature of the situation. Namely this: our acquaintance with the
philosophy, psychology, theology, ethics, and perhaps even brain and our acquaintance with consciousness are necessarily
neurobiology itself, can vindicate what we have suspected all mediated by distinct cognitive faculties, namely perception and

“

”
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introspection.…[but] suppose (per impossibile) that we were
offered [the property] on a plate, as a gift from God: would we
shake our heads and wonder how that could solve the mystery,
being still the victims of the illusion of mystery generated by the
epistemological duality in question? No…it is better to suppose
that we are permanently blocked from forming a concept of
what accounts for that link.”
I would argue that neither of the outcomes he posits for that
hypothetical situation is particularly believable. There is another
possibility. We would happily receive a complete explanation of
the mind, see that the mind-body connection is, while intricate,
not magical—and then go right on talking about freely willed
decisions as we had before. The scientific theory would be
perfectly explanatory but not preferable to the intuitive theory
for most applications. One reason for this might have to do with
limitations on the scientific theory’s predictive power.
A section from Overbye’s article lends some credence to
this claim. The idea comes to us from mathematics and computer
science that “no system can contain a complete representation of
itself,” as it is put in the article.12 If that is the case, then it might
be correct to conclude something at least resembling McGinn’s
New Mysterianism. We might say that while we can understand
the mind-body relation in principle, an actual application of that
understanding as a predictive tool would be computationally
impossible for us, and probably implausible for all but the most
advanced supercomputers.13

“We

would happily receive a complete explanation of the mind...and then
go right on talking about freely willed
decisions as we had before.”
It may also turn out that the vocabulary furnished by
this science of conscious will is not nearly as handy as the
intuitive vocabulary. After all, who would want to talk about
neurotransmitters to describe their decision-making processes?
While this is the most intuitive objection to eliminativism, I also
acknowledge it to be the most vulnerable.
In the past, we have had poor ways of talking about things.
Stories about disgruntled nature-spirits turned out to be a bad way
of describing the weather as meteorology developed. Perhaps
my suspicion—that stories about free will are not “bad” in a
similar way—is a bias born of flawed introspective methods. But
I think an argument from efficacy is appropriate here. Animistic
folk tales never produced any effective understanding of the
weather. Our reasoning about how we make decisions seems
to have been effective enough to survive in folk psychology.
Presumably, it has not hampered humans, since it seems to have
evolved in us.
I have saved my favorite example for last because it also
offers a constructive look ahead for cognitive science. There
is really no substitute for reading David Chalmers’ “How Can
We Construct a Science of Consciousness?” in full, but I will
try to present whatever distillation offers the best combination
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of relevance and fidelity. Chalmers starts out by distinguishing
between first-person data about consciousness that one obtains
from attending to one’s own experiences, and third person data
about consciousness that one obtains from empirical work in the
cognitive sciences (Chalmers, 2004). Both are easy enough to
obtain; the problem, Chalmers points out, comes when we try to
explain first-person data in terms of third-person data. He notes
that to give a reductive explanation (an explanation of one thing
in terms of another) is to account for the objective functioning of
one phenomenon, reducing it to a set of statements about other
kinds of phenomena. But first-person data have nothing to do
with objective functioning, so the model breaks down.
What is left, in Chalmers’ account, is still a very challenging
and rewarding set of projects for a science of consciousness. The
two projects which particularly stand out are finding the neural
correlates of consciousness and systematizing their connection
to first-person data. I might quibble with Chalmers by claiming
that once the system has been comprehensively schematized
as he would have it, a reductive explanation has in fact been
achieved, and part of what is left over as “unexplained” firstperson data is really nothing more than a way of speaking about
that which has been scientifically demystified.
Forty years ago, the idea of “demystifying” just about
anything in the human sciences by using biology was decried
as heretical.14 Thankfully, we have made progress on this front,
but trying to convince people that they are (sophisticated) meat
machines still looks daunting. I hope to have conveyed that
fears about science encroaching on our traditional approach to
free will are overblown. Long after the cognitive sciences have
pieced together a satisfactory solution to all the problems of
consciousness in a way that explains the nature of our decisionmaking processes, it will still make more sense for us to believe
who we always believed in the first place: ourselves.

a fantastic and accessible summary of many issues in the philosophy of mind.
12
I am advised that Gödel’s incompleteness theorem has an unofficial corollary: that anyone
who tries to apply it outside of formal logic has no clue what they are talking about. If I have run
up against that corollary, I am in the enviable position of being able to pass the buck to Overbye.
(Consider it passed.)
13
I will leave it to the computer scientists to determine whether that is a reasonable conclusion.
It certainly seems possible enough to cite as one reason among many to believe that the science
would be limited.
14
See Steven Pinker’s The Blank Slate for a chronicle of sociobiology.
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Footnotes
A very narrow string of search queries yields at least 5,000 results each.
One blogger, at http://gdayworld.thepodcastnetwork.com , entitled his posting on the article
“nothing but sophisticated meat machines.”
3
“Existential humanism” here refers to a classical humanist philosophy focusing on the
radical existential freedom of the human subject. It is not to be confused with modern religious
Humanism, which would never stand opposed to scientific understanding.
4
See Chapter 2 of Paul Churchland’s Matter and Consciousness for a more in-depth
explanation of why this is the case, and Steven Pinker’s The Blank Slate for a more polemical
treatment of lingering “ghost-in-the-machine” views.
5
Plug “Laplace’s Demon” into Wikipedia to learn why it was invalidated even before that.
6
Dr. Silberstein paraphrased in Overbye’s article.
7
John Searle in Freedom and Neurobiology explores how quantum indeterminacy could
allow for a mind in which brain states are not “causally sufficient” for decisions, but admits that
the competing hypothesis—that free will is an epiphenomenon—has the advantages of being
coherent and fitting in with what we know from biology. In the presence of such an alternative,
Occam’s razor cuts against the quantum option.
8
And for that matter I share quite a few of his views on free will, such as the argument I just
made against salvaging free will using quantum physics.
9
Never allow someone to deride your views by deploying “yes, Virginia, there is a Santa
Claus!” The full text of Francis Pharcellus Church’s 1897 editorial in response to little Virginia
O’Hanlon’s question about Santa Claus is one of the most heartwarming and compelling
resistances to scientism. It does double duty here in defense of free will: “You may tear apart the
baby’s rattle and see what makes the noise inside, but there is a veil covering the unseen world
which not the strongest man, nor even the united strength of all the strongest man that ever lived,
could tear apart. Only faith, fancy, poetry, love, romance can push aside that curtain and view
and picture the supernal beauty and glory beyond.”
10
I am making a caricature, I admit. Not all positivists are fundamentalist zealots, and
positivist tendencies, while it may not be apparent here, crop up in my own ways of thinking.
11
I had feared that McGinn would be too obscure a philosopher to invoke here. Conveniently
enough, his views were featured in a blurb in Time magazine’s January 29, 2007 issue, right
alongside Steven Pinker’s article entitled “The Mystery of Consciousness,” which for its part is
1
2

THE HARVARD BRAIN

45

BOOK REVIEW

Defining the Self: Douglas Hofstadter’s Strange Loop
Shivani Ghoshal

I

n my senior year of high school, I ambitiously poetically put it, “I am a mirage that perceives itself.”
bought Hofstadter’s Gödel, Escher, Bach and
Let me make clear that the ideas introduced in I
carried it around self-importantly for an entire summer. I Am a Strange Loop aren’t exactly new. Other writers
appreciated the wide range of subjects Hofstadter tackled. have explored the self-referentiality of consciousness,
I liked the nested arguments, the self-referentiality of the and even Hofstadter himself has explored this idea in his
examples, and the energetic tone of the book. However, earlier novel. What sets I Am a Strange Loop apart isn’t
when it came to its core subject of consciousness, I balked. the argument as much as its pool of sources. Hofstadter
I had no idea what the book actually meant. So, years integrates a wide variety of supporting and dissenting views
later, it was with a sense of self-redemption that I bought
into his argument while also showing
Hofstadter’s new book, I Am a Strange Loop, described
the consequences of his hypothesis
as another analysis on consciousness, and (much to my
on science, religion, love, and music.
relief) an easier read.
His characteristically engaging use of
Strange loops, according to Hofstadter, are selfmetaphors has been honed to a cleaner
referential statements or ideas. Escher was famous for
style from Gödel, Escher, Bach; he
this, with his sketches of möbius-like staircases and hands
keeps the wide array of examples while
drawing each other. To put the idea of a strange loop into
giving a more focused argument.
a general sense, think of the sentence, “I am lying.” The
Along with his book’s increased
sentence creates an on-going statement about itself, and
sense of focus comes an increased
its meaning can change every time
sense of emotion and self through the
you consider the sentence.
author’s account of his wife Carol’s
New York: Basic Books,
It’s these strange loops,
death in 1993. Most significantly, in this time
412 pages, $26.95
Hofstadter then argues, that give rise
he learned what happens when another soul
to the soul at the center of each human
becomes entwined with your own. As the couple
being. The idea of a soul can be a hard one to swallow, but became absorbed one into the other, consciousness spilling
Hofstadter neatly sidesteps the issue by letting the “soul” beyond its containers, he sometimes thought of them as
be interchangeable with “I”; here, the soul is used as a term “one individual with two bodies,” sharing “exactly the same
of self-reference. As neurons fire and receive signals and dreads and dreams and hopes and fears.” In her untimely
signal patterns, we create a perception of our environment. death, Hofstadter poignantly describes the possibility of a
However, these signal patterns, which Hofstadter calls soulmate’s own series of strange loops copying into that of
symbols, are not isolated or strictly compartmentalized. his or her partner’s mind.
Instead, these symbols interact with each other, creating
Though I Am a Strange Loop is a definite
strange loops, and through these strange loops, self- recommendation for anyone wanting more of Hofstadter’s
reference and the illusion of consciousness. “In the soft, philosophy and signature wordplay, there were aspects
ethereal, neurology-free world of these players,” the of the book that disappointed me. The ties to artificial
Hofstadter writes, “the typical human brain perceives its intelligence and biology are pretty much lacking here.
very own ‘I’ as a pusher and a mover, never entertaining For Hofstadter to sidestep the interesting question of
for a moment the idea that its star player might merely intelligent machines having souls, despite being an
be a useful shorthand standing for a myriad infinitesimal artificial intelligence researcher for so many years, was a
entities and the invisible chemical transactions taking disappointment.
place among them.”
Nevertheless, I Am a Strange Loop is a great read,
For those of you who understood more of Gödel, if more abstract than his previous work. The novel is not
Escher, Bach than I did, the idea of symbols and self- so much a “read” as an experience, a total immersion into
reference should ring a bell from Gödel’s logic. There, Hofstadter’s mind. Just as Hofstadter relates the death of
his strange loop argument was called recursive self- his wife and the lingering copies of her soul in his own,
representation, but the idea is still the same. The human Hofstadter’s new book leaves the reader with a sense of
brain is a system of symbols, and consciousness, or “I” is Hofstadter, his ideas—his own strange loops—making a
self-reference within this system of symbols. As Hofstadter lasting impression on the reader’s own.
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