
the next 50 years.” The direction his com-
pany chooses in the post-lawsuit era will

decide whether Microsoft will be around
that long.
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While maps of the genome pro-
vide a picture of humanity’s
biological building blocks,

maps of the mind are beginning to alter
our understanding of our mental life.
Psychic cartography has become a favorite
tool of neuroscientists and is offering some
interesting and surprising insights about
the workings of the brain.

There are four general ways for scien-
tists to watch and measure the functions of
the brain. Electroencephalography (EEG,
first developed in 1929) is the most estab-
lished and the simplest of the four. It meas-
ures brain activity by analyzing the fre-
quency spectrum of electrical waves emit-
ted by the brain. Its results usually do not
allow for very specific study of individual
regions of the brain, but it is well suited
for researching general brain function. For
example, in a study published last summer
in the journal Neuropsychopharmacology,
researchers reported that EEG results
showed marked changes in the brain activ-
ity of patients taking antidepressant med-
ication, often weeks before patients become
aware of the drug’s effects.

While EEG measures brainwaves, three
other technologies developed in the second
half of the twentieth century involve actu-
al images of living brains. The most famil-
iar of these is computerized axial tomogra-
phy (the CAT scan, introduced in the
1970s), which uses x-rays and computers
to produce clear cross-section images of
body parts. CAT scans are routinely per-
formed to examine brain damage and to

look at structural abnormalities in the
brain. Data from CAT scans has been help-
ful to researchers studying such phenome-
na as aneurysms and tumors.

In positron emission tomography (PET
scanning, developed in the early 1970s)
subjects are injected with a radioactive sub-
stance that can be detected as it breaks
down in the body, allowing doctors and sci-
entists to track blood flow in the brain and
monitor activity in its different regions.
Last July, researchers at the University of
Pittsburgh announced a new technique
which uses PET scanning to detect the
onset of Alzheimer’s disease, and which
could potentially show the presence of the
disease years before any symptoms become
apparent. Alzheimer’s replaces healthy
brain tissue with clumps of plaque and
dead neurons, but until the development of
this latest scanning technique, doctors
could not detect this process in a living
patient. The new scans, while obviously
preliminary, may offer early warning to
potential Alzheimer’s patients and perhaps
enable scientists to learn more about the
progression of the disease.

The most sophisticated of the scanning
methods uses powerful magnets and radio
waves to create a picture of the brain. This
technique, magnetic resonance imaging
(or MRI, first used in 1977) can be used to
study the tissues and structures of the
brain in outstanding detail. An updated
version of the same technology, called
functional magnetic resonance imaging
(fMRI, first demonstrated in 1991), can
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actually create movies of brain activity by
precisely tracking the flow of blood in the
brain and putting several images together.
This method allows for accurate maps of
the brain that can be correlated with dif-
ferent mental and physical activities. Such
scanning has dramatically improved our
understanding of the workings of the
brain, leading to a range of new discover-
ies in neuroscience.

Some of the recent discoveries exist sim-
ply on the level of curiosities. For instance,
fMRI has been used to study why songs
stick in our heads and why some people
cannot appreciate music. Researchers have
also used fMRI to study how the brain
responds when the body is tickled.

Other studies may have more obvious
applications in medicine. Last May,
researchers in St. Louis published results
of a comparative fMRI study of child and
adult brain activity that found substantial
differences in the ways the young and the
old perform basic mental tasks. Their
results suggest that children rely far more
heavily on the region of the brain used for
visual processing than do adults, while
adults make more use of the frontal cor-
tex—the seat of “executive control”—than
do children. This may mean that the
frontal cortex fully matures only later in
life, which could have consequences for the
treatment of brain injuries and even psy-
chological disorders.

According to press reports, about a
dozen hospitals and research centers
around the country are already using MRI
technology to diagnose and assess condi-
tions such as panic disorder, ADHD, and
bipolar disorder. A study presented last
November at the annual meeting of the
Society for Neuroscience showed a strong
connection between feelings of sadness and
activity in a specific structure in the brain;

that study might someday help in the diag-
nosis and treatment of clinical depression.
Such diagnoses are still fairly crude, and at
this point insurance companies will only
pay for MRI scans used to rule out tumors
or strokes as the causes of psychiatric con-
ditions. In time, however, brain imaging
may become a standard diagnostic tool for
psychiatric disorders that have traditional-
ly been diagnosed “on the couch.”

The same techniques have also been
used to study how the “normal” mind
operates by making new maps of the psy-
che. In just the past two years, fMRI has
been used to study the brain activities of
liars, laughers, and lovers, and of people
who were smiling, thinking, sexually
aroused, or watching violence on television.

Surely some of these studies will pro-
duce both valuable new cures and new
knowledge about our psychological life.
But there is a risk, too, in learning about
brain functions: We may be bewitched into
thinking that all emotion and behavior is
mere biology, or end up distorting how we
understand the most fundamental human
experiences, like love and mourning, by
reducing them to the “matter in motion” of
the brain.  Such an account, however accu-
rate it might become, will not likely be
more truthful.  

Psychiatric treatment has long been
moving away from an engagement with
the soul to an engagement with the
body—from conversation to pharmaceuti-
cals. But if diagnosis as well as treatment
comes to abandon talking for mapping,
and as we continue to medicalize human
behavior, we may irrevocably damage our
traditional notion of what it means to be
“at work in the world”—what it means to
be feeling, striving, active beings.

As one subject of a brain mapping study
told the Wall Street Journal last May: “It
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turns out that I’m really normal, but some-
thing abnormal is happening in my brain.”
Such peace of mind, however, comes at a

cost: the separation of “I” from “my brain,”
and the reduction of human identity to its
neural “machinery.”
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Although the mapping of the human
genome is more or less complete,
it is becoming clear that using the

newly compiled data for medical research
will not be as simple as some imagined.
While in the past scientists have had some
success in identifying the roots of diseases
caused by single-gene abnormalities (like
cystic fibrosis or Huntington’s disease),
the genetic sources of more common but
more complicated multi-gene diseases
remain elusive.

One promising approach to the problem
would make use of a recent discovery
about the limits of human genetic variabil-
ity.  Rather than being transmitted to new
generations nearly at random, it appears
that many genes are passed down in
blocks—known as haplotypes—that remain
largely unchanged through generations,
and may not have changed much from the
time of the earliest human ancestors. In
each haplotype, researchers believe there
may be only a handful of variations across
the entire human population, and these
small variations may play an important
role in the development of many diseases. 

Scientists hope that a map of these hap-
lotype blocks could be a useful aid to
researchers seeking the variant genes
thought to be involved in common diseases
like diabetes, asthma, and several cancers.
A number of the major research institu-
tions involved in the Human Genome
Project have made this new mapping effort
their next priority, and a consortium of

researchers in Japan, China, Canada,
Britain, and the United States recently
launched the new $100 million “HapMap”
project, to be undertaken over the next
three years. The work will involve analysis
of the genomes of individuals from four
ethnic groups: Japanese, Han Chinese, the
Yoruba people of Nigeria, and Americans
of northern and western European
descent. (This list may be expanded in the
future.) The project will seek out haplotype
variations within and between these groups,
in the hope that such knowledge will offer
clues to the genetic sources of disease. 

The NIH will provide about one-third of
the funding, with the rest coming from a
biotech industry consortium, the Wellcome
Trust in Britain, Genome Canada, and the
governments of China and Japan. The
immediate goal of the project is not to find
disease-related genes, but to provide a tool
that other researchers could use in track-
ing down such genes. All the data gathered
by the HapMap project will be in the pub-
lic domain, and will be made available on
the Internet for public and private
researchers to use.

But the project is not without controver-
sy.  For one thing, the study of a number of
ethnically distinct populations opens the
door to potential disputes over new discov-
eries (or hypotheses) about genetic differ-
ences between the races. This was a topic
recently broached by Charles Murray, co-
author of The Bell Curve, the 1994 book
that caused great controversy because of
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