





MAPPING THE MIND

Language area discovered by Broca

Language area discov-
ered by Wernicke

\

</ Injuries. Many important

identified

ﬂuring this first era of brain

" landmarks were

C ! A mapping, including the language
- areas discovered by the neurol-
and Carl Wernicke.

Embarrassingly for the phrenologists, these areas

ogists Pierre Broca
were found in the side of the brain, above and
around the ear, while Gall’s Organ of Language
was firmly located near the eye.

The language areas identified by Broca and
Wernicke still bear those names today. If early
twenticth-century scientists had continued the
search for functional brain areas, today’s charts
might now be crowded with the names of other
long-dead individuals instead of the dull labels —
primary auditory cortex, SMA , V1 — now
attached to each newly discovered region.
Instead scientific brain mapping fell out of fash-
ion along with phrenology, and the modular
brain theory was largely abandoned by scientists
in favour of the theory of ‘mass action’, which
held that complex behaviour arose from the
action of all the brain cells working together.

On the face of it, the mid-twentieth century
should have been a bad time for anyone with
ambitions to use physical methods to treat men-
tal illness or alter behaviour. Yet psychosurgery
flourished. In 1935 the Lisbon neurologist Egas
Moniz heard about some experiments in which
aggressive, anxious chimps had certain fibres in
the front of their brains lesioned.’ The operation
— leucotomy — made them quiet and friendly.
Moniz promptly tried it on similarly afflicted
humans and found it worked. Frontal leucotomy
(which later evolved into the more radical
frontal lobotomy) rapidly became a standard
treatment in mental hospitals, and during the
1940s at least twenty thousand such operations

Phrenologists' language area

{ were carried out in America
alone.*

Looking back, the approach to
brain surgery at that time seems
shockingly cavalier. It was used for
almost any mental disorder — depression, schizo-
phrenia, mani — even though no one then had a
clue what was causing the symptoms or why mak-
ing cuts in the brain should relieve them.
Travelling surgeons went from hospital to hospital
with their implements in the back of their cars,
knocking off a dozen or so operations in a momn-
ing. One surgeon described his technique like this:

‘[There’s} nothing to it. I take a sort of med-
ical icepick...bop it through the bones just
above the eyeball, push it up into the brain,
swiggle it around, cut the brain fibers and that’s
it. The patient doesn’t feel a thing.’ ’

Unfortunately, the lack of feeling extended,
in some patients, to a long-term flattening of
cmotion and a curious insensitivity that left
them seemingly only half-alive. It didn’t always
cure aggression either: Moniz’s career was
brought to an end when he was shot by one of
his own lobotomized patients.

On balance, the mid-
century craze for cutting
up the brain probably
relieved more  suffering
than it caused, but it cre-

Frontal leucotomy involved
cutting through ﬁbres
which connect the uncon-
scious brain, where emo-
tions are generated, to the
cortical area where they

are consciously registered.






External stimulus

Internal links

THE EMERGING LANDSCAPE

The sensory impact of something in the outside world alters our subsequent perception of it, which in turn
creates an altered impact, which further alters our perception ...

that the spiritual dimension is merely the prod-
uct of a particular flurry of electrical activity.
After all, if God cxists, it figures He must have
created us with some biological mechanism with
which to apprehend Him. Nevertheless, it is easy
to see that being able to get your God
Experience from a well-placed electrode could —
at the very least — undermine the precious sta-
tus such states are accorded by many religions.
How believers will cope with what many might
see as a threat to their faith is one of many inter-
esting challenges that brain science will throw up
in the coming millennium.

Firedance

How does the conglomeration of neuronal
clumps and cat’s cradle wiring actually do what
brains do? Essentially the neurons get fired up,
joined up and dancing — on a huge scale.

The firing of a single neuron is not enough to
create the twitch of an eyelid in sleep, let alone
a conscious impression. [t is when one neuron
excites its neighbours, and they in turn fire up
others, that patterns of activity arise that are
complex and integrated enough to create
thoughts, feelings and perceptions.

Millions of neurons must fire in unison to
produce the most trifling thought. Even when a
brain seems to be at its most idle a scan of it

shows a kaleidoscope of constantly changing
activity. Sometimes, when a person undertakes
a complex mental task or feels an intense emo-
tion the entire cerebrum lights up.

New neural connections are made with every
incoming sensation and old ones disappear as
memories fade. Each fleeting impression is
recorded for a while in some new configuration,
but if it is not laid down in memory the pattern
degenerates and the impression disappears like
the buttocks-shaped hollow in a foam rubber
cushion as you stand up.

Patterns that linger may in turn connect with,
and spark off, activity in other groups, forming
associations (memories) or combining to create
new concepts. In theory, each time a particular
interconnected group of neurons fires together it
gives rise to the same fragment of thought, feel-
ing or unconscious brain function; but in fact the
brain is too fluid for an identical pattern of activ-
ity to arisc — what really happens is that similar
but subtly mutated firing patterns occur. We
never experience exactly the same thing twice.

Little explosions and waves of new activity,
each with a characteristic pattern, are produced
moment by moment as the brain reacts to out-
side stimuli. This activity in turn creates a con-
stantly changing internal environment, which the
brain then reacts to as well. This creates a fced-
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three because until then the hippocampus — the
brain nucleus that lays down conscious long-
term memories — is not mature. Emotional
memories, however, may be stored in the amyg-
dala, a tiny nugget of deeply buried tissue that
is probably functioning at birth."

As the baby gets older myelinization creeps
outward and brings increasing numbers of brain
areas ‘on- line’."” The parietal cortex starts to
work fairly soon, making babies intuitively
aware of the fundamental spatial qualities of the
world. Peek-a-boo games are endlessly intrigu-
ing once this part of the brain is working
because babies then know that faces cannot
really disappear behind hands — yet the brain
modules that will one day allow them to know
why have not yet matured.

The frontal lobes first kick in at about six
months, bringing the first glimmerings of cogni-
tion. By the age of one they are gaining control
over the drives of the limbic system — if you
offer two toys to a child of this age, they will
make a choice rather than try to grab both. Up
until the age of about a year babies are, in the
words of one developmental psychologist,
‘robotic looking machines’ — their attention can
be caught by more or less any visual stimulus.
After that age they get an agenda of their own
— not always one that fits in with other people’s.

The language areas become active about eigh-
teen months after birth. The one that confers
understanding (Wernicke’s area) matures before
the one that produces specch (Broca’s area), so
there is a short time when toddlers understand
more than they can say — a frustrating condition
that probably does much to fuel the tantrums
that typify the “Terrible Twos’.

Around the same time as the language arcas
become active myelinization gets under way in the
prefrontal lobes. Now children develop self-con-
sciousness — they no longer point at their reflection
in the mirror as though they see another child and
if a dab of coloured powder is put on their face

THE EMERGING LANDSCAPE

This part of the brain lights up when it does something of
its own volition - it is one of the areas which seems to

contain the ‘I’ we all feel we have inside us.

while they look at their reflection, they rub it off —
they don’t rub the mirror as younger children do.
This self-consciousness suggests the emergence of
an internal executor — the ‘I’ that most people
say they feel exists inside their heads.

take
mature. A nucleus called the reticular forma-

Certain brain arcas many years (o
tion, for example, which plays a major role in
maintaining attention, usually only becomes
fully myelinated at or after puberty, which is
why prepubescent children have a short atten-
tion span. The frontal lobes do not become fully
myelinated until full adulthood. This is one rea-
son, perhaps, why younger adults are more
emotional and impulsive than those who are
older.

Human brains are at their most plastic dur-
ing infancy. You can take away an entire hemi-
sphere from a child’s brain and the other will
rewire itself to take on the tasks of both. It will
even manage to develop functions that are usu-
ally exclusive to its other half. As we age, how-
ever, brain functions become more rigid and
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more distinctive. By the time we are adults our
mental landscapes are so individual that no two
of us will see anything in quite the same way.
A couple watching the same film, for example,
would probably have entirely different patterns
of neural activity because each would be cogi-
tating on different aspects of the show and asso-
clating what they see with personal thoughts and
memories. She might be wondering when the
tiresome couple on screen will finally reach their
feel-good ending so she can get some dinner; he
might be thinking how the heroine’s cute upper
lip reminds him of his ex-girlfriend.

That is why experiments designed to reveal
which brain areas are responsible for what have
to involve artificially rigid and narrow tasks. The
subjects who lay for more than two hours in a
PET scanner doing nothing more than lifting a
finger in response to a given signal, for exam-
ple, must at times have wondered what possible
insight could be gained from such a tedious
manoeuvre.

In fact, wonderful discoveries are emerging
from these unpromising exercises. The finger-
lifting experiment, carried out by Chris Frith
and co agues at the Wellcome Department of
Cognitive Neurology in London, revealed some-
thing that, not so long ago, would have been
expected to remain one of life’s eternal myster-
ies: the source of self-determination. They
arrived at it by designing a procedure that first
narrowed down what was going on in the par-
ticipants’ brains to a few things that they already
knew from previous work would show up as
particular patterns of activity in certain brain
localities. In this case they got the subjects to
move a specified finger on cue — a task that duly
provoked activity in the auditory cortex (when
the cue was a noise) and the motor cortex (the
area that controls movement). They then added
the element of the task for which they wanted
to find a brain location: self+willed activity.
Instead of telling the subjects which finger to lift

Reconstruction of the
position of the rod whi
passed through the
frontal iobe of Gage's
brain.

The death mask of
Phineas Gage showing
the massive injury to the

skuil,

.

they left it to them to decide which one to
move. Then they watched to see how the brain
activity involved in doing this differed from the
brain activity involved in lifting an externally
specified finger.

The difference was clear: as soon as the par-
ticipants started to make their own decisions a
previously ‘dead’ area of their brains sprang into
life. Various controls were in place to ensure that
this new activity did not just represent the extra
effort required to think about the task once it was
not a simple matter of obeying an order. The ele-
gant and careful design of the experiment made
sure that the bit of brain identified is almost cer-
tainly that which, quite specifically, allows people
to do things of their own volition.

Can identifying the brain activity involved in

deciding which of two ﬁngers to lift possibly
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locate injured tissue in living patients, but the
basic technique of deducing a brain area’s nor-
mal activity by seeing what happens in people in
whom it is damaged remains an important one.

Another time-honoured technique is to stimu-
late different areas of the brain directly and see
what effect it has. It was by doing this that the sur-
geons in California brought about so much amuse-
ment in their epilepsy patient and thus identified
what seems to be the (or a) humour module.

Direct stimulation was pioneered in the
1950s by the Canadian neurosurgeon Wilder
Penfield, who charted large regions of the cere-
bral cortex by applying electrodes to different
areas in the brains of hundreds of epilepsy
patients. He demonstrated in this way that the
entire body surface is represented on the brain’s
surface as though it had been drawn on: the bit
that affects the arm lies next to the bit that
affects the elbow, and the bit that affects the
elbow is next to the bit that affects the upper
arm and so on. More famously, he found that
stimulating points in the temporal lobes pro-
duced what seemed to be vivid childhood mem-
ories, or snatches of long-forgotten tunes.

Most patients reported these recollections as
dream-like, yet crystal clear. ‘It was like
standing in the doorway at [my] high school,’
reported a twenty-one-year-old man. ‘I heard
my mother talking on the phone, telling my
aunt to come over that night,” said another,
my nephew and niece were visiting at my home
they were getting rea(ly to go home, putting
on their coats and hats ... in the dining room

my mother was talking to them. She was
rushed — in a hurry.’]S

Penfield’s findings have been widely inter-
preted as showing that memories are stored in
discreet packets (‘engrams’) just waiting to be
revived, but recent work indicates a more com-
plex arrangement. Research by Steven Rose and
collecagues at the Open University in Britain sug-
gests that memories are cloned and- that cach
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clone is laid down in a different sensory area of
the brain: visual, auditory and so on.'*
Stimulation of one of these clones may in some
way trigger the others, to give an integrated,
multimedia experience. Penfield was probably
stimulating just one sensory facet of the mem-
ory but eliciting a response in many.

The area stimulated in the laughing patient
may similarly be just one node of a much larger
brain module. Indeed, many of the neat little
‘spots” currently marking particular functions may
turn out to be exposed peaks of mainly buried
neural conglomerates — icebergs of the mind.

It is possible, too, that areas that light up
when a certain mental task is performed are not
themselves responsible for that task, but are
simply passing on a stimulus to the bit that is.
There is an apocryphal story of a scientist who
claimed to have discovered that frogs heard
through their legs. When challenged to prove it
he produced a frog that he had trained to jump
on command. After demonstrating the frog’s
trick he picked the animal up and cut off its
legs. Then he put it back on the table and told
it, again, to jump. Naturally, it did not.
‘There!” said the scientist, triumphantly. “You
sce — it can no longer hear my voice!’

Brain mappers are trying hard to avoid falling
into that trap but sometimes, inevitably, they
do. According to some there is still too much of
the gold rush about this science — too many
researchers trying to stake out new claims rather
than replicating the findings of others. Yet the
ground is firming up. In the last couple of years
standard scanning protocols have been adopted
that have drastically reduced the number of
rogue results, and methodology — particularly
the problems of designing cxperiments that give
unambiguous results — is a constant concern.
The New Phrenologists are  determined  that
their discoveries - unlike those of Franz Gall
will stand the test of time.
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