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esting the Somatic-
Marker Hypothesis

TO KNOW BUT NOT TO FEEL

Y FIRST APPROACH in investigating the somatic-marker hypoth-
M esis involved the use of autonomic nervous system responses,
in a series of studies I undertook with Daniel Tranel, a psycho-
physiologist and experimental neuropsychologist. The autonomic
nervous system consists of both autonomic control centers, located
within the limbic system and brain stem (the amygdala being the
prime example), and neuron projections arising from those centers
and aimed at viscera throughout the organism. Blood vessels every-
where, including those in the thick of the most extensive organ in the
body, the skin, are innervated by terminals from the autonomic
nervous system, and so are the heart, the lung, the gut, the bladder,
and the reproductive organs. Even an organ such as the spleen,
which is concerned largely with immunity, is innervated by the
autonomic nervous system.
The autonomic nerve branches are organized in two large divi-
sions, the sympathetic and the parasympathetic, and they travel
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from the brain stem and the spinal cord, sometimes on their own,
sometimes accompanying nonautonomic nerve branches. (The ac-
tions of the sympathetic and parasympathetic divisions are mediated
by different neurotransmitters and are largely antagonic, e.g., where
one promotes contraction of smooth muscle, the other promotes
dilation.) The returning autonomic nerve branches, which bring
signals concerning the state of the viscera to the central nervous
system, tend to use the same routes.

From the point of view of evolution, it appears that the autonomic
nervous system was the neural means by which the brain of organ-
isms far less sophisticated than we are, intervened in the regulation
of their internal economy. When life consisted mainly of securing
the balanced function of a few organs, and when there was a limited
type and number of transactions with the surrounding environment,
the immune and endocrine systems governed most of what there was
to govern. What the brain required was some signal about the state of
varied organs, along with a means to modify that state given a
particular external circumstance. The autonomic nervous system
provided precisely that: an incoming network for signaling changes
in viscera, and an outgoing network for motor commands to those
viscera. Later, there evolved more complex forms of motor response,
such as those which eventually controlled the hands and the vocal
apparatus. The latter responses required a progressively more com-
plex differentiation of the peripheral motor system so that it could
control fine muscle and joint operations, as well as signal touch,
temperature, pain, the position of joints, and the degree of muscle
contraction. '

“Recall that the idea of the somatic marker encompasses an inte-
gral change of body state, which includes modifications in both the
viscera and the musculoskeletal system, induced by both neural
signals and chemical signals, although the visceral component
seems somewhat more critical than the musculoskeletal in the con-
struction of background and emotional states. In order to begin
exploring the somatic-marker hypothesis experimentally, we had to
choose some aspect of this vast panorama of changes, and it made
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sense to start by studying autonomic nervous system responses.
After all, when we generate the somatic state that characterizes a
certain emotion, the autonomic nervous system is probably the key

- to achieving the appropriate modification of physiological param-
eters in the body, notwithstanding the important chemical routes
that are activated at the same time. S

Among the autonomic nervous system responses that can be
investigated in the laboratory, the skin conductance response is
perhaps the most useful. It is easy to elicit, it is reliable, and it has
been studied thoroughly by psychophysiologists, in normal individ-
uals of various ages and cultures. (Many other responses, such as
heart rate and skin temperature, have also been studied.) The skin
conductance response can be recorded, without any pain or discom-
fort to the subject, by using a pair of electrodes connected to the skin
and a polygraph. The principle behind the response is as follows: As
our body begins to change after a given percept or thought, and as a
related somatic state begins to be enacted (for instance, that of a

given emotion), the autonomic nervous system subtly increases the

secretion of fluid in the skin’s sweat glands. Although the increase in
quantity of fluid is usually so small that it is not noticeable to the
naked eye or to the neural sensors in one’s own skin, it is sufficient to
reduce resistance to the passage of an electrical current. To measure
the response, then, the experimenter passes a low-voltage electrical
current in the skin between two detector electrodes. The skin con-
ductance response consists of a change in the amount of current
conducted. The response is recorded as a wave, which takes time to
rise and then fall. The amplitude of the wave can be measured (in
microSiemens), as can its profile in time; the frequency with which
responses occur relative to a particular stimulus, over any specified
time interval, can also be measured.

Skin conductance responses have been a staple of investigative
psychophyswlogy, and they have had a practical and often controver-
“sial role in so-called lie-detector tests, whose purpose obviously
differs from that of our experiments. These tests aim at determining
if subjects are lying, by tricking them into denying knowledge of a

e
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particular object or person which makes them unwittingly produce a
skin conductance response.

In our study, we wanted to determine first of all whether patients
such as Elliot could still generate skin conductance responses. Was
their brain still capable of triggering a change in somatic state at all?
To answer this question, we compared patients who had frontal lobe
damage with normal individuals and with patients who had damage
elsewhere in the brain, in experimental conditions known to elicit a
skin conductance response consistently, and thus indicate the nor-
malcy of the neural machinery used for skin conductance responses.
One such condition is known as “startle,” and consists of surprising
the subject with an unexpected sound, for instance the clapping of
hands, or with the unexpected glare of light caused by a strobe lamp
flickering rapidly. Another reliable indicator of normalcy in the skin
conductance machinery is a simple physiological act, such as taking
a deep breath.

It did not take long for us to verify that all of our subjects with
frontal lobe damage could elicit skin conductance responses under
the experimental conditions just as well as did normals and patients
without frontal lobe damage. In other words, in the patients with
frontal damage nothing essential seemed to have been disturbed in
the neural machinery with which skin conductance responses are
elicited.

We wondered whether patients with frontal lobe damage would
generate skin conductance responses to a stimulus that required an
evaluation of its emotional content. Why was this a relevant ques-
tion? Because patients such as Elliot had an impairment in their
experience of emotion, and because we knew, from previous studies
in normals, that when we are exposed to stimuli with a high emo-
tional content, they reliably produce strong skin conductance re-
sponses. We generate such responses when we view scenes of horror
or physical pain, or photographs of such scenes, or when we view
sexually explicit images. You can imagine the skin conductance
response as the subtle, imperceptible part of a body state that, if it
unfolds completely, will give you the perceptible sense of excitement
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and arousal—goose pimples, in some people. But it is important to
realize that because skin conductance changes are only a part of the
body-state response, having these changes does not guarantee that
you will end up perceiving a notable body-state change. This,
though, seems true: If you do not have a skin conductance response,
it does not appear that you ever will have the conscious body state
characteristic of an emotion.

We set up the experiment such that we could compare patients
with frontal damage with both normal individuals and patients with-
out frontal damage, making sure that all subjects had been matched
for age and educational level. The subjects were to view a succession
of projected slides while sitting comfortably in a chair, hooked to a
polygraph, saying nothing and doing nothing. Many of the slides
were perfectly banal, showing bland scenery or abstract patterns, but
every now and then, randomly, a slide with a disturbing image would
appear. The experiment ran for as long as there were slides to view,
and there were hundreds of them. The subjects had been told before
the projection began that they should be attentive, since later, during
a debriefing period, they would be asked to tell us about what they

- saw, how they felt about it, and even when they saw given pictures

relative to the entire period of the experiment.

The results were unequivocal." The subjects without frontal
damage—both the normal individuals and those with brain damage
which did not affect the frontal lobes—generated abundant skin
conductance responses to the disturbing pictures but not to the
bland ones. On the contrary, the patients with frontal lobe damage
failed to generate any skin conductance responses whatsoever. Their
recordings were flat. (See Figure g-1.)

Before jumping to conclusions we decided to repeat the experi-
ment with different pictures and different subjects, and to repeat the
experiment with the same subjects at a different time. These manip-
ulations did not change the results. Again and again, under the
passive conditions described above, it was the frontally damaged
subjects who ldid not generate any skin conductance response to
the disturbing images, even though afterward they could discuss the

(
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Figure g-1. The profile of skin conductance responses in normal controls without brain
damage (A) and in patients with frontal lobe damage (B), when they viewed a sequence
of pictures, some of which had a strong emotional content ( identified bya T, for “tar-
get," under the stimulus number, e.g., S ;T), and some of which did not. Normal
controls produce large responses shortly after viewing “emotional” images but not after

neutral ones. Frontal patients do not respond to either.

content of those slides in detail and even recall the position in time at
which certain slides had appeared in the set. They were able to
describe, in words, the fear, disgust, or sadness of the pictures they
saw, and they were able to tell us how recently a particular picture
had been seen relative to another, or how early or late one had
appeared in the entire set. There was no question that these subjects
had been attentive to the slide show, that they had understood the
content of the images, and that the concepts represented in them
were available to the subjects on various levels—they knew not only
what they depicted (e.g., that there had been a homicide) but they
also knew that the way in which the homicide was represented had
an element of horror, or that one should be sorry for the victim and
regret that such a situation had come to pass. In other words, a given
stimulus had produced an abundant evocation of knowledge perti-
nent to the situation represented in the stimulus in the mind of the
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frontal subjects performing the experiment. Yet, unlike the control
subjects, the patients with frontal damage had not elicited a skin
conductance response. The analysis of the differences revealed that
they were highly significant.

During one of the very first debriefing interviews, one particular
patient, spontaneously and with perfect insight, confirmed to us that
more was missing than just the skin conductance response. He
noted that after viewing all the pictures, in spite of realizing their
content ought to be disturbing, he himself was not disturbed. Con-
sider the importance of this revelation. Here was a human being
cognizant of both the manifest meaning of these pictures and their
implied emotional significance, but aware also that he did not “feel”
as he knew he used to feel—and as he was perhaps “supposed” to
feel>—relative to such implied meaning. The patient was telling us,
quite plainly, that his flesh no longer responded to these themes as it
once had. That somehow, to know does not necessarily mean to feel,
even when you realize that what you know ought to make you feel in a
specific way but fails to do so.

The consistent lack of skin conductance responses, together with
the testimony of frontally damaged patients about the absence of
feeling, convinced us, more than any other result, that the somatic-
marker hypothesis was worth pursuing. It seemed, indeed, as if those
patients’ entire scope of knowledge was available except for the
dispositional knowledge pairing a particular fact with the mecha-
nism to reenact an emotional response. In the absence of that
automated link, the patients could evoke factual knowledge inter-

~ nally but could not produce a somatic state or, in the very least, a

somatic state of which they could be aware. They could avail them-
selves of abundant factual knowledge but could not experience a
feeling, that is, the “knowledge” of how their bodies ought to behave
relative to the evoked factual knowledge. And because these individ-
uals had previously been normal, they were able to realize that their
comprehensive mental state was not as it should have been, that
something was lacking.

As a whole, the skin conductance response experiments gave us a
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measurable physiological counterpart to the observable reduction in
emotional resonance we had noted in these patients, and to their

own perceived reduction in feeling.

RISK TAKING: THE GAMBLING EXPERIMENTS

Another approach we took to testing the somatic-marker hypothesis
made use of a task designed by my postdoctoral student Antoine
Bechara. Frustrated, as all researchers are, by the artificial nature of
most experimental neuropsychological tasks, he wanted to develop
as lifelike a means as possible to assess decision-making perfor-
mance. The clever set of tasks that he devised, and further refined in
collaboration with Hanna Damasio and Steven Anderson, have
come to be known in our laboratory, predictably enough, as the
“Gambling Experiments.”> Overall, the setting for the experiments is
colorful, a far cry from the boring manipulations of most other such
situations. Normals and patients alike enjoy it, and the nature of the
investigation makes for amusing episodes. I recall the bulging eyes
and dropped jaw of a distinguished visitor who came to my office
after walking by the lab where an experiment was in progress. “There
are people gambling here!” he informed me in a whisper.

In the basic experiment, the subject, known as the “Player,” sits in
front of four decks of cards labeled A, B, C, and D. The Player is
given a loan of $2,000 (play money but looking like the real thing) and
told that the goal of the game he is about to play is to lose as little as
possible of the loan and try to make as much extra money as possible.
Play consists of turning cards, one at a time, from any of the four
decks, until the experimenter says to stop. The Player thus does not
know the total number of turns required to end the game. The Player
is told also that turning any and every card will result in earning a
sum of money, and that every now and then turning some cards will
result in both earning money and having to pay a sum of money to the
experimenter. Neither the amounts of gain or loss in any card, nor
the cards’ connection to a specific deck, nor the order of their
appearance is disclosed at the outset. The amount to be earned or
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paid with a given card is disclosed only after the card is turned. No
_other instruction is provided. The tally of how much has been earned

- or lost at any point is not disclosed, and the subject is not allowed to

keep written notes.

The turning of any card in decks A and B pays a handsome $10o0,
while the turning of any card in decks C and D only pays $50. Cards
keep being turned on any deck, and quite unpredictably, certain
cards in decks A and B (the $100-paying decks) require the Player to
make a sudden high payment, sometimes as much as $1,250. Like-
wise, certain cards in decks C and D (the $50-paying decks) also
require a payment, but the sums are much smaller, less than $100 on
the average. These undisclosed rules are never changed. Unbe-
knownst to the Player, the game will be terminated after 100 plays.
There is no way for the Player to predict, at the outset, what will
happen, and no way to keep in mind a precise tally of gains and losses
as the game proceeds. Just as in life, where much of the knowledge
by which we live and by which we construct our adaptive future is
doled out bit by bit, as experience accrues, uncertainty reigns. Our
knowledge—and the Player’s—is shaped by both the world with
which we interact and by the biases inherent in our organism, for
example, our preferences for gain over loss, for reward over punish-
ment, for low risk over high risk.

What regular folks do in the experiment is interesting. They begin
by sampling from all four decks, in search of patterns and clues.
Then, more often than not, perhaps lured by the experience of high
reward from turning cards in the A and B decks, they show an early
preference for those decks. Gradually, however, within the first thirty
moves, they switch the preference to decks C and D. In general, they
stick to this strategy until the end, although self-professed high-risk
players may resample decks A and B occasionally, only to return to
the apparently more prudent course of action.

There is no way for players to carry out a precise calculation of
gains and losses. Rather, bit by bit, they develop a hunch that some
decks—namely, A and B—are more “dangerous” than others. One
might say they intuit that the lower penalties in decks C and D will
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make them come out ahead in the long run, despite the smaller
initial gain. I suspect that before and beneath the conscious hunch
there is a nonconscious process gradually formulating a prediction
for the outcome of each move, and gradually telling the mindful
player, at first softly but then ever louder, that punishment or reward
is about to strike if a certain move is indeed carried out. In short, I
doubt that it is a matter of only fully conscious process, or only fully
nonconscious process. It seems to take both types of processing for

the well-tempered decision-making brain to operate.

The behavior of ventromedial frontal patients in this experiment was
most informative. What they did in the card game resembled what
they often have done in real life since they sustained their brain
lesion, and differed from what they would have done before the
lesion. Their behavior was diametrically opposed to that of normal
individuals. ‘

After an early general sampling, the frontally damaged patients
systematically turned more cards in the A and B decks, and fewer
and fewer cards in the C and D decks. Despite the higher amount
of money they received from turning the A and B cards, the pen-
alties they kept having to pay were so high that halfway through
the game they were bankrupt and needed to make extra loans
from the experimenter. In the case of Elliot, who played the game,
this behavior is especially remarkable because he still describes
himself as a conservative, low-risk person, and because even normal
subjects who described themselves as high-risk and as gamblers
performed so differently, and so prudently. Moreover, at the end of
the game, Elliot knew which decks were bad and which were not.
When the experiment was repeated a few months later, with dif-
ferent cards and different labels for the decks, Elliot behaved no
differently from how he did in real-life situations, where his errors
have persisted. ,

This is the first laboratory task in which a counterpart to Phineas
Gage’s troubled real-life choices has been measured. Patients with
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frontal lobe lesions whose behavior and lesions are comparable to
Elliot’s have performed with a pattern similar to his, in this task.

Why should this task succeed where others fail? Probably because
it mimics life so closely. The task is carried out in real time and
resembles regular card games. It factors in punishment and reward,
and overtly includes monetary values. It engages the subject in a
quest for advantage, it poses risks, and it offers choices but does not
tell how, when, or what to choose. It is full of uncertainty, and the
only way to minimize that uncertainty is to generate hunches, esti-
mates of probability, by whatever means possible, since precise
calculation is not possible.

The neuropsychological mechanisms behind this behavior are
fascinating, in particular for the frontally damaged patients. Clearly
Elliot was engaged in the tésk, fully attentive, cooperative, and
interested in the outcome. In fact, he wanted to win. What made him
choose so disastrously? As with his other behaviors, we can invoke
neither lack of knowledge nor lack of understanding of the situation.
As the game progressed, the premises for the choices were con-
stantly available. When he lost $1,000, he realized it, since he paid
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the penalty to the observer. And yet he persisted in choosing the
$100-paying decks, which brought him loss every time he was penal-
ized. We cannot even suggest that a continuation of the game
required an added memory load, because the continued dire or
poéitive results were made explicit, so often. As their losses accumu-
lated, Elliot and the other frontally damaged patients had to take
loans which served as obvious proof of the negative course of their
playing. And yet they persisted in making the least advantageous
choices for longer than any other group of subjects so far observed in
this task, including several patients with brain damage outside the
frontal lobes.

Patients with large lesions elsewhere in the brain—for instance,
outside the prefrontal sectors—can play the gambling game as nor-
mals do provided they can see and can understand the instructions.
This is even true of patients with language impairment. A patient
with a severe namin\g defect caused by dysfunction of the left tem-
poral cortex played the entire game worrying aloud, in her broken,
aphasic language, that she could not make any sense of what was
going on. Yet her performance profile was flawless. She unflinchingly
chose what her perfectly intact rationality led her to choose.

What could have been happening in the brains of the frontally
damaged subjects? A list of some possible alternative mechanisms

ran as follows:

1. They are no longer sensitive to punishment as normal sub-
jects are, and are controlled only by reward.

2. They have become so sensitive to reward that its mere pres-
ence makes them overlook punishment.

3. They are still sensitive to punishment and reward but neither
punishment nor reward contributes to the automated mark- -
ing or maintained deployment of predictions of future out-
comes, and as a result immediately rewarding options are

favored.
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In trying to sort out among these possibilities, Antoine Bechara
developed another task that consisted of inverting the schedules of
reward and punishment. Now punishment came first, in the form
of large or not-so-large payments with every card-turning, while
reward came interspersed with the turning of some cards. As was the
case in the first game, two decks yielded a gain and two decks yielded
a loss. In this new task Elliot performed pretty much as normal
subjects, and the same was true of other frontal lobe patients. In
other words, the idea that Elliot and other frontally damaged pa-
tients were merely insensitive to punishment could not be correct.

Another bit of evidence we adduced against the hypothesis of
insensitivity to punishment came from a qualitative analysis of the
patients’ performance in the first task. The profiles showed that
immediately after making a penalty payment, the patients avoided
the deck from which the bad card had come, just as normal subjects
did, but then, unlike normals, they returned to the bad deck. This
also suggests that the patients were still sensitive to punishment,
although the effects of punishment did not seem to last for very long,
probably because it was not connected with the formulation of
predictors concerning future prospects.

MYOPIA FOR THE FUTURE

To an external observer, the mechanisms outlined in the third hy-
pothesis would make patients seem far more concerned with the
present than with the future. Deprived of the marking or sustained
deployment of predictions of the future, these patients are con-
trolled largely by immediate prospects and indeed appear insensitive
to the future. This suggests that patients with frontal lobe damage
suffer from a profound exaggeration of what may be a normal basic
tendency, to go for the now rather than bank on the future. But
whereas the tendency is brought under control in normal and so-
cially adapted individuals, especially in situations where it does
matter personally, the magnitude of the tendency becomes so over-

“whelming in frontal lobe patients that they easily succumb. We
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might describe the predicament of these patients as a “myopia for
the future,” a concept that has been proposed to explain the behavior
of individuals under the influence of alcohol and other drugs. Inebri-
ation does narrow the panorama of our future, so much so that
almost nothing but the present is processed with clarity.3

We might conclude that the result of these patients’ lesions is the
discarding of what their brains have acquired through education and
socialization. One of the most distinctive human traits is the ability
to learn to be guided by future prospects rather than by immediate
outcomes, something we begin to acquire in childhood. In frontal
lobe patients, brain damage not only compromises the repository of
knowledge pertinent to such guidance that had been accumulated
until then, but further compromises the ability to acquire new
knowledge of the same type. The only redeeming aspect of this
tragedy, as is often the case in instances of brain damage, resides
with the window it opens for science. Some insight can indeed be
gained into the nature of the processes that have been lost.

We know where the lesions that cause the problem are. We know
something about the neural systems contained in the areas damaged
by those lesions. But why is it that their destruction suddenly makes
future consequences no longer have an impact in decision making?
When we analyze the process into its components, we come up with
various possibilities.

It is conceivable that the images which constitute a future sce-
nario are weak and unstable. The images would be activated but
somehow not held long enough in consciousness to play a role in the
appropriate reasoning strategy. In neuropsychological terms this is
equivalent to saying that working memory and/or attention are not
functioning well, as far as images about the future are concerned.
This account works regardless of whether the images concern the
domain of body states or the domain of facts external to the body.

Another account uses the idea of somatic markers. Even if the
images of future consequences were stable, damage in the ven-
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tromedial prefrontal cortices would preclude the evocation of perti-
nent somatic-state signals (through either a body loop or an “as if”
loop), and consequently the relevant future scenarios would no
longer be marked. Their significance would not be apparent, and
their impact on the decision-making process would be voided, or
easily overcome by the significance of immediate prospects. I can
unpack this account a bit further by saying that what would be lost is
a mechanism to generate automated predictions of the significance
of a future outcome. In normal subjects participating in the gam-
bling experiments described above, the significance would have been
acquired from repeated exposure to different ratios of punishment
and reward relative to a given deck. In other words, the brain would
associate a certain degree of badness and goodness with each deck,
A, B, C, and D. The basic process would be nonconscious and would
consist of a weighing of frequency and amount of negative states.
The neural expression of this covert, nonconscious means of reason-
ing would be the biasing somatic state. No such process seems to
happen in frontally damaged patients.

My current view combines the two possibilities. Activation of
pertinent somatic states is the critical factor. But I also suspect that
the somatic-state mechanism acts as a booster to maintain and
optimize working memory and attention concerned with scenarios of
the future. In short, you cannot formulate and use adequate “theo-
ries” for your mind and for the mind of others if something like the
somatic marker fails you.

PREDICTING THE FUTURE:
PHYSIOLOGICAL CORRELATES

A natural follow-up to the gambling experiments was suggested by
Hanna Damasio. Her idea was to monitor the performance of both
normal subjects and those who had frontal damage, with skin con-
ductance responses during gambling tasks. In what ways would the
patients behave differently from normals?

— Antoine Bechara and Daniel Tranel set out to investigate this



220 . DESCARTES' ERROR

question by having patients and normal subjects play the card game
while hooked to the polygraph. Two sets of parallel data were thus
collected: the continuous choices the subjects were making as they
went along, and the continuous profile of skin conductance re-
sponses generated in the process.

The first batch of results yielded a striking profile. Both normal
controls and frontal lobe patients generated skin conductance re-
sponses as each reward or punishment occurred after turning an
appropriate card. In other words, within the few seconds imme-
diately following their receiving the monetary reward or having to
pay the penalty, normal subjects as well as frontally damaged sub-
jects were suitably affected, and a skin conductance response en-
sued. This is important because it shows, once again, that patients
can generate skin conductance responses under certain conditions
but not others. It is apparent that they respond to stimuli that
are occurring now—a light, a sound, a loss, a gain—but that they
will not respond if the trigger was a mental representation of some-
thing related to the stimulus but not available in direct perception.
At first glance, one might describe their predicament by the saying
“out of sight, out of mind,” with which Patricia Goldman-Rakic aptly
captures the working-memory defect resulting from dorsolateral
frontal dysfunction. But we know that in these patients “out of sight”
may be “still in mind,” only it does not matter. Perhaps a better
description for our patients is “out of sight and in mind, but never

- mind.”

Within a number of card-turns into the game, something quite in-
triguing also began to happen in the normal subjects. In the period
immediately preceding their selection of a card from a bad deck, that
is, while the subjects were deliberating or had deliberated to pick
from what the experimenter knew to be a bad deck, a skin conduc-
tance response was generated, and its magnitude increased as the
game continued. In other words, the brains of the normal subjects

were gradually learning to predict a bad outcome, and were signaling |

the relative badness of the particular deck before the actqal card-

turning.4
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The fact that normal subjects did not show these responses
when the game started, the fact that the responses were acquired
from experience, over time, and the fact that their magnitude
kept growing as more negative and positive experiences accrued
were all strong indications that the brains of the normal subjects
were learning something important about the situation and trying
to signal, in anticipatory fashion, what would not be good for the
future ahead.

If the presence of these responses in the normal subjects was
fascinating, what we saw in the recordings of the frontally damaged ;
patients was even more so: the patients showed no anticipatory re—sii
sponses whatsoever, no sign that their brains were developing a pre/il /
diction for a negative future outcome.

Perhaps more than any other result, this one demonstrates both
the predicament and a significant part of the underlying neu-
ropathology in these patients. The neural systems that would have
allowed them to learn what to avoid or prefer are malfunctioning,
and are unable to develop responses suitable to a new situation.

We do not know yet how the prediction for negative future out-
come develops in our gambling experiment. One wonders whether
subjects make a cognitive estimate of badness versus goodness for
each deck, and automatically connect that hunch with a somatic
state signifying badness, which can, in turn, start operating as an
alarm signal. In this formulation, reasoning, a cognitive estimate,
precedes somatic signaling; but somatic signaling is still the critical
component to implementation, because we know that patients can-
not operate “normally” even if they know which decks are bad and
which decks are good.

But there is one other possibility. It posits that a covert, non-
conscious estimate precedes any cognitive process on the topic. The
prefrontal networks would hone in on the ratio of badness versus
goodness for each deck, on the basis of the frequency of bad and
good somatic states experienced after punishment and reward.
Helped by this automated sorting-out, the subject would be “helped
into thinking” of the likely badness or goodness of each deck, that is,
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be guided into a theory about the game. Basic body regulatory
systems would prepare the ground for conscious, cognitive process-
ing. Without such preparation, the realization of what is good and
what is bad would either never arrive, or would arrive too late and
be too little.

Ten

The Body-Minded

Brain

NO BODY, NEVER MIND

“ IS BODY HAS gone to his brain” is one of the least known among
Dorothy Parker’s celebrated epigrams. We can be certain that
Miss Parker’s unbridled wit was never concerned with neurobiology,
that she was not referring to William James, and that she had not
heard of George Lakoff or Mark Johnson, a linguist and a philoso-
pher who have certainly had the body in their minds. But her quip
might provide some relief to readers impatient with my musings on
the body-minded brain. In the pages ahead I return to the idea that
the body provides a ground reference for the mind. e €
Imagine yourself walking home alone, around midnight, in what-
ever metropolis it is that you still walk home in, and realizing all of a
sudden that somebody is persistently following you not far behind.
In commonsense discourse, this is what happens: Your brain detects
the threat; conjures up a few response options; selects one; acts on it;
thus reduces or eliminates risk. As we have seen in the discussion on
emotions, however, things are more complicated than that. The
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neural and chemical aspects of the brain’s response cause a pro-
found change in the way tissues and whole organ systems operate.
The energy availability and the metabolic rate of the entire organism
are altered, as is the readiness of the immune system; the overall
biochemical profile of the organism fluctuates rapidly; the skeletal
muscles that allow the movement of head, trunk, and limbs contract;
and signals about all these changes are relayed back to the brain,
some via neural routes, some via chemical routes in the bloodstream,
so that the evolving state of the body proper, which has modified
continuously second after second, will affect the central nervous
system, neurally and chemically, at varied sites. The net result of
having the brain detect danger (or any similarly exciting situation) is
a profound departure from business as usual, both in restricted
sectors of the organism (“local” changes) and in the organism as a
whole (“global” changes). Most importantly, the changes occur in
both brain and body proper.

Despite the many examples of such complex cycles of interaction
now known, body and brain are usually conceptualized as separate,
in structure and function. The idea that it is the entire organism
rather than the body alone or the brain alone that interacts with the
environment often is discounted, if it is even considered. Yet when
we see, or hear, or touch or taste or smell, body proper and brain
participate in the interaction with the environment.

Think of viewing a favorite landscape. Far more than the retina
and the brain’s visual cortices are involved. One might say that while
the cornea is passive, the lens and the iris not only let light through
but also adjust their size and shape in response to the scene before
them. The eyeball is positioned by several muscles, so as to track
objects effectively, and the head and neck move into optimal posi-
tion. Unless these and other adjustments take place, you actually
may not see much. All of these adjustments depend on signals going
from brain to body and on related signals going from body to brain.

Subsequently, signals about the landscape are processed inside
the brain. Subcortical structures such as the superior colliculi are

activated; so are the early sensory cortices and the various stations of

THE BODY-MINDED BRAIN 22§

the association cortex and the limbic system interconnected with
them. As knowledge pertinent to the landscape is activated inter-
nally from dispositional representations in those various brain areas,
the rest of the body participates in the process. Sooner or later, the
viscera are made to react to the images you are seeing, and to the
images your memory is generating internally, relative to what you
see. Eventually, when a memory of the seen landscape is formed,
that memory will be a neural record of many of the organismic
changes just described, some of which happen in the brain itself (the
image constructed for the outside world, together with the images
constituted from memory) and some of which happen in the body
proper.

Perceiving the environment, then, is not just a matter of having
the brain receive direct signals from a given stimulus, let alone
receiving direct pictures. The organism actively modifies itself so
that the interfacing can take place as well as possiblé. The body
proper is not passive. Perhaps no less important, the reason why
most of the interactions with the environment ever take place is that
the organism requires their occurrence in order to maintain homeo-
stasis, the state‘of functional balance. The organism continuously
acts on the environment (actions and exploration did come first), so
that it can propitiate the interactions necessary for survival. But if it
is to succeed in avoiding danger and be efficient in finding food, sex,
and shelter, it must sense the environment (smell, taste, touch, hear,
see), so that appropriate actions can be taken in response to what is
sensed. Perceiving is as much about acting on the environment as it
is about receiving signals from it.

The idea that mind derives from the entire organism as an ensemble |
may sound counterintuitive at first. Of late, the concept of mind has
moved from the ethereal nowhere place it occupied in the seven-
teenth century to its current residence in or around the brain—a bit
of a demotion, but still a dignified station. To suggest that the mind
itself depends on brain-body interactions, in terms of evolutionary






