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ONCE MORE wITH EMOTION

Without exception, men and women of all ages, of all cultures, of
all levels of education, and of all walks of economic life have emo-
tions, are mindful of the emotions of others, cultivate pastimes that
manipulate their emotions, and govern their lives in no small part by
the pursuit of one emotion, happiness, and the avoidance of unpleas-
ant emotions. At first glance, there is nothing distinctively human
about emotions since it is clear that so many nonhuman creatures

. have emotions in abundance; and yet there is something quite dis-

tinctive about the way in which emotions have become connected to
the complex ideas, values, principles, and judgments that only hu-
mans can have, and in that connection lies our legitimate sense that
human emotion is special. Human emotion is not just about sexual
pleasures or fear of snakes. It is also about the horror of witnessing
suffering and about the satisfaction of seeing justice served; about our
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42 ——— The Feeling of What Happens

involving risk and conflict. I suggested that certain levels of emotion

processing probably point us to the sector of the decision-making

space where our reason can operate most efficiently. T did not suggest,

however, that emotions are a substitute for reason of that emotions

decide for us. It is obvious that emotional upheavals can lead to irra-
tional decisions. The neurological evidence simply suggests that selec-
tive absence of emotion is a problem. Well-targeted and well-deployed
emotion seems to be a support system without which the edifice of
reason cannot operate propetly. These results and their interpretation
called into question the idea of dismissing emotion as a luxury or 2
Auisance or a mere evolutionary vestige. They also made it possible to
view emotion as an embodiment of the logic of survival?

Tre Brain KNows MORE THAN THE
Conscious MIND REVEALS

Emotions and feelings of emotions, respectively, are the beginning
and the end of a progression, but the relative publicness of emotions
and the complete privacy of the ensuing feelings indicate that the
mechanisins along the continuum are quite different. Honoring a dis-
tinction between emotion and feeling is helpful if we are to investigate
those mechanisms thoroughly. [ have proposed that the term feeling
should be reserved for the private, mental experience of an emotion,
while the term emotion should be used to designate the collection of re-
sponses, many of which are publicly observable. In practical terms this
means that you cannot observe a feeling in someone else although
you can observe a feeling in yourself when, as a conscious being, you
perceive your owil emotional states. Likewise no one can observe
your own feelings, but some aspects of the emotions that give rise to
your feelings will be patently observable to others. Moreover, for the
sake of my argument, the basic mechanisms underlying emotion do
not require CONSCIoUsNess, even if they eventually use it: you can ini-
tiate the cascade of processes that lead to an emotional display with-
out being conscious of the inducer of the emotion let alone the

Emotion and Feeling ——— 4

Eﬂm.ugnn_.ﬁﬂm steps leading to it. In effect, even the occurrence of ¢
mm,.mﬂam in the limited time window of the here and now is nObn&«ME”
Hh.“ .Do_._MD Mr.m owmmuu.:m.a actually \Sh..s-.am of its occurrence. To be sure, at
his point in evo ution and at this moment of our adult lives, emo-
acE. occur in a setting of consciousness: We can feel our mnhoa s
consistently and we know we feel them. The fabric of our minds e
of our behavior is woven around continuous cycles of emoti N.b”
lowed by feelings that become known and beget new n.MMM s
a running polyphony that underscores and punctuates s aM..HM“
nrocm.rg in our minds and actions in our behavior. But m_ﬁMo _ M
emotion and feeling are now part of a functional continuu ,.Hm.
helpful to distinguish the steps along that continuum if w e 1
m.n.&w their biological underpinnings with any degree of mcnwmm“n m_wﬂo
sides, as suggested earlier, it is possible that feelings are poised mn. @H

ve i
Ty threshold that separates being from knowing and thus have a
privileged connection to consciousness.®

s.qmm ..:s I so confident that the biological machinery underlyin
c.ob is not dependent on consciousness? After all, in our QM_WMM.._ ..
rience, we often seem to know the circumstances leadin wn o
wanos. But knowing often is not the same as wumﬁ&u alwa . Hﬂ e
is good evidence in favor of the covert nature of nBOMob i Mw .nnm
and I'will illustrate the point with some experimental resul From o
borsory: sults from my
David, who has one of the most severe defects in learning and
”unuuoq ever recorded, cannot learn any new fact at all. For Hbmmmnnm
éM MM.BM.@O“ MM“_MM any new physical appearance or sound or place on.
nsequence he cannot learn to recognize any new person
_..Hon.. the face, from the voice, or from the name, nor can he : _
ber anything whatsoever regarding where he has meta nmnﬂﬁ.hmamau
or the events that transpired between him and that person Mnnmumw
wnoEnE is caused by extensive damage to both temporal Ho_un.m mnu. h
En:.._amm damage to a region known as the hippocampus ?cr. . h.n
tegrity is necessary to create memories for new facts) mba the MMMMM
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known as the amygdala (a subcortical grouping of nuclei concerned
with emotion that I will mention in the pages ahead). o
Many years ago I heard that David seemed to manifest, in his day-
to-day life, consistent preferences and avoidances for certain persons.
For instance, in the facility where he has lived for most of the past
twenty years, there were specific people whom he would frequently
choose to go to if he wanted a cigarette or a cup of coffee, M.Em_ armnm.
were certain people to whom be would never go. The nosm_mﬂmnnw o
these behaviors was most intriguing, considering nr.mﬂ David could
not recognize any of those individuals at all; considering ermn he had
no idea whether he had ever seen any of them; and nOb.mEnHEm that
ke could not produce the name of any of them or point to any of
them given the name. Could this intriguing story be more 5»5 acu-
rious anecdote? I decided to check it out and put it to empirical test.
In order to do so, I collaborated with my colleague Daniel Tranel to
design an experiment which has become known in our laboratory as
od-guy/bad-guy experiment.”
ﬁrmuma”un man.“Wm%w muhanmﬂ. we were able to engage David, under en-
tirely controlled circurnstances, in three distinct types of human in-
teraction. One type of interaction was with someone who ﬁﬂ.ﬁ
extremely pleasant and welcoming and who always rewarded David
whether he requested something or not (this was the good guy). An-
other interaction involved somebody who was emotionally neutral
and who engaged David in activities that were B&nrm,.n Enmmm.bﬁ Jon.
unpleasant (this was the neutral guy). A third type of interaction in-
volved an individual whose manner was brusque, who would say um.
to any request, and who engaged David in a very .H&oc.m psychologi-
cal task designed to bring boredom to a saint (this was ﬂrn. bad m_._.%v.
The task was the delayed-nonmatching-to-sample task, which émm in-
vented to investigate memory in monkeys and is probably a delight if
. you have the mind of a monkey. -
The staging of these different situations was arranged ﬁrno.sm o.z
five consecutive days, in random order, but always for a specified in-
terval of time so that the overall exposure to the good, to the bad, and
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to the indifferent would be properly measured and compared. The
elaborate staging of this dance required varied rooms and several as-
sistants, who were not the same, by the way, as the good, bad, and
neutral guys.”

After all the encounters were allowed to sink in, we asked David to
participate in two distinct tasks. In one task David was asked to look at
sets of four photographs that included the face of one of the three in-
dividuals in the experiment, and then asked, “Whom would you go to
if you needed help?” and, for further clarification, “Who do you think
is your friend in this group?”

David behaved in a most spectacular manner. When the individual
who had been positive to him was part of the set of four, David chose
the good guy over o percent of the time, indicating that his choice was
clearly not random— chance alone would have made David pick each
of the four z5 percent of the time. The neutral individual was chosen
with a probability no greater than chance. And the bad guy was almost
never chosen, wmmb._ something that violated chance behavior.

In a second task, David was asked to look at the faces of the three
individuals and tell us érm.a he knew about them. As usual, for him,
nothing carre to mind. David could not remember ever encountering
them and had no recollection of any instance in which he had inter-
acted with them. Needless to say, he could not name any of the indi-

viduals, he could not point to any of them given the name, and he
had no idea of what we were talking about when we asked him about
the events of the previous week. But when he was asked who, among _
the three, was his friend, he consistently chose the good guy.

The results show that the anecdote was well worth investigating.
To be sure, there was nothing in David’s conscious mind that gave
him an overt reason to choose the good guy correctly and reject the
bad one correctly. He did not know why he chose one or rejected the
other; he just did. The nonconscious preference he manifested, how-
ever, is probably related to the emotions that were induced in him
during the experiment, as well as to the nonconscious reinduction of
some part of those emotions at the time he was being tested. David
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had not learned new knowledge of the type that can be deployed in
one’s mind in the form of an image. But something stayed in his brain
and that something could produce results in nonimage form: in the
form of actions and behavior. David’s brain could generate actions
commensurate with the emotional value of the onm:.._.t encounters,
as caused by reward or lack thereof. To make this idea clear, let me de-
scribe an observation I made on one occasion during the exposure ses-
sions in the good-guy/bad-guy experiment.

David was being brought to a bad-guy encounter and as he turned
into the hallway and saw the bad guy awaiting him, a few feet away,
he flinched, stopped for an instant, and only then allowed himself to
be led gently to the examining room. I picked up on this and imme-
diately asked him if anything was the matter, if there was anything I
could do for him. But, true to form, he told me that, no, everything
was all right—after all, nothing came to his mind, except, perhaps,
an isolated sense of emotion without a cause behind that emotion. 1
have nio doubt that the sight of the bad guy induced a brief emotional
response and a brief here-and-now feeling. However, in the absence of
an appropriately related set of images that would explain to him the
‘cause of the reaction, the effect remained isolated, disconnected, and
thus unmotivated.® .

I also have little doubt that were we to have carried out this task for
weeks in a row rather than for one single week, David would have
harnessed such negative and positive responses to produce the behav-
ior that suited his organism best, i.e., prefer the good guy consistently
and avoid the bad guy. But I am not suggesting that he himself would
have chosen to do so deliberately, but rather that his organism, given its
available design and dispositions, would have homed in on such be-
havior. He would have developed a tropism for the good guy as well
as an antitropism for the bad guy, in much the same manner he had
developed such preferencesin the real-life setting.

The situation just described allows us to make some other points.
First, David’s core consciousness is intact, an issue that we shall revisit
in the next chapter. Second, while in the setting of the good-guyfbad-
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guy experiment, David’s emotions were induced nonconsciously, i
other settings he engages emotions knowingly. When he aoﬁ%_woa“
”m«.ﬂm to n.mmvnﬁ& ob.:né memory, he senses that he is happy because
e is tasting a favorite food or watching a pleasant scene. Third, giv
the remarkable destruction of several cortical mum m:_un“um_n mm”
nEO.mOb-wnnmﬂmm regions of his brain, e.g., ventromedial prefro Mm,_
n.S.nnmm. basal forebrain, amygdalae, it is apparent that nroM.n eQ....”
ries are not indispensable for either emotion or non.mnmo:mnnmmn&o-
Emvm also keep in mind, for future reference, that certain w.n.cﬁEn. _H._
David’s brain remain intact: all of the brain stermn; the h oﬁm_ﬁﬂm n.
the thalamus; most of the cingulate cortices; and S.Hﬁcm_vw_u all -
and motor structures, . YRy
_L.mﬁ me close these comments by saying that the bad guy in our ex-
wmw:unbn was a young, pleasant, and beautiful woman neurops chol
om_.,.wﬂ. We had designied the experiment in this way, having vah. Hma
mmeEn type, since we wanted to determine the extent to éMm W _
David’s manifest preference for the company of young and vmm_._nmﬂ_
women would countervail the contrariness of her behavior and th
fact that she was the purveyor of the boring task (David does have EM

eye for the girls; I caught him once caressing Patricia Churchland’s

arm and remarking, “You are so soft . . ™Y Well, as you can see, our

_umu“mn Eﬂ of perverse planning paid off, No amount of natural beauty
noc.n_ have compensated for the negative emotion induced by the bad
guy's manner and by the poor entertainment her task provided.

WE DO NOT need to be conscious of the inducer of an emotion and
often mnn. not, and we cannot control emotions willfully. You may find
yourself in a sad or happy state, and yet you may be at a loss as _“M éﬂ

.<.o= are in that particular state now. A careful search may disclose d
sible causes, and one cause or another may be more likely, but OMOM-
you cannot be certain. The actual cause may have been ﬂw.m ima, n..Hn
an event, an image that had the potential to be conscious but _.Enm was
not because you did not attend to it while you were attending to
another. Or it may have been no image at all, but rather a ﬁmbmm@ua
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. s bout
change in the chemical profile of your Eﬂonbﬂw nurnmww”“ﬁmww q” o
by factors as diverse as your state of rnmE.r diet, ﬁm oh. hormone.
how much or how litile you mxman—mna.nrmﬂ ay, g
about a certain matter. 1he chang
engender some responses and alter

ot be i i se that a per-

our body state, but it would not be imageable in the mn_w_cnn " mmnwoé

Mon or a relationship is imageable, .., it would not pro A
pattern of which you would ever become aware il YO
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i ething recalled in-
mwma@ something external to the organism OF som g

i interior can
ally. Representations of either the exterior of the in rior cen
e e survey and still induce emotion

duced in a nponconscious maniner and

cycle, :
much you had been worrying
would be substantial enough to

occur underneath conscious

sponses. Emotions can be in Do d

thus appear to the conscious self as scermngly RO - should
We can control, in part, whether a would-be induce g

i thoughts. (If you were H&m&
be allowed to reman as a target of our mﬂ e o sed

Catholic you know precisely what 1 mean, vk, but
been around the Actors Studio.) We may _..En SuC e s in
the job of removing of maintaining the inducer cet wws cowrs
consciousness. We can also control, in part, the nxwmhﬁ e

otions—-suppress our anger, mask our sadness ost of e
MH not very good at it and that is one reason why we ﬁm%mﬂr ow. o
good actors who are skilled at controlling e_._M Q.nﬂwnnmmowmw% Onﬂ el
sons and why wemay oses oL 0O L wherherornotics
p : we do not have much to
chological

ticular sensory representation
_ ur conscious thought flow,
“MEMMMWMH HNMMMEmE of inducing an maomo-.._. If the psy B
‘ iological context is right, an emotion will ensue. The no
mn.a mga.po MMB of emotions also explains why they are not easy to
mﬂ.oc.m Emm SHN As1 explained in Descartes’ Error, a spontant .
st com EW. Eum enuine delight or the spontaneous sobbing _.nrwﬂ is
o by 4 .Mm EM executed by brain structures Jocated deep in the
Mm“%mmnwdmﬂbmﬁ the control of the cingulate region. We have no
T

egus smile
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means of exerting direct voluntary control over the neural processes
in those regions. Casual voluntary mimicking of expressions of emo-
tion is easily detected as fake—something always fails, whether in the
configuration of the facial muscles or in the tone of voice. The result of
this state of affairs is that in most of us who are not actors, emotions
are a faitly good index of how conducive the environment is to-our
well-being, or, at least, how conducive it seems to our minds.

We are about as effective at stopping an emotion as we are at pre-
venting a sneeze. We can try to prevent the expression of an emotion,
and we may succeed in part but not in full. Some of us, under the ap-
propriate cultural influence, get to be quite good at it, but in essence
what we achieve is the ability to disguise some of the external mani-
festations of emotion without ever being able to block the automated
changes that occur in the viscera and internal milieu. Think of the
last time you were moved in public and tried to disguise it. You might
have gotten away with it if you were watching a movie out there in
the dark, alone with Gloria Swanson, but not if you were delivering
the eulogy for a dead friend: your voice would have given you away.
Someone once told me that the idea of feelings occurring after emo-
tion could not be correct since it is possible to suppress emotions and
still have feelings. But that is not true, of course, beyond the partial-
suppression of facial expressions. We can educate our emotions but

not suppress them entirely, and the feelings we have inside are a testi-
mony to our lack of success.

An Aside on Controlling the Uncontrollable

One partial exception to the extremely limited control we have over
the internal milieu and viscera concerns respiratory control, over
which we need to exert some voluntary action, because autonomic
respiration and voluntary vocalization for speech and singing use the
same instrument. You can learn to swim underwater, holding your
breath for longer and longer periods, but there are limits beyond which
no Olympic champion can go and remain alive. Opera singers face a
similar barrier: what tenor wouldn’t love to hold on to the high C for
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just a while longer and irritate the soprano? But no amount of laryn-
geal and diaphragmatic training will allow tenor or soprano to trans-
pose the barrier. Indirect control of blood pressure and heart rate by
procedures such as biofeedback are also partial exceptions. As a rule,
however, voluntary control over autonomic function is modest,

1 can report one dramatic exception, however. Some years ago the
brilliant pianist Maria Jodo Pires told us the following story: When she
plays, under the perfect control of her wil, she can either reduce or
allow the flow of emotion to her body. My wife, Hanna, and I thought
this was a wonderfully romantic idea, but Maria JoZo insisted that she
could do it and we resisted believing it. Eventually, the stage for the
empirical moment of truth was set in our laboratory. Maria Jodo was
wired to the complicated psychophysiological mﬁﬁvannn while she
listened to short musical pieces of our selection in two conditions:
emotion allowed, or emotion voluntarily inhibited, Her Chopin Noc-
turnes had just been released, and we used some of hers and some of
Daniel Barenboim’s as stimuli. In the condition of “emotion allowed,”
her skin conductance record was full of peaks and valleys, linked in-
triguingly to varied passages in the pieces. Then, in the condition of
“emotion reduced,” the unbelievable did, in fact, happen. She could
virtually flatten her skin-conductance graph at will and change her
heart rate, to boot. Behaviorally, she changed as well. The profile of
background emotions was rearranged, and some of the specific emo-
tive behaviors were eliminated, e.g., there was less movement of the
head and facial musculature. When our colleague Antoine Bechara,
in complete disbelief, repeated the whole experiment, wondering if

this might be an artifact of habituation, she did it again. So there are
some exceptions to be found after all, perhaps more so in those whose
lifework consists of creating magic through emotion.

WaAT ARE EMOTIONS?

The mention of the word emotion usually calls to mind one of the six
so-called primary or universal emotions: happiness, sadness, fear, anger, sur-
prise, or disgust. Thinking about the primary emotions makes the dis-
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cussion of the problem easier, but it is important to note that there
are numerous other behaviors to which the label “emotion” n
attached. They include so-called secondary OF social emotions, such as

barrassment, jealousy, guilt, or pride; and what I call .@a&_ round M s
such as well-being or malaise, calm or tension. The Hmvn_mnao%ﬁ M&.
also been attached to drives and motivations and to the state S pain
and pleasure.® m

A shared biological core underlie
s all .
be outlined as follows: these phenomena, and it can

has been

of pain

1. Emotions are complicated collections of chemical and neural
responses, mo_.ﬁ:bm a pattern; all emotions have some kind of
regulatory role to play, leading in one way or another to the
nwm.pmnﬁ of citcumstances advantageous to the organism ex-
?_u_‘abm the phenomenon; emotions are about the life of an or-
mmbaa.b“ its body to be precise, and their role is to assist the
organism in maintaining life.

2. Notwithstanding the reality that learning and cuiture alter
the expression of emotions and give emotions new meanings

wﬂoaobm are Eo_ommn&q determined processes, mmwmu&bm Mﬁ
”MHMMW set brain devices, laid down by a long evolutionary

3- The devices which produce emotions occupy a fairly restricted
mE.mEEm of subcortical regions, beginning at the level of the
brain stem and moving up to the higher brain; the devices are
part of a set of structures that both regulate and represent bod
states, which will be discussed in chapter s, ? -

4. All the devices can be engaged automatically, without con-
mn‘mocm deliberation; the considerable amount of individual vari
.mEob and the fact that culture plays a role in shaping some -
Em.(.ﬂnwa do not deny the fundamental stereotypicity, auto-
maticity, and regulatory purpose of the emotions, o

5. All emotions use the body as their theater (internal milieu, vi
ceral, vestibular and musculoskeletal systems), but manorMG-

m,_m.o affect the mode of operation of numerous brain circuits:
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the variety of the emotional responses is responsible for pro-
found changes in both the body landscape and the brain land-
scape. The collection of these changes constitutes the substrate
for the neural patterns which eventually become feelings of

emotion.

A special word about background emotions is needed, at this point,
because the label and the concept are not a part of traditional discus-

stons on emotion, When we sense that a person is “tense” or “edgy.”

“discouraged” or “enthusiastic,” “down” or “cheerful,” without a

single word having been spoken to translate any of those possible
states, we are detecting background emotions. We detect background
emotions by subtle details of body posture, speed and contour of
movements, minimal changes in the amount and speed of eye move-
ments, and in the degree of contraction of facial muscles.

The inducers of background emotions are usually internal. The
processes of regulating life itself can cause background emotions but
so can continued processes of mental conflict, overt or covert, as they
lead to sustained satisfaction or inhibition of drives and motivations.
For example, background emotions can be caused by prolonged phys-
ical effort— from the “high” that follows jogging to the “low” of un-
interesting, nonrhythmical physical labor—and by brooding over a
decision that you find difficult to make—one of the reasons behind
Prince Hamlet's dispirited existence—or by savoring the prospect of
some wonderful pleasure that may await you. In short, certain condi-

tions of internal state engendered by ongoing physiological processes
or by the organism’s interactions with the environment or both cause
responses which constitute background emotions. Those emotions
allow us to have, among others, the wmnwmmoﬁum feelings of tension or
relaxation, of fatigue or energy, of well-being or malaise, of anticipa-

tion or dread.”
In background emotions, the constitutive responses are closer to

the inner core of life, and their target is more internal than external.
Profiles of the internal milieu and viscera play the lead part in back-
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MMWM_MQ Mﬂ“%obm. But although background emotions do not use the

ntiated repertoire of explicit facial ex i

. . ; pressions that easily defin

WoMMuw_.Mm_ E.:“ social emotions, they are also tichly expressed in Wﬁﬁnﬂn

eletal changes, for instance, in subtle b .
rapins oo o e body posture and overall
In .

= Mu%. nxﬁa.umnnp background emotions are brave survivors of

e MMMMHME. &mwﬁm. For instance, patients with ventromedial frontal
€tain them, as do patients with am

. ther . 1 ygdala damage. Intrigu-

“W_H.m H“_w\o: will &m.moﬁw.w in the next chapter, background manME
y compromised when the basic level i

consciousness, is compromised as well. el of consciousness core

THE Brorocicar FUNCTION oF EMoTiOoNS

“thmcmv z..rn ﬁMMQ.um coraposition and dynamics of the emotional re
es are shaped in each individual by a uni )
‘ . Yy a unique development and en-
M.“ouamnp nr.m evidence suggests that most, if not all, emotional
mEﬁo%mnm are the result of a long history of evolutionary fine tuning
otions are part of the bioregulato ices wi ; .
. . ty devices with which we come
MMMMRQ to mwﬂaﬁw. That is why Darwin was able to catalog the emo-
?&ﬁo”?&w_oﬂm of so many species and find consistency in those ex
» and that is why, in different parts of th ;
ressic . parts of the world and acros
Hrmnrm rent nE.HE.nm, emotions are so easily recognized. Surely enou _._m
! re are qmnm?._o expressions and there are variationsin the precise n%ﬂ.,
m.cwmn..”uu of stimuli that can induce an emotion across cultures and
. mMMM EMS&&:MEW But the thing to marve] at, as you fly high above the
Is the similarity, not the difference. It is that similarity. i
tally, that makes cross-cultural i ible ot
relations possible and that all
and literature, music and film o b b
nd lit , . to cross frontiers. This view h.
m?.wﬂ :JEnmucEEn support by the work of Paul Ekman, 2 s boen
N e _M__oucm_n& Mcunmou of emotions is twofold. The first function is
production of a specific reaction to the inducing situati
animal, for instance, the reaction rart ot & bocomme o
! , may be to run or to be i
: Q hecome 1m -
ile or to beat the hell out of the €nemny or to engage in Emmm:nwwwn
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behavior. In humans, the reactions are essentially the same, tem-
pered, one hopes, by higher reason and wisdom. The second biologi-
cal function of emotion is the regulation of the internal state of the
organism such that it can be prepared for the specific reaction. For ex-
ample, providing increased blood flow to arteries in the legs so that
muscles receive extra oxygen and glucose, in the case of a flight reac-
tion, or changing heart and breathing rhythms, in the case of freezing
on the spot. In either case, and in other situations, the plan is exqui-
site and the execution is most reliable. In short, for certain classes of
clearly dangerous or clearly valuable stimuli in the internal or extet-
nal environment, evolution has assembled a matching answer in the
form of emotion, This is why, in spite of the infinite variations to be
found across cultures, among individuals, and over the course of a life
span, we can predict with some success that certain stimuli will pro-
duce certain emotions. (This is why you can say to a colieague, “Go
tell her that; she will be so happy to hear it.”)

In other words, the biological “purpose” of the emotions is clear,
and emotions are not a dispensable luxury. Emotions are curious
adaptations that are part and parcel of the machinery with which or-
ganisms regulate survival. 0Old as emotions are in evolution, they are
a fairly high-level component of the mechanisms of life regulation.
You should imagine this component as sandwiched between the basic
survival kit (e.g., regulation of metabolism; simple reflexes; motiva-
tions; biology of pain and pleasure) and the devices of high reason,
but still very much a part of the hierarchy of life-regulation devices.
For less-complicated species than humans, and for absentminded hu-
mans as well, emotions actually produce quite reasonable behaviors
from the point of view of survival.

At their most basic, emotions are part of homeostatic regulation
and are poised to avoid the loss of integrity thatisa harbinger of death
or death itself, as well as to endorse a source of energy, shelter, or sex.
And as a result of powerful learning mechanisms such as condition-
ing, emotions of all shades eventually help connect homeostatic
regulation and survival “values” to numerous events and objects in
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our autobiographical experience. Emotions are inseparable from the
idea of reward or punishment, of pleasure or pain, of approach or
A&W&mﬁmr of personal advantage and disadvantage. Inevitably, emo-
tions are inseparable from the idea of good and evil.

Table 2.1. Levels of Life Regulation

HIGH REASON Complex, flexible, and customized
A plans of response are formulated in
conscious images and may be executed
as behavior.
i CONSCIOUSNESS
FEELINGS Sensory patterns signaling pain,
A pleasure, and emotions become images.
Y
EMOTIONS Complex, stereotyped patterns of
response, which include secondary
emotions, primary emotions, and
background emotions
Yy
BASIC LIFE REGULATION

Relatively simple, stereotyped patterns
of response, which include metabolic
regulation, reflexes, the biological
machinery behind what will become
pain and pleasure, drives and
motivations

The basic level of life regulation—the survival kit—includes the biological states
that can be consciously perceived as drives and motivations and as states of pain and

pleasure, Emotions are at a higher, more complex level. The dual arrows indicate

u . . .
pward or downward causation, For instance, pain can induce emotions, and some

emotions can include a state of pain.
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One might wonder about the relevance of discussing the biological
i S.
role of the emotions in a text devoted to the matter of noumDo:JnM_M
: i tically
lear now. Fmotions automa
The relevance should become c . . :
provide organisms with survival-oriented behaviors. In ommu.EMﬂm
i i lings, emotions also
i otions, that is, to have feelings,
mac:umma o om the . in the here and now. But
i ind, as they occur, in the her
have an impact on the mind, . -
in organisms equipped with consciousness, that is, nmmm_u__n:ow Wﬂu cﬂ
ing they have feelings, another level of regulation is reacheq. )
immpac
sciousness allows feelings to be known and thus promotes the imp

i ht
of emotion internally, allows emotion to permeate. the thoug

process through the agency of feeling, Eventually, consciousness

allows any object to be known—the “object” wamao%_wun” MHM\m OMHMM
object— and, in so doing, enhances the organism s ab ty o MBQ-
adaptively, mindful of the needs of the OHMmEmn.u in mﬁ.mm mzm.mm
tion is devoted to an organism’s survival, and so is consciou .

InDUCcING EMOTIONS

i e of
Emotions occur in one of two types of circumstances. The first typ

i in objects
circumstance takes place when the organism processes certain obj

or situations with one of its sensory devices—for Em”ﬁﬁm. HMMH_ %HM
organism takes in the sight of a familiar face or Hu_mhn.. e wmb.cnmm >
of circumstance occurs when the mind uum an organism co; uﬂ_uﬂd P
from memory certain objects and situations and R?annwa hem
images in the thought process—for instance, remembering
of a friend and the fact she has just died. o N
One obvious fact when we consider nanwum is that certain s orso!
objects or events tend to be systematically linked B.omm En._wﬂwmﬂ i
kind of ernotion more than to others. M_..n n_mwm..m—m of mMMW N
i »r sadness tend to do so fairly co
WMMMHHnWHcWMBM in individuals who share the same social and cul-

tural background. In spite of all the possible individual variations m

i i ite of the fact that we can have
ion of an emotion and in spite of .
o dence between classes of

mixed emotions, there is a rough correspon
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emotion inducers and the resulting emotional state. Throughout

evolution, organisms have acquired the means to respond to certain
stimuli—particularly those that are potentially useful or potentially
dangerous from the point of view of survival—with the collection of
responses which we currently call an emotion.

But a word of caution is needed here. I really mean what I say when

T talk about ranges of stimuli that constitute inducers for certain cdasses of
emotion. I am allowing for a considerable variation in the type of stir-
uli that can induce an emotion—both across individuals and across
cultures—and I am calling attention to the fact that regardless of the

degree of biological presetting of the emotional machinery, develop-

ment and culture have much to say regarding the final product. In all

probability, development and culture superpose the following influ-

ences on the preset devices: first, they shape what constitutes an ade-
quate inducer of a given emotion; second, they shape some aspects of
the expression of emotion; and third, they shape the cognition and
behavior which follows the deployment of an emotion.” .

It is also important to note that while the biological machinery for
emotions is largely preset, the inducers are not part of the machinery,
they are external to it. The stimuli that cause emotions are by no
means confined to those that helped shape our emotional brain dur-
ing evolution and which can induce emotions in our brains from
early in life, As they develop and interact, organisms gain factual and
emotional experience with different objects and situations in the envi-
ronment and thus have an opportunity to associate many objects and
situations which would have been emotionally neutral with the ob-
jects and situations that are naturally prescribed to cause emotions. A
form of learning known as conditioning is one way of achieving this
association. A new house of a shape similar to the house in which you
lived a blissful childhood may make you feel well even if nothing es-

pecially good has yet happened to you in it. Likewise, the face of a
wonderful, unknown person that so resernbles that of someone asso-
ciated with some horrible event may cause you discomfort or irrita-
tion. You may never come to know why. Nature did not prescribe
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those responses, but it surely helped you mnmanm them, H_HMHMM.HW
superstitions are born this way. There is moBa&E.m Orwe
the distribution of emotions in our world: All objects can get MMBn
emotional attachment, but some objects get far more EME o mmh
Our primary biclogical design skews our secondary acquisitions .nm
i e world around us, .
nEM_MM .nwoammmcnnnn of extending nanoE.a value to o_m._mnmm ﬂMMM
were not biologically prescribed to be nanonm:u\. _mam.n H_Mm Mﬂ he
range of stimuli that can potentially :.&cnm. emotions is i Eoﬂg -
one way or another, most objects and situations lead to some ]
tional reaction, although some far more so than others. The emo
tional reaction may be weak or strong—and fortunately mon. us it M
weak more often than not—but it is there ﬂoﬂmﬁvn_nmm. Emotion mbm i
the biological machinery underlying it are the obligate m...nno.BMpn
niment of behavior, conscious or not. monom__na& of emoting is ¢
obligate accompaniment of thinking about oneself or about one
m:ﬂﬂwwwwﬁnmmm of emotion in our development E.Hn_ m:gnmcnmuw
in our everyday experience connects virtually every object or M_EM_ on
in our experience, by virtue of conditioning, to the fundamental v s
of homeostatic regulation: reward and _ucawvﬁn.uﬁ mpmmmﬂum. or %m“.___
approach or withdrawal; personal w%mﬂm@m .9. .&mﬂ%muﬁmwmmwnhﬂvv
evitably, good (in the sense of survival) or evil (in the mnbmmm | wcﬁ.
Whether we like it or not, this is the sgiural human m.uﬂ E.E.
when consciousness is available, feelings have their maximum impact,
and individuals are also able to reflect and to Em.s. They have a nH.._nmme
to control the pervasive tyranny of emotion: it is mm&nﬁ_ qmm.sos. M“M
cally, of course, the engines of reason mnE. require emotion, w
means that the controlling power of reason is omn.n modest. .
Another important consequence of the pervasiveness Mm waoun“H
is that virtually every image, actually perceived or -.m.nm=n  is .Hnoon-
panied by some reaction from the mﬁ@ﬁmﬁzm of emotion. aMm w M -
sider the importance of this fact when we discuss the mechanism

the birth of consciousness in chapter 6.
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Let me close this comment on inducers of emotions with a re-
minder of a tricky aspect of the induction process. So far, I have re-
ferred to direct inducers— thunder, snakes, happy memories, But
emotions can be induced indirectly, and the inducer can produce its
result in a somewhat negative fashion, by blocking the progress of an
ongoing emotion. Here is an example. When, in the presence of a
source of food or sex, an animal develops approach behavior and ex-
hibits features of the emotion happiness, blocking its way and pre-
venting it from achieving its goals will cause frustration and even
anger, a very different emotion from happiness. The inducer of the
anger is not the prospect of food or sex but rather the thwarting
of the behavior that was leading the animal to the good prospect.
Another example would be the sudden suspension of a situation of
punishment—for instance, sustained pain—which would induce
well-being and happiness. The purifying (cathartic) effect that all
good tragedies should have, according to Aristotle, is based on the
sudden suspension of a steadily induced state of fear and pity. Long
after Aristotle, Alfred Hitchcock built a brilliant career on this simple
biological arrangement, and Hollywood -has never stopped banking
on it. Whether we like it or not, we fee] very comfortable after Janet
Leigh stops screaming in the shower and ljes quietly on the bathtub
floor. As far as emotion goes, there is not much escape in the setup
that nature prepared for us. We getit coming and we get it going.

The Mechanics of Emotion

From experience, you know that the responses that make up emo-
tions are most varied. Some responses are easily apparent in yourself
and in others. Think of the muscles in the face adopting the configu-
rations that are typical of Joy or sorrow or anger; or of the skin
blanching as a reaction to bad news or flushing in a situation of em-
barrassment; or consider the body postures that signify joy, defiance,
sadness, or discouragement; or the sweaty and clammy hands of ap-

prehension; the racing heart associated with pride; or the slowing,
near-stillness of the heart in terror.
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Other responses are hidden from sight but no less important, such
as the myriad changes that occur in organs other than blood vessels,
skin, and heart. One example is the secretion of hormones such as
cortisol that change the chemical profile of the internal milieu; or the
secretion of peptides, such as B-endorphin or oxytocin, that alter the
operation of several brain circuits. Another is the release of neuro-
transmitters, such as the monoamines, norepinephtine, serotonin,
and dopamine. During emotions, neurons located in the hypothala-
mus, basal forebrain, and brain stem release those chemical sub-
stances in several regions of the brain up above and, by so doing,
temporarily transform the mode of working for many neural circuits.
Typical consequences of the increase or decrease of release of such
transmitters include the sense we have of the mind processes speed-
ing up or slowing down, not to mention the sense of pleasantness or
unpleasantness that pervades mental experience. Such sensing is part
of our feeling of an emotion.

Different emotions are produced by different brain systems. In the
very same way that you can tell the difference between a facial ex-
pression of anger and a facial expression of joy, in the very same way
in which you can feel the difference between sadness or happiness in
your flesh, neuroscience is beginning to show us how different brain
systems work to produce, say, anger of sadness or happiness.

The study of patients with neurological diseases and focal brain
damage has yielded some of the most revealing results in this area,
but these investigations are now being complemented by functional
neuroimaging of individuals without neurological disease. I should
note that the work with human subjects also permits a rich dialogue
with investigators who are approaching some of these same problems
in animals, another welcome novelty in this area of research.

The essence of the available findings can be summarized as follows.
First, the brain induces emotions from a remarkably small number of
brain sites. Most of them are located below the cerebral cortex and are
known as subcortical. The main subcortical sites are in the brain-stem
region, hypothalamus, and basal forebrain. One example is the region

known as periaqueductal gray (PAG), which is a major coordinator of
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recognizing fear in facial expressions, to being conditioned to feat, and
even to expressing fear. (In a parallel body of work, the studies of
Joseph LeDoux and Michael Davis have shown that the amygdala is
necessary for fear conditioning and revealed details of the circuitry in-
volved in the process.®) The amygdala, however, has little interest in
recognizing or learning about disgust or happiness. Importantly,
other structures, just as specifically, are interested in those other
emotions and not in fear.

The following description {llustrates the fine etching of brain sys-
tems related to the production and recognition of emotion. It is but
one among several examples that might be adduced to support the
idea that there is no single brain center for processing emotions but
cather discrete systems related to separate emotional patterns.

Have No Fear

Almost a decade ago, a young worman, to whom I shall refer as S,
caught my attention because of the appearance of her brain CT scan.
Unexpectedly, ber scan revealed that both amygdalae, the one in the
left and the one in the right temporal lobes, were almost entirely cal-
cified. The appearance is striking. In a CT scan the normal brain
shows up in myriad gray pixels, and the shade of gray defines the con-
tours of the structures. But if a mineral like calcium has been de-
posited within the brain mass, the scan shows it as a bright milky
white that you cannot possibly miss.

All around the two mﬁ%mm&mn. the brain of patient S was wmummn&%
normal. But the amount of calcium deposition was such within the
amygdalae that it was immediately apparent that little or no normal
function of the neurons within the amygdalae could still take place.
Each amygdala is very much a crossroads structure, with pathways
frorm numerous cortical and subcortical regions ending in it and path-
ways emanating from it'to just as many sites. The normal operations
carried out by such profuse pathway cross signaling could simply not
take place on either side of the brain of S. Nor was this a recent condi-
tion in her brain, The deposition of minerals within brain tissue takes
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time regarding the contribution of the amygdalae to the learning of
new facts, some investigators believing the amygdala was a vital patt-
ner to the hippocampus in the acquisition of new factual memory,
other investigators believing it had little to contribute on that score.
The curiosity regarding her demeanor was pased on the fact that from
studies involving nonhuman primates, it was known that the amyg-
dala plays a role in social behaviors.”

I can make a long story short by telling you that there was pothing
wrong whatsoever with S’s ability to learn new facts. This was evident
when I met her for only the second time and she clearly recognized me,
smiled, and greeted me by name. Her one-shot learning of who I was,
what my face looked like, and of my name was flawless. Numerous psy-
chological tests would bear out this firstimpression, and that is precisely
how things remain today. Years Jater, we were to show that a particular
aspect of hex learning was defective, but this had nothing to do with
Jearning facts: it had to do with conditioning to unpleasant stimuli.®

Her social history, on the other hand, was exceptional. To put it in
the simplest possible terms, [ would say that S mﬁ?omnrn& people and
situations with a predominantly positive attitude. Others would actu-
ally say that her approach was excessively and inappropriately forth-
coming. $ was not only pleasant and cheerful, she seemed eager 10
interact with most anyone who would engage her in conversation,
and several members of the clinical and research teams feit that the
reserve and reticence one would have expected from her was simply
lacking. For instance, shortly after an introduction, S would not shy

away from hugging and touching. Make no mistake, her behavior
caused no discomfort to anyone, but it was invariably _uannn?nm as a
far cry from the standard behavior of a patient in her circumstances.

We were to learn that this very same attitude pervaded all areas of
her life. She made friends easily, formed romantic attachments with-
out difficulty, and had-often been taken advantage of by those she
trusted. On the other hand, she was and is a conscientious mother,
and she tries hard to abide by social rules and be appreciated for her ef-
forts. Human nature is indeed hard to describe and full of contradic-
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tions in the best of circumstances and the prime of health. It is almost
impossible to do justice to it when we enter the realm of disease.
The first years of research on § yielded two important results. On

the one hand, S did not have any problem learning facts. In fact, it was
possible to say that her sensory perceptions, her movements, her lan-
guage, and her basic intelligence were no different from those of an
entirely healthy average individual in terms of elementary compe-
tence. On the other hand, her social behavior demonstrated a consis-
tent skewing of her prevailing emotional tone. It was as if negative
emotions such as fear and anger had been removed from her affective

vocabulary, allowing the positive emotions to dominate her life, at
least by greater frequency of occurrence if not by greater m:nnﬂm,:w.

This was of special interest to me because I had noticed a similar pat-

tern in patients with bilateral damage to the anterior sector of the

temporal lobe, who, as a part of their large lesions, also had damage to
the amygdalae. It was reasonable to hypothesize that their affective
lopsidedness was traceable to damage in the amygdala.

All of these suppositions were to be turned into hard fact when
Ralph Adolphs joined my laboratory. Using a varjety of clever tech-
niques in the investigation of several patients, some with damage to
the amygdala and some with damage to other structures, Adolphs
was able to determine that the affective lopsidedness was mostly
caused by the impairment of one emotion: fear.”

Using a multidimensional scaling technique, Adolphs showed that
§ cannot consistently tell the expression of fear in another person’s
face, especially when the expression is ambiguous or other emotions
are being expressed simultanecusly. She has no such problem with
the recognition of other facial expressions of emotion, namely, that of
surprise which is, in many respects, sitnilar in Mmﬁmuw_ configuration.
Curiously, 5, who has a remarkable gift for drawing and has good
drafting skills, cannot draw a face that represents fear although she
can draw faces that represent other emotions. When asked to mimic
mﬁ& expressions of emotions she does so easily for the primary emo-
tions but not for fear. E.Q. attempts produce little change in her facial
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expression after which she confesses her complete failure. Again, she
has no difficulty producing a facial expression of surprise. Lastly, S
does not experience fear in the same way you or 1 would in a situation
that would normally induce it. At a purely intellectual level she
knows what fear is supposed to be, what should cause it, and even
what one may do in situations of fear, but little or none of that intel-
lectual baggage, so to speak, is of any use to her in the real world. The
fearlessness of her nature, which is the result of the bilateral damage
to her amygdalae, has prevented her from learning, throughout her
young life, the significance of the unpleasant situations that all of us
have lived through. As a result she has not learned the telitale signs
that announce possible danger and possible unpleasantness, especially
as they show up in the face of another person or in a situation.
Nowhere has this been proved more clearly than in a recent study re-
quiring a judgment of trustworthiness and approachability based on
human faces.® .

The experiment called for the judgment of one hundred human
faces that had been previously rated by normal individuals as indicat-
ing varied degrees of trustworthiness and approachability. There were
fifty faces that had been consistently judged as inspiring trust and fifty
that were not. The selection of these faces was made by normal indi-
viduals who were asked a simple question: How would you rate this
face on a scale of one to five, relative to the trustworthiness and ap-
proachability that the owner of the face inspires? Or, in other words,
how eager would you be to approach the person with this particular
face if you needed help?

Once the one hundred faces were propely distributed based on the
ratings of the forty-six normal individuals, we turned to patients with
brain damage. S was one of three patients with bilateral damage to the
amygdala included in the study, but we also investigated the perfor-
mance of seven patients with damage to either the left amygdala or
right amygdala, three patients with damage to the hippocampus and
an inability to learn new facts, and ten patients with damage else-
where in the brain, ie., outside the Eﬂ%m&»_m and outside the hip-
pocampus. The results were far more remarkable than we expected.
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in the face, move as they are told to do. But the brain itself is changed
ably, The release of substances such as monoamines and
peptides from regions of nuclei in the brain stem and basal forebrain
alters the mode of processing of numerous other brain circuits, trig-
gers certain specific behaviors (for example, bonding, playing, crying),
and modifies the signaling of body states to the brain. In other words,
both the brain and the body proper are largely and profoundly
affected by the set of commands although the origin of those com-
mands is circumscribed to a relatively small brain area which re-
sponds to a particular content of the mental process. Now consider
this: Beyond emotion, specifically described as the collection of re-
sponses I just outlined, two additional steps must take place before an
emmotion is known. The first is feeling, the imaging of the changes we just
discussed. The second is the application of core consciousness to the
entire set of phenomena. Knowing an emotion—feeling a feeling—

just as remark

only occurs at that point.
These events can be summarized by walking through the three key

steps of the process:

1. Engagement of the organism by an inducer of emotion, for in-
stanice, a particular object processed visually, resulting in visual
representations of the object. Imagine running into Aunt Mag-
gie, whom you love and have not seen in a long time. Chances

are you will immediately recognize Aunt Maggie, but even if
you do not, or even before you do, the basic process of emotion
will continue on to the next step.

2. Signals consequent to the processing of the object’s image acti-
vate all the neural sites that are prepared to respond to the par-
ricular class of inducer to which the object belongs. The sites I
am talking about—for instance, in the ventromedial prefrontal
cortices, amygdala, and brain stem— have been preset innately,
but past experience with things Maggie has modulated the
manner in which they are likely to respond, for instance, the
ease with which they will respond. wu_«. the way, Aunt Maggie is

not traveling all over your brain in the form of a passport
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photo. She exists as a visual image, arising out of neural pat-
ﬂnnnu.w generated by the interaction of several areas in mml_.u visual
cortices, largely in occipital lobes, Signals consequent to Mﬁ
?&mﬂmﬂ“m her image travel elsewhere and do their job when
arts o . : -
wo ot mﬂ M_.mﬁu that are interested in things Maggie respond
3. Asa result of step 2, emotion induction sites trigger 2 numbe

of signals toward other brain sites (for instance, monoamine H
nuclei, somatosensory cortices, cingulate cortices) and toward
z”.m body (for instance, viscera, endocrine glands), as previousl
discussed. Under some circumstances the balance of res c_.._..w.mmuN
Em.% favor intrabrain circuitry and engage the body EFM.D&_
This is what I have called “as if body loop” responses. :

.Hrn combined result of steps 1, 2, and 3 is a momentary and appr
priate normnnon of responses to the circumstances causing the %Moﬂ
MO.EMuoﬂou" for instance, .>E,: Maggie in sight; or the death of a
riend announced; or nothing that you can tell consciously; or, if
are a baby bird in a high nest, the image of a .ﬁﬂ.mm object m_“ in : ow o
head. Take the latter example. The baby bird has no idea ﬂrvmn ‘WE .nn-
predatory eagle, and no conscious sense of the danger of the ancmﬂwﬂm
Won"?o:mrﬂ ?.oﬁ”mmm, in the proper meaning of the term, tells the _um_uw
M.»n to do éwmw it does next, which is to crouch as low as possible in
_ﬂ& M Mm_.mmw mM m.“_ﬁnw as possible, such that it may become invisible to
e mﬂﬂ .m Mm. %wn“.ﬁmam steps of the process that I have just described
ete mom.: m : : visual images .Emnm formed in the baby bird’s visual
> _uu . ectors of the brain responded to the kind of visual image

e brain formed, and all the appropriate responses, chemical and
ﬁmcwp_.. autonomtic and motor, were engaged at full tilt. The quiet and
M_.cé asf.umum of evolution has done all the thinking for n“?m _um._w
%&MWQ its genetic system has dutifully transmitted it. With a EH_M
it of help _m..oE mother bird and earlier circumstances, the minicon-
Mﬂ.ﬂ of fear is ready to be played whenever the situation demands it

e fear response that you can see in a dog or a cat is executed in mx.

- y the same manner, and so is the fear response you can examine in
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yourself when you walk at night on a dark street. That we, and at least
the dog and the cat, can also come to know about the feelings caused
by those emotions, ¢hanks to consciousness, is another story-

In fact, you can find the basic configurations of emotions in simple
organisms, even in unicellular organisms, and you will find yourself
attributing emotions such as happiness or fear or anger to VeTy simple
creatures who, in all likelihood, have no feeling of such emotions in
the sense that you or ! do, creatures which are too simple to have a
brain, or, having one, 100 rudimentary to have a mind. You make
those attributions purely on the basis of the movements of the organ-

ism, the speed of each act, the number of acts per unit of time, the

style of the movernents, 2nd so on. You can do the same thing with a

simple chip moving about on a computer screen. Some jagged fast
movements will appear “angry,” harmonious but explosive jumps
will look “joyous,” recoiling motions will look “fearful.” A video that
depicts several geometric shapes moving about at different rates and
holding varied relationships reliably elicits attributions of emotional
state from normal adults and even children. The reason why you can
anthropomorphize the chip or an animal so effectively is simple:
emotion, as the word indicates, is about movement, about external-
ized behavior, about certain orchestrations of reactions to a given
cause, within a given environment.” ,
Somewhere between the chip and 'your pet sits one of the living
creatures that has most contributed to progress in neurobiclogy, 2
marine snail known as Aplysia californica, Exic Kandel and his colleagues
have made great inroads in the study of memory using this very
simple snail which may not have much of a mind but certainly hasa
scientifically decipherable nervous systern and many interesting be-
haviors. Well, Aplysia may not have feelings as you or 1 do, but it has
something not unlike emotions. Touch the gill of an Aplysia, and you
will see the gill recoil swiftly and completely, while the heart rate of
Aplysia goes up and it releases ink into the surroundings vo confuse
the enemy, a bit like James Bond when he is hotly pursued by Dr. No.

Aplysia is emoting with a miniconcert of responses that is formally no
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MMMMWHM _v MMWH M-H.erwn. from the one that you or I could display under
compareble cire Hrm ances. To the degree that Aplysia can represent its
emotive stas € nervous system, it may have the makings of a

g o not know whether Aplysia has feelings or not, but it is

extremely difficult to imagine th .
oo o nrnE.nm_ at Aplysia would know of such feel-

SH
ARPENING THE DEFINITION OF EMOTION: AN ASIDE
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]

- skin
skin of your fingers, you had pain and might even have suffered from

rm. 1. . *
ving it. Here is what happened to you, in the simplest neurobiofog-

: ical terms:

First, i
un?_ﬂm_m _u_“._n M.wﬁ activated a large number of thin and unmyelinated
; 1s, known as C-fibers, available near the burn. (These fibers,
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here in the body, are evolution-

which are distributed literaily mquZ.,
carrying signals about internal

arily old and are largely dedicated to
including those that will end up causing pain. They are

called unmyelinated because they lack the insulating sheath known as
myelin. Lightly myelinated fibers known as A-B fibers travel along
with C-fibers and perform a similar role. Together they are called noci-
ceptive becanse they respond to stimuli that are potentially or actually

damaging to living tissues.)
Second, the heat destroyed several thousand skin cells, and the de-
] substances in the area.

styuction released a number of chemica
Third, several classes of white blood cell concerned with repairing

tissue damage were called to the area, the call having come from
some of the released chemicals (e.g., a peptide known as substance P

and ions such as woﬂmm&zav. .
Fourth, several of those chemicals activated nerve fibers on their

own, joining their signaling voices tO that of the heat itself.

Once the activation wave was started in the nerve fibers, it traveled
to the spinal cord and a ¢chain of signals was produced across several
neurons (a neuron is a Nerve cell) and several synapses (a synapse i
the point where two neurons connect and transmit signals) along the
appropriate pathways. The signals went all the way into the top levels
of the nervous system: the brain stem, the thalamus, and even the

cerebral cortex.
What rmEunsmm as a result o

body states,

f the succession of signals? Ensembles

of neurons located at several levels of the nervous system were tem-
on produced a neural pattern, a sort

porarily activated and the activati
e injury in your fingers. The central

of map of the signals related to th
ylervous system was now in possession of multiple and varied neura
patterns of Hssue damnage selected according to the biological specifi-

cations of your nervous system and of the body proper with which it
connects. The conditions needed to generate 3 sensation of pain had
been met. )

The question that I am lead
or all of those neural patterns O

ing 1o arrives at this point: Would one

£ injured tissue be the same thing as

Emotion and Feeling —— 73

knowing that you had pain? And the i .
g hacy pain? e answer is, not really. Knowi
Wm:mwbm n _WHM MMmEnmu something else that occurs M%ma _&M _”umm_n.wu
el %mewbm to the substrate of pain—the nociceptive
e nmum%h& in the appropriate areas of the brain stem
P ﬁmmﬂ n_wﬂ.wnm mbm generate an image of pain, a feelin .
ot beyand the b .n .m after” process to which I am referrin M
Fabor s fost o . _“ﬁ is very much in the brain and, as far as I ME
e _nm %@nﬁ as the process that came before. Specifi-
o o the cxan mﬂg no¢wn M.ﬂ is a process that interrelates neural pat-
roch hat s mﬂoﬁwmm with the neural patterns that stand for you
P éerermH& pattern can arise—the neural wmﬁhn .
oo Eﬂnﬁnn_mm“a icn 1s just another name for consciousness. If EM
e verrela Em _.W.Mnmmm mom.m not take place, you will smdn_..wnoé
and there s o knowing, shere s mo v o you 10 ks
o , ay for you to know, right?
g s Wrﬂhw“ﬂrwm M.Mmu p”M chwm.m.. if you were not nM”wnmocm
e nowing relative to hot
would still %m%nuwmw. hwmﬁ”ﬂ“ﬂ“%ﬁ M. nrMnQ o Jour sel s HMHM
e eural patterns genera is-
e o P.EN _H”n“a NH_M:W a number of useful no%obmmm. mo”ﬂ“ﬁbﬂw
o eatorn would ave anu able to withdraw the arm and Eﬁnm
ioming of mo mﬁmwﬂ within hundreds of milliseconds of the be-
o s mw, a _.nmm.x process mediated by the central
et e, Bt 1 onnm nr.mn in the previous sentence I said *
an “you.” Without knowing and self, it would MMM

' have been quite ®

. quite “you” withdrawi

. wing the arm. Und

_ ' er those circum-

stances, the reflex would be
| long to the .
s v organism but not n i
ged %Hnowﬁ_ a number of emotional responses Mmﬂuwwn __“.M
e H“M”_M&M%. ?.on.*:nmbm changes in facial expression and
g changes in heart rate and control of blood circul
a-

Hgmm MHHEH._.OH_.W m m.m— CONSCIO um Tm [ o SC10 £55 18 ot
L] S I

needed
ed at all for the responses to take place. For instan
. ce, many of
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these responses are present even in comatose patients in whom con-
sciousness is suspended—one of the ways in which we neurologists
evaluate the state of the nervous system in an unconscious patient
consists of establishing whether the patient reacts with facial and limb
movements to unpleasant stimuli such as rubbing the skin over the
sternum, :

Tissue damage causes neural patterns on the basis of which your
organism is in a state of pain. If you are conscious, those same patterns
can also allow you to know you have pain. But whether or not you are
conscious, tissue damage and the ensuing sensory patterns also cause
the variety of automated responses outlined above, from a simple
limb withdrawal to a complicated negative emotion. In short, pain
and emotion are not the same thing.

You may wonder how the above distinction can be made, and | can
give you a large body of evidence in its support. I will begin with a fact
that comes from direct experience, early in my training, of a patientin
whom the dissociation between pain as such and emotion cansed by pan was
vividly patent.® The patient was suffering from a severe case of refrac-
tory trigeminal neuralgia, also known as tic douloureux. This is a
condition involving the nerve that supplies signals for face sensation
in which even innocent stimuli, such as a light touch of the skin of
the face or a sudden breeze, trigger an excruciating pain. No medica-
tion would help this young man who could do little but crouch, im-
mobilized, whenever the excruciating pain stabbed his flesh. As a last
resort, the neurosurgeon Almeida Lima, who was also one of my first

mentors, offered to operate on him, because producing small lesions
in a specific sector of the frontal lobe had been shown to alleviate pain
and was being used in last-resort situations such as this.

I will not forget seeing the patient on the day before the operation,
afraid to make any movement that might trigger a new round of pain,
and then seeing him two days after the operation, when we visited
him on rounds; he had become an entirely different person, relaxed,
happily absorbed in a game of cards with a companion in his hospital
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room. When Lima asked him about the pain, he looked up and
quite cheerfully that “the pains were the same,” but that MMMJ
Bo%a I remember my surprise as Lima probed the man’s stat M., ;
. 2 bit further, The operation had done little or nothing to nrm sens
patterns corresponding to local tissue dysfunction wrmn én mnﬂm
Mcmwmna._u% the trigeminal system. The mental images of ﬂ_“” mM
ﬂ Mm”._._mﬂnﬂon.u were not altered and that is why the patient could rep
at the pains were the same. And yet the operation had been
cess. It had certainly abolished the emotional reactions that Hrm )
sory patterns of tissue dysfunction had been engenderin mc% m__
was gone. The facial expression, the voice, and the mbmm.& d o
Eﬂ:.cm this man were not those one associates with m&u o
This sort of dissociation between “pain sensation” w_..“m_ . ain affe
has #.meb confirmed in studies of groups of patients who wbumnﬁm
wHM_MwM MMMH&EM for the management of pain. More recent
e, who is now an investigator in my laborator
MWM.MMO_W MMMmﬁm OM.M clever manipulation using rwwno&m nrmw.mh
P Eﬂ_ﬂn ect .m,wm clearly separable. Hypnotic suggestio
deslgned to ence pain mm.nn.ﬁ specifically without altering pa
odulated cerebral activity within the cingulate cortex, t;
H,E.wm overall region that neurosurgeons can damage to mznﬁm.mw,mﬂ
_”M_,“mw “A”._W n?wo:wn and Emwmmnm_u_o pain. Rainville has also show
o when b wwnﬂonm mcmmﬂmsw:m were aimed at pain sensation rath
4 . otions associated with pain, not only were the
changes in both unpleasantness and intensity ratings, but also the:
were changes in S1 (the primary somatosensory nonﬂmxv and th, w.
gulate cortex.* In brief: hypnotic suggestions aimed at th y o
that mo.zo.é pain rather than at pain sensation reduced QMMMHHQMH
MMM" Mnmhw ”E.umhao_b m.ﬂ& also nm.Emma functional changes in nmnm:_m“
o nily; M%uonn suggestions aimed at pain sensation reduce
mbmm_ nwmnu.mmﬂou and emotion, and caused functional changes in ¢
in the cingulate cortex. Perhaps you have had the direct ex
ence of what I am describing if you have ever taken &onm._u_Oanwmm “.
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treat a heart-rhythm problem o if you have ﬁwg a ﬂwumcn.ﬁ.nn mﬂﬂw
a5 Valium. Those medications reduce your mﬂocon& nnmﬁaﬁﬁﬁnoﬂ.
should you also have pain at the time, they will reduce the em
: ain. .
nw_.ﬁwmnww Mmb@ the different biological status of mm.:p and MEMQM””M
considering how different interventions munnnmw_..n with one #.um M.z e
other. For instance, the stimuli that cause pain nmb be m_um.n- M,Hm W ¢
duced or blocked by analgesia. When the ﬁ.mbm.nﬁmﬂcb of Em.unr i nME
ing to the representation of tissue dysfunction is E.Onw&mun. e ﬂ,r :
nor emotion ensue. But itis possible to block emotion and not _WME.. N
would-be emotion caused by tissue damage can be H&:nmn.w Y mmm“.
priate drugs, e.g.; Valium or beta-blockers, or even by mmjnngw E.Mﬁw”
The perception of tissue damage remains but the EE..Eﬂm of em
removes the suffering that would have mnnoamﬁu.ma it "
And what about pleasure? Is pleasure an wBocoﬁw bm.ap”.. H.émﬁ__
prefer to say it is not, althotigh, just like pain, wmmmmsnn is Hﬂﬂm ” H
related to emotion. Like pain, pleasure is a noumcﬂc”nﬁﬂ qua .W e
tain emotions as well as a trigger for certain na.ononm. While pain y
associated with negative emotions, such as mb.m:_mr_ fear, m..mn—“uw “.M_”. !
disgust, whose combination commonly constitutes what ..m calle o
fering, pleasure is associated with many shades of happiness, pride,
itive background emotions. . .
EWMMWHQ Emmm_ww.n are part of biological design mo“n obviously m&wﬂ”ﬂ
purposes, but they do their job in very &mﬂonﬁ Dﬁﬁw...mﬁmun.mmrn o
the perception of a sensory representation of .run& bﬁnm..ﬂmm ﬂ&ﬂ_
function. In most circumstances when there is actual or Enm“— vo”m
damage to living tissues there arise signals that are transmit

chemically and via nerve fibers of the C and A-8 type, and appropriate

representations are created in the central pervous system, Mn B.Mﬂww
levels. In other words, the organism is n_n&msmm. to respon to the -
tual or threatened loss of integrity of its tissue é:r.m particular JMM?
signaling, The signaling recruits a host of n.rnnznm_ and neur -
sponses all the way from local reactions of ﬂfﬁ blood ﬁmzmu tore
involving an entire limb, toa concerted emotional reaction.
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Pleasure arises in a different setting. Turning to the simple example
of pleasures associated with eating or drinking, we see that pleasure is
commonly initiated by a detection of imbalance, for instance, low
blood sugar or high osmolality. The unbalance leads to the state of
hunger or thirst (this is known as a motivational and drive state),
which leads in turn to certain behaviors involving the search for food
or water (also part and parcel of the motivational and drive state),
which leads to the eventual acts of eating or drinking. The control of
these several steps involves many functional loops, at different hierar-
chies, and requires the coordination of internally produced chemical
substances and neural activity.” The pleasurable state may begin dur-
ing the search process, in anticipation of the actual goal of the search,
and increase as the goal is achieved.

But between the cup and the lip many a slip. A search for food or
drink that takes too long or is unsuccessful will not be accompanied
by pleasure and positive emotions at all. Or, if in the course of a suc-
cessful search, an animal is prevented from actually achieving its goal,
the thwarting of the consummation may actually cause anger. Like-
wise, as I noted in my comment on Greek tragedy, the alleviation or
suspension of a state of pain may cause the emergence of pleasure and
positive emotions.

The point 1o retain here is the possible interrelationship between
pain and pleasure and the attending emotions, as well as the fact that
they are not the mirror image of each other. They are different and
asymmetric physiological states, which underlie different perceptual
qualities destiried to help with the solution of very different problerns.
(The duality of pain and pleasure should not make us overlook the fact
that there are more than two emotions, some of which are aligned

with pain and some with pleasure, mostly the former. The apparent
symmetry of this deep division vanishes as behaviors become more

‘complex in evolution.) In the case of pain, the problem is coping with

the loss of integrity of living tissue as a result of injury, be it internally
caused by natural disease or externally induced by the attack of a
predator or by an accident. In the case of pleasure, the problem is to
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are conducive to the
which 1 Homﬁn ag one
al and cultural evo-

attitudes and behaviors that

meostasis. Curiously, pain,

i f biologic

in determinants of the course © o e

of ﬁ.wn EHMW have begun as an afterthought of nature, —“ﬁ Mﬂ.um X Mb ©

Whmuﬂwﬂr M problem that has already arisen. 1 :mm% m“.nhu M_n Mno.o,anm, -

. tting a good lock on the door after a house

pu

i Rainville has suggested a better metaphor to me: wﬁ“ﬂﬂmx W.MMMH
g .1 front of the house while you repair the ,cuo_.nn.u wi A
guard wn mos not result in preventing yet mﬁoﬁnn. injury, m_M nab et
- el ﬂmwv ¢ rather in protecting the injured tissue, faci ﬂﬂ m.&nn
Eﬁﬁm&mﬁ . mc oiding infection of the wound. Pleasure. cn.ﬂ .n e w .
,ﬂum Mﬂﬂ“ﬂ“@” monﬁNoﬁmrr Jtis related to the clever anticipation

and, 18
what can be done

i i ature
ot to have a problem. At this basic level, o
i i i 00
found a wonderful solution: it seduces us into g

d behavior.
i jes of life
Pain and pleasure are thus part of two different genealogl
regulation. Pain is aligned wit

h vcamrambﬂ and is associated é#_u%n..
her hand, is
haviors such as withdrawal or freezing. Pleasure, o.u the other
&Msma with reward and is associated with behavi

ors such as seeking

d approaching. - roedng and
- Hum auses organisms to close themselves nnﬁ.u :

A d causes organisms 10

open themselv oW .
.:w searching it, and by so doing increasing bo

survival and their yulnerability.

lead an organism to
maintenance of its ho

th their opportunity of
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ers. The essence of joy and sadness, of approach and avoidance, of vul-
nerability and safety, are as apparent in this simple dichotomy of
brainless behavior as they are in the mercurial emotional changes of a

child at play.

THE SUBSTRATE FOR THE REPRESENTATION OF
EmoTioNns AND FEELINGS

There is nothing vague, nothing elusive, nothing nonspecific, about
the collection of responses [ have just described as constituting an
emotion. The substrate for the representation of emotions is a collec-
tion of neural dispositions in a number of brain regions located largely
in subcortical nuclei of the brain stem, hypothalamus, basal forebrain,
and amygdala. In keeping with their dispositional status, these repre-
sentations are implicit, dormant, and not available to consciousness.
They exist, rather, as potential patterns of activity arising within neu-
ron ensembles. Once these dispositions are activated, a number of
consequences ensue. On the one hand, the pattern of activation rep-

resents, within the brain, a particular emotion as neural “object.” On

the other, the pattern of activation generates explicit responses that

modify both the state of the body proper and the state of other brain
regions. By so n_o:um. the responses create an emotional state, and at

that point, an external observer can appreciate the emotional engage-
ment of the organism being observed. As for the internal state of the

creature as simple and "
Its organism, devoid of ]
is little more 3

organism in which the emotion is taking place, it has available both
+ the emotion as neural object (the activation pattern at the induction
sites) and the sensing of the consequences of the activation, a feeling,

provided the resulting collection of neural patterns becomes images
“ih mind.

This fundamental duality is apparent ina

i €.
as nonconscious as a sed anemon

brain and equipped only with a simple nervous mwmﬂmamﬂwcm&nm. oo

" ith two openings, animated by two sets O s g
&..JEM. mcMr,M_oEma lengthwise. The circumstances wwﬁocﬁﬁ ﬂw be
“en aner determine what its entire Organismm does: open up t© ‘)
o ﬂm_wmﬂnv_““ggm flower—at which point water and nutrien
wOor

: i ly it with energy—0or . .
o Msmh%wﬁﬂﬂw&miﬁ, and nearly imperceptible to onr_
wm.ﬁ 3 £}

presumably

The neural patterns which constitute the substrate of a feeling arise
n two classes of biological changes: changes related to body state and
changes related to cognitive state, The changes related to body state

e achieved by one of two mechanisms. One involves what I call the
tracted flat
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“body loop.” It uses both humoral signals (chemical messages con-
veyed via the bloodstream) and neural signals (electrochemical mes-
sages conveyed via nerve pathways). Asa result of both types of signal,
the body landscape is changed and is subsequently represented in so-
MAtosensory structures of the central nervous systel, from the brain
stem on up. The change in the representation of the body landscape
can be partly achieved by another mechanism, which I call the “as if
body loop.” In this alternate mechanism, the representation of body-
related changes is created directly in sensory body maps, under the
control of other neural sites, for instance, the prefrontal cortices. It is
«as if” the body had really been changed but it has not.

The changes related to cognitive state are 00 less interesting. They
occur when the process of emotion leads to the secretion of certain
chernical substances in nuclei of the basal forebrain, hypothalamus,
2nd brain stem, and to the subsequent delivery of those substances to
several other brain regions. When these nuclei release certain newro-
modulators (such as monoamines) in the cerebral cortex, thalamus,
and basal ganglia, they cause several significant alterations of brain
function. The full range of Jlterations is not completely understood
yet, but here are the most important I envision: (1) the induction of
specific behaviors such as those aimed at generating bonding, nurtur-
ing, exploration, and playing; (2) 2 change in the ongoing processing
of body states such that body signals may be filtered or allowed 1o
pass, be selectively inhibited or enhanced, and their pleasant or un-
pleasant quality modified; and (3) a change in the mode of cognitive
processing such that, for example, the rate of production of auditory
or visual images can be changed (from slow to fast or vice versa) of
the focus of images can be changed (from sharply focused to vaguely
focused); changes in rate of production or focus are an integral part of
emotions as disparate as those of sadness or elation.

Assuming that all the proper structures are in place, the processes
reviewed above allow an organism to undergo an emotion, exhibit it,
and image it, that is, feel the emotion. But nothing in the above e~
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view indi i

maomcM_MM”MMm rm”mﬂrm n.;.mmEmE could know that it was feeling the

e s nnmo“.“m. For an organism to know that it has a

feelng L5 ary to add _“_.wm process of consciousness in the after-
processes of emotion and feeling. In the chapters ahead 1

give you my idea of what ¢ i
onsciousness is and i
that we can “feel” a feeling. othow it mayworkso



