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Abstract—Functional neuroimaging and lesion-based neuropsyd
logical experiments have demonstrated the human amygdala’s r
recognition of certain emotions signaled by sensory stimuli, notg
fear and anger in facial expressions. We examined recognition o
emotional dimensions, arousal and valence, in a rare subject
complete, bilateral damage restricted to the amygdala. Recogniti
emotional arousal was impaired for facial expressions, words,
sentences that depicted unpleasant emotions, especially in rega
fear and anger. However, recognition of emotional valence was
mal. The findings suggest that the amygdala plays a critical rol
knowledge concerning the arousal of negative emotions, a fun
that may explain the impaired recognition of fear and anger in pati
with bilateral amygdala damage, and one that is consistent with

amygdala’s role in processing stimuli related to threat and dangey.

Studies in humans provide strong evidence for neural system
are specialized for the recognition of certain emotions. Some o
clearest evidence comes from studies of patients with damage
amygdala, a brain structure long thought to play an important ro

hamygdala may be critical to process a class of emotions that are
léyiarousing and related to threat and danger.
ably, We hypothesized that the human brain contains neural system

ihd that the amygdala is one key component of such systems. W,
redf this hypothesis by asking a rare subject with complete, sele
abdateral amygdala damage to rate emotional stimuli explicitly v
argegpect to the two attributes of arousal and valence.
nor-
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MATERIALS AND METHODS

We studied a rare individual, SM046, who has complete, bilat
damage restricted to the amygdala. Her neuroanatomical and
5 fpkychological profiles have been described in detail (Adolphs €

Ovifhﬁ a high school education who has focal bilateral amygdala ¢
|ea'@e resulting from Urbach-Wiethe disease, a hereditary disease

emotion. Bilateral amygdala damage disproportionately impairs
recognition of unpleasant emotions, especially fear, in facial ex

sions (Adolphs, Tranel, Damasio, & Damasio, 1994, 1995; Brokis @ntrol subjects were also studied in order to provide normative
al., 1998; Calder et al., 1996; Young et al., 1995). These finding$ gfethe tasks. All had a high school education, and none had any
consonant with functional imaging studies in normal individualgy of neurological or psychiatric disease (age: 48 + 15; Verbal I(
which have shown increased neural activity within the amygdala whggs + 10 on Blair & Spreen’s, 1989, National Adult Read
subjects are viewing facial expressions of fear (Breiter et al., 199@5st—Revised). All participants gave informed consent, and the §

Morris et al., 1996).

However, amygdala damage in humans also causes lesser i
ments in recognition of highly arousing emotions that are similg
fear, such as anger (e.g., Adolphs et al., 1994, 1995; Young €
1995). The data so far are thus compatible both with the idea that]
are neural systems specialized for processing specific basic em
(e.g., fear) and with the idea that there are neural systems speci
for processing highly arousing, unpleasant emotions, of which
and anger may be two instances. A direct dissociation on the ba
arousal has been demonstrated in rats: Amygdala lesions interfer
avoidance of water that has been paired with electric shock (a h
arousing, unpleasant stimulus), but do not interfere with avoidan
water that has been made to taste bitter (an unpleasant, but not
arousing stimulus; Cahill & McGaugh, 1990). Also, the amygd
plays a key role in conditioned fear in both humans and rats (Be
et al., 1995; LeDoux, 1996), as well as in fearful and aggres
behaviors (Davis, 1992; Kling, 1986), further suggesting that
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res-Twenty-four (for rating faces) or 18 (for rating sentences) nor
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alizeWe asked subjects to rate stimuli on two distinct attributes of &

sieatgd each stimulus on a 9-point scale with respect to the em
o gégpicted. Our rating instrument consisted of a one-dimensional
ighigo which the subject placed an “x”; this was a simplified versio
ceopreviously developed rating instrument called the “Affect Gr|
highigh has demonstrated reliability and construct validity (Rus
alMeiss, & Mendelsohn, 1989). Subjects were told that for the val
chegale, ratings greater than 5 corresponded to feelings that were
sikeasant than neutral, and ratings less than 5 corresponded to fe
tileat were less pleasant than neutral. Similarly, for the arousal g

energy-arousal-wakefulness than one’s average arousal state, a

ings lower than 5 corresponded to lower energy-arousal or gr|
Usleepiness-relaxation than one’s average arousal state. Subject
aitold that any given level of arousal could be either a pleasant

high-
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twvalized to recognize emotional arousal in negatively valenced stimuli,
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f 4904, 1995; Tranel & Hyman, 1990). SM046 is a 31-year-old woman
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Facial expressions of emotion

Subjects were shown 39 slides depicting prototypical expres
of basic emotions (from Ekman & Friesen, 1976). There were 6 S|
each for happiness, surprise, fear, anger, disgust, and sadness,
neutral expressions (the stimuli were identical to those use
Adolphs et al., 1994, 1995). Slides were shown in random order,
at a time, without time limit. Subjects were asked to rate how
thought the person in each slide was feeling with respect to
arousal and valence, rated in counterbalanced order. Subject S
participated in three replications of this experiment.

Lexical stimuli

Subjects were read 30 sentences (five clear depictions of each
emotion) and the six words denoting the six basic emotions. All s
uli were read to subjects in a neutral tone of voice. The sentg
depicted either a person’s actions (e.g., “Jody giggled and laug
or events (e.g., “Tom’s wife and children had all died in the car cra
but did not provide any verbal label of the emotion. Subjects V
asked to rate how they thought a person would feel when experie|
the emotion denoted by the given label or when experiencing the

arousal. Subject SM046 participated in three replications of this e

sentences.

Discrimination of emotional facial expressions
To investigate SM046’s basic visual perception, we assesse
ability to discriminate faint emotional expressions from neu

tive forced-choice discriminations between 80 pairs of a single ne
face paired with 80 images that were linear morphs between the
tral face and facial expressions of emotion. Percentiles were cal
ed from the data obtained from normal control subjeédts 28).

RESULTS

SMO046 had no visuoperceptual impairment that might accoun
her performances on the experimental tasks. Her Performang
(Wechsler Adult Intelligence Scale—Revised) was 90, and she hé
difficulty perceiving and copying complex visual figures (e.g., R
Osterrieth complex figure score: 30; normal range: 30 + 3.4) or ma
ing different views of an individual’'s face (Benton Facial Recognit
task: 71st percentile; Benton, Hamsher, Varney, & Spreen, 1983)
was able to discriminate fine differences between emotional ex
sions (see Methods) at better than the 60th percentile for all emg

function (Tranel & Hyman, 1990).

Ratings of Valence and Arousal in Facial Expressions

When shown facial expressions of emotion, normal subjects
ably rated the emotions sadness, anger, disgust, and fear as unpl
and happiness as pleasant. Sad and neutral faces received re
low ratings of arousal, and faces expressing fear, anger, happineg
surprise received high ratings of arousal. These results are in
agreement with other data from normal subjects (Russell, 1980;

situation of the sentence. Again, subjects rated both valence an

iment. All subjects were able to name the correct emotion in a

dnere than 4 standard deviations for certain emotional facial ex
amens (Fig. 1). We calculated for each face the difference bet
h8\046’s arousal rating and the mean rating given to that face b
bdthnormal control subjects (Fig. 2). This analysis showed clearly]
M&#5 assigned abnormally low arousal ratings to negatively vale
emotions. The two negative emotions that control subjects judg
be the most arousing, fear and anger, were given the most abn
ratings by SM046. The specificity of the impairment is especi
striking when comparing pleasant and unpleasant emotions tha
t?bggtlﬁ highly arousing. For example, SM046’s ratings of the arous
nsCLég)rise were .Withi.n the normal range, whereas her ratings of
1eV(\1I' re severely |mpa|red._ o _ _
Sh,Q e wanted to examine the possibility that the disproportio
vera o

irments in rating the arousal of anger and fear might result
gﬁ from a larger variance in the ratings given by SM046. The |

nci . e . . .
.hegative deviations of her ratings from control ratings in the cas

IYEL and anger could have resulted in part from the fact that it si

W?._S possible to deviate more from normal ratings on these emg
n it was possible to deviate on other emotions. To address this
we calculated the difference measure that would be obtained if g
ject generated random ratings. As Figure 2 shows, the expected

ence of random ratings from normal ratings (gray curve) is also lo
for anger and fear. However, SM046 often gave lower rating
d dreusal to negative emotions than would be the case if she wer
tradg random ratings, as also borne out by the fact that her mean al

utral; Fig. 1). It thus appears that SM046 judged negative emotio
resdnibit abnormally low levels of arousal.
culat-

Ratings of Valence and Arousal in Lexical Stimuli

SMO046 showed a severe impairment in her ability to recognizg
arousal signaled by sentences and by words denoting negative|
t fwns (Fig. 3). She rated sentences depicting anger or fear as “
eirl@” ratings that were typically more than 5 standard deviations b
ckh® mean for the normal control subjects. For two of the sente
egyepicting fear, every normal subject gave arousal ratings of 9
attlighest possible rating), whereas SM046 gave ratings of 6 (to the
iolence “As the car was speeding down the mountain, Mike ste
Sloevn to find that he had no brakes”) and 3 (to the sentence “
presved her hands in the air and yelled for help, as the boat was
tiongg). However, she gave normal ratings of valence to all emotion

but sadness (40th percentile). She had no impairments in language

DISCUSSION

SMO046 rated the valence of emotional facial expressions nornjally.
sidfey ratings of valence were within 2 standard deviations of the control
idesan for all six basic emotions. By contrast, she was severely
amgpd@red in her ratings of arousal, differing from the control mean by
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expressions, for all six basic emotions. This task required two-alteérratings of negative emotions were less than 5 (less arousing than neu-

ns to

2 the
emo-
elax-
elow
nces
(the
sen-
pped
Sally
sink-
S

We report here a subject with selective bilateral amygdala da

clastal expressions, especially fear and anger. It is not the cas

sell et al., 1989).
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who showed a specific impairment in judging various classes of $tim-
relli that signal unpleasant emotions: an inability to recognize their
casantal, with a spared ability to recognize their valence. The data pro-
athadyfurther detail to previously reported impairments in the ability of
ssabfbcts with bilateral amygdala damage to recognize certain negative

that

Riitateral amygdala damage impairs all knowledge regarding such
emotional expressions; rather, it impairs the knowledge that they are
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Fig. 1. Mean ratings of arousal and valence for 39 facial express
of emotion. Data were averaged for all faces that express the
emotion (6 of each basic emotion; 3 neutral). Means and stal
deviations are shown for 24 normal control subjects (white bars
for subject SM046 (black bars; three experiments). An asterisk
cates that SM046’s ratings were more than 2 standard devig
below the control mean. Ratings greater than 5 denote more ple

or more arousing, emotions than neutral; those less than 5 denote pufy

unpleasant, or more relaxing, emotions than neutral; neutral itsel
given a rating of 5 (horizontal line).

arousing. This interpretation may explain impaired recognition of
in subject SM046 (Adolphs et al., 1994, 1995), and it may acc
also for impaired recognition of fear and anger in other subjects
bilateral amygdala damage (Broks et al., 1998; Calder et al., 1

"‘qﬂ{ airment we report is due primarily to impaired acquisition o
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Fig. 2. Comparisons between 24 normal control subjects and SN
in rating the magnitude of arousal signaled by 39 facial express
Each circle plots the difference between SM046’s arousal rating
the control subjects’ mean arousal rating for a given fa@Dinnits.

The stimuli are rank-ordered on the x-axis according to their perc
similarity (Adolphs et al., 1994, 1995); expressions of emoti
judged to be more similar are adjacent on the axis. The solid
curve indicates the measure expected for completely random ral
that is, it represents the expected (average) difference of rando
ings from the control subjects’ mean ratings, calculated as (5 —
normal rating)/SD.

It is interesting to note that SM046 is able to recognize m
individual unpleasant emotions other than fear, and that she can
rectly retrieve considerable knowledge about unpleasant emot
including fear (cf. Adolphs et al., 1995). She also shows an ap
ently normal emotional response, both in terms of subjective e
rience and in terms of physiological measures, to some emoti
stimuli. In particular, she rated her emotional experience of
unpleasant, arousing slide show normally (Adolphs, Cahill, Sc
& Babinsky, 1997), and she shows normal skin conductal
response to auditory startle stimuli (which could also be classi
as arousing and unpleasant; Bechara et al., 1995). The present
ing thus suggests a rather specific role for the human amygdal
emotion: not in emotional experience, and not in emotional resp
to unconditioned stimuli, but rather in a particular domain of kno

e about emotions.

SAMR gditional investigations will be needed to determine whether

ngi aired retrieval of knowledge. We (Adolphs, in press; Adolg
UPNS archers (Phelps & Anderson, 1997) have conjectured th3
a an amygdala may be more crucial for the acquisition of kn
W@é&% regarding emotions than for subsequent retrieval. Prior case
168 hinted that amygdala damage can impair recognition of fe
facial expressions if the damage is sustained early in life, but no
is sustained in adulthood (Adolphs et al., 1994; Hamann et al., 1
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see also Anderson, LaBar, & Phelps, 1996), and both functional i

ag-

feiag (Cahill et al., 1996) and lesion studies (Adolphs et al., 1997;
buddhill, Babinsky, Markowitsch, & McGaugh, 1995) have demonstrat-
witth the human amygdala’s involvement in encoding declarative krjowl-
986ge regarding emotionally arousing material. In the present rase,

Young et al., 1995).
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or more relaxing, emotions than neutral.

as at birth. One explanation of the findings is thus that SM046 1
acquired normal conceptual knowledge concerning the arous
unpleasant emotions, and is hence unable to retrieve such know
on the experimental tasks. This possible role for the amygdal
declarative knowledge may bear some analogy to the establishe|

may be important in regard to the acquisition, but not the retrievg
declarative knowledge; and both structures may participate in the
solidation of long-term memory stores over the course of many y

Fig. 3. SM046’s (filled circles; three experiments) and normal control subjects’ (bard;8I mean iSD) ratings of emotional sentences 4
words depicting basic emotions. The words were the labels “happy,
for each basic emotion) depicted either a situation typical of an emotion (e.g., “The alley was very dark, and the footstdpadzehiere
getting louder”) or a behavior typically associated with an emotion (e.g., “Jody giggled and laughed”), but there was no mention of t
the emotion. Ratings greater than 5 denote more pleasant, or more arousing, emotions than neutral; those less than 5 denote mo

of the hippocampus (Zola-Morgan & Squire, 1990): Both structiyirespleasant stimuli would parallel its demonstrated role in acqu

” o« ”u ”w

surprised,” “afraid,” “angry,” “disgusted,” and “sad.” The 30 sen

ederelopment. In the case of the amygdala, this role may be both
alspécific (pertaining to stimuli that signal threat or danger) and
letigeet (pertaining to modulation of declarative memory systems ra
athan direct encoding; McGaugh, Cahill, & Roozendaal, 1996). A
dfariehe amygdala in acquiring declarative knowledge for arous

l,aainditioned autonomic responses that have been associated w
caversive startle stimulus. It thus appears that the amygdala is imp
eboth in associative and in declarative forms of emotional men

nd
ences (5

ne label of
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more
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(Rempel-Clower, Zola, Squire, & Amaral, 1996), for example, dur
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Evolutionary explanations have been offered for a variety of ag
ently domain-specific cognitive processes, including retrieval
knowledge about concrete entities (e.g., Caramazza & Shelton,
and reasoning about social exchange (Cosmides & Tooby, 1
Although the generally post hoc nature of evolutionary explanat
requires cautious interpretation, one plausible scenario is that rel
ly modular neural systems evolved to deal with situations of pote
danger and threat. Both the requirement for speed and the need {
ger a particular class of behaviors may make specialized sys
advantageous. Highly arousing, negatively valenced stimuli, w
could be expected to pose rather imminent threats to the organ
survival, are those for which a particular class of rapid respon
imperative. It is for such stimuli that the amygdala’s role in behavi
and somatic response is clearest from animal studies. The preser
ings from a human subject indicate that the amygdala’s role
encompass yet a third component triggered by such stimuli: ret
of specific types of declarative knowledge.
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