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Abstract—A growing body of evidence from humans and other 3
mals suggests the amygdala may be a critical neural substrate
emotional processing. In particular, recent studies have shown

damage to the human amygdala impairs the normal appraisal
social signals of emotion, primarily those of fear. However, effec
social communication depends on both the ability to receive (g
tional appraisal) and the ability to send (emotional expression) s
nals of emotional state. Although the role of the amygdala in

appraisal of emotion is well established, its importance for the p
duction of emotional expressions is unknown. We report a case §
of a patient with bilateral amygdaloid damage who, despite a se
deficit in interpreting facial expressions of emotion including fe
exhibits an intact ability to express this and other basic emotions.

dissociation suggests that a single neural module does not suppo
aspects of the social communication of emotional state.

Internal affective states are often associated with the productig
observable emotion-specific facial (Ekman, 1992) and vocal (Sch
1986) expressions. These substantially invariant signals allow fo|
fective nonverbal social communication of emotional state. So
organisms are often dependent on the correct appraisal of these s
to mobilize appropriate actions to biologically significant events.

example, in nonhuman primates, it has been shown that the obs| R4

tion of social signals of fear early in development is critical for t
acquisition of normal affective reactions to dangerous environme
stimuli (e.g., Mineka, Davidson, Cook, & Keir, 1984). In light of i
biological importance, social-emotional communication has been

posed as representing a distinct capacity supported by a defined rj h
substrate (Borod, 1993; Bowers, Bauer, & Heilman, 1993; Kling &

Brothers, 1992; Rosvold, Mirsky, & Pribram, 1954).

Recent progress in specifying the neural substrates of human
tion has emphasized the involvement of the amygdaloid comple
relatively small cluster of nuclei located within the anterior tempg
lobes (e.g., Aggleton, 1992; LeDoux, 1996). Numerous source
evidence from both human and nonhuman animals suggest thg

amygdala is involved in such varied emotional functions as the ag

quisition of conditioned-fear responses (e.g., Bechara et al., 1
LaBar, Gatenby, Gore, LeDoux, & Phelps, 1998; for review,

LeDoux, 1996), the emotional modulation of memory (LaBar
Phelps, 1998; for review, see Cabhill & McGaugh, 1998), and
evaluation of stimuli with affective significance (e.g., Blanchard
Blanchard, 1972; Irwin et al., 1996), including social expression
emotion (Adolphs, Tranel, Damasio, & Damasio, 1994; Breiter et
1996; Broks et al., 1998; Calder et al., 1996; Morris et al., 19
Young, Hellawell, Van De Wal, & Johnson, 1996). Accordingly, t
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namygdala has been widely viewed as the best candidate for a n
fubstrate dedicated to emotional functioning.
that Evidence supporting the amygdala’s involvement in social ¢

ivenhuman primates. Such lesions have been shown to cause &
mering of social rank (Rosvold et al., 1954), which can result in isg
igion and eventual early mortality in the wild (Kling & Brothers, 1992
thEhere is now substantial evidence implicating the amygdala in
rarormal evaluation of social signals in humans as well. Lesions of
taayygdala in humans impair the evaluation of critical nonverbal so
esgnals such as direction of eye gaze (Young et al., 1996) and
ambility to distinguish between threatening and docile-looking fa
r{isdolphs, Tranel, & Damasio, 1998). The majority of evidence
rtdgimonstrated that the human amygdala is more important fo
appreciation of social signals related to danger than for the appr
tion of any other stimulus class (Adolphs et al., 1994, 1998; Breite
nacLT" 1996; Broks et al., 1998; Calder et al., 1996; Morris et al., 19
ott et al., 1997). In particular, damage to the amygdala yields
rentially severe impairments in the evaluation of expressions of
| dolphs et al., 1994; Broks et al., 1998; Calder et al., 1996). T
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strate for the appraisal of social signals to biologically signifig
LRMents.
he However, the specification of the human amygdala’s role in
nta) _ ! ;
sSources of evidence support the conclusion that the amygdala i
ortant for the evaluation of emotional social signals, particulg
% e of fear, the extent of the amygdala’s larger contribution
motion and its social communication remains unclear. The effeg
social communication of emotion requires the capacity to both eng
A ée_nd) and decode (receive) emotional signals. If the amygdala
ngrts all aspects of emotional signaling in humans, then it shoul
mage to the amygdala should result in similar impairments in
jlity to express and to evaluate facial expressions of emotion.
tested this hypothesis in a patient with bilateral amygdala dan
gé%atient S.P.), by examining conjointly her ability to evaluate and
;eeg(’press fear, and five other basic facial signals of emotion.
&
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96; Wwe studied S.P., a 54-year-old woman whose first signs of
'Fological insult occurred early in development, at approximately 3

4 years of age. S.P. was later diagnosed with epilepsy. She was
sheidered for surgical treatment when her medically intractable com
apartial seizures of right medial temporal lobe origin began to og
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with greater frequency during middle age. At the age of 48, §

VOL. 11, NO. 2, MARCH 2000

5.P.



PSYCHOLOGI

CAL SCIENCE

Adam K. Anderson and Elizabeth A. Phe

had her right amygdala removed secondary to an anteromedial
poral lobe resection. In addition, prior to her right temporal Ig
resection, a lesion in the left amygdaloid region was observed.

biopsies in this region revealed reactive gliosis extending throug
her left amygdala. More detailed information on S.P.’s neuropsyc
logical status and illustrations of the extent of her lesions are avail
in Phelps et al. (1998).

S.P. received a high school education, has taken college cou
and presents a normal neuropsychological profile, including nor
1Q (Verbal IQ of 104, Performance IQ of 107, and Full-Scale 1Q
106 on the Wechsler Adult Intelligence Scale—Revised). S.P.’s vis
perceptual functioning was found to be largely unimpaired. Her
crimination of the identity of unfamiliar faces, as assessed by
Benton test of facial discrimination (Benton, Hamsher, des Varney
Spreen, 1994), was intact. In addition, S.P. was asked to judge w
er a face exemplar was male or female and to make old/young j
ments regarding the age of faces. She revealed a largely intact &
to discriminate both the gender (40/40 100%) and the age (28/3
= 87.5%) of unfamiliar faces. These findings suggest S.P. was
to interpret multiple sources of nonemotional information containe
faces.

We compared S.P.'s performance with the performance of
control subjects of similar age and education on three measurg
emotional functioning: facial affect evaluation, lexical affect ident
cation, and facial affect generation. Informed consent was obta
from all participants prior to their participation.

Materials and Procedure

Facial affect evaluation

For this task, S.P. and control subjects rated how appropriatel)fy%e during the 10 s of filming. The three remaining judges w

verbal emotion term matched a presented facial expression. Six
tion terms were used in the experimetfr&id, angry, disgusted
happy sad andsurprised, and the facial stimuli consisted of protc
typical exemplars for these emotions, plus neutral expressions.
facial emotion category had six independent exemplars of that &
tion (three male, three female), for a total of 42 facial stimuli. Fa
affect stimuli were a selected subset from Bietures of Facial Affect
series (Ekman & Friesen, 1976). From the provided norms, the 3
age percentage agreement for the six exemplars chosen to rep
each emotion in this experiment was 90.8% for afraid, 92.5%
angry, 97.5% for disgusted, 99.8% for happy, 88.5% for sad, and
for surprised facial expressions.

The experimental procedure was based on that of Adolphs €
(1994). Upon presentation of a facial exemplar, participants we
evaluate the facial expression with regard to a previously prese
emotion term. For example, when presented with the term “hap
subjects were asked to respond to the question “How happy doe
person look?” on a scale from 1 to 6 & not at all, 6 = very much.
Each face was seen once with each emotion term. Emotion terms

blocked so that a subject was given the same emotion term for all 42we first considered the ratings of the facial expressions protot

faces before the switch to a new emotion term. The order of blg

was randomized across participants. Neither S.P. nor control suh

had been exposed to any of these stimuli prior to testing.

Lexical affect identification
For this task, S.P. and control subjects were asked to indi

Ndasgust, fear, happiness, sadness, and surprise). Participants
hagked to read each sentence independently and pick from th

alsieuation.

Higcquired 8-bit images at a rate of 30 per second. A window of

nefkpression termsafraid, angry, disgusted happy sad and sur-
Lggised, with a neutral expression administered first as a baseline.

2 him or her feel the named emotion and then show what the approp
al_fé@ial expression for that emotion would look like. Each emotion v
0 Bdministered twice in succession, with filming lasting 10 s per tr

temwritten sentence. Ten sentences were administered for each
bsix emotion types used in the facial affect evaluation task (an

hemotion terms the one that was most appropriate for the desc

rsesf-acial affect generation
mal For this task, S.P. and control subjects were asked to pos¢
oémotions they were previously asked to evaluate. Participants
upbsitioned in the view of a computer-controlled digital camera t

théotage of the subject’s actions was presented on the computer s
,@n a given trial, each subject was presented with one of six fa

bibiéitticipant was requested to first think of an event that would m)

The order of emotion terms was random across participants. Co|
2@bjects performed the facial generation task approximately 1.
2Salfowing completion of the facial evaluation task. S.P. generated
fiexpressions 1 month following completion of the facial evaluat
inedk.

Scoring of the generated affective expressions was accompli

tion-blind observer was asked to select a single clip from each o
two films taken of each expression type, resulting in 12 clips
expressions x 2 runs), plus a neutral expression. Each clip was cli
to represent the point of “peak” expressiveness for the given emg

PBfEsented with these isolated film clips plus the neutral expressio
comparison. Each judge was asked to rate the appropriateness o
“expression for its target emotion on a scale fromdt,at all, to 6,very
EAtich Al judges were first given prototypical exemplars of ea
"¥rotion type from thePictures of Facial Affecseries (Ekman &
'1a—lriesen, 1976) to use as a basis for their ratings. The reliability of
ratings was then determined by computing the average correl
VBEtween the ratings of the three judges (average Peansea’s76).
ePRBtaggregate reliability of the composite ratings across the t
f fdges was computed with the Spearman-Brown equation (91).
P8RAth this sufficient interjudge agreement, we collapsed the rati
across judges and submitted the average ratings for S.P. and ¢

t?'ijects to analysis.
0
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RESULTS

WereFamal Affect Evaluation

ckal for each emotion term and found that S.P. was severely impa
jeather appraisal of fear, yielding a mean rating of 2.67 out af 6(
3.3, p < .05). However, her impairments were not restricted to f¢
S.P. revealed diminished sensitivity to expressions of disgdst(
2.17,z = 6.9,p < .05), sadnesdM = 3.17,z = 2.8,p < .05), and,
catea lesser extent, happiness & 4.33,z = 3.5,p<.05), as well. Her
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Although we cannot ascertain whether these deficits in evalugtiggpressions (ratings of 2.67 and 2.17, respectively). A comparisg
expressions in addition to fear are due to damage to S.P.’s amygdarial expression evaluation in S.P. and other patients with bila
directly, or to her additional right-hemisphere cortical lesions, evémygdala damage is available in Adolphs, Tranel, et al. (1999).
dence suggests that selective amygdalar lesions result primarily in
impairments in fear (Adolphs et al., 1994; Calder et al., 1996). [Pa- . .
tients with more encompassing lesions to the amygdala and ¢therb€Xical Affect Identification
_medial temporal lobe _structures have also shown less selective d fiCitSS.P.’s deficit in evaluating facial expressions of fear, however,
In recognition of faC|aI_ EXpressions (Anders_on, LaBar, & Phe PPot due to an inability to interpret the meaning of the emotion te
1996; Schmolck & Squire, 1999)' Acrqss patients, hovyever, da a3ed in the experiment. When asked to assign the appropriate enj
to the amygdala is most associated with impairments in the recqgpy el to descriptions of emotional situations, S.P. performed within
tion of fear (Broks et al., 1998). Further, S.P. exhibited a patter rmal range on all emotions: Out of 10 séntences for each ema
impairment in the evaluation of expressions other than fear th tdSe chose the correct label 9 times for fear (vs. 9.0 + 2.4 for cor

largely cpnsistent with her exira-amygdalar damage in the right a:.q]bjects), 7 times for anger (vs. 9.2 £ 2.7), 8 times for disgust (vs
teromedial temporal lobe (Anderson et al., 1996). Thus, we co S§r1_7), 9 times for happiness (vs. 9.6 + 1.4), 10 times for sadness

are associated W|th_le5|ons of her amygd’alz_i. . . relatively intact lexical knowledge of various emotional states.
To further establish the extent of S.P.’s impairment in the evalu-

ation of fearful facial expressions, we next analyzed her evaluatign of

fearful content across expressions prototypical of various emoti NS. Eacial Affect Generation
Figure 1 illustrates that unlike control subjects, S.P. did not discrimi-

nate fear from expressions prototypical of other affective states. In As illustrated in Figure 2, the average ratings of the three jud
fact, she perceived expressions of sadness as more represent
fear than prototypical expressions of fear (ratings of 3.17 for sad fadsstter than, the mean performance of control subjects for all exg
vs. 2.67 for fearful faces). Similarly, although the control subje¢tsion types. There were no significant differences between S.P.

tral expressions (1.67), S.P. barely discriminated fearful from ne

vatively assert that S.P.’s deficits in recognizing expressions of ey 3.3), and 5 times for surprise (vs. 8.7 + 2.6). Thus, S.P. revelled

ratings were much higher for fearful expressions (4.77) than for netbntrol subjects on any expression tyges¢ores ranged from —0.0[L
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tfel happy to —1.47 for angry, ajps > .14). S.P.’s expressions we
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Fig. 1. S.P.’s and control subjects’ ratings of fear for expressipriig. 2. Condition-blind judges’ ratings of the appropriateness
prototypical of six emotion types plus neutral expressions. The ratin§<P.’s and control subjects’ facial expressions. The ratings indicate
indicate how much S.P. and control subjects viewed each typehafw much the judges viewed each subject’s facial expressions as
facial expression as representative of fear, on a scale fronotlat | representative of the target emotion, on a scale fromot &t all) to
all) to 6 (very much. Data for control subjects are represented by opeh (very much. Data for control subjects are represented by op
circles (overlapping data points are not represented), and S.P.’s raticigsles (overlapping data points are not represented), and S.P.’s ratings
are represented by filled squares. The heavy horizontal bars indicate represented by filled squares. The heavy horizontal bars indicate
means for the control subjects. means for the control subjects.
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generally as accurate as the upper range of control performance,
ing from the 50th percentile for happy expressions to the upper
percentile for sad expressions.

In particular, although S.P. provided little evidence that she cg
identify expressions of fear, she was remarkably capable of displa
fear. The judges’ ratings revealed that S.P.’s fearful expressions
in the normal range (4.43 vs. 2.96 for control subjeatsy -1.1,
p > .30) and were as accurate as the upper range of control sub

€

fearful expressions, falling in the top 85th percentile. As illustrate

Figure 3, standardized difference scores between S.P. and cor
subjects reveal that although S.P. was severely impaired in her rati

of fearful faces, judges rated her fearful expressions as intact.

dissociation is best illustrated in Figure 4a. The picture on the left

a prototypical exemplar of fear from tHeictures of Facial Affect]
series (Ekman & Friesen, 1976). S.P. did not endorse this fa

fearful in the evaluation task, giving it a rating of 2 on the fear sca

(in comparison, control subjects gave it a rating of 2.6; 1.97,p <

.05). S.P.’s graphic portrayal of fear is shown on the right in Figure|4

Figure 4b shows examples of S.P.’s generated expressions to e
the six basic emotion types. As these illustrations demonstrats
contrast to her impaired performance in the evaluation of facial e
tion, S.P. is largely able to convey emotion with her own face.

S

q

L]

Im

DISCUSSION
Evidence of S.P.’s impaired ability to evaluate facial expressior
consistent with the human amygdala’s proposed role in the appr|
of social displays of emotion (Adolphs et al., 1994; Breiter et
1996; Broks et al., 1998; Calder et al., 1996; Morris et al., 1996).
2
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Fig. 3. Standardized difference scores (S.P.’s minus control subje
means) for performance on the evaluation and the generation of fi

Fig. 4. S.P.’s generation of facial expressions. In (a), the face on
left is an example of a fearful expression that S.P. did not endorg
fearful; the face on the right is an example of S.P.’s own fa
expression of fear, rated to be an accurate depiction of fear by
2afiftion-blind judges. The faces in (b) are examples of S.P.’s fa
aeRpressions of neutral content (1), fear (2), anger (3), happiness

and Elizabeth A. Phelps
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expressions of fear.
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sadness (5), disgust (6), and surprise (7).
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results agree with those of previous studies in that we found [thEherefore, her impaired perceptions were not likely to have aided
damage to the amygdala impairs the normal appraisal of fearful facéddility to generate accurate facial expressions. In addition, both
displays (Adolphs et al., 1994; Broks et al., 1998; Calder et al., 199@)yd control subjects were requested to first think of an event ap
but we also found that S.P.’s impairments in the appraisal of facilliate for the target emotion to be displayed. The importance of
emotion were not restricted to fear. Considering her extra-amygdalastruction, and whether genuine affective states were induced in
damage, it is not possible to ascertain whether these additional iamd control subjects, is unknown. Nevertheless, if S.P. were impa
pairments are due to damage to the amygdala specifically, or tg fethe ability to achieve the target affective state relative to con
additional right-hemisphere anteromedial temporal lobe resegtisbjects, we expect this would have resulted in muted facial exg
(Anderson et al., 1996). Nonetheless, our findings suggest that giéeness, which was not apparent in S.P.’s performance. In fac
extent of her bilateral amygdalar damage is sufficient to reveal|iffiough her performance did not differ significantly from that
pairments in evaluating expressions of fear, as found in prior stud@ntrol subjects, judges rated her expressions to be generally
(Adolphs et al., 1994; Broks et al., 1998; Calder et al., 1996). | accurate.

In contrast, we provide evidence that lesions of the amygdalaland
surrounding right-hemisphere anteromedial cortex do not compromise
the ability to express fear and other basic emotions. S.P.’s inability to WHAT IS THE HUMAN AMYGDALA'S ROLE IN
correctly appraise the emotional meaning contained in faces, despite SOCIAL COMMUNICATION?

her accurate portrayal of these same emotions, provides evidenc tha.i_he amygdala’s selective contribution to the appraisal but not

these two functions are dissociable (Borod, Koff, Lorch, & Nichol Séx ression of emotion mav be revealing about the amvadala’s pre
1986; Ross, 1981). Much as verbal language is divided into co P Y 9 ¥ b

; . . : .role in humans. One well-established function of the amygdala i
hension and production processes in the brain (e.g., Geschwind, . . ' . . ;

. . . .| cohtribution to emotional learning and memory (Cahill & McGaug
1970), the evaluation and generation of nonverbal emotional sign

- o . 8; LeDoux, 1996). We propose that the facial display of emo
appear to be largely distinct (_:ap_acitles, dependent on dlfferent "ot mediated by the amygdala because it is not an acquired cap
regions (g:g., ROSS’_1981)' This finding prow_des.further eyldence hff‘ﬁe production of nonverbal expressions of emotion is thought t
like cognition, emotion has a modular organization. Emotions are|

- ) r\?tigely innate (Darwin, 1872/1998), as suggested by demonstral
unitary constructs supported by a single neural locus, but can

Gt the congenitally blind and deaf display a variety of facial

decomposed into specialized subcomponents. Accordingly, the Q5| emotions (Eibl-Eibesfeldt, 1973). Although there is evidenc
served selectivity of impairment for the particular mode of comn

erve _ _ Yuggest that young infants can visually discriminate some emo
nication (evaluation vs. generation) demonstrates that the h””{ﬁﬂelson & De Haan, 1997), competence in evaluating facial ex
amygdala supports only the encoding of affect, and therefore does ggfs continues to develop well past infancy (Kolb, Wilson, & Tayl
play a larger role in the social communication of emotional state|. 1992; Nelson & De Haan, 1997). The amygdala may therefor
Facial expressions are often an observable concomitant of int

2Iidbortant for the acquisition of the significance of facial expressi
affective states. Our finding of spared affective facial behavior Mayonsistent with this notion, some studies suggest that damage

then be viewed as Contradicting evidence of the amygdala’s role in mygde“a ear|y in deve|opment is an important prerequisite for

her
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generation of affective experience (for review, see Davidson & Ir
1999). However, our results cannot address directly the amygd
involvement in the evocation of central affective states and their
fluence on resultant spontaneous facial expressions. Electrop|
ological measures suggest that spontaneous facial expres
accompanying changes in affective state involve the recruitmer
anterior brain regions (Davidson, Ekman, Saron, Senulis, & Frie
1990) that may include the amygdala. Rather than implicating
amygdala, however, such findings more likely reveal that regi
within the frontal lobes, such as the ventromedial or orbitofro
sectors, are critical for the generation of affective experience
vidson & Irwin, 1999) and associated facial expressions (Wed
Miller, & Trevarthen, 1990). We conclude that the amygdala is
necessary for the appropriate facial display of fear and other emot
but may nevertheless be involved in their amplification in genu
emotion-eliciting contexts.

There may be some concerns regarding the basis of S.P.’s i
facial expressions. For example, the ordering of the tasks allowe
S.P. and control subjects to view facial expressions before being g
to generate them. Could this initial viewing possibly have helped
to generate facial expressions? This is unlikely for two reasons
S.P.’s case, the delay between the evaluation and generation task
sufficiently long (i.e., 1 month) to make this explanation improbal]
Further, S.P. offered little evidence that she could easily discrimi
expressions of fear, for example, from those that were simply neu

110

ifmpaired evaluation of facial expressions (Adolphs et al., 1994;

alaisderson et al., 1996; Hamann et al., 1996; but see Broks ef al.,

in99s).

hysi-This interpretation, however, is restricted to the domain of npn-
sigevpal expressions of emotion. We found that S.P. revealed intact

tkefowledge related to fear and other emotions she found difficult to

sémterpret from faces. She revealed no deficit in matching emotion

tiherms appropriately to descriptions of emotional situations. This rgsult

oI consistent with findings from other studies of patients with amyg-

talala lesions revealing largely spared emotional knowledge (Adolphs,

1D‘§J=anel, Damasio, & Damasio, 1995; Broks et al., 1998; but see |Ad-

allphs, Russell, & Tranel, 1999). Intact comprehension of emotion-

nanducing situations, at least as tested here, is mediated through lexical
okispwledge. Thus, as previously argued (Adolphs et al., 1995),| the

reemygdala may be more important for the analysis of nonverbal than
verbal expressions of emotion (Adolphs et al., 1994, 1998; Young

nteical., 1996). Accordingly, although situation-emotion schema rmay
i @ learned, they may be largely mediated through verbal knowledge,
sked hence are likely supported by other neural systems outsid
5.&mygdala.

the

. In The amygdala may also be involved in the acquisition of emotignal
sreggonses through nonverbal social communication. For example, it
ldas been shown in nonhuman primates that the social display of| fear

nasean important pathway for learning about the emotional significance
trad.potentially harmful stimuli (e.g., Mineka et al., 1984). Thus, fearful
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facial expressions may be important for learning to fear previolisBalder, A.J., Young, A.W., Rowland, D., Perrett, D., Hodges, J.R., & Etcoff, N.L. (19

neutral environmental stimuli. According to this perspective,
amygdala’s contributions to the appraisal of social signals may
related to the role such expressions play in the acquisition of stim
significance. Therefore, the preserved expression but impaired
praisal of facial expressions may reflect the amygdala’s larger
more fundamental role in emotional learning and memory (Cahil
McGaugh, 1998; Phelps & Anderson, 1997).
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