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The amygdala is a subcortical structure implicated in both the expression of
conditioned fear and social fear recognition. Social fear recognition deficits
following amygdala lesions are often interpreted as reflecting perceptual
deficits, or the amygdala’s role in coordinating responses to threats. But
these explanations fail to capture why amygdala lesions impair both physio-
logical and behavioural responses to multimodal fear cues and the ability to
identify them. We hypothesized that social fear recognition deficits follow-
ing amygdala damage reflect impaired conceptual understanding of fear.
Supporting this prediction, we found specific impairments in the ability
to predict others’ fear (but not other emotions) from written scenarios
following bilateral amygdala lesions. This finding is consistent with the sug-
gestion that social fear recognition, much like social recognition of states like
pain, relies on shared internal representations. Preserved judgements about
the permissibility of causing others fear confirms suggestions that social
emotion recognition and morality are dissociable.
1. Introduction
The amygdala is a subcortical structure implicated in a wide array of social and
affective processes but essential for relatively few [1–5]. Among its essential
functions are coordinating the acquisition and expression of conditioned fear.
Acquired amygdala damage reliably impairs fear conditioning, and behaviour-
al, physiological and (in humans and perhaps other species, subjective)
responses to threats [6–9]. These impairments are typically paralleled by deficits
in social recognition of others’ fear (but typically not other emotions) across
multiple cues and modalities, including facial expressions, vocal tones, body
postures and musical compositions [10–17]. Various theories aimed at explain-
ing these paired deficits in fear responding and social fear recognition do not
capture some portion of the observed findings. We hypothesize that acquired
amygdala lesions impair the ability to generate representations of internal fear-
ful states, thus impeding recognition of those states. We show, consistent with
this hypothesis, that established social fear recognition deficits in a patient with
acquired bilateral amygdala lesions extend to failures to predict which of a
series of written statements would cause fear. These results contradict hypoth-
eses that social fear recognition deficits following amygdala damage result
solely from impaired threat detection or perceptual deficits and suggest a role
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for the amygdala in maintaining internal representations of
fear. Moreover, preserved judgements of the morality of caus-
ing others fear following amygdala lesions confirm that
judgements of social emotion and morality are dissociable.

Fear is the multimodal state that accompanies the
anticipation of aversive outcomes and promotes adaptive
responses, including avoidance and escape [18–20]. The amyg-
dala is thought to play a key causal role in generating this state
[21] because lesions to the amygdalaconsistently impair various
facets of conditioned fear expression, experience and learning,
including cognitive, physiological and behavioural responses
to threats [6,7,22,23]. Such lesions also reliably impair the ability
to recognize others’ fear across visual and auditory modalities
[13–15,23]. These deficits are yoked, such that patients with
amygdala lesions who do retain coordinated fear responses
also show preserved recognition of others’ fear [17].

Some have suggested that these correlated deficits in
fear responding and social fear recognition simply reflect
the amygdala’s role in coordinating responses to threats
[18,24–26]. But this explanation requires that fearful expressions
are interpreted primarily as threats, whereas behavioural evi-
dence shows that among typical respondents, fearful
expressions are viewed as appetitive, not aversive [27,28].
This explanation also does not capture why amygdala lesions
impair not just physiological and behavioural responses to
social fear cues, but the ability to identify them as fearful. An
alternate theory holds that the amygdala supports social fear
recognition by directing spontaneous attention to salient, diag-
nostic perceptual features of faces, like the eyes of fearful
expressions, thus facilitating their recognition [29–32]. But this
theory struggles to explain why amygdala lesions also impair
recognition of fearful stimuli without any single diagnostic
cue, like fearful voices andmusic [10,11,15]. A third explanation
posits that the amygdala coordinates the generation of a
multimodal internal representation—or central state—of fear
[11,18,33,34]. According to this theory, amygdala damage
impairs social fear recognition because identifying fear in a
face, voice, body or musical composition is typically performed
by linking external perceptual information to an internal rep-
resentation of fear, which is coordinated by the amygdala.
This hypothesis would be supported by evidence that amyg-
dala damage impairs the ability to predict whether others
would experience fear in response to written scenarios, which
do not represent a threat to the respondent and carry no low-
level perceptual cues. Instead, correctly predicting which of a
series of written scenarios would elicit fear requires prospec-
tion, or generating a representation of the internal state likely
to result from the scenario.

To test the hypothesis that the amygdala plays such a role
in social fear recognition, we tested the ability of a patient
with bilateral amygdala damage to infer which of a series of
written hypothetical statements would cause the target of
the statement to experience fear. This patient and matched
comparison participants read 100 short written statements
(for example: ‘I could easily hurt you’, ‘I don’t want to be
friends anymore’) and were asked to predict how someone
would feel if another person were to make that statement to
them. Task stimuli were generated to elicit one of five possible
emotions (anger, disgust, fear, happiness and sadness; see elec-
tronic supplementary material, appendix A for a full set of
statements). Prior testing confirms that healthy individuals
reliably predict each statement will primarily elicit the target
emotion [35]. Neuroimaging also confirms that accurately
evaluating the fear-eliciting statements in the set preferentially
recruits the amygdala [36,37], paralleling the amygdala’s pre-
ferential recruitment in response to nonverbal expressions of
fear relative to other emotions [38]. Further, individuals with
psychopathic traits, who exhibit functional and structural
amygdala anomalies, are selectively impaired in identifying
only the fear-eliciting statements [35,39], and show reduced
amygdala responses to them [36,37].

Following prior work, participants selected which of five
possible emotional states (anger, disgust, fear, happiness, sad-
ness) would be most likely to follow each statement. Also
following prior work [35], participants also rated how morally
permissible it would be to make each statement, using a
4-point scale. We predicted that, unlike judgements of specific
emotions, moral judgements would be spared following
amygdala lesions that are not congenital or acquired in early
childhood. Judgements of moral permissibility rely on a
neural network [40] that becomes progressively refined and dis-
tributed during early andmiddle childhood [41,42]. As a result,
lesions to the amygdala acquired in late childhood oradulthood
are not consistently associated with impaired moral judgement
[43]whereas childhood-onset lesions to regions such as prefron-
tal cortex that are implicated in moral judgements result in
greater deficits than adult-onset brain lesions [44]. Thepredicted
resultswould confirm that judgements of emotion andmorality
are dissociable andwouldbe consistentwith theories thatmoral
judgements are more strongly affected by amygdala abnormal-
ities that are congenital or emerge in early childhood (as in the
case of psychopathy) than by amygdala lesions acquired in
adolescence or adulthood.

Participants included SM, a 49-year-old caucasian female
patient with complete bilateral amygdala lesions, and 45 neuro-
logically healthy comparisons (HCs)matchedwith her in terms
of sex (all female), race (caucasian) and age (mean age 45.31,
s.d. = 11.17). This sample size was generated from a power
analysis conducted using STATA that found a sample size of
45 would provide a statistical power of 0.80 to detect an effect
size r = 0.41 obtained in previously published work [35]. SM is
one of the best-characterized human cases of bilateral amygdala
damage [7]. She does not exhibit typical subjective, physiologi-
cal or behavioural conditioned fear responses, and shows severe
and selective impairment in social fear recognition from facial
expressions,music andwhendrawing representations of fearful
faces [45]. She can, however, identify vocal tones and complex
visual scenes associated with fear. This discrepancy could
indicate that she is selectively impaired in processing only
some social fear cues but that her social fear understanding is
otherwise intact. Alternatively, she may possess semantic
knowledge regarding fear-linked perceptual cues (for example,
that fearful voices are high-pitched) that she can use to identify
certain stimuli despite impaired internal representations of fear.
The present task enabled us to adjudicate between these possi-
bilities by testing SM’s ability to predict social fear from
written statements free of diagnostic perceptual cues. SM com-
pleted the task twice approximately three months apart to
establish reliability, and comparisons completed it once.
2. Results
(a) Emotion recognition
Relative to comparisons, SM was selectively impaired in
inferring others’ fear. Whereas her accuracy for recognizing



Table 1. Descriptive statistics for behavioural responses to written statements for healthy controls and SM.

SM HC

mean (s.d.D) 95% CI mean (s.d.) 95% CI

emotion predictiona

anger 50.00 (14.14) 30.40–69.60 56.00 (21.04) 49.85–62.15

disgust 90.00 (7.07) 80.20–99.80 94.66 (5.88) 92.94–96.38

fear 45.92 (12.84)c 28.13–63.72 84.30 (13.23) 80.44–88.17

happiness 100.00 (0) 100.00–100.00 99.43 (1.97) 98.86–100.00

sadness 62.50 (24.75)c 28.20–96.80 86.56 (9.10) 83.90–89.21

moral permissibilityb

anger 1.15 (0.14) 0.95–1.35 1.48 (0.30) 1.40–1.57

disgust 1.25 (0.35) 0.76–1.74 2.17 (0.68) 1.97–2.37

fear 1.15 (0.14) 0.95–1.34 1.54 (0.30) 1.45–1.63

happiness 3.85 (0.07) 3.75–3.95 3.81 (0.26) 3.73–3.88

sadness 1.45 (0.42)c 0.86–2.04 2.36 (0.42) 2.24–2.48
aPercentage of correct responses for emotion prediction trials.
bAverage rating of moral permissibility in moral judgement trials.
cgreater than 2 s.d. diff. from HC mean (using HC s.d.).
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Figure 1. Comparison of SM and matched healthy comparisons (HCs) on rec-
ognition accuracy during emotional state inference. (Online version in colour.)
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anger-disgust- and happiness-eliciting statements was com-
parable to comparisons’ (table 1), she achieved only 45.92%
accuracy for correctly identifying fear-eliciting statements, 2.90
s.d. below the comparison mean of 84.30% (CI95 [80.44, 88.17]).
Her fear recognition accuracy was consistently poor across the
first (55.00%) and second (36.84%) testing session. SM was also
impaired in recognizing sadness-eliciting statements, achieving
62.50% accuracy, 2.64 s.d. below the comparison mean of
86.56% (CI95 [83.90, 89.21]). But her performance inferring sad-
ness rose substantially from the first test (45.00% accuracy) to
the second (80.00%), resulting in a CI95 [28.20, 96.80] that over-
lapped the mean of comparisons, as did her CI95 for other
emotion categories. Only SM’s CI95 for fear-eliciting statements
did not overlap with comparisons (table 1 and figure 1).

The statistical significance of these results was confirmed
using a Bayesian approach for comparing a single case to a com-
parison sample [46,47] implemented using the psycho package
in R [48]. Results confirmed the pattern described above, such
that SM’s average recognition accuracy for fear and sadness,
but no other emotion, was significantly different from the com-
parison group’s (p < 0.01). Further investigation of each of SM’s
testing sessions separately revealed consistent poor emotion
recognition performance for fear-eliciting statements, with her
performance in the first testing session (55.00% accuracy)
lower than 98.30% (CI95 [95.98, 99.87]) of the comparison popu-
lation (p < 0.05) and in the second testing session (36.84%
accuracy) lower than 99.95% (CI95 [99.82, 100]) of the compari-
son population (p < 0.05). For sadness-eliciting statements,
SM’s performance in the first testing session (45.00% accuracy)
was lower than 100% (CI95 [99.99, 100]) of the comparison
population (p < 0.05), but in the second testing session her per-
formance (80.00% accuracy) was lower than only 75.99% (CI95
[65.51, 85.73]) of the comparison population (p > 0.05).

SM also showed a notable bias away from selecting fear as
a response option. All comparisons selected each emotion a
minimum of 16 and a maximum of 26 trials (were choices dis-
tributed equally, each option would be chosen 20 times). SM
largely neglected the fear option, choosing it only 11 times
on the first session and 8 times on the second session. Consid-
ering responses to only the 20 fear-eliciting statements,
SM preferentially rated these statements as anger-eliciting
(figure 2), an option she chose in 47.50% of these trials.
These trials include fear-eliciting statements that did not
involve direct interpersonal threat but rather helpful warnings
of potential threat in one’s environment (e.g. ‘I think some-
thing moved behind you’, ‘I think you are being followed’
and ‘I don’t think you are safe here’) for which SM also
predominantly picked anger (5 out of 6 responses across the
two testing sessions) as the elicited emotional response. She
showed no comparable bias away from other emotional
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Figure 2. (a) Comparison of SM and matched healthy comparisons (HCs) on emotional state inference errors. Darker colour on the diagonal indicates accurate
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options (electronic supplementary material, figure S1). Given
the apparent bias towards anger responses, we conducted a
chi-squared test to examine whether distributions of error
responses for fearful expressions differed between SM and
HCs. No significant difference emerged, x23 ¼ 3:94, p = 0.27,
confirming that while SM demonstrated a proportional
increase in anger error responses (90.48% of error responses
to fear-eliciting statements) it was not significantly different
than that observed in HCs (70.92% of error responses).
(b) Moral permissibility
Consistent with prior findings [35,39], comparisons judged
anger- (mean = 1.48, s.d. = 0.30) and fear-eliciting (mean =
1.49, s.d. = 0.29) statements, which generally consisted of
threats and provocation, as least morally permissible. Control-
ling for multiple comparisons (Bonferroni corrected p = 0.005),
judgements of these categories did not differ significantly,
t44 =−0.19, p = 0.85, but both were more severe than judge-
ments of any other emotional category (for the remaining
emotions, disgust and sadness < happiness, all p < 0.001). By
contrast to SM’s difficulty predicting the affective outcomes
of fear-eliciting statements, her judgements of the moral
consequences of such statements were preserved. Across all
categories, SM’s moral permissibility ratings were within 2
s.d. of comparisons (with the exception of sadness; table 1),
although she generally judged all negative emotion-eliciting
statements as less permissible than comparisons did, and as
impermissible to a similar degree. Pairwise comparisons
across SM’s item-level responses indicated that judgements
of moral permissibility of anger-, fear- and disgust-eliciting
statements did not differ from one another (all p > 0.10). Her
judgements of sadness-eliciting statements did not differ
from disgust-eliciting statements (t38 =−1.57, p = 0.13), but
they were judged as more morally permissible than anger-
(t38 =−2.62, p = 0.01) and fear-eliciting statements (t38 =−2.39,
p = 0.02). Neither of these pairwise comparisons remain sig-
nificant after correcting for multiple comparisons ( p < 0.005).
Finally, SM rated happiness-eliciting statements as more
morally permissible than all other emotions (all p < 0.001).
This pattern of findings emergedwhen examining judgements
of moral permissibility regardless of whether the emotional
labels were predetermined by the emotionally evocative
statements task or were the labels she herself chose when
responding to the emotion recognition portion of the task
(electronic supplementary material, table S1 and figure S2).

As observed previously [35,39], comparisons who more
accurately identified statements that cause fear also judged
the permissibility of these statements more severely
(rτ45 =−0.25, p = 0.03). Both Cook’s D criteria and estimations
of Mahalanobis distance indicated SM’s responses to be multi-
variate outliers (table 2) and thus inclusion of SM’s scores
in these analyses reduced correlations to non-significance
(rτ47 =−0.15, p = 0.18; figure 3).
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Figure 3. (a) Comparison of SM and matched healthy comparisons (HCs) on ratings of moral permissibility. (b) Correlations between individual differences in
emotion recognition performance and ratings of moral permissibility for fear statements. (Online version in colour.)

Table 2. Influence of SM on association between prediction and perceived
permissibility of causing fear in others.

SM

time 1 time 2

leverage (h)a 0.07 0.20*

studentized

residual (R)b
−2.10 −1.78

Cook’s Dc 0.22* 0.44*

Mahalanobis

distance (M–D)d
3.29 ( p = 0.007) 9.04 ( p < 0.001)**

aObservations with values larger than 2(k + 1)/n are considered to be
potentially highly influential, where k is the number of predictors and n is
the sample size.
bObservations with values larger than 3 in absolute value are considered
outliers.
cRecommended thresholds for significance include D > 1, D > 4/n and
D > 4/(n− k− 1). *These values exceed the second two recommendations.
dp < 0.001 indicates a significant multivariate outlier.
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3. Discussion
We find that bilateral damage to the amygdala is associated
with consistent impairments in predicting others’ fear.
When considering statements such as ‘I want to punch you’
or ‘I could kill you if I wanted to’, SM was less likely than
neurologically healthy individuals to predict that someone
who was the target of threats of physical harm would experi-
ence fear, suggesting for the first time conceptual (rather than
simply perceptual) social fear recognition deficits. SM prefer-
entially responded that such statements would result in
anger, which is more commonly predicted to follow insults
or provocation, and often accompanies behavioural approach
rather than avoidance of threat. These responses are consist-
ent with SM’s own self-report; she has been held at
gunpoint and physically assaulted in the past, and reports
feeling calm, not afraid, during those experiences [6]. The
observed deficits are consistent with prior evidence that the
amygdala is recruited specifically when evaluating fear-elicit-
ing statements [36,37], and closely mirrors social fear
recognition deficits observed when individuals with
amygdala lesions evaluate facial, vocal, postural and musical
expressions of emotion [10,11,15,16,49,50]. Together, these
findings support the amygdala’s hypothesized role in coordi-
nating internal representations of fear, which incorporate
episodic, sensory and interoceptive information. Damage to
the amygdala therefore impedes the ability to predict
whether fear would result from written scenarios that pro-
vide no low-level fear-relevant perceptual cues, such that
correctly identifying them requires conceptual understanding
of fear.

At the same time, SM did not differ from comparisons
when making moral judgements about eliciting fear. Moral
judgements rely upon a distributed network of regions that
becomes progressively refined during childhood and adoles-
cence, such that we predicted amygdala lesions acquired in
adulthood or adolescence, as in the case of SM, would
spare these judgements. This stands in contrast to consist-
ently aberrant moral judgements about causing fear we
observe in adults with psychopathic traits, who are affected
by structural and functional amygdala deficits that emerge
early in development [35,39]. The present findings are con-
sistent with theories that amygdala abnormalities more
strongly affect moral judgements when they are congenital
or emerge early in development (as in the case of psychopa-
thy) compared to those acquired in adolescence or adulthood
(as in the case of SM).

These findings contribute to answering the question: how
do people make predictions about others’ internal states?
Consistent evidence from lesion and neuroimaging studies
indicate that the amygdala plays a key role in recognizing
others’ fear (but not other emotions) from facial expressions.
Early hypotheses that fearful expressions signal a threat
that is interpreted via the amygdala are contradicted by be-
havioural evidence that fearful expressions are primarily
interpreted by observers as appeasing and appetitive (fearful
expressions may also serve other functions that are relevant
in non-social situations, such as widening the field of view)
[14,27,28]. More recently, an inventive experimental task
seemed to indicate that the amygdala aids in recognizing
facial fear through its role in directing attention to the eyes
of fearful faces. Prompts to focus on the eyes of fearful
faces normalized SM’s recognition of fearful expressions—
albeit only temporarily [30]. But patients with amygdala
lesions show deficits recognizing a broader array of social
fear cues, including vocal tones, body postures and music,
to which this explanation does not easily apply.
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An alternative explanation for the observed pattern of
deficits is that the amygdala plays a key role in coordinating
the generation of a multimodal internal representation of fear
that incorporates episodic, sensory and interoceptive infor-
mation [18,45]. Recruitment of the amygdala following the
detection of social cues linked to fear—including facial, pos-
tural, vocal or even olfactory cues—may reflect the generation
of an internal representation of fear that enables relevant
social cues to be interpreted and the likely goals and beha-
viours of the communicator predicted. According to this
explanation, interpreting others’ fear follows similar pro-
cesses as interpreting other basic states like pain, which
relies upon empathic simulation coordinated by regions,
such as the insula and anterior cingulate cortex, that represent
affective and motivational features of experienced pain
[51–54]. This explanation is most consistent with the totality
of the available data, including the emerging literature
on social fear transmission in non-human species, which
finds that detection of others’ fear results in empathic simu-
lation of that state [55–57]. It also explains why, in a pair
of monozygotic twins with amygdala lesions following
Urbach–Wiethe disease (the same disease affecting patient
SM), the twin who shows no physiological fear responses is
also the one who cannot accurately interpret others’ fear [17].

Both SM and comparisons misjudged fear-eliciting state-
ments as anger a large majority of the time. Proportionally,
but not significantly, more of SM’s errors in response to fear
were ‘anger’ responses. This outcome has several potential
interpretations. One relates to the fact that SM’s reactions to
real-life fear-eliciting stimuli are dominated by approach-
based responses. For example, SM responds to various
real-life non-human threats—such as snakes, spiders and
humans in monster costumes—with interest and curiosity
[6]. Thus, SM may have selected anger because it is an
approach-based (if negative) emotion.

A less likely possibility is that her selecting anger reflects
SM simulating how she would feel in response to the state-
ments; when her life was actually threatened in the past by
a knife-wielding stranger who made a statement similar to
those used in this study (‘I’m going to cut you, bitch!’) she
reported she ‘remained calm, did not panic, and did not
feel afraid’, and told the man, ‘If you’re going to kill me,
you’re gonna have to go through my God’s angels first’
(for the full description see electronic supplemental material
of Feinstein et al. [6]). It also does not appear to reflect her
potentially simulating the state of the speaker. We specifically
considered SM’s responses to the small subset of fear-eliciting
statements that do not involve direct threats but rather
warnings of external threats (e.g. ‘I don’t think you are safe
here’). Here, SM also predominantly selected anger for 5
out of 6 responses. This provides some support that SM’s
impaired fear recognition in the current task more likely
results from difficulty simulating the fearful state that
would result from such a statement. This is also consistent
with data from experience sampling studies of SM’s real-
time emotional experiences in everyday life, which revealed
that she endorsed feeling ‘fearless’ most across the three
month period, but no tendency towards increased anger,
suggesting a deficit of fear rather than excess of anger [6].
Although our task did not provide a ‘calm’ or ‘interested’
answer option in order to simulate the format of facial
emotion recognition paradigms, future work allowing these
response options or a free choice option would allow for
direct examination of whether she would select these choices
over ‘anger’.

At the same time, SM did not differ significantly from
comparisons when making moral judgements about fear-
eliciting statements, consistent with the emerging agreement
that empathic processes—such as simulating others’ affective
states—are dissociable from moral judgements [58]. Consist-
ent with prior findings [35,39], healthy adult women in this
study who had more difficulty predicting others’ fear also
judged causing fear to be more permissible. By contrast,
SM consistently judged causing fear to be impermissible
despite difficulty correctly inferring the emotional state of
fear. This stands in notable contrast to individuals with
psychopathy, who are affected by early emerging amygdala
dysfunction and structural abnormalities and who are
consistently impaired in predicting others’ fear and in evalu-
ating the moral permissibility of fear-eliciting statements,
which they judge leniently. This may reflect the fact that in
psychopathy, amygdala abnormalities are developmental in
nature and emerge early in childhood [37,59,60] in contrast
to SM whose lesions occurred during late childhood/adoles-
cence. However, the bulk of this work relies on cross-sectional
data and thus the directionality of the relationship between
psychopathic or callous traits and developmental amygdala
abnormalities is not clear.

This distinction may relate to the amygdala’s role in the
development of distributed cortical networks involved in
moral judgements [60,61]. Input from the amygdala probably
tunes various components of this network to evaluate the
risks and rewards of outcomes for the self and others during
development [41,42,62]. In psychopathic populations, insuffi-
cient input from the amygdala in early childhood may result
in this network developing abnormally, leaving affected
individuals with serious moral deficits [34,63–67]. Later in
development, however, the transmission of amygdala-cortical
signals shifts, with regions such as the prefrontal cortex and
anterior cingulate cortex exerting more top-down inhibitory
control of the amygdala. Thus, the amygdala’s contributions
to moral judgements in adolescence and adulthood may
become less critical, leaving moral judgements in patients
with acquired amygdala lesions less affected. This is consistent
with evidence that SM is not psychopathic and her moral jud-
gements, behaviour and capacity for care and compassion are
intact [7,68]. However, it should be noted that SM’s moral jud-
gements were less nuanced than those of comparisons. SM
made similar judgements about causing any form of negative
affect, whereas comparisons tended to judge causing anger or
fear to be less morally permissible than causing sadness or dis-
gust. This pattern of findings persisted regardless of whether
the emotional labels in question were predetermined or the
labels she herself chose. Thus, it does not appear that SM
views causing any one particular emotion (including anger
or fear) as particularly unacceptable. Instead, this suggests
that acquired amygdala damage may lead to more heuristic
or less nuanced evaluations of various moral violations such
that causing unpleasant states of any kind is immoral.

The current study is limited in several respects. Our
findings do not provide any insight into lateralization of
amygdala function, as our amygdala lesioned sample consists
of a single individual (SM) with complete bilateral damage.
We therefore cannot determine whether similar patterns
would be observed in patients with damage to only the left
or right amygdala—although previous neuroimaging studies
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assessing responses to fear-eliciting statements have impli-
cated both right and left amygdala function in judgements
of these stimuli [36,37]. It also cannot be determined why
SM struggled to predict others’ sadness the first time she com-
pleted the task, but not the second time. This outcomewas not
hypothesized, making it difficult to draw strong conclusions.
Finally, the early developmental trajectory of Urbach–Wiethe
and amygdala function is relatively unclear, thus whether
SM exhibited a healthy early neurodevelopmental trajectory
cannot be stated conclusively.

Despite limitations, the present study furthers our under-
standing of how people interpret and predict the emotions
of others. Our results link complete bilateral amygdala
damage to consistent impairments in predicting how others
would respond to threats of harm, which are typically
judged to elicit fear, whereas her predictions of responses to
insults (anger), comments about contamination (disgust) and
compliments (happiness) were intact. That these impairments
were observed in response to purely semantic information
suggest that the amygdala’s role in social fear recognition
cannot result purely from its influence on perceptual pro-
cesses, nor from its role in responding to threats to the self.
Rather, amygdala lesions may impair the ability to generate
coordinated internal representations of fear, and therefore
the ability to ‘put oneself in the shoes’ of a person under
threat and to understand the emotion that person is most
likely to experience.
4. Methods
(a) Participants
(i) SM
SM is one of the best-characterized human cases of bilateral amyg-
dala damage [7]. SM suffered complete bilateral amygdala lesions
resulting from Urbach–Wiethe disease, a rare genetic disorder
which caused calcification of SM’s amygdalae late in childhood.
At the time of testing, SM’s lesions were relatively selective to
the amygdala and include all nuclei of the bilateral amygdala,
plus a small region of the adjacent entorhinal cortex, the anterior
cingulate and striatum, but all other subcortical and cortical struc-
tures were spared. There is some evidence of changes in her
cortical morphology including increased cortical thickness in the
ventral medial prefrontal cortex and anterior cingulate cortex
[69]. Her neuropsychological profile has remained stable for the
past two decades. She has no history of other neurological
damage or psychiatric diagnoses and her performance on standar-
dized tests of IQ, memory, language and perception is within the
normal range. All testing procedures with SM were approved by
the University of Iowa Institutional Review Board.
(ii) Healthy comparison
A comparison sample of 45 caucasian female participants (mean
age = 45, s.d. = 11)were recruited from theWashington, DCmetro-
politan area. Only caucasian women from the United States who
reported English as their primarily language were included.
Additional exclusion criteria included: current psychiatric diagno-
sis, drug use within 24 h of completing the study, the reported
experience of emotionally distressing symptoms at time of com-
pleting the study and failure to complete all questionnaires
included in the study. An a priori power analysis, conducted
in STATA and based on an observed effect size of r = 0.41 in
previously published work using the emotionally evocative state-
ments task in an adult community sample [35], confirmed that a
sample size of 45 would provide a statistical power of 0.80 at an
alpha of 0.05. All testing procedures with HC participants were
approved by the Georgetown University Review Board.

(b) Emotionally evocative statements task
The emotionally evocative statements task consists of 100 pre-
viously validated short statements that were created to elicit
anger (‘I told you to shut up’), disgust (‘I never wash my
hands’), fear (‘You better watch your back’), happiness (‘You
always make me smile’) or sadness (‘You really let me down’)
[35]. Statements were presented on paper (see electronic sup-
plementary material, appendix A) in randomized order and
participants were instructed to read each statement and first
evaluate how morally acceptable it would ever be for someone to
make that statement to another person. Participants indicated
the degree of perceived moral permissibility for each statement
using a 4-point scale (1 = never acceptable, 2 = rarely acceptable,
3 = usually acceptable and 4 = always acceptable). Next, partici-
pants read all the statements again, and this time evaluated
what emotion the target would be most likely to experience if
that statement were made to them using a forced-choice format
in which the response options included anger, disgust, fear, hap-
piness and sadness. SM completed the task twice approximately
three months apart.

Ethics. All testing procedures with SM were approved by the Univer-
sity of Iowa Institutional Review Board. All testing procedures with
HC participants were approved by the Georgetown University
Review Board.
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