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Subject SM has complete bilateral lesions of the amygdala and is 
impaired in her recognition of fear1, an impairment that is consistent 
with previous studies showing activation of the amygdala to overt and 
masked fear faces2. These studies have suggested that the amygdala 
is involved in pre-attentive, rapid processing, whereby the amygdala 
receives subcortical visual information via the superior colliculus and 
pulvinar thalamus3. Such a picture is similar to the known subcorti-
cal route for the amygdala in auditory fear conditioning, as demon-
strated in rats, and is consistent with blood oxygen level–dependent 

activation of the amygdala by nonconscious fearful faces in humans4. 
However, there are discrepancies with this view of amygdala function. 
Some neuroimaging studies have found that the amygdala’s response 
to fearful faces is strongly modulated by conscious detectability, at 
least when backward masking is used5. Electrophysiological latencies 
recorded in the amygdala are, by and large, inconsistent with rapid 
visual processing6 and there is no direct anatomical evidence to sup-
port the rapid visual subcortical route that has been hypothesized7. 
These discrepancies suggest that the amygdala modulates social judg-
ments of fear, rather than initial pre-attentive detection.

To help resolve this debate regarding the amygdala’s contribution to 
fear processing, we tested subject SM on rapid detection of fear- and 
threat-related stimuli. In our first experiment, subjects saw a target 
stimulus (fearful face, angry face or scene showing threat) next to 
neutral stimuli for 40 ms (unmasked) and had to push a button as 
rapidly as possible to indicate which face showed more fear/anger 
or which scene was more threatening (Supplementary Fig. 1). SM’s 
performance on this task was completely normal for all three threat-
related categories (Fig. 1a). As reported previously1, SM rated the 
intensity of fear shown in the same face stimuli substantially lower 
than did the controls (2.8 and 3.7 s.d. below the normal mean on the 
two testing sessions). Control experiments ruled out several possible 
 interpretations (Supplementary Methods and Supplementary 
Table 1). First, we used backward masking in the control experiments, 
as it might be required to prevent afterimages to demonstrate the 
amygdala’s rapid fear detection. Second, the control experiments 
compared fearful faces with sad and happy faces, rather than just 
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Figure 1 Intact rapid, automatic and nonconscious detection of fearful  
faces in the absence of the amygdala. (a) Rapid detection of fear- and 
threat-related images. Viewers were shown two images side by side for  
40 ms (unmasked), one neutral and the other showing fear, anger or threat. 
We carried out three experiments, one with fearful versus neutral faces, 
the second with angry versus neutral faces and the third with threat-related 
images versus neutral images. Subjects were asked to push a button 
as quickly as possible to indicate if the target image that showed more 
fear/anger or was more threatening was on the left or the right. Speed and 
accuracy tradeoffs in discriminating fear were normal in two sessions for  
SM (red) compared with 12 controls (solid black line indicates the mean 
and the dotted lines indicate the 95% confidence interval). Accuracy was 
quantified by d′, the difference between the z-transformed hit and the false 
alarm rate. (b) Visual search for fear. Subjects detected an oddball target 
among distractors; both were perceived as belonging either to the same 
category (for example, mild and extreme fear) or to different categories  
(for example, neutral and mild fear), even though they differed geometrically 
by the same degree. SM showed normal category boundary effects in 
reaction time. The black bars indicate the average across three age-matched 
controls and the white bars indicate SM’s performance. (c) Breaking into 
consciousness probed by continuous flash suppression. Fearful faces broke interocular suppression faster than happy faces in SM (white) to the same degree 
as in controls (black). Subjects clicked a mouse as soon as any part of the face became visible. The dot and error bar indicate the mean and the s.d. for 
seven control subjects. All subjects gave written informed consent as approved by the institutional review board of the California Institute of Technology.
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 neutral faces, as SM might simply have been discriminating ‘emo-
tional’ from ‘neutral’ using specific low-level features of neutral faces, 
rather than detecting fear in particular. Third, the control experiments 
used NimStim faces, which SM had never seen before, as SM may have 
been overtrained with the Ekman faces, which she saw many times 
in various experiments. Across all of these tasks, SM showed entirely 
normal rapid detection of fearful faces.

In a second experiment, we found an analogous pattern; despite 
impaired categorization of fearful faces when given unlimited time, 
SM showed normal effects of category boundaries on speeded visual 
search. In this experiment, we dissociated physical from psycho-
logical similarity by showing subjects faces that had been morphed 
between neutral and fearful expressions (Supplementary Fig. 2). 
We first asked subjects to categorize these morphs as being neutral 
or afraid; as expected, subjects showed sharp category boundaries 
for the morphs, a categorical perception effect that has been well 
documented8. SM’s category boundary was significantly shifted  
(P < 0.0005), and she required a greater intensity of fear to categorize a  
morph as being afraid (Supplementary Fig. 3). We then gave subjects 
a visual search task in which they were asked to detect, as rapidly 
as possible, which face in an array was different from the rest (no 
specific information was given about the basis of that difference). 
Two versions of this search task showed subjects targets (more fearful 
morphs) and distractors (less fearful morphs) that always differed by 
the same physical morph distance, but which either spanned the mean 
normal category boundary or did not (Supplementary Methods). 
All subjects showed faster search times for targets and distractors 
that spanned the neutral/fear category boundary, than for those that 
did not span the category boundary, as did SM (the controls were, 
on average, 15% faster and SM was 26% faster; their 95% confidence 
intervals overlapped). Thus, SM showed normal effects of the neutral-
fear category boundary (as derived from the controls) on implicit 
rapid visual search for fearful faces, despite impaired overt categoriza-
tion of the same faces. To show that these findings were not limited 
to fear-neutral discriminations, we carried out an identical experi-
ment with morphs for happy/fear and sad/fear using the Karolinska 
directed faces rather than the Ekman faces; the controls were, on 
average, 18% and 27% faster, respectively, and SM was 25% and 33% 
faster, respectively (Fig. 1b). Moreover, SM’s accuracy was >99% in 
all conditions. Thus, in a search task, SM implicitly discriminated 
between fearful and other expressions with the same fear category 
effects as normal subjects.

In a third experiment, we focused more specifically on the amyg-
dala’s role in nonconscious processing of fear. We used continuous 
flash suppression9,10 to measure the potency of a fearful face in over-
coming strong interocular suppression. Subjects were presented with a 
stream of flashes of Mondrian patterns at 10 Hz to the right eye while 
an emotional face was gradually introduced into one quadrant to the 
left eye; we used both Ekman face set stimuli and NimStim stimuli to 
ensure that there was no idiosyncratic effect of the Ekman faces as a 
result of SM’s greater familiarity with them (Supplementary Methods 
and Supplementary Fig. 4). In our normal subjects, we found that 
fearful facial expressions break through into consciousness more rap-
idly than happy expressions (Fig. 1c), as has been seen previously10. To 
our surprise, SM showed exactly the same fear advantage in breaking 
interocular suppression. Thus, fearful faces gain access to conscious-
ness in SM just as rapidly as in control subjects.

There was one qualitative exception to SM’s otherwise entirely 
intact processing of fearful faces. SM performed somewhat worse on 
fear-sad discriminations (z score = −1.18) than on other discrimina-
tions (fear-neutral z score = −0.77 and fear-happy z score = −0.62; 

Supplementary Methods and Supplementary Table 1), although 
this difference was small. It may be that SM can distinguish fear on 
the basis of valence (for example, from happiness), but has relatively 
greater difficulty for more subordinate-level discriminations between 
fear and other negatively valenced emotions (for example, from sad), a 
possibility that could be probed in greater detail in future experiments 
with larger numbers of trials.

Taken together, our findings suggest that the amygdala is not essen-
tial for nonconscious, rapid fear detection. It is still possible that the 
amygdala participates in such processing, provided that it results from 
indirect modulation. Our interpretation is also consistent with earlier 
findings that SM’s impaired explicit fear recognition can be rescued if 
she is instructed to look at the eyes in faces, something she fails to do 
spontaneously11. In the absence of the amygdala, explicit fear recogni-
tion may be impaired as a result of an absence of the amygdala’s normal 
modulation of information processing (for example, directing visual 
attention to the eyes in faces). More puzzling is that individuals with 
blindsight resulting from primary visual cortex lesions show amygdala 
activation by fearful faces12, a finding that could be taken as evidence for 
a subcortical visual route to the amygdala involved in nonconscious fear 
processing. However, although cortical damage is sufficient to prevent 
conscious vision in such individuals, it may be incomplete and could 
permit sparse cortical input to the amygdala that is sufficient to account 
for the observed activation. Alternatively, a retino-collicular-pulvinar-
cortical pathway might indirectly route visual information to the amyg-
dala via spared extrastriate cortical areas. Our conclusions are also not 
inconsistent with an early role for emotion in driving attention3, even 
in the absence of conscious awareness13, but argue that the amygdala 
is not a necessary substrate for this role. Instead, we favor the idea that 
the amygdala modulates other cognitive processes on the basis of an 
appraisal-like evaluation of the biological relevance of stimuli14 and 
contributes to explicit judgments about the fear shown in fearful faces 
once substantial cortical processing has already taken place.

Note: Supplementary information is available on the Nature Neuroscience website.
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Supplementary Methods  
Subjects  
Subjects were tested individually. For experiment 1, we tested SM in two separate sessions on 
separate days, and 12 healthy women of comparable age (control mean age = 41 years, range 36-
45; SM = 42 years), IQ (control mean IQ = 102, range 84-123; SM = 88), and education (12 years 
for all). For control experiments 1A and 1B, we tested SM on a separate visit in several sessions, 
and compared her results to those from 7 female controls (mean age = 49 years, range 40-61; 12-
14 years of education; mean IQ = 109, range 101-116). One subject was not tested in 1A (Ekman 
face) and 1B (NimStim close mouth), another subject was not tested in 1B (NimStim open 
mouth). For experiment 2 we tested SM and 23 healthy Caltech undergraduates (in this case not 
matched to SM on age or IQ); seven of the controls and SM also participated in the categorization 
task on the basis of which the search stimuli were constructed. We later repeated experiment 2 
using a different set of face stimuli on SM (on a separate visit) and three age-matched controls. 
For experiment 3, we tested SM and 7 age-matched controls (the same cohort as experiment 1A 
and 1B). All subjects had normal visual acuity, corrected to 20/20, no history of psychiatric 
illness, and were naive to the experiment.  
 
 
Stimuli and Task for Experiment 1 
In a rapid discrimination task, visual images were shown as pairs for 40ms, unmasked, and 
subjects were asked to push a button as rapidly as possible to detect the emotional target’s side of 
presentation (Supplementary Fig. 1). In three separate sessions, subjects were shown fearful 
faces paired with neutral faces (6 unique individuals), angry faces paired with neutral faces (6 
unique individuals), or threatening scenes paired with neutral scenes (all different in each trial). 
Subjects were given the target to detect (fear, anger, or threat) before each session. For the faces, 
all face pairs showed the same individual. The faces were chosen from the Ekman and Friesen 
set1; the scenes from the International Affective Picture System2. 48 trials were presented for each 
of the 2 face sessions, and 100 trials for the threat scene session. The experiment began for each 
subject with two practice sessions that involved detection of cars and of disgust faces. All 
controls performed the experiment twice (for a total of 96 trials for the fear and anger faces, and 
200 trials for the threat scenes); SM performed the experiment twice on each of two separate 
days, for a total of 192 fear face trials, 192 anger face trials, and 400 threat scene trials. We 
presented stimuli on a CRT display (refresh rate = 100Hz) using a PC running MATLAB with 
Psychtoolbox3, 4. Subjects sat 80 cm from the display. The visual angle of the display was 28 deg 
x 21 deg, and the face stimuli extended 8.2 deg x 11.0 deg and the scene stimuli extended 13.5 
deg x 10.2 deg. 
 
Stimuli and Task for Experiment 1A-1B 
We performed two control tasks to examine the possible confounds of 1) afterimages, 2) neutral 
faces rendering the task an emotion-neutral discrimination not specific to fear, and 3) overtraining 
with the Ekman face set. Unless noted, the methods of experiment 1A and 1B were identical to 
those of experiment 1. In these experiments, we emphasized to subjects that they should respond 
as accurately as possible and allowed slow responses.  
 To remove any afterimages, we used backward masking with the images constructed by 
scrambling the phase of the face stimuli. An identical mask image was used in a given trial for 
both the target and the distractor. Stimulus onset asynchrony between the target and the mask was 
140 ms for 1A and 40 ms (fear vs. happy), 80 ms (fear vs. neutral) and 140 ms (fear vs. sad) for 
1B. The target was presented until the mask came on and the mask was presented for 150 ms. We 
used these timing values based on preliminary experiments to equate task performance across 
different emotions. To exclude the possibility that specific low-level image features of neutral 
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faces are utilized for discrimination of fearful faces, we intermixed trials that paired a fearful face 
with a neutral, a happy or a sad face using the Ekman set (1A; in total, 66 trials with 22 trials for 
each emotion pair [11 individual faces x 3 emotion categories for the distractor x 2 target position 
(left or right)]). We also controlled for ‘familiarity’ of the face stimulus set; we excluded the 
possibility that SM had learned to use some peculiar features of the Ekman faces to discriminate 
fearful faces over the many experiments with these stimuli in which she had participated over the 
years. For this purpose, we used the NimStim face set5, which SM had never seen before. We 
used 40 individual pairs with an open mouth and 34 pairs with a closed mouth. In total, each 
subject performed 148 trials for each emotion pair (74 faces x 2 target positions).  
 To ensure proper fixation, we presented all stimuli in a gaze-contingent manner using an 
Eyelink 2 eyetracker and the Eyelink toolbox6. We calibrated the eye tracker before the first 
session and re-calibrated as needed. We confirmed accuracy of the eye tracker using the built-in 
validation procedure. In each trial, we briefly flashed the stimuli only once subjects had properly 
fixated. The size of the fixation cross was 0.27 deg x 0.27 deg and the accepted fixation window 
was a square area of 1.4 x 1.4 deg containing the fixation cross at the center. Fifty milliseconds 
fixation within the fixation window was required to trigger a trial. When the drift was detected, 
the built-in drift correction was applied, in addition to a mandatory drift correction for every 23 
trials.  
 
Results for Experiment 1A and 1B 
Overall, SM’s performance (mean d’= 1.03 across 7 conditions, mean z-score = -0.85) was 
slightly, but not significantly, worse than controls (n=7, mean d’ = 1.90, mean std for d’ = 0.99). 
In Supplementary Table 1 below, we show the breakdown of performance.  
 
 
Stimuli and Task for Experiment 2 
We morphed the faces of six individuals from the Ekman and Friesen set in 25 steps from neutral 
to fearful (always within the same individual), thus creating 6 separate morph sequences. 
Morphing was carried out using SMartMorph (version 1.55, MeeSoft, http://meesoft.logicnet.dk) 
and based on manually defined corresponding features between the beginning and end images. 
We first carried out a categorization task in 7 of the controls and SM. In this task, subjects viewed 
all of the morphs, in randomized order, for 100ms (unmasked) at fixation and then pressed one of 
two keys to indicate the category (neutral or fear) (Results are shown in Supplementary Fig. 3). 
The average probability of reporting each option was fitted with a sigmoid curve for each subject. 
The pooled normal categorization data was used to determine the category boundary on which the 
search task stimuli were based (i.e., SM and controls saw the identical stimulus set in the search 
experiment). 
 For the search task, subjects were shown, in randomized order, 12 different versions 
resulting from the manipulation of 3x2x2 factors. The first factor was the set size array, which 
was either 4, 8, or 12 faces. The second factor was the categorical condition, which either showed 
both target and distractors as perceived to be within the same category, or as perceived to be in 
two different categories. The third factor was the physical degree of morphing between target and 
distractors, which was either 0.33 or 0.40 distance in morph space, where 1.0 is the whole range 
from neutral to fear. Trials were intermixed with other conditions in which target and distractors 
differed in anger, happiness, or gaze direction (these additional conditions were not analyzed in 
the present study). On each trial, subjects saw 4, 8, or 16 images displayed simultaneously at 
random locations within a 5x5 grid (subtending 18 x 18 degrees of visual angle total, with each 
face subtending approximately 2 x 3 degrees). All images except one (the target) were identical, 
and all were morphs of the same individual. Subjects were instructed to press a button as soon as 
they detected an oddball image, which resulted in the faces all being replaced by blank gray 
rectangles. The subject was then asked to click on the location of the rectangle that had been the 
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target. Only correct trials were analyzed, which was the vast majority of trials for all subjects 
including SM.  
 To analyze data from the search task, we began with each subject’s mean reaction time 
(averaged over the 6 individuals whose faces were morphed) for the 12 conditions resulting from 
the 3x2x2 factors described above. To estimate the effect of interest, the category factor, we 
calculated an index that describes how much reaction time improves if the target and distractors 
fall into different categories than when they are within the same category, as Normalized RT 
improvement = ((RTsame_category)-(RTdifferent_category))/RTsame_category. We found that 
this index did not differ significantly as a function of array set size, and only marginally as a 
function of morph degree (an 18% improvement for the different-category condition in the case 
of the 0.33 morph distance; a 12% improvement in the case of the 0.4 morph distance; both 
significantly greater than zero). For the data we report, we averaged our category index over all 
array sizes and morph degrees. The results were the same when we analyzed the data according to 
SM’s or controls’ category boundary because both category boundaries were spanned in 
different-category stimuli. 

To address the possibility that SM’s normal performance resulted from her over-exposure 
to the Ekman face set or from her use of specific features for neutral-fear morphs, we performed 
control experiments in SM and three age and gender-matched controls using morphs between 
fearful and either happy, sad, or calm expressions of six individuals from the Karolinska directed 
faces (KDEF) dataset7. Set size and morphing distance were fixed to 3 and 0.33, respectively. The 
stimuli were selected based on a pilot search on normal subjects in a way that the effect was 
maximized. For each trial one distractor was shown first at the center of the screen as a non-
target. Subjects were told to move the mouse over it (so they always centered the mouse before 
search started). They were also told to look for a face that is different from this face. Then the 
distractor was removed and 3 faces (one target and two distractors) were shown in the periphery. 
Subjects were instructed to click on the location of the target. SM performed 508 trials and the 
controls performed 648 trials. The results were analyzed as described above. In all conditions, 
SM performed with >99% accuracy, ruling out speed-accuracy trade-offs as an explanation. 
 
Stimuli and Task for Experiment 3 
Subjects sat in front of a mirror set, composed of 4 mirrors, to view the CRT display (the eye-to-
display distance was 30 cm). Because of the mirror arrangement, subjects saw only the left part of 
the display with the left eye and only the right part with the right eye. Each trial started upon a 
mouse click. Continuous flash suppression was implemented as described previously8. We flashed 
random Mondrian patterns (visual angle of 16x16 deg), composed of colorful circles, to the left 
eye at the rate of 10Hz, and gradually introduced an emotional face (visual angle of 8x8 deg) in 
one of the four quadrants (See Supplementary Fig. 4). The contrast of the Mondrian patterns 
started at 60% and gradually ramped down at the rate of 20% per second from 1s to 4s. The 
contrast of the face started at 0% and gradually ramped up to reach 100% at the initial 1 s and 
remained at 100% until response. Subjects were instructed to click a mouse as soon as they 
detected any part of the face. After the detection response, both Mondrians and the face were 
removed from the display and subjects clicked the location of the face via another mouse click. 
Only the trials with correct localization were analyzed (98.5% of trials). 
 In each session, 5 or 6 identities of faces (12 faces were from the NimStim faces, 11 faces 
were from the Ekman faces) were used. Each face was shown 12 times (4 quadrants X 3 emotions 
(fear, happy and neutral)), resulting in 60 or 72 trials per session. To estimate the effect of fearful 
expressions, we calculated an index that describes how much reaction time improves if the target 
was a fearful face than when it was a happy face, as Normalized RT difference = ((RThappy)-
(RTfear))/RThappy, which is positive if RTfear is shorter than RThappy. The analysis we 
presented in Fig. 1c shows the results from 7 faces out of 23 faces, for which 7 control subjects 
showed significantly faster reaction times for fear than happy (for each face, p<0.05 with two-
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tailed t-tests across 7 controls). For the results using all 23 faces, SM also showed the fear 
advantage (SM’s Normalized RT difference was 0.079; the controls’ mean (S.D.) Normalized RT 
difference was 0.046 (0.056)).  
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Supplementary Figure 1 
Paradigm and stimuli for Experiment 1.  
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Supplementary Figure 2 
Paradigm and stimuli for Experiment 2 
 

 
Supplementary Figure 3 
Results of the categorization task using morph stimuli 
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Supplementary Figure 4 
Paradigm and stimuli for Experiment 3 
 
 
 
 d’ for SM z(SM) Mean d’ for controls Std for d’ across 

controls 
Experiment 1A: Ekman faces 
(fear vs. neutral, happy, sad 
intermixed) 

1.94 -0.79 2.83 1.13 

Experiment 1B: NimStim faces 0.88 -0.86 1.75 0.97 
fear vs. neutral 1.01 -0.77 1.69 0.81 
fear vs. happy  1.14 -0.62 1.72 1.05 

 

fear vs. sad 0.49 -1.18 1.84 1.05 
 
Supplementary Table 1 
Breakdown of the performance for Experiment 1A and 1B.  
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