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Target Visibility and Visual Awareness
Modulate Amygdala Responses to
Fearful Faces

The goals of the present study were twofold. First, we wished to
investigate the neural correlates of aware and unaware emotional
face perception after characterizing each subject's behavioral
performance via signal detection theory methods. Second, we
wished to investigate the extent to which amygdala responses to
fearful faces depend on the physical characteristics of the stimulus
independently of the percept. We show that amygdala responses
depend on visual awareness. Under conditions in which subjects
were not aware of fearful faces flashed for 33 ms, no differential
activation was observed in the amygdala. On the other hand,
differential activation was observed for 67 ms fearful targets that
the subjects could reliably detect. When trials were divided into
hits, misses, correct rejects, and false alarms, we show that target
visibility is an important factor in determining amygdala responses
to fearful faces. Taken together, our results further challenge the
view that amygdala responses occur automatically.
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Introduction

It has been proposed that the processing of some emotional
stimuli, such as fearful faces, is not only somewhat independent
of attention, but that it can take place without reaching
conscious awareness (Ohman, 2002; Dolan, 2003; Pessoa,
2005). Evidence for this view comes from studies showing
both skin conductance and neuroimaging responses to briefly
presented and masked stimuli that subjects were apparently
unaware of (Ohman et al, 1995; Morris et al, 1998; Whalen
et al, 1998). Thus, the view has emerged that emotional
(especially negative) faces are processed in a largely automatic
fashion, which is independent of attention and awareness.
Brief presentation and backward masking have been used to
manipulate awareness during the viewing of emotional stimuli.
A strategy devised by Ohman and colleagues is widely used for
masking emotional faces (Esteves and Ohman, 1993). An initial
emotional target face is presented for a brief duration, typically
~30 ms, and is immediately followed by a neutral face that is
shown for a slightly longer duration, typically 50 ms or more.
Under such conditions, it is widely believed that emotional faces
are effectively masked because subjects exhibit chance levels of
performance at detecting the target face or because they report
not having seen the stimuli on subsequent debriefing. However,
in the past, chance performance has been assessed by de-
termining percent correct values, which are known to be highly
sensitive to response bias (Green and Swets, 1966; Macmillan
and Creelman, 1991). In the face of weak, noisy signals, subjects
may often indicate not detecting target stimuli and thus appear
to be unable to reliably detect them. Thus, the assessment of
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chance performance by percent correct values can seriously
distort results and lead to an assessment of objective awareness
that is incorrect — participants may appear to be unaware of
stimuli when in fact they can reliably detect them.

Visual awareness can be characterized by both objective and
subjective criteria (Merikle ez al, 2001; Snodgrass, 2004;
Snodgrass et al., 2004). In a recent behavioral study, we assessed
awareness according to objective criteria by having subjects
perform a forced-choice fear detection task (Pessoa et al,
2005). Performance was evaluated according to standard signal
detection theory (SDT) methods, which provide a measure of
sensitivity that is independent of a subject’s response bias
(Green and Swets, 1966; Macmillan and Creelman, 1991). We
varied the duration of an emotional target stimulus and
characterized behavioral performance with receiver operating
characteristic (ROC) curves to determine whether subjects
could (aware) or could not (unaware) reliably detect briefly pre-
sented and masked fearful faces. Our results revealed large in-
dividual differences in subjects’ ability to detect near-threshold
fearful faces. In fact, ~60% of the participants were able to
reliably detect 33 ms masked fearful targets, a duration linked
with unaware perception in the past.

The goals of the present study were twofold. First, we wished
to investigate the neural correlates of aware and unaware
emotional face perception after characterizing each subject’s
behavioral performance via SDT methods. Second, we wished to
investigate the extent to which amygdala responses to fearful
faces depend on the physical characteristics of the stimulus and
are independent of the percept. The hypothesis that amygdala
responses are largely automatic would predict that stimulus
visibility would have little or no impact on amygdala responses.
On the other hand, we reasoned that if amygdala responses are
more closely tied to the perception of fear, stimulus visibility
would be expected to modulate responses. To address these
two questions, we employed functional magnetic resonance
imaging (fMRI) while subjects performed a yes-no fear de-
tection task. As in our prior behavioral study, performance was
evaluated according to SDT methods for each individual (Pessoa
et al., 2005). fMRI responses were evaluated for both aware and
unaware conditions, as well as a function of the subject’s report.
In this manner, we assessed how amygdala responses depend on
awareness and whether they are modulated by target visibility.

Materials and Methods

Subjects

Thirty-seven normal volunteers (18 females) aged 28.1 £ 5.9 (mean * SD)
years participated in the study, which was approved by the National
Institute of Mental Health (NIMH) Institutional Review Board. All
subjects were in good health with no past history of psychiatric and



neurological disease and gave informed consent. Subjects had normal or
corrected-to-normal vision.

Trial Structure

Each trial began with a white fixation cross shown for 300 ms, followed by
a 50 ms blank screen, followed by a pair of faces presented consecutively
(Fig. 1). Each pair of faces consisted of a fearful, happy or neutral face that
was immediately followed by a neutral face, which served as a mask. The
duration of the first face was either 33 or 67 ms. The total duration of the
face pair was fixed at 150 ms. Subjects were instructed that the stimulus
would always comprise two faces, but that sometimes the first would be
very brief and the pair could appear as a single face. They were instructed
to respond ‘fear’ if they perceived fear, however briefly. Following the
presentation of each face pair, subjects indicated ‘fear’ or ‘no fear’ with
a button press using a device that contained five buttons arranged in a ‘+’
shape. On each trial, subjects also rated the confidence in their response
on a scale of 1-3, 1 corresponding to low confidence, 3 to high
confidence. The total trial duration was 4.5 s. Each subject performed
324 trials, providing 54 trials per condition (six total conditions: two
target durations x three face pair types). Faces subtended 4° of visual
angle. Target presentation durations were confirmed by employing
a photodiode and an oscilloscope.

Stimuli

Face stimuli were obtained from the Ekman set (Ekman and Friesen,
1976), a set recently developed by Ohman and colleagues (KDEF,
D. Lundqyist, A. Flykt and A. Ohman, Karolinska Hospital, Stockholm,
Sweden), as well as a set developed and validated by Alumit Ishai at
NIMH. Fifty-four instances each of fearful, happy and neutral faces were
employed. Happy faces were included to more closely match fearful
faces in terms of low-level features, such as brightness around the mouth
and eye regions, as both fearful and happy faces tend to be brighter than
neutral ones in these regions. Thus, the inclusion of happy faces
precluded subjects from utilizing a strategy of ‘detecting’ fearful faces
by simply using such low-level cues. The inclusion of happy faces also
precluded subjects from adopting a strategy of indicating ‘fear’
whenever facial features deviated from those of a neutral face. However,
happy faces were not included in the fMRI analyses (see below).

Bebavioral Data Analysis

Behavioral response data were analyzed using receiver operating
characteristic (ROC) curves (Green and Swets, 1966, Macmillan and
Creelman, 1991). ROC curves were obtained by determining the
probability of reporting ‘fear’ given that the target was not a fearful
face [P(‘Fear’|not Fear), i.e. false alarm] and the probability of reporting
‘fear’ given that the target was a fearful face [P(‘Fear’|Fear), i.e. hit] for
every confidence rating (three levels for reporting ‘fear’ and three for
reporting ‘no fear’). In this manner, confidence ratings were used to
gauge a subject’s criterion, and were associated with different propor-
tions of hits and false alarms, allowing us to construct ROC curves.
Sensitivity to fearful stimuli was determined using A’', the area under the
ROC curve and tested for significance for each individual. Perception

was considered aware when A’ values were significantly greater than 0.5
(Hanley and McNeil, 1982), the value of the area under the ROC curve
associated with chance performance (y = xline, i.e. the same values for
false alarms and hits); otherwise, perception was considered unaware.
The P value adopted for statistical significance was 0.05. We discarded
five subjects who were unable to detect stimuli at 67 ms. Two additional
participants exhibited a trend towards being overachievers (P <0.1) and
were thus not included in either group (i.e. they were excluded).

JMRI Data Acquisition and Analysis
fMRI data were collected using a General Electric 1.5 Tesla scanner.
Each scanning session began with the acquisition of a high resolution
SPGR anatomical sequence. Each subject performed nine experimental
runs, each lasting 5 min 53 s. During each functional scan, 157 gradient
echo echo-planar volumes were acquired with a 7 of 36 ms and a 7} of
2.25 s. Each volume consisted of 27 axial slices with slice thickness of
4 mm and in-plane resolution of 3.75 x 3.75 mm.

fMRI data were analyzed using the General Linear Model in AFNI (Cox
et al., 1996). Different trial types were randomly ordered to maximize
their separation (Dale, 1999; Birn et al.,, 2002). The first four volumes of
each run were discarded and slice-timing correction was performed on
the remaining volumes. These volumes were then spatially registered to
the volume acquired closest in time to the particular subject’s high-
resolution SPGR anatomy. Three subjects whose movement parameters
thus obtained were larger than a single voxel dimension (4 mm), were
discarded from further analysis. Next, each volume was spatially
smoothed with a 6 mm Gaussian filter (full-width half-maximum).
Each subject’s data were analyzed in two ways. First, a multiple
regression analysis was performed using the six trial types (two target
durations x three face pair types) as regressors of interest. The goal of
this analysis was to assess the degree to which evoked responses
depended on the physical characteristics of the stimuli (e.g. did or did
not contain a fearful target face). In a second analysis, to probe fMRI
responses as a function of the subject’s report, trials were grouped into
five conditions (for each target duration) based on the participant’s
response: hits (correct fear-present trials), misses (incorrect fear-
present trials), correct rejections (CRs, correct neutral-present trials),
false alarms (FAs, incorrect neutral-present trials) and invalid trials
containing late or no responses. Only results of 67 ms trials were
analyzed in this manner since, for 33 ms trials, several trial types had an
insufficient number of repetitions (<10). Although happy faces were
included in the experiment, they were treated as ‘control” stimuli and
were not included in either of the two types of analysis (i.e. trials
involving happy faces were included in a regressor of no interest).

fMRI analyses employed standard multiple regression methods
(Friston et al., 1995). The linear models included a constant term and
a linear term (for each run) that served as covariates of no interest
(these terms controlled for drifts of MR signal across and within runs).
F-maps of the contrasts of interest were generated for each individual.
Fixed-effects statistical group maps were then obtained by converting
each individual’s F-map into a Z-map and then combining these into
a composite final Z-map. For that purpose, each individual’s brain was
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Figure 1. Experimental paradigm. In each trial, subjects first indicated whether a fearful face was present or not and then indicated the confidence in their response using a scale of
1-3. Target stimuli were fearful (F), happy (H) or neutral (N) faces, and were always followed by a neutral face mask. In actual trials a 50 ms blank screen followed the initial 300 ms

fixation.
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transformed with AFNI into the standard coordinate space of Talairach
and Tournoux (1988). These transformed maps were then combined
(averaged together and multiplied by the square root of the number of
subjects). To assess the reliability of the results in terms of the
population, we performed a mixed-effects analysis in which participant
was a random factor and target-mask pair and target duration were fixed
factors (see Tables 1 and 2). For this purpose, a standard two-stage
analysis employed the regression coefficients (‘parameter estimates’)
obtained from multiple linear regression for each experimental condi-
tion (first stage), which were then employed (second stage) in paired
t-tests or repeated-measures analyses of variance.

The main goal of the present investigation was to test the hypothesis
concerning the responses of the amygdala to briefly presented and
masked fearful faces. Because of the importance of the fusiform gyrus in
the processing of faces, we also investigated the responses evoked in
this region. Responses evoked by very brief and masked stimuli
presented in an event-related fashion are relatively weak. Thus, we
initially determined the voxels with a significant task-related response,
namely, a robust response to any stimulus type. Because, at the group
level, these responses were very robust, we employed a threshold of
107'° for significance. These significant voxels were then used to create
a mask that constrained the search space for the specific contrasts
outlined above. For these contrasts, we employed 0.05 as the threshold
for significance.

Table 1
Fear > neutral contrast for the two subgroups of subjects at the two target durations

Fear > neutral Talairach coordinates Z-score
X y z
Normals: 67 ms
L. amygdala -20 0 —-13 3.12°
R. amygdala 20 —4 - 2.72°
R. fusiform gyrus 26 —44 -19 3.13°
Overachievers: 67 ms
L. amygdala —21 -8 -1 3.43%
R. amygdala 29 -6 -9 4.85°
L. fusiform gyrus -4 —44 —18 5.76°
R. fusiform gyrus 44 —50 -25 4.74°
Overachievers: 33 ms
L. amygdala —16 -5 -5 3.14°
L. fusiform gyrus -33 —61 -19 3.82°
R. fusiform gyrus 26 —60 -20 3.69°
“Clusters significant in random-effects analysis at P < 0.05.
®Clusters with a trend in random-effects analysis (P < 0.1).
Table 2
Activity as a function of trial type for ‘normal’ subjects for 67 ms targets
Talairach coordinates Z-score
X y z
Hits > correct rejects
L. amygdala -17 1 -9 2.87°
R. amygdala 18 —4 -7 3.23°
R. fusiform gyrus 26 —44 -19 3.80°
Hits > misses
L. amygdala —15 -3 -8 3.12°
R. amygdala 20 —4 -8 4.09°
R. fusiform gyrus 25 —45 -21 3.58°
Hits > false alarms
L. amygdala —18 -8 -9 2.26°
R. amygdala 25 -7 —17 2.95%
R. fusiform gyrus 24 —51 —12 2217
False alarms > misses
R. amygdala 18 -8 -7 4.12°
R. fusiform gyrus 43 -53 —25 4.23°

“Clusters significant in random-effects analysis at P < 0.05.

368 Visual Awareness and Amygdala Responses Pessoa et al.

To illustrate activation strength in the amygdala, we used parameter
estimates from the fit to the data as a function of experimental
condition. For the results shown in Figure 3, the peak coordinate
from the contrast of masked fearful targets relative to neutral stimuli for
both normal subjects and overachievers was used (see Table 1) to select
parameter estimates in each individual. Similarly, for the results shown
in Figure 5, the peak coordinate from the contrast of hits versus misses
(see Table 2) was used.

Results

On each trial, a fearful, happy or neutral face stimulus was
immediately followed by a neutral face that served as a mask.
The subjects’ task was to indicate whether they saw a fearful
face or not, no matter how briefly. The duration of the first face
stimulus was either 33 or 67 ms and the mask stimulus was
shown for at least 83 ms. Subjects also rated the confidence in
their response on a scale of 1-3, 1 corresponding to low
confidence, 3 to high confidence (see Fig. 1 and Materials and
Methods).

Bebavioral Results

To characterize behavioral performance, for each subject, we
determined the area under the ROC curve (called A") for the 33
and 67 ms conditions. A total of 19/37 subjects reliably detected
67 ms target faces (A’ values significantly greater than 0.5), but
could not detect 33 ms targets (A’ values not significantly
greater than 0.5). Thus, these subjects behaved in a manner
similar to what has been reported before, namely, they were
aware of masked 67 ms targets but unaware of masked 33 ms
targets (Fig. 2A4). We also observed a group of 8/37 subjects who
were able to reliably detect both 33 and 67 ms masked targets
(Fig. 2B). We will refer to these subjects, who were aware of
both 67 and 33 ms targets, as ‘overachievers’. Of the remaining
10 subjects, three were discarded from the fMRI analysis due to
excessive head motion; two were discarded because although
they did not meet the criterion for detecting 33 ms targets, they
exhibited a strong trend toward detecting them; and five were
discarded because they failed to reliably detect even 67 ms
targets.

Eye Blinks

In a separate experimental session in the behavioral laboratory,
we monitored eye blinks to test whether participants who were
better at detecting fearful faces blinked less. A total of 8/17
subjects reliably detected only 67 ms targets (normals), while
the remaining 9/17 detected both 33 and 67 ms targets
(overachievers). We analyzed visual blinks within a 300 ms
window starting 75 ms before the onset of the target face and
terminating 75 ms after the offset of the mask face. Overall,
subjects blinked very rarely during the 300 ms window (i.e. less
than 3.5% of the trials for each subject). Critically, no significant
difference in the mean number of blinks was observed between
the two groups for the 33 ms condition (normals: 5.3 * 4.1;
overachievers: 3.8 * 3.7; P > 0.4) or for the 67 ms condition
(normals: 3.8 * 3.3; overachievers: 4.8 + 6.0; P > 0.6). We also
regressed sensitivity to fearful faces (A") on the number of
blinks and found no linear relationship for either group (slope
not significantly different from 0; in both cases, P > 0.5). These
results show that sensitivity to fearful faces in our masking task
was not explained by eye blinks. We also explicitly tested for
a difference between eye blinks during hits and misses for both
target durations, for both normals and overachievers. On
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Figure 2. Sensitivity to fearful target faces as characterized by ROC curves. Chance performance is indicated by the diagonal line (i.e. the same number of false alarms and hits)
and better-than-chance behavior is indicated by curves that extend to the upper left corner. The area under the ROC curve is the non-parametric sensitivity measure A”. (A) ROC
curves from a representative individual from the group of 19 ‘normal’ participants who reliably detected 67 ms targets (dotted line) but were not able to detect 33 ms targets (solid
line). (B) ROC curves from a representative individual from the group of eight ‘overachiever’ participants who reliably detected both 67 and 33 ms targets.

average, during hit or miss trials, subjects blinked only once or
less, and the only significant difference was observed for
overachievers for 67 ms targets (hits: 1.2 £ 1.1; misses: 0.2 £ 0.4);
however, in this case, a greater number of blinks was
observed for hit trials (i.e. subjects did not blink more during
miss trials).

Amygdala and Fusiform Responses Are Modulated

by Awareness

Initially, we contrasted stimuli containing fearful targets (fear-
neutral pairs) to those containing only neutral faces (neutral-
neutral pairs) for the group of normal observers. As expected
(Breiter et al, 19906), stronger responses were evoked in the
amygdala for 67 ms masked fearful targets relative to neutral
stimuli (Fig. 34; parameter estimates are shown in Fig. 3C; see
Table 1 for coordinates). Such differential activity was not
observed, however, when normal subjects viewed stimuli
containing 33 ms targets (Fig. 3B,C). As noted in the behavioral
results, eight subjects were reliably able to detect both 67 and
33 ms masked fearful targets. If amygdala responses to fearful
faces depend on awareness, differential activation would be
expected for both stimulus parameters. Indeed, for this group of
‘overachiever’ subjects, the contrast of fear-containing stimuli
and neutral-containing stimuli exhibited differential activation
for both 67 and 33 ms (Fig. 3D,FE; parameter estimates shown in
Fig. 3F Table 1. For 67 ms stimuli, differential activation in the
right amygdala was stronger than that observed for normals,
even though the group of overachievers contained only eight
subjects, compared with 19 normal subjects (see also Fig. 3F).
For 33 ms stimuli, differential activation for the overachievers
was observed in the left amygdala only (see also Fig. 3F). Thus, in
the amygdala, differential activations were observed only when
subjects were aware of the fearful faces.

The fusiform gyrus (FG) plays an important role in the
processing of faces (Puce et al, 1995; Kanwisher et al, 1997,
Haxby et al, 2001). Therefore, we also investigated this region
for effects of awareness and stimulus visibility (see below).
Consistent with other reports, we observed differential activa-
tion in the FG when stimuli containing a fearful target (fearful-
neutral pairs) were compared with neutral-neutral pairs (LaBar
et al., 2003; Ishai et al., 2004). For the group of normal subjects,
such activation was only evident for 67 ms masked targets, i.c.

those that were reliably detected (Fig. 44,B). At the same time,
as in the amygdala, differential activation was observed for both
67 and 33 ms masked targets for the group of overachievers
(Fig. 4C,D) who could detect fearful faces at both stimulus
durations. Thus, the pattern of activity in the FG paralleled that
found in the amygdala.

Amygdala and Fusiform Responses Are Modulated by
Stimulus Visibility

Next, we investigated how the subjective report of seeing or not
seeing a fearful target face modulated responses in the amygdala
(Table 2). These analyses were performed for 67 ms trials,
which provided a sufficient number of repetitions by trial type.
Stronger responses were evoked during hits versus correct
rejects (Fig. 5A), as expected, given that hit trials contained
fearful target faces and correct reject trials contained only
neutral faces (for parameter estimates associated with this and
the following contrasts, see Fig. 5C,F). Critically, hit trials
evoked stronger responses relative to miss trials (Fig. 5B). Since
the two trial types are physically identical, and differ only in the
subject’s report, such differential activation must be related to
the perception of a fearful target. Thus, target visibility
modulated amygdala responses. Remarkably, false alarm trials
evoked stronger responses relative to miss trials (Fig. 5D). Thus,
reporting a fearful face when none was physically present
produced stronger amygdala activation than viewing a stimulus
that actually contained a fearful face of which the subject was
unaware. Finally, we compared hit trials to false alarm trials (Fig.
5E). Little differential activity was observed in the left amygdala.
Moreover, in the right amygdala, the peak of this contrast was
situated more ventrally at z=-17 (7-10 mm inferior to the other
activations; see Table 2). Thus, most of the left amygdala and
portions of the right dorsal amygdala responded similarly to hit
and false alarm trials, indicating that their responses were to
a large extent linked to subjective report, such that even when
no fearful face was physically present but was reportedly seen
by the subject, robust responses were evoked.

Ambiguity has been shown to influence amygdala responses
(Whalen, 1998). One concern, therefore, is that strong re-
sponses evoked during false alarm trials may reflect an increase
in uncertainty during false alarm trials and not the subjective
experience of reporting a fearful face. To address this question,
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Figure 3. Amygdala responses to fearful faces as a function of awareness. The group maps show the results of the contrast of stimuli containing fear-neutral and neutral-neutral
face pairs (see top inset) superimposed on anatomical scans of a representative individual. Activity in normal subjects who were aware of fearful targets at 67 ms (A) and unaware
at 33 ms (B) is shown on the left. Activity in overachievers who were aware at both durations is shown on the right for 67 ms (0) and 33 ms (£). The level of the coronal section is
shown on the brain inset. In panels (C) and (F) activation strength (‘parameter estimates’ in arbitrary units) is shown for normal subjects and overachievers, respectively.

mean confidence ratings during misses (2.14 * 0.48) were
compared with mean confidence ratings during false alarms
(1.97 = 0.52); these means were not significantly different
(P > 0.1, ttest).

We also interrogated the FG for effects of stimulus visibility.
The results were largely parallel to the ones observed in the
amygdala (Fig. 6). As expected, hit trials (containing fearful
faces) evoked stronger responses than correct reject trials (not
containing fearful faces). At the same time, hit trials evoked
stronger activation than miss trials, although the two conditions
were matched in terms of physical stimulation, in that both
contained fearful faces. False alarm trials (not containing fearful
faces) evoked stronger responses than miss trials (containing
fearful faces). Finally, hits and false alarms evoked similar
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responses in FG, as evidenced by the lack of differential
activation in this region.

Discussion

In the present study we tested the hypothesis that amygdala
responses to briefly flashed and masked faces are independent
of visual awareness and stimulus visibility. We show, first, that
amygdala responses can depend on visual awareness. Under
conditions in which subjects were not aware of masked fearful
faces flashed for 33 ms, no differential activation was observed
in the amygdala. On the other hand, differential activation was
observed for 67 ms masked fearful targets that the subjects
could reliably detect. Critically, differential activation was



Overachievers
N=8

Normal Subjects
N=19

A Aware (67 ms) C  Aware (67 ms)

Z=-20

.001

Figure 4. Fusiform gyrus responses to fearful faces as a function of awareness. The
group maps show the results of the contrast of stimuli containing fear-neutral and
neutral-neutral face pairs superimposed on anatomical scans of a representative
individual. Arrows point to the fusiform gyrus. Conventions as in Figure 3.

observed for a group of ‘overachievers’ who were able to detect
33 ms masked targets. Note that this was the case even though
the group of overachievers was much smaller than the group of
normals (72 = 8 versus 7z = 19). Second, when trials were divided
into hits, misses, correct rejects and false alarms, we show that
target visibility is an important factor in determining amygdala
responses to fearful faces. Indeed, not only were responses
during hit trials larger than those during physically identical
miss trials; responses during false alarm trials were also larger
than those during misses, although in the former no actual
fearful face was present while in the latter it was. A similar
pattern of results was also observed in the FG, where responses
were also modulated by awareness and stimulus visibility.

Previous Masking Studies

The present results conflict with previous masking studies
reporting that emotional stimuli evoke responses in the
amygdala even when subjects are not aware of them. Using
the backward masking paradigms developed by Ohman and
colleagues and employed here, Whalen et al. (1998) reported
that fMRI signals in the amygdala were significantly stronger
during the viewing of masked, fearful faces than during the
viewing of masked, happy faces. Awareness was assessed by
debriefing subjects after the experiment and lack of awareness
was suggested by the fact that subjects reported seeing only
neutral faces. Because awareness was not formally assessed with
SDT methods for each individual participant, it is unclear
whether the stimuli were truly masked. Thus, one cannot be
certain that the reported amygdala activations were obtained
under conditions of unawareness. In another study, Morris et al.
(1998) combined backward masking with classical conditioning

to investigate responses to perceived (not masked) and non-
perceived (masked) angry faces. Although the participants
never reported seeing the masked, angry stimuli, the contrast
of conditioned and non-conditioned masked, angry faces
activated the right amygdala. During the experiment, subjects
were asked to indicate when they perceived an angry face; 0% of
the masked angry faces were detected and 100% of the
unmasked faces were detected. During the experiment, angry
faces appeared both in masked and unmasked conditions, and
only two angry faces were used. Because detecting unmasked
angry faces was rather straightforward, it seems likely that
subjects never reported masked angry faces due to the very
limited evidence indicating an angry face in this condition,
relative to the unmasked case. Moreover, the task was not set up
in a way that allowed for the assessment of sensitivity with SDT
methods, as subjects reported angry faces that could occur
either in a masked or unmasked fashion. Thus, it is again unclear
whether the reported activations for masked faces truly
reflected unaware perception. By contrast, in a recent masking
study, no evidence for unaware activation in the amygdala was
obtained (Phillips et al, 2004). Although these results are in
concordance with the current study, because subjects passively
viewed target-mask pairs, awareness was not assessed on an
individual basis.

Awareness and Binocular Rivalry

How can the present results be reconciled with recent reports
that the amygdala is activated in conditions of suppression
during binocular rivalry? In one study, amygdala activation
increased bilaterally in response to fearful versus neutral faces,
regardless of whether the face was the dominant stimulus or
suppressed during rivalry (Williams et al., 2004). Related results
were also obtained by Pasley et al. (2004) when they contrasted
suppressed fearful faces to suppressed chairs or houses.

Although binocular rivalry has been used to manipulate visual
awareness, it is an empirical question whether the extent
to which the state of suppression during rivalry is equivalent
to lack of awareness in the context of backward masking
(as assessed by SDT). In particular, if visual awareness is not an
all-or-none phenomenon, the suppression state during rivalry
could be associated with reduced or weakened awareness,
while effective visual masking would be linked with a more
complete elimination of awareness. In general, strong neural
signals may be directly associated with visual awareness. For
example, imaging studies of visuospatial neglect show that
signals evoked by unseen faces are weak compared with those
evoked by seen faces (Rees et al, 2000; Vuilleumier et al,
2001b). Moreover, activity in the fusiform gyrus correlates with
the confidence with which a subject reports recognizing an
object (Bar ef al., 2001). Thus, the ‘degree’ of awareness may be
correlated with the magnitude of activation.

It should also be noted that the boundary between suppres-
sion and dominance in binocular rivalry is subjective and that
intermediate, ‘mixed’ perceptual states are often obtained. The
extent to which the suppression state is ‘pure’ is especially
difficult to quantify, given that a subject’s response criterion is
involved in indicating what stimulus is dominant at any given
time.

Fusiform Gyrus
Previous studies have shown that FG responses are modulated
by stimulus valence. Thus, viewing fearful faces or unpleasant
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Figure 5. Amygdala responses as a function of subjective report. Trials were grouped in terms of physical properties (containing a fearful target or containing a neutral target) and
response (‘yes' or ‘no’). Schematic insets indicate the physical target by the picture shown and the response by ‘yes' (‘target present’) and ‘no’ (‘target absent’). Group maps are
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(‘parameter estimates’ in arbitrary units) for the four contrasts of interest for the left and right amygdala, respectively.

scenes (Taylor et al.,, 2000; Mouriao-Miranda et al., 2003) evokes
stronger responses than viewing neutral faces or neutral scenes,
respectively. The present results replicate such previous find-
ings but also reveal that responses in the FG, like those in the
amygdala, are modulated by awareness and stimulus visibility
(see also Pessoa and Padmala, 2005). Previous studies have also
addressed these questions, albeit in a more indirect fashion. In
one study, activation was shown to be correlated with perfor-
mance in an object naming task when exposure duration was
varied from 20 to 500 ms (Grill-Spector et al, 2000). Such
correlation was found in the lateral occipital complex, as well as
the posterior FG. In a related study, activity in the FG was shown
to be correlated with the confidence with which a subject
reported recognizing an object (Bar et al, 2001). Our results are
consistent with these previous findings. In our study, however,
awareness was quantified objectively for each individual, allow-
ing a direct assessment of its role in modulating FG activation.
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Automaticity

A commonly held view states that emotional processing is
automatic (Ohman, 2002; Dolan, 2003). Such a view is consis-
tent with findings that amygdala responses are somewhat
independent of the focus of attention. For instance, it has
been reported that paying attention to houses does not have an
effect on differential responses to fearful and neutral faces in the
amygdala (Vuilleumier et al, 2001a; Anderson et al, 2003).
Consistent with the view that emotional stimuli are processed
‘pre-attentively’, the detection of threat-related stimuli (e.g. a
snake) is associated with relatively flat ‘search slopes’ in visual
search tasks (Ohman et al, 2001). However, this view has
recently been challenged. Both fMRI and event-related potential
studies have recently demonstrated that emotional perception
cannot proceed when a competing task is made sufficiently
demanding, thereby depleting attentional resources (Pessoa
et al., 2002ab; Eimer et al, 2003; Holmes et al., 2003). Further
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Figure 6. Fusiform gyrus responses as a function of subjective report. Arrows point to
the fusiform gyrus. Conventions as in Figure 5.

evidence that the processing of emotional stimuli requires
attention comes from a recent behavioral study showing that
fearful faces are also subject to an ‘attentional blink’ (M. Eimer
and R. Jones, in preparation).

As stated earlier, the hypothesis that amygdala responses are
largely automatic would predict that visual awareness and
stimulus visibility would have little impact on amygdala re-
sponses. On the other hand, if amygdala responses depend on
awareness and are more closely tied to the perception of fear,
then stimulus visibility would be expected to modulate re-
sponses. The present results show that differential activity in
the amygdala strongly depends on awareness. Moreover, stimulus
visibility was also found to play an important role in determining
amygdala responses. Together, these results further challenge the
view that amygdala responses occur automatically.

Assessing Awareness: Subjective and Objective Methods

What is the best way to characterize visual awareness? Much
heated debate has surrounded this question (Merikle et al,
2001; Snodgrass et al, 2004). According to objective criteria,
unaware perception occurs when a subject’s performance in
a forced-choice task is at chance level. Under such conditions,
behavioral effects of unaware stimuli (e.g. faster reaction time
for undetected fearful faces), as well as associated fMRI signals,
constitute correlates of unaware perception. According to
subjective criteria, unaware perception occurs when subjects
themselves report that they are unable to perform the task
better than chance (independent of their actual objective
performance). At present, it is perhaps safest to assume that
both methods will provide valuable information concerning
awareness (Pessoa, 2005). On the one hand, studies that reveal
amygdala responses during subjective unawareness indicate
that although stimuli are task irrelevant and verbally inaccessi-

ble, they still evoke responses (Whalen et al, 1998). A central
difficulty with subjective awareness thresholds is that they may
be seriously contaminated by response bias (Eriksen, 1960). On
the other hand, studies that reveal neural correlates during
objective unawareness indicate that even though subjects
cannot reliably detect or discriminate stimuli, these could still
have an impact on brain responses (Wong et al, 2004). The
present results do not support the notion of robust differential
amygdala responses during objective unawareness.

Amygdala Responses and Target Visibility

Thus far, we have discussed our results as suggesting that (i)
robust differential responses in the amygdala to fearful relative
to neutral faces require visual awareness; and (ii) target visibility
strongly modulates amygdala responses. An alternative, al-
though not mutually exclusive, interpretation is that amygdala
activity itself determines target visibility — rather than target
visibility determining amygdala activity. In this view, subjects
who exhibit amygdala responses in response to both 33 and
67 ms fearful faces are the ones who can reliably detect such
briefly presented faces (i.e. are objectively aware of the faces).
Thus, individual differences in amygdala response strengths
would be linked to the ability to detect fearful faces in such
challenging conditions.

The above interpretation is consistent with reports of so-
called ‘affective blindsight’ (de Gelder et al, 2001). For example,
blindsight patient GY (who has a right hemianopia following left
occipital lobe damage) is able to discriminate emotional facial
expressions presented in his blind hemifield (de Gelder et al,
1999, 2001). Moreover, in a recent fMRI study, amygdala
responses were elicited in GY to the presentation of fearful
and fear-conditioned faces in his blind hemifield (Morris et al,
2001), possibly suggesting that information reached his amyg-
dala subcortically or via alternative cortical paths bypassing V1
(Sincich et al, 2004; Soares et al., 2004). Thus, in the context of
the preceding discussion, blindsight patients may be able to
detect emotional faces due to increased amygdala sensitivity to
this class of stimuli. In a related fashion, recent studies suggest
that variability in individual anxiety levels is an important
variable determining the extent to which the amygdala
responds to masked or unattended emotional stimuli (Bishop
et al., 2004; Etkin et al, 2004); at a more basic level, increased
amygdala reactivity has been shown to be linked to serotonin
transporter genes (Hariri et al, 2002, 2005; Furmark et al, 2004;
Heinz et al, 2005). However, not all variability in sensitivity to
fearful faces appears to be linked to amygdala reactivity. For
example, in a recent study, individual detection ability did not
explain ventral amygdala responsivity to 17 ms fearful ‘eye-
whites’ that were subsequently masked (Whalen et al, 2004).

Summary and Conclusions

Since the seminal work by Kunst-Wilson and Zajonc (1980)
showing that ‘mere exposure’ can lead to preferences
(i.e. unconscious processing), a great deal of work has in-
vestigated visual awareness. Unlike the vast majority of previous
studies, our strategy was to characterize each individual’s
behavioral performance via SDT methods. This allowed us to
separate participants into a group of ‘normal’ individuals who
could reliably detect masked fearful faces presented for 67 ms
but not for 33 ms, and a group of ‘overachievers’ who could
detect both 33 and 67 ms masked targets. Our fMRI results show
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that differential responses in the amygdala to masked fearful
faces relative to masked neutral ones was only observed when
subjects were objectively aware of the faces. Thus, under
unawareness conditions, no amygdala responses to fearful faces
were observed. While our results speak directly to the debate of
visual awareness of emotional faces, they have more general
implications for the understanding of unconscious processing.
Specifically, neuroimaging studies (of emotional processing or
otherwise) that have utilized subjective awareness thresholds
or forced-choice assessments vulnerable to response bias may
have overestimated the extent of unconscious processing.
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