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Functional magnetic resonance imaging (fMRI) of the human
brain was used to study whether the amygdala is activated in
response to emotional stimuli, even in the absence of explicit
knowledge that such stimuli were presented. Pictures of human
faces bearing fearful or happy expressions were presented to
10 normal, healthy subjects by using a backward masking
procedure that resulted in 8 of 10 subjects reporting that they
had not seen these facial expressions. The backward masking
procedure consisted of 33 msec presentations of fearful or
happy facial expressions, their offset coincident with the onset
of 167 msec presentations of neutral facial expressions. Al-
though subjects reported seeing only neutral faces, blood ox-
ygen level-dependent (BOLD) fMRI signal in the amygdala was
significantly higher during viewing of masked fearful faces than
during the viewing of masked happy faces. This difference was
composed of significant signal increases in the amygdala to

masked fearful faces as well as significant signal decreases to
masked happy faces, consistent with the notion that the level of
amygdala activation is affected differentially by the emotional
valence of external stimuli. In addition, these facial expressions
activated the sublenticular substantia innominata (SI), where
signal increases were observed to both fearful and happy fac-
es—suggesting a spatial dissociation of territories that respond
to emotional valence versus salience or arousal value. This
study, using fMRI in conjunction with masked stimulus presen-
tations, represents an initial step toward determining the role of
the amygdala in nonconscious processing.
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Neuroscientific research provides many examples of tasks exe-
cuted below the level of awareness (Schacter et al., 1993; He et al.,
1996; Berns et al., 1997; Rauch et al., 1997). It has been argued
that initial responses to affective stimuli are automatic and do not
require awareness (Zajonc, 1980). The amygdala is a brain area
located within the medial temporal lobe that is known to process
affective or emotionally valenced stimuli (see Aggleton, 1992).
On the basis, in part, of animal studies demonstrating a direct
short-latency pathway from the thalamus to the amygdala (Le-
Doux et al., 1985), LeDoux (1996) has proposed that the amyg-
dala might survey emotionally valenced stimuli without aware-
ness. Consistent with this notion, studies of human subjects by
Öhman and colleagues (Öhman, 1992) have demonstrated skin
conductance responses to emotionally valenced facial expressions
conditioned to predict an aversive electrical shock when these
expressions were presented in a manner that prevented awareness
(i.e., backward masking). Taking a lead from human lesion data
(Adolphs et al., 1995; Calder et al., 1996), recent neuroimaging
reports in humans have demonstrated activation within the amyg-

dala in response to facial expressions of emotion (Breiter et al.,
1996; Morris et al., 1996). The present study used functional
magnetic resonance imaging (fMRI) during the presentation of
backwardly masked facial expressions to determine whether
amygdala activation might be demonstrated in humans in the
absence of explicit knowledge.

A backward masking procedure previously demonstrated to in-
terrupt processing of emotionally expressive faces (Esteves and
Öhman, 1993; Rolls and Tovee, 1994) was used. Each masked
stimulus consisted of a 33 msec fearful or happy expression face
(target), its offset coincident with the onset of a 167 msec neutral
expression face (mask). Esteves and Öhman (1993) demonstrated
that if the stimulus onset asynchrony (SOA; i.e., the interval be-
tween the onset of the target and the mask) was sufficiently brief
(,40 msec), human subjects were not aware of the emotionally
expressive target face, as defined by objective forced choice tasks
and subjective report. In the present study 10 human subjects
viewed repeating 28 sec epochs that consisted of either fearful
faces masked by neutral faces, happy faces masked by neutral faces,
or a single cross (1) that served as a fixation point baseline. We
predicted that, although subjects would report seeing only the
neutral masks, blood oxygen level-dependent (BOLD) fMRI signal
intensity (Kwong et al., 1992; Ogawa et al., 1992) would increase in
the amygdala in response to masked fearful targets when compared
with masked happy targets. In addition, we predicted that presen-
tation of masked emotional facial expressions would serve to iso-
late amygdala activation in contrast to previous neuroimaging
studies of nonmasked facial expressions, which have demonstrated
activation of the amygdala along with numerous additional brain
regions (Breiter et al., 1996; Morris et al., 1996).
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MATERIALS AND METHODS
Subjects. Ten right-handed males aged 19–32 (mean, 23.8 years) provided
informed consent before participation in this study, according to guide-
lines established by the Subcommittee on Human Studies at the Massa-
chusetts General Hospital. Handedness was defined by the Edinburgh
Inventory (Oldfield, 1971). Subjects were told that they would be pre-
sented with pictures of faces. All subjects were naive to the face stimuli
used and to our hypotheses pertaining to the emotional expressions of
faces. For this initial experiment a single gender cohort was studied to
minimize heterogeneity, thereby improving statistical power. Future
studies of female subjects will be necessary to determine the generaliz-
ability of the current results.

Selection of fear faces as threat-related stimuli. Face stimuli consisted of
fearful, happy, and neutral expressions of eight individuals (numbers
021, 030, 040, 081, 101, 121, 131, 140; Ekman and Friesen, 1976). We
selected fearful faces as our negatively valenced stimuli because human
lesion studies document a deficit in the processing of fearful faces after
amygdala lesions (Adolphs et al., 1995; Calder et al., 1996), and previous
neuroimaging studies demonstrate amygdala activation to these stimuli
(Breiter et al., 1996; Morris et al., 1996). We offer the concept that,
unlike an angry face that represents a direct threat, the relationship of a
fearful face to threat is ambiguous in that a fearful face signals the
presence of danger, but not its source. In this sense, a fearful face can be
conceptualized as a contextual stimulus, whereas an angry face can be
conceptualized as a specific cue.

Paradigm. Subjects were presented with alternating 28 sec epochs of
masked fearful face targets (F), masked happy face targets (H), or a
single cross that served as a low-level fixation condition (1). During each
epoch subjects viewed either 56 masked fearful stimuli or 56 masked
happy stimuli (each of eight fearful or happy faces was masked by the
neutral expression for each of the other seven individuals).

Masked stimuli were presented twice per second in a random order.
Each 200 msec masked stimulus consisted of a 33 msec fearful or happy
expression (target) immediately followed by a 167 msec neutral expres-
sion (mask).

The order of 28 sec epochs containing 56 fearful or happy masked
stimuli was counterbalanced within and across subjects; one-half of the
subjects viewed masked fearful, followed by masked happy, targets
during their first run (1,F,H,1,F,H,1,F,H,1); the other half viewed
masked happy, followed by masked fearful, targets during their first run
(1,H,F,1,H,F,1,H,F,1). Then the order of fearful and happy target
epochs was reversed for the second run for all subjects. These 10 epochs
comprised a 4 min and 40 sec run. Each subject viewed two runs.

Subject debriefing. Subjective report measures were used to assess the
subjects’ explicit knowledge of presented masked facial expressions of
emotion after the completion of all stimulus presentations. Immediately
after the experiment the subjects were asked to describe any aspect of the
presented faces. Next, the subjects were asked to comment on the
emotional expressions of the faces. Then the subjects were asked if they
had seen any happy or smiling faces and asked if they had seen any
fearful or afraid faces. Finally, the subjects were shown all face stimuli
(fearful, happy, and neutral) and asked to point out the specific faces
they had referred to in response to earlier questions.

Stimuli and apparatus. Face stimuli consisted of PICT files that were
assembled frame by frame into a film, using Adobe Premiere software.
Specialized hardware (Media 100, Marlboro, MA) was used to transfer
the digital PICT information to videotape synchronized with the head-
sweeps of the VCR so as not to distort the stimuli. A VCR was used to
play the tape, and the output was projected (Sharp XG-2000U LCD) onto
a screen within the imaging chamber, viewable by a mirror (1.5 3 3.5
inches) ;6.5 inches from the subject’s face. The play speed of the VCR
was 30 frames/sec, creating a 33 msec/frame presentation rate.

Pulse rate was measured from the right index finger of all subjects
during stimulus presentations via pulse oximetry (In Vivo Systems,
Orlando, FL).

Functional magnetic resonance images were collected in a General
Electric Signa 1.5 Tesla high-speed imaging device (modified by Ad-
vanced NMR Systems, Wilmington, MA), using a quadrature head coil.
Our Instascan software is a variant of the echo planar technique first
described by Mansfield (1977). Head stabilization was achieved with a
plastic bite bar molded to each subject’s dentition.

Image acquisition and data analysis. Our standard image acquisition
protocol was used and previously has been detailed elsewhere (Cohen
and Weisskoff, 1991; Kwong, 1995). An initial sagittal localizer [spoiled
gradient recall acquisition in a steady state (SPGR), 60 slices, resolution

0.898 3 0.898 3 2.8 mm] was performed to provide a reference for future
slice selection and for eventual localization within Talairach space (Ta-
lairach and Tournoux, 1988). After automated shimming (Reese et al.,
1995) to maximize field homogeneity, a magnetic resonance (MR) an-
giogram (SPGR, resolution 0.78125 3 0.78125 3 2.8 mm) was acquired
to identify large- and medium-diameter vessels. Then a set of T1-
weighted high-resolution transaxial anatomic scans (resolution 3.125 3
3.125 3 8 mm) was acquired. For the functional series, asymmetric spin
echo (ASE) sequences were used to minimize macrovascular signal
contributions. Functional ASE data were acquired as 15 contiguous,
interleaved, horizontal 8 mm slices that paralleled the intercommissural
plane (voxel size 3.125 3 3.125 3 8 mm; 100 images per slice, TR/TE/
Flip 5 2800 msec/70 msec/90°).

Automated data analytic techniques began with a quantification of
subject motion and then correction, using an algorithm developed by
Jiang et al. (1995), based on Woods et al. (1992). Both functional and
high-resolution structural data were placed into normalized Talairach
space and resliced into 3.125 3 3.125 3 3 mm voxels in the coronal plane.
Then data from individuals were baseline-normalized and concatenated
(averaged). Nonparametric statistical maps were calculated with the
Kolmogorov–Smirnov (KS) statistic, displayed in pseudocolor, scaled
according to significance, and superimposed on T1-weighted high-
resolution images also placed into Talairach space and resliced in the
coronal plane. Because we predicted only amygdala activation to the
present experimental manipulation, our a priori significance threshold
( p , 6.6 3 10 24) represents a Bonferroni-corrected 0.05 probability
level based on the ;76 voxels that make up the amygdaloid region
(Filipek et al., 1994).

RESULTS
Subject debriefing
Immediately after the experiment, the subjects were asked to
describe any aspect of the presented faces. Two of the 10 subjects
offered descriptions indicating that they had seen features of the
emotional target stimuli. The remaining eight subjects were asked
next to comment on the emotional expressions of the faces, and
all responded with reference to the neutral mask stimuli alone.
Then the subjects were asked if they had seen any happy or
fearful faces. All eight subjects reported that they had not seen
these expressions. Finally, these eight subjects were shown all face
stimuli (fearful, happy, and neutral) and asked to point out the
specific faces they had seen. Subjects selected only neutral faces.
Therefore, we present here brain activation data for the eight
subjects who reported having seen only the neutral faces.

Pulse rate data
Pulse rate was measured in the eight subjects who reported not
having seen the masked fearful and happy faces (sampled ap-
proximately every 5 sec). Technical problems prevented measure-
ment within the magnet for two of these subjects. Results re-
vealed no significant pulse rate changes to the presentation of
fearful or happy faces when compared with one another or the
fixation baseline condition ( p . 0.05).

fMRI data
Figure 1 presents BOLD signal changes across whole brain in
response to masked fearful faces versus masked happy faces for
the eight subjects who demonstrated no explicit knowledge of the
presence of these stimuli. Note the relative absence of activation
outside the amygdaloid region.

Figure 2A presents the most posterior coronal slice from the
amygdaloid region of activation depicted in Figure 1. Significantly
higher BOLD signal is observed in the amygdala in response to
masked fearful faces (467.56 6 0.41, mean 6 SEM) when com-
pared with masked happy faces (464.85 6 0.43, mean 6 SEM).
Four contiguous voxels within the right amygdala met the thresh-
old for statistical significance ( p , 6.6 3 10 24; see Materials and
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Methods). We then assessed the direction of signal change to
fearful or happy faces in comparison to the fixation baseline
epochs. We considered only the four significantly activated voxels
from the fear versus happy contrast depicted in Figure 2A; the
masked fear versus fixation contrast revealed a significant increase
in signal intensity, whereas the masked happy versus fixation
contrast revealed a significant decrease in signal intensity. For
this comparison we treated the four voxels in the amygdala
(defined by the overall fear vs happy contrast) as one region of
interest (ROI). Mean signal intensity within this ROI demon-
strated a significant increase to masked fearful faces and a sig-
nificant decrease to masked happy faces when compared with
fixation ( p , 0.05). Thus, the larger overall fear versus happy
statistical effect ( p , 6.6 3 1024) demonstrated across these four
voxels depends on both a response to the fearful faces (increase)
and the happy faces (decrease). By considering only voxels acti-
vated in the fear versus happy contrast, we are assured of describ-
ing only the nature of signal changes specifically attributable to
the emotional expressions.

To delineate the effect of repeated presentations of these
stimuli, Figure 2B presents BOLD signal changes in the amygdala
for the significant ROI depicted in Figure 2A across all epochs of
presentation. First, notice that BOLD signal in the amygdala is
always higher during presentation of masked fear faces when
compared with the contiguous (counterbalanced) epoch of
masked happy faces. For this group of eight subjects the average

percentage of change in signal intensity between conditions
(masked fear vs masked happy) ranged from 0.77 to 0.35% across
epochs. When compared with the fixation baseline condition,
signal intensity increases in response to fearful faces occurred
during the first two fear presentation epochs but were attenuated
to baseline with subsequent stimulus presentations. In contrast,
however, note that signal intensity decreases in response to happy
faces persisted through all presentation epochs.

Figure 3A depicts BOLD fMRI signal changes for the masked
fear versus happy contrast in the most anterior coronal slice from
the amygdaloid region of activation depicted in Figure 1. The
ventral portion of this activation is within the temporal lobe,
where the most anterior extent of the amygdala is located; how-
ever, this activation extends immediately rostral and dorsal to the
traditionally defined amygdala within the region of the sublen-
ticular substantia innominata (SI) of the basal forebrain (see
Heimer et al., 1997). Within the SI this activation extends in a
dorsomedial direction to the base of the anterior commissure.

Although BOLD signal changes in the ventral portion of this
activation increased to fearful faces and decreased to happy faces
(similar to the activation in Fig. 2), significant BOLD signal
changes in the dorsal portion of this activation for the masked
fear versus masked happy contrast ( p , 6.6 3 1024) were created
by signal increases to both fearful and happy faces, in which
increases to fearful faces were significantly larger. Figure 3B
presents an enlargement of the significant voxels of activation

Figure 1. Masked fearful faces versus masked happy faces. Areas of significant activation ( p , 6.6 3 10 24) across whole brain, presented here as 57,
3 mm coronal slices for the masked fear versus masked happy contrast, for the eight subjects who reported not having seen the fearful or happy target
faces. All figures are displayed according to radiological convention (i.e., left 5 right; right 5 left; top 5 superior; bottom 5 inferior). The most anterior
slice is in the top lef t corner, and slices proceed in a posterior direction from lef t to right and then down. The colorized statistical map is superimposed
over the averaged high-resolution structural data for these eight subjects. Both functional and structural data have been placed in a normalized space
according to the coordinate system of Talairach and Tournoux (1988). All figures were smoothed by using a Hamming nine voxel 1:2:1 kernel filter,
although activations were significant on unsmoothed maps. Significant activation within the amygdaloid region is evident within two slices in the third
row ( yellow brackets). These two slices represent Talairach coordinates in the y-plane of 0 (see Fig. 3) and 26 (see Fig. 2), respectively. Note also the
relative lack of activation across all other brain regions. There is an activation of the inferior prefrontal cortex (first row, slice nine) that met the
significance level set a priori for the amygdala. Note that, although our 15 original horizontal slice acquisitions covered “whole brain,” susceptibility from
the sinus space causes signal dropout in portions of some brain regions (see Results).
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from the masked fear versus masked happy contrast pictured in
Figure 3A. The activation is presented twice: once for the fear
versus fixation contrast and again for the happy versus fixation
contrast. Numbers overlying the voxels present the average per-
centage of BOLD signal change from the fixation baseline across
all stimulus presentations. Note that, in response to masked fear
faces, all voxels of activation—the most ventral voxels located in
the amygdala and the most dorsal voxels located in the SI—

demonstrate signal increases. In contrast, in response to masked
happy faces, ventrally located voxels demonstrate signal decreases
(similar to the amygdala response depicted in Fig. 2), whereas
dorsal voxels located in the SI demonstrate signal increases.

Table 1 presents Talairach coordinates (Talairach and Tour-
noux, 1988) and probability values of activated brain regions for
the masked fear versus happy contrast for the eight subjects that
reported not having seen the masked fearful and happy faces.

Figure 2. Top. Amygdala activation to masked fearful versus masked happy faces. A, Coronal display of the most posterior slice depicting activation
within the region of the amygdala from Figure 1. Image parameters are as in Figure 1. Activation depicted here in the right amygdala includes four
contiguous voxels that significantly increased in response to masked fearful faces when compared with masked happy faces ( p , 6.6 3 10 24). B, Bar
graph depicting changes in BOLD signal intensity as a function of repeated stimulus presentations. Bars represent the mean percentage change of signal
intensity per epoch in response to masked fearful and masked happy faces (counterbalanced), as compared with the preceding and following low-level
fixation conditions. Values reflect only the four voxels that exceeded the Bonferroni-corrected significance threshold (depicted within A) for the masked
fearful versus masked happy contrast.

Figure 3. Bottom. Amygdala/SI activation to masked fearful versus masked happy faces. A, Coronal display of the most anterior slice depicting activation
within the region of the amygdala from Figure 1. Image parameters are as in Figure 1. Note that the most ventral portion of this activation is within the
temporal lobe (where the most anterior extent of the amygdala is located). This activation then extends dorsally into the basal forebrain where
the sublenticular substantia innominata (SI ) is located. Six voxels met the Bonferroni-corrected significance threshold ( p , 6.6 3 10 24). B, Enlargement
of the activation presented in A is presented twice: once for masked fear versus fixation and again for masked happy versus fixation. Colors of enlarged voxels
represent significance levels for the original masked fear versus masked happy contrast as follows: orange, p , 6.6 3 10 24; red, p , 0.005; blue, p , 0.05.
Although the significant statistical effect for the masked fear versus masked happy contrast in the ventral portion of this activation (amyg) is attributable to
signal increases to fearful faces and signal decreases to happy faces (similar to the amygdala activation in Fig. 2), the statistical effect in the dorsal portion
of this activation (SI ) is a result of signal increases to both fearful and happy faces in which increases to fearful faces are significantly larger ( p , 6.6 3
10 24).
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Activation within the left and right amygdala exceeded the a
priori threshold for significant activation ( p , 6.6 3 1024). To
obviate bias, we report here all areas of activation across whole
brain that met this threshold. One other brain area, left inferior
prefrontal cortex, also met this criterion (see Fig. 1, row one, slice
nine). Because it was not predicted, we note then that activation
in this region did not achieve the appropriate Bonferroni-
corrected threshold for whole brain ( p , 1.0 3 1027).

Technical considerations
Quantification of motion—Corrected motion during functional
image acquisition was ,1.5 mm for all subjects. Missing data—A
computer failure during image acquisition of subject number 7
caused his first run to be lost. This did not affect the results,
because statistical effects were similar whether six, seven, or eight
subjects were considered. The fact that the results were similar to
those of six subjects is important, because loss of these data did
not compromise the protection afforded by counterbalancing.
Vessel effects—To rule out the possibility that the observed
activations were attributable to flow through large vessels located
medial to the temporal lobe (e.g., inferior carotid, middle cerebral
artery), we acquired MR angiograms for these eight subjects,
placed them into normalized Talairach space, and then averaged
them across the subjects. Thus, the composite activations for eight
subjects did not overlie the location of large vessels on averaged
MR angiograms. Susceptibility artifact—It is unlikely that the
observed activation is an artifact of changes in the nearby field of
susceptibility because (1) inspection of animated raw signal in-
tensity changes over time revealed no obvious systematic changes
in susceptibility that mirrored counterbalanced conditions, and
(2) these results (i.e., increased signal to fear, decreased signal to
happy) are consistent with a previous positron emission tomog-
raphy (PET) study using nonmasked stimuli, where susceptibility
is not a concern.

DISCUSSION
Significance of amygdala activation to masked stimuli
Amygdala activation was observed in response to masked fearful
faces versus masked happy target faces that subjects reported not
having seen. As predicted, the backward masking of emotional
facial expressions resulted in impressive isolation of the amyg-
dala. This finding is particularly striking when considered in light
of an earlier neuroimaging study demonstrating activation of the

amygdala and four additional brain regions to presentation of
nonmasked fearful faces versus happy faces (Morris et al., 1996).

These data highlight the automaticity of the amygdala response
and are consistent with the assertion of LeDoux (1996) that the
amygdala responds to early, crude representations of external
stimuli. Although consistent with the notion that the amygdala
might receive stimulus information directly from the thalamus
(LeDoux et al., 1985), prior or parallel to elaborate cortical
processing, the temporal resolution of the present design (based
on 28 sec epoch lengths) does not address this issue directly. In
addition, portions of candidate cortical areas that also might
survey masked facial stimuli [e.g., temporal visual cortex (Has-
selmo et al., 1989) and ventral prefrontal cortex (Tranel et al.,
1995; Hornak et al., 1996)] may not have been visualized in the
present study because of characteristic signal drop-out associated
with fMRI caused by the nearby sinus space. Replication of the
present effect using PET (where susceptibility drop-out is not an
issue) would address this concern.

Direction of signal changes in the amygdala
Within the amygdala, signal intensity increased to masked fear
faces and decreased to masked happy faces, consistent with a
previous imaging study (Morris et al., 1996). In addition, signal
increases to masked fearful faces habituated. Habituation of
response within the amygdala to emotionally valenced stimuli that
have proven inconsequential is consistent with previous reports in
both animals (Bordi et al., 1993) and humans (Breiter et al., 1996;
Irwin et al., 1996). In contrast, however, signal intensity decreases
in response to happy faces persisted through all presentation
epochs. Happy faces appear to provide information of enduring
importance and, in this sense, might be conceptualized as safety
signals. One interpretation of these data is that both fearful and
happy faces provide information about the potential for threat in
a given environment, differentially affecting the level of activity in
the amygdala.

This differential amygdala response, based on the valence of
facial expressions, is consistent with a recent study of human
infants in which presentation of negatively valenced (angry) faces
produced increased eyeblink magnitudes and positively valenced
(happy) faces produced decreased eyeblink magnitudes [Balaban
(1995); see also Lang (1995)]. Activation of the amygdala is
known to modulate eyeblink reflex sensitivity (Davis, 1992). To
elaborate, although direct electrical stimulation of the amygdala

Table 1. Talairach coordinates for masked fearful vs masked happy faces

No. Location in brain p value

Talairach coordinates

x y z

1. Amygdala 3.7 3 1025 18 26 215
2a. Amygdala/ 1.6 3 1024 215 0 212
2b. Substantia innominata 2.9 3 1024 212 0 29
3. Inferior prefrontal cortex 1.6 3 1024 228 42 9

Areas of significantly increased BOLD fMRI signal intensity across whole brain during presentation of masked fearful faces
versus masked happy faces. Similar to Figures 1–3, data presented are for the eight subjects who reported not having seen
fearful or happy faces. Reported probability values and Talairach coordinates reflect the maximum activated voxel. Activation
1 corresponds to the activation pictured in Figure 2. Activation 2a, b corresponds to the activation pictured in Figure 3. The
location of maximum voxels within the temporal lobe (amygdala) and basal forebrain (substantia innominata) are reported in
2a and 2b, respectively. The Talairach atlas (Talairach and Tournoux, 1988) suggests that the location of Activation 2a should
be described as temporal cortex. Our designation of this locus as within the amygdala is based on (1) inspection of high
resolution structural data, (2) other human structural atlases (DeArmond et al., 1993) depicting the amygdala as prominent at
the anterior to posterior location of the anterior commissure (y 5 0), and (3) the similar response topography to the amygdala
activation in Figure 2 (increase to fear, decrease to happy). Because activation of inferior frontal cortex was not predicted and
our Bonferroni corrected significance threshold is based on the smaller size of the amygdala, we note that activation of this
region did not achieve the appropriate Bonferroni corrected threshold for whole brain (see Results).
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in animals does not produce an eyeblink, the magnitude of the
next eyeblink that is elicited after amygdala stimulation is mod-
ified (Whalen and Kapp, 1991). These converging results imply
that, although amygdala activation to experimental presentation
of emotionally valenced facial expressions may not produce ob-
vious overt responses, it modifies overt responses to subsequent
sensory information through numerous efferent pathways (see
Kapp et al., 1992).

Significance of SI activation
The present experiment also produced activation that extended
into the sublenticular SI of the basal forebrain, consistent with
recent PET studies demonstrating blood flow changes within the
SI that correlate with (1) recall of negatively valenced film stimuli
(Cahill et al., 1996) as well as (2) thalamic responses to aversively
conditioned stimuli (Morris et al., 1997). These data are also
consistent with an emerging understanding of the inter-related
anatomy of this region. For example, the “extended amygdala,”
including the bed nucleus of the stria terminalis (BNST; see
Davis et al., 1997), describes a subset of neurons within the SI
characterized as a functional and anatomical continuum of the
traditionally defined amygdala, based on similarities in cytoarchi-
tecture as well as neurotransmitter and projection systems (Hei-
mer et al., 1997). In addition, the amygdala is known to project
directly to the SI (Russchen et al., 1985) where the cholinergic
nucleus basalis of Meynert (NBM) neurons are located (Mesulam
et al., 1983).

The present demonstration of increased activation of the SI to
both fearful and happy faces is consistent with (1) data in pri-
mates demonstrating increased neuronal responses in the SI to
both positive (Richardson et al., 1988; Wilson and Rolls, 1990)
and negative (Whalen et al., 1994) stimuli, (2) the well established
role of the NBM in the modulation of cortical neuronal excitabil-
ity (Celesia and Jasper, 1966; Szerb, 1967; Sillitto and Kemp,
1983; Metherate and Ashe, 1991), and (3) the fact that the activity
of these neurons is more closely associated with an animal’s
overall state of vigilance or arousal rather than with its response
to specific stimulus presentations (Detari and Vanderwolf, 1987;
Whalen et al., 1994). Thus, activation of the SI to both fearful and
happy facial expressions might represent a more generalized
response to the salience (see Morris et al., 1997) or arousal value
(see Kapp et al., 1992; Whalen et al., 1994) of these stimuli.

The dissociation between an amygdala response based on va-
lence and an SI response based on arousal offers a possible
neuroanatomical substrate for psychophysiological responses long
hypothesized by Lang and colleagues to reflect emotional “action
dispositions,” based on the valence versus arousal value of pre-
sented stimuli (see Lang, 1995; Shupp et al., 1997). In addition,
this response dissociation replicates both the earlier Morris et al.
(1996) and Breiter et al. (1996) findings and clarifies response
differences between the two studies. To elaborate, in the present
study the amygdala demonstrated increases to fear and decreases
to happy faces, similar to Morris et al. (1996); activations that
extended into the SI demonstrated increases to both fear and
happy faces, similar to Breiter et al. (1996).

Explicit knowledge and the determination
of awareness
The present study was designed as a demonstration of the auto-
maticity of amygdala response and as an initial effort toward
determining whether awareness is a prerequisite for amygdala
activation. Toward this end we used a stimulus onset asynchrony

(SOA) parameter (33 msec) below a threshold previously deter-
mined to prevent awareness of masked emotional facial expres-
sions (Esteves and Öhman, 1993). Still, numerous methodological
differences between the present and previous studies preclude
generalizations about awareness on the basis of the parameter of
SOA alone.

There are several challenges associated with the measurement
of awareness (see Merikle, 1992; Greenwald et al., 1996). These
include the timing of measurement [during interstimulus intervals
(ISIs) vs after completion of all stimulus presentations] and the
type of measurement (objective vs subjective; recall vs recogni-
tion). For this initial study we chose to assess awareness subjec-
tively after completion of all stimulus presentations, emphasizing
recall versus recognition measures. The timing we chose does
limit interpretation, to the extent that debriefing results may not
accurately reflect the subjects’ awareness at the time of presen-
tation. However, this strategy (1) allowed for shorter ISIs, maxi-
mizing the number of masked facial expressions presented within
each epoch and thereby protecting against type II error in terms
of amygdala activation, and (2) obviated the need for subjects to
be informed of the presence of masked stimuli before the study so
that findings would not be confounded by explicit attempts to
detect emotional expressions. Our reliance on recall versus rec-
ognition measures of explicit knowledge was guided by research
demonstrating that recognition tasks requiring discrimination of
very similar stimuli are more susceptible to incorrect identifica-
tion of target items (Underwood, 1965; Roediger, 1980; Hintz-
man et al., 1992; Hintzman and Curran, 1995; Mäntylä, 1997).
With specific reference to face stimuli, Mäntylä has demonstrated
that recognition of faces is driven by familiarity processes versus
detailed episodic information (Mäntylä, 1997).

An interstimulus objective forced choice task remains the “gold
standard” for the definition of awareness in behavioral psychology
(see Greenwald et al., 1996). Future studies using such an inter-
stimulus measure would address the question of awareness di-
rectly but would change the nature of the task fundamentally
(active search vs passive viewing). Use of an objective forced
choice measure after completion of all stimulus presentations
may enable the objective assessment of awareness during a pas-
sive viewing task, although this approach assumes that only con-
sciously perceived information will influence objective responses
(see Jacoby, 1991; Merikle, 1992; Seamon et al., 1995).

Conclusions and future direction
The role of the amygdala in fear conditioning is well established
(Aggleton, 1992), and the more recent reports of its involvement
in the processing of emotional facial expression (Adolphs et al.,
1995; Breiter et al., 1996; Calder et al., 1996; Morris et al., 1996)
are consistent with this role. The present study builds on the
growing number of neuroimaging studies demonstrating that hu-
man amygdala activation in response to emotionally valenced
stimuli is a reliable phenomenon (Breiter et al., 1996; Cahill et al.,
1996; Irwin et al., 1996; Morris et al., 1996; Reiman et al., 1997).
Specifically, we demonstrated isolated amygdala activation in
response to masked presentations of facial expressions that pre-
vented explicit knowledge. These data underscore the automatic-
ity (see McNally, 1995) of the processing of the emotional facial
expressions of the amygdala and are consistent with data impli-
cating the amygdala in the nonconscious monitoring of emotional
stimuli (Halgren, 1992; Öhman, 1992; LeDoux, 1996).

In light of the present findings, we note that subjects with
anxiety disorders demonstrate (1) amygdala activation in associ-
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ation with symptoms (see Rauch and Shin, 1997) and (2)
information-processing biases during nonconscious processing
(see Öhman, 1992; Mathews and MacLeod, 1994; Mogg et al.,
1995; McNally et al., 1996). We are developing fMRI probes,
using masked stimulus presentations, in an attempt to elucidate
the role of the amygdala in the clinical phenomena observed
across the anxiety disorders (e.g., hypervigilance, failure to ha-
bituate, exaggerated startle, etc.).
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