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Amygdala Response to Facial Expressions in Children
and Adults
Kathleen M. Thomas, Wayne C. Drevets, Paul J. Whalen, Clayton H. Eccard,
Ronald E. Dahl, Neal D. Ryan, and B.J. Casey
Background: The amygdala plays a central role in the
human response to affective or emotionally charged stimuli, particularly fear-producing stimuli. We examined the
specificity of the amygdala response to facial expressions
in adults and children.
Methods: Six adults and 12 children were scanned in a
1.5-T scanner during passive viewing of fearful and
neutral faces using an EPI BOLD sequence. All scans
were registered to a reference brain, and analyses of
variance were conducted on the pooled data to examine
interactions with age and gender.
Results: Overall, we observed predominantly left amygdala and substantia innominata activity during the presentation of nonmasked fearful faces relative to fixation,
and a decrease in activation in these regions with repeated
exposure to the faces. Adults showed increased left amygdala activity for fearful faces relative to neutral faces. This
pattern was not observed in the children who showed
greater amygdala activity with neutral faces than with
fearful faces. For the children, there was an interaction of
gender and condition whereby boys but not girls showed
less activity with repeated exposure to the fearful faces.
Conclusions: This is the first study to examine developmental differences in the amygdala response to facial
expressions using functional magnetic resonance imaging.
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Introduction

T

he amygdala appears to play a central role in the
human response to affective or emotionally charged
stimuli, particularly fear-producing stimuli (Aggleton
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1992; LeDoux 1994, 1996). Animal lesion data and human
imaging studies have implicated the amygdala in the
detection of fear and conditioned fear responses (Büchel et
al 1998; Kapp et al 1992; Killcross et al 1997; LaBar et al
1998; LaBar and LeDoux 1996; Morris et al 1998b).
Likewise, amygdala activity has been shown to increase
with the presentation of graphic negative material in
photographs or films (Irwin et al 1996; Lane et al 1997;
Reiman et al 1997). Functional magnetic resonance imaging (fMRI) studies have demonstrated that even facial
expressions of fear, which may not evoke subjective fear
responses in the viewer, can increase amygdala activity in
adults (Breiter et al 1996; Morris et al 1996, 1998b;
Whalen et al 1998). Breiter et al (1996) demonstrated
predominantly left activation of the amygdala during rapid
presentation of fearful expressions relative to neutral
expressions that attenuated or “habituated” with repeated
presentations of the stimuli. More recently Whalen et al
(1998) showed greater right amygdala activity to rapidly
presented masked fearful faces in an fMRI paradigm,
suggesting that the amygdala responds to fear-related
stimuli even when these stimuli are not consciously
perceived. Similar patterns of activity have been obtained
using positron emission tomography (Morris et al 1996,
1998a, 1998b). These data converge with reports that
patients with bilateral amygdala lesions generally demonstrate selective deficits for recognizing fearful facial expressions despite normal recognition of other emotional
expressions (Adolphs et al 1994, 1995; Broks et al 1998;
Calder et al 1996; Hamann et al 1996).
The developmental literature on face processing suggests that the ability to discriminate among discrete facial
expressions continues to develop throughout childhood
and early adolescence (Kolb et al 1992). However, the
development of the amygdala response to facial expressions has not been studied. Given the evolutionary significance of fear-provoking or threatening stimuli, the response to fear stimuli may demonstrate earlier maturation
than other emotional stimuli. Recently, Baird et al (1999)
showed bilateral amygdala activation to fearful faces
shown along with nonsense images in 12- to 17-year-old
subjects using fMRI, suggesting that fearful faces activate
the amygdala in adolescents. However, this study did not
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Figure 1. Example fearful and neutral
face stimuli and task design used for
functional magnetic resonance imaging
scanning blocks.

compare the response to different facial expressions or
examine developmental differences across this age range
or between younger and older subjects. Understanding the
normal development of affective processing (and affective
regulation) as well as the neurobiological underpinnings of
these developmental processes is a keystone in the investigation of the emergence of affective dysregulation,
particularly affective disorders in childhood and
adolescence.
The purpose of this study was to examine the developmental specificity of the amygdala response to fearful
facial expressions in children and adults. We hypothesized, from the developmental literature that discrimination of negative emotional expressions appears to demonstrate a relatively prolonged development (e.g.,
Charlesworth and Kreutzer 1973; Field and Walden 1982),
that children may have less discrete representations or skill
at judging fearful and neutral expressions. To our knowledge this is the first study to examine developmental
differences in the amygdala response to facial expressions
using fMRI with children.

Behavioral Paradigm
The task consisted of the rapid and successive presentation of
faces in blocks of neutral and emotional expressions. The face
stimuli consisted of digitized fearful and neutral faces taken from
the Ekman and Friesen (1976) study (Figure 1). A total of eight
different actors (four male and four female) demonstrating both
fearful and neutral expressions were used. The hair was stripped
from the images to remove any nonfacial features, and both fear
and exaggerated fear poses were used for each actor (Calder et al
1997), resulting in a total of 16 fear stimuli and eight neutral
stimuli. Stimuli were presented for 200 msec with an interstimulus interval of 800 msec (flashing fixation point). Each block of
trials consisted of the presentation of a flashing fixation point for
45 sec followed by alternating 42-sec blocks of either neutral or
fearful expressions and a final 45-sec epoch of fixation (Figure
1). This procedure was repeated in three runs of trials with the
presentation order counterbalanced across runs and across subjects (i.e., F-N-F-N-F or N-F-N-F-N). Following Breiter and
colleagues’ (Breiter et al 1996) design, no overt response was
required. Instead, subjects were instructed to fixate centrally to
try to get an overall sense of the faces.2

Image Acquisition, Processing, and Analysis

Methods and Materials
Subjects
Six male adults (mean ⫽ 24 years, SD ⫽ 6.6 years) and 12
children (mean ⫽ 11 years, SD ⫽ 2.4 years) recruited in the
Pittsburgh area were scanned in a 1.5-T scanner during passive
viewing of fearful and neutral faces. The children, six female and
six male, ranged in pubertal development from Tanner stages1 I/I
to V/IV. Male and female subjects did not differ in mean age or
Tanner stage. Data from an additional three adults (three female)
and four children (two female) were not included due to
excessive motion artifact (⬎0.5 voxels; n ⫽ 5) or claustrophobia
(n ⫽ 1) or because the subject fell asleep during the task (n ⫽ 1).
Subjects were screened for any personal or family history of
psychiatric or medical illness, and for any contraindications for
an MRI. Written child assent and parental consent were acquired
before the study.
1

Tanner stages (Tanner 1986) are used as a means of classifying pubertal
development separate from chronologic age. Children are assigned two scores,
one reflecting the degree of genital development and the other reflecting the
development of pubic hair. Tanner stage assignments can then be used as a
measure of physical and hormonal maturation.

Scans were acquired on a 1.5-T GE Signa scanner (General
Electric Systems, Milwaukee) modified for echo planar imaging
(Advanced NMR, Wilmington, MA) using a quadrature head
coil. A T1-weighted sagittal localizer image was used to prescribe the functional slice locations. T1-weighted structural
images were acquired in 4-mm contiguous coronal slices through
the whole brain (echo time [TE] min, repetition time [TR] 500,
matrix 256 ⫻ 256, field of view [FOV] 20) for purposes of
localizing the functional activity and aligning images in Talairach space (Talairach and Tournoux 1988). Functional images
(T2*) were acquired at 12 of these slice locations spanning the
entire amygdala (⬃A20 to P24 in Talairach coordinates) using an
EPI BOLD sequence (TE 40, TR 3000, flip angle 90°, matrix
128 ⫻ 64, FOV 20, 4-mm skip 0, voxel size 3.125 ⫻ 3.125 ⫻ 4.0
mm). There were three runs of 100 images totaling 300 images
per slice. Images were motion corrected and normalized. All 18
subjects had less than 0.5 voxels of in-plane motion. All images
were registered to a representative reference brain using Automated Image Registration software (Woods et al 1992), and

2

Breiter et al (1996) instructed subjects to get a gestalt of the images. We used
language more appropriate to the developmental level of the child participants.
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Figure 2. Left amygdala and amygdala/substantia innominata/ventral pallidum activity for male children and adults for the contrast of
fearful faces minus fixation.
voxelwise analyses of variance (ANOVAs) were conducted on
these pooled data using normalized signal intensity as the
dependent variable (Braver et al 1997; Casey et al 2000).
Separate analyses were conducted comparing male adults and
male children and comparing male and female children to
examine interactions of stimulus type (fearful faces, neutral
faces, fixation) with age or gender, respectively. Significant
activations were defined by at least three contiguous voxels and
␣ ⫽ .05 (Forman et al 1995). Amygdala activation was defined
on the reference brain using Talairach coordinates and consensus
among three raters (BJC, KMT, PJW). Significant regions that
extended outside of the brain or had large SDs were excluded.

p ⬍ .001). A significant interaction was observed in the
left amygdala between stimulus type and age for the
comparison of fearful and neutral expressions (Table 1)
(Group ⫻ Condition, Fear vs. Neutral). Post hoc t tests
indicate that adults demonstrated significantly greater
activity for fearful faces relative to neutral faces (p ⬍
.001). However, the children demonstrated greater amygdala activity for neutral faces than for fearful expressions
(p ⬍ .0001) (Figure 3). Neither age nor Tanner stage
predicted the magnitude of the percent change in signal in
this sample.

Results

Male and Female Children

Adults and Children
A 2 ⫻ 2 (Group ⫻ Condition) ANOVA comparing male
adults (n ⫽ 6) and male children (n ⫽ 6) revealed
significant activity in the left amygdala and substantia
innominata for fearful faces relative to fixation (Figure 2)
and a decrease in signal with repeated presentations of the
fearful faces4 (Table 1). Neutral faces showed a similar
pattern of activation relative to fixation trials (F ⫽ 23.71,
3

3

4

Separate ANOVAs were conducted to compare the relevant conditions: fear
versus neutral, fear versus fixation, fear 1 versus fear 2, neutral versus fixation,
and neutral 1 versus neutral 2.
Effects of repeated presentation were assessed by comparing the response during

Separate 2 ⫻ 2 (Gender ⫻ Condition) ANOVAs were
conducted comparing male and female children on these
same stimulus comparisons. Fearful expressions activated
the left amygdala relative to fixation (Table 2). Similar
results were obtained for the comparison of neutral faces
and fixation (F ⫽ 12.72, p ⬍ .01). No significant effects
were observed for fearful faces. The BOLD signal decreased bilaterally in the amygdala between the first and
second epochs of fear (Table 2) (Condition, Fear1 vs. Fear

the first epoch of a stimulus type to the second epoch of the same stimulus in
each run.
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Table 1. Location of Magnetic Resonance Signal Change for Significant Main Effects and
Interactions in the Adults and Children
Talairach coordinates
Regions of interest

X

Main effect of Condition (Fear vs. Fixation)
L ventrolateral amygdala
30
L dorsal amygdala/substantia
23
innominata
Main effect of Condition (Fear 1 vs. Fear 2)
L ventral amygdala/periamygdaloid
18
cortex
Interaction of Group ⫻ Condition (Fear vs. Neutral)
L amygdala/substantia innominata
14
L substantia innominata
27

Y

Z

Maximum
F value

Number of
voxels

0
⫺8

⫺19
⫺10

16.98a
17.23a

5
27

⫺2

⫺26

15.97a

22

⫺6
⫺6

⫺11
⫺5

20.50a
34.20b

5
13

L, left.
a
p ⬍ .005.
b
p ⬍ .001.

2). However, main effects were mediated by a significant
interaction with gender (Gender ⫻ Condition, Fear 1 vs.
Fear 2). Post hoc t tests indicated that boys demonstrated
attenuation of the amygdala response with repeated presentation of the fearful expressions (p ⬍ .05) but girls did
not (Figure 4).

Facial Expression Detection Task
All of the children in this study completed a behavioral
detection task using an identical set of facial expressions.
Subjects detected neutral faces embedded in mostly fearful
faces (75%) or fearful faces embedded in mostly neutral
faces. The children had a mean accuracy of 76.5%, with
slightly more errors in detection of the neutral faces (78%
for detection of fearful faces and 73% for detection of
neutral faces). No precise accuracy data were recorded for
adult subjects on this task; however, the paradigm was

Figure 3. Interaction effect of facial expression and age in the
left amygdala and substantia innominata. Adults demonstrated
greater activation for fearful faces than for neutral faces, whereas
boys showed larger BOLD responses for neutral faces. Bars
indicate the SEMs. MR, magnetic resonance.

initially piloted in adults to assess feasibility and adults
were noted to be highly accurate in their responses.

Discussion
Overall, our results replicate previous neuroimaging studies (Breiter et al 1996; Morris et al 1996, 1998a, 1998b;
Whalen et al 1998) showing increased activity in regions
of the amygdala extending into the substantia innominata
during the presentation of fearful faces and a decrease in
activation in this amygdala response with repeated exposure to fearful faces (for a discussion of the significance of
substantia innominata activation, see Whalen et al 1998).
The predominantly left lateralized activity observed especially for the male subjects during passive viewing of the
unmasked fearful faces is consistent with Breiter and
colleagues’ (Breiter et al 1996) previous study of adult
males. The current results suggest more bilateral activity
in the child group that included both male and female
subjects. Baird et al (1999) also reported both left and right
amygdala activity for faces versus nonsense images in
male and female adolescents. Recently, Whalen et al
(1998) showed predominantly right amygdala activity in
response to masked fearful faces, even though subjects
showed no explicit awareness of the emotional faces. One
hypothesis that has been proposed to account for the
laterality of findings in these studies is that left and right
amygdala activations mediate conscious and unconscious
or, alternatively, top down and bottom up processing,
respectively (Morris et al 1998b, 1999). We do not address
this hypothesis specifically but rather suggest less specificity in the amygdala response for children relative to
adults.
There was a developmental difference in the amygdala
response to fearful and neutral faces. Adults showed
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Table 2. Location of Magnetic Resonance Signal Change for Significant Main Effects and
Interactions in Male and Female Children
Talairach coordinates
Regions of interest

X

Y

Main effect of Condition (Fear vs. Fixation)
L amygdala
20
0
Main effect of Condition (Fear 1 vs. Fear 2)
R amygdala
⫺21
⫺5
L ventral amygdala
24
⫺5
Main effect of Gender (Female vs. Male)
R amygdala
⫺24
⫺3
L amygdala
28
⫺4
Interaction of Gender ⫻ Condition (Fear 1 vs. Fear 2)
L ventral amygdala
26
0

Z

Maximum
F value

Number of
voxels

⫺17

11.90a

5

⫺18
⫺21

9.67b
12.86c

6
3

⫺17
⫺14

23.91d
13.20c

14
13

⫺20

7.56b

3

L, left; R, right.
a
p ⬍ .01.
b
p ⬍ .05.
c
p ⬍ .005.
d
p ⬍ .001.

increased amygdala activity for fearful faces. This pattern
was not observed in the children who showed more
amygdala activity in response to neutral faces than in
response to fearful ones. The original adult study by
Breiter et al (1996) reported amygdala activation to both
neutral and fearful faces, but more activity for the fearful
expressions. In our study both children and adults activated the amygdala for fearful and neutral faces relative to
fixation. These findings may be consistent with Whalen’s
interpretation that the amygdala is sensitive to ambiguous
stimuli rather than emotionally valenced stimuli per se
(Whalen 1998). Amygdala activity is not observed routinely with all negatively valenced stimuli but instead
appears when the contingencies between a stimulus and a
negative outcome are altered or unpredictable (LaBar et al
1998). It has been suggested that a fearful face may be
more ambiguous and biologically relevant than other
expressions such as anger (Whalen 1998), resulting in
increased vigilance and, hence, increased activity of the

Figure 4. Interaction effect demonstrating habituation to fear
stimuli in boys but continued activation to fearful facial expressions in girls. Bars indicate the SEMs. MR, magnetic resonance.

amygdala. One explanation for the observed age differences may be that the children find neutral faces to be as
ambiguous or even more ambiguous than fearful faces. An
important aspect of child development is the ability to read
the emotional signals of adults and peers as a cue to the
safety and nature of a new environment. It may be that, for
children, a neutral facial expression does not yet represent
a signal of neutrality, and instead produces activation
consistent with continued attempts to decode or interpret
(i.e., increased vigilance).
Consistent with this hypothesis, our behavioral data
collected outside the scanner suggest that children have
difficulty categorizing facial expressions as neutral or
fearful. Baird et al (1999) also report that adolescents in
their study were only 74% accurate in postscan ratings of
their stimuli, despite the fact that only fearful faces were
presented. The developmental literature on discrimination
of facial expression suggests that adult levels of discrimination may not be reached until early adolescence. Although infants and young children show reliable discriminations between positive and negative expressions such as
happy and angry faces (e.g., Nelson 1987), discrimination
among expressions with similar valence shows continued
development (Charlesworth and Kreutzer 1973; Field and
Walden 1982; Kolb et al 1992; Nelson 1987).
We employed a passive viewing task of rapidly presented faces with the goal of replicating a previous fMRI
study with adults (Breiter et al 1996). The rapid presentation rate, chosen in part to minimize eye movements,
makes a behavioral response difficult, especially for children. Clearly, adding a behavioral component to the task
could provide some clues as to how subjects are processing the faces, and whether adults and children are interpreting the expressions in a similar manner. In general, for
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neuroimaging studies it appears that active task performance results in greater signal change than passive viewing (e.g., Ishai et al 1999), perhaps due to differences in
arousal. However, the choice of behavioral task can
significantly affect the observed activation. For example,
data from Hariri et al (2000) show that signal change in the
amygdala is greater during perceptual matching of emotional expressions than during verbal labeling of the
emotional expressions, suggesting that amygdala activity
can be modulated by top down processing. For future
research, investigators might consider an active task that is
nominally unrelated to the emotional valence of the
stimulus to maximize the signal change without introducing regulatory processes, such as gender judgments of
faces (e.g., Hart et al 2000; Morris et al 1996). However,
the primary disadvantage of a passive viewing task in this
study is the lack of information regarding the subject’s
perception of or interpretation of the emotional expression.
This problem still remains with the introduction of a task
unrelated to emotion discrimination.
The developmental literature examining other aspects of
face processing, particularly face recognition, suggests
that a slight dip in these skills occurs around early
adolescence (e.g., Carey and Diamond 1980; Carey et al
1980; Flin 1985) and for children’s memory for unfamiliar
faces (Flin 1980). Further, it appears that this developmental decrement in face processing skills is linked to pubertal
development, with the decrement in face encoding being
associated with being in the active stages of pubertal
development as opposed to age (Diamond et al 1983). One
hypothesis about the pubertal dip in face processing is
related to an alteration in the affective salience of familiar
and unfamiliar faces during pubertal maturation; however,
no studies have examined the developmental pattern in the
processing of facial emotion. The small sample size and
relatively wide range of ages and Tanner scores in the
current sample preclude appropriate comparisons of these
factors in this study. Further developmental investigations
will be needed to assess whether the observed differences
in amygdala activity reflect a similar dip in emotion
recognition with the onset of adolescence. Alternative
explanations for the observed group differences might
include developmental changes in attention or modes of
visual processing (Carey and Diamond 1977; Schwarzer
2000). However, these possibilities are difficult to evaluate in the absence of any behavioral response during the
face viewing task.
For the children, a gender difference was observed in
the attenuation of the amygdala response to repeated
presentations of fearful faces. Boys showed the previously
reported (Breiter et al 1996) decrease in amygdala activity
with repeated presentations, but girls showed relatively
stable activation for fearful expressions. The adult imaging

studies examining facial expressions of emotion have
routinely been limited to male subjects (Breiter et al 1996;
Morris et al 1996, 1998b; Whalen et al 1998). However,
studies examining gender differences in affective stimuli
or self-induced emotional states suggest that adult women
activate the limbic system more than men during similar
reported mood states (e.g., George et al 1996; Orozco and
Ehlers 1998). In addition, behavioral data from the face
recognition literature suggest that, until approximately age
13, boys and girls show equal recognition of faces with
neutral expressions. However, young adult female subjects
tend to show superior face recognition relative to male
subjects (Chance et al 1982). Although many neuroimaging studies of face recognition and face processing have
included both male and female subjects, few if any of
these studies directly test for gender differences in signal
change. Clearly, the current findings of gender differences
in the amygdala response for children need to be replicated
in a larger sample with both adults and children before
significant conclusions can be drawn.
Results of this study have important implications for
neuroimaging studies of children with affective disorders.
Several adult imaging studies have implicated the amygdala in both anxiety (Birbaumer et al 1998; Rauch et al
1996; Shin et al 1997) and depression (Drevets et al 1992).
The time course and developmental processes leading to
these brain changes have yet to be identified. The developmental period near puberty is strongly associated with a
sharp increase in the rates of depression (particularly in
girls). However, the neurobiological underpinnings of this
increased vulnerability for affective dysregulation are not
understood. Clearly, establishing the normal functional
development of the amygdala is an important step in
laying the groundwork for imaging studies of pediatric
patient populations, particularly those involving affect
regulation. Among the tools to examine the normal and
abnormal development of affective processes, neuroimaging of emotional faces appears to be a promising approach.
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