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Effect of the observed pupil size on the
amygdala of the beholders

Shiori Amemiya, and Kuni Ohtomo

Graduate School of Medicine, Department of Radiology, University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo, 113-8655, Japan

Among a range of cognitive functions of the amygdala, recent studies suggest its involvement in identification of the pupil size. To
further address its role, we investigated the response of the amygdala to human and cat faces with varied pupil size, taking into
account the effect of the gender and subjective attractiveness ratings. Twenty-seven subjects underwent functional magnetic
resonance imaging while viewing faces with large and small pupils. Large pupil faces induced increased activation in the
amygdala, without interactions with either subject or stimuli gender, although no equivalent activation differences were seen
for cat face stimuli. The activation differences were irrespective of the perceived attractiveness, and without explicit knowledge
about the manipulation of the pupil size. These data support the idea that the amygdala is responsive not only to explicit or
implicit fear, abhorrence or preference, but also to other elements that might suggest heightened vigilance of biologically
relevant stimuli, which does not necessarily require subjective awareness.
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INTRODUCTION

Face perception is one of the most developed visual percep-
tual skills in humans, and extensive neuroscience research
has focused on visual processing of faces and facial expres-
sions (for review, see Haxby et al., 2000). Among the struc-
tures of the face, the eyes are considered to provide much
information about a person’s state of mind, intentions and
identity. Larger ratio of exposed sclera area in the human
eyes (Kobayashi and Kohshima, 1997) allows a better gaze
direction discrimination or detection of emotion and human
infants shift their attention in the direction of another’s gaze
as early as 3 months of age (Hood et al., 1998). The human
amygdala is known to be involved in the process of redir-
ecting gaze toward the eye region (Adolphs et al., 2005), and
that its activity is enhanced for emotionally laden (Breiter
et al., 1996; Morris et al., 1996; Blair et al., 1999; Hariri et al.,
2002; Glascher et al., 2004; Reinders et al., 2005), or unfamil-
iar (Dubois et al., 1999) faces. In addition to the researches
focused on the eye widening and eye gaze (for review, see
Itier and Batty, 2009), recent studies suggest that the human
amygdala is engaged in identification of more subtle changes
in the eyes that are not considered to necessarily convey
emotional expressions, such as the pupil size of others
(Harrison et al., 2006; Demos et al., 2008). In studies inves-
tigating whether observed pupil size modulates our percep-
tion of other’s emotional expressions, Harrison et al. (2006)
showed that the amygdala is more responsive to smaller
pupil faces with sad expressions, but not to those with
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other expressions. Another study tested the response of the
amygdala in male subjects, using female faces as stimuli
(Demos et al., 2008), on the contrary, showed that the amyg-
dala is more responsive for faces with larger pupils. The re-
sults were inconsistent, and it is less clear under what kind of
circumstances the pupil size evokes the response in the
amygdala.

While pupil dilation is considered a facial signal indicating
heightened vigilance on the part of a conspecifics (Ursin and
Kaada, 1960; Applegate et al., 1983), it has also long been
thought to convey sexual interests in conspecifics in Western
cultures as reflected in an anecdote of Belladonna eye drops
(extract of a plant containing atropine) that is known to be
employed by women in the Victorian Era and the Italian
Renaissance who purposefully dilated their pupils to
appear more attractive to male suitors (Demos et al.,
2008). Behavioral studies have indeed shown positive correl-
ations between the pupil size of female faces and attractive-
ness rated by male subjects (Hess, 1965, 1975; Stass and
Willis, 1967; Tomlinson et al, 1978; Bull and Shead,
1979), which was not always replicable in corresponding
studies in female subjects (Stass and Willis, 1967;
Tomlinson ef al, 1978; Bull and Shead, 1979). Although
Demos et al. (2008) excluded the possible influence of the
attractiveness (Winston et al., 2007; Sergerie et al., 2008) in
their deliberate study, it is still possible to attribute greater
responses in the amygdala of male subjects for larger pupil
women faces to implicit preference that is primarily based on
sexual interests as indicated by the literature. We, therefore,
hypothesized that the amygdala sensitivity for pupil size is
gender dependent, and the amygdala might not show greater
activity for larger pupils when male faces are shown to male
subjects or female or male faces were shown to female
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subjects, which can explain the incongruent results in the
context on neutral facial expressions by Harrison et al
(2006) to some extent.

Alternatively, on the basis of the data showing that the
amygdala is responsive to wide-eyed faces with either neu-
tral, fearful or surprised expressions (Morris et al., 1996; Kim
et al., 2003, 2004) or that subliminal presentation of larger
size of fearful eye whites alone (Whalen et al, 2004) can
provoke greater responses in the amygdala, faces with large
pupils might induce larger responses irrespective of the
gender or even for non-human faces.

Based on the findings that presentation of the smaller
pupils in the context of sad facial expressions was associated
with significantly greater neural activity in the amygdala, and
that subjects’ pupils constricted in response to the observed
smaller pupils, again, only for faces with sad expressions
(Harrison et al, 2006), the activation in the amygdala
might be interpreted as reflecting its role in mirroring
papillary contagion of observed sad face stimuli. However,
in light of the evidence that stimulation of the amygdala
is associated with pupillary dilatation (Gastaut et al., 1952;
Wilson et al., 1952; Koikegami and Yoshida, 1953) such a
direct interpretation might be difficult to explain their
findings.

To address these questions, we performed an event-related
functional magnetic resonance imaging (fMRI) study, em-
ploying both male and female face stimuli shown to both
sexes of the subjects. In addition, to further test the gener-
ality of its role, we also examined the response of the amyg-
dala to cat face stimuli with large and small pupils.

By employing cat face stimuli, we can examine if the re-
sponse differences in the amygdala reflect the interests in
conspecifics or more general perceptional role of the amyg-
dala for the eye or eye-like stimuli.

METHODS
Subjects

After excluding two subjects for structural abnormalities de-
tected on T2-weighted images acquired in prior to fMRI
scans, a total of 32 volunteers (16 males and 16 females)
who gave written informed consent participated in the
fMRI study. All were heterosexual by self-report, right
handed as measured by the Edinburgh handedness inventory
(Oldfield, 1971), free of abnormal neurological history,
taking no medication and had normal or corrected-
to-normal visual acuity. Approval for the study was obtained
from the institutional review board of the University of
Tokyo. Five subjects were excluded from the analyses;
three for severe head motion during the scanning and the
other two for non-compliance with instructions. The remain-
ing 27 subjects (13 males and 14 females) aged 20-31 years
male, 22.8 + 3.4; female, 22.0 £2.2. All female subjects had
regular menstrual cycles without taking any hormonal
medications.
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Stimuli

A total of 100 unfamiliar colored face images (50 males and
50 females faces of no identical person) and 50 cat faces with
neutral expressions, sampled from the media, cropped below
the neck and around the outer hairline, presented on a solid
white background were prepared. Each image was digitally
edited using Adobe Photoshop 7.0 (San Jose, CA, USA)
to create a set of large and small pupil images with a diam-
eter of pupils as large as 75 and 25% of the iris diameter,
respectively (Figure 1).

All human faces were preliminary normalized on explicit
measures of attractiveness and arousal in a separate set of 10
males and 10 females volunteers (age range 21-30 years,
25.5+2.1). In this pilot study, each subject viewed a total
of 50 male and 50 female and 50 cat faces with either large or
small pupils (25 for each). Stimuli were counterbalanced
such that half of the subjects viewed the large pupil version
of a given face, while the remaining half viewed the small
pupil version of that face. Explicit ratings of attractiveness
and arousal for human faces were; attractiveness: large pupil,
4.50 £0.68 (mean *s.d.); small pupil, 4.50 4+ 0.56; arousal:
large pupil, 5.21 = 0.75; small pupil, 5.16 & 0.67, respectively,
and they did not differ as a function of the pupil size when
tested with a paired t-test (attractiveness=large pupil:
4.50 £ 0.67; small pupil: 4.50 +0.56; t=10.47, P=0.32; arou-
sal: =large pupil: 5.21£0.75; small pupil: 5.16 £0.67;
t=0.14, P=0.45). A three-way mixed analysis of variance
(ANOVA) (pupil size x subject gender x stimuli gender)
with a subject-specific random effect found no main effect
or any interactions.

Attractiveness and arousal for cat faces were: attractive-
ness =large pupil: 5.8910.94; small pupil: 5.09£0.99;
arousal =large pupil: 4.89 £0.82; small pupil: 4.70 £0.77,
respectively. A paired t-test found a significant difference
on attractiveness according to pupil size (t=6.58,
P<0.001) but not on arousal (f=1.35, P=0.10). A
two-way mixed ANOVA (pupil size x subject gender) also
found a main effect of pupil size on attractiveness
[F(1,18) =41.0, P<0.001] without interaction with sub-
ject gender but not on arousal. Because attractiveness of
cat faces were hard to normalize and because change in
pupil size was more noticeable, cat face session was per-
formed in the last.

Event-related fMRI study

Prior to scanning, subjects were informed that they would
see 100 human faces in each of the first two runs, and 100 cat
faces in the third run, presented one at a time for 2000 ms,
followed by a central fixation cross on a black background.
Subjects were asked to make an age judgment for human
stimuli and sex judgment for cat stimuli using a right index
finger button press for >25 years or male cat, and a right
middle finger button press for <25 years or female cat by
using a button box held in the right hand. They were also
informed that the images would be repeatedly presented, but
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Fig. 1 An example of a pair of large- and small-pupil faces. Bilateral pupils were manipulated to create a set of large and small pupil faces that are otherwise identical from a

source image.

no further details were explained. In each of the first two
runs, 50 male and 50 female faces with either large or small
pupils (25 faces of each version randomly intermixed) were
presented. No identical face, irrespective of the pupil size was
repeated in a single run. In the second run, subjects viewed
small or large pupil counterparts of all the faces presented in
the first run. Human face stimuli were counterbalanced such
that a large pupil version of a source image was presented in
the first run for a half of the subjects, while the other half
viewed the same image in the second run, and vice versa.
Cat face stimuli were also presented in counterbalanced
design. Face trials were pseudorandomly intermixed
with jittered periods of fixation, creating a variable intersti-
mulus interval ranging from 2000 to 7500 ms (Ollinger et al.,
2001). Each run included 90 s of resting period in the middle
of the run, during which subjects were instructed to passively
view the fixation cross. Presentation (Neurobehavioral
Systems, Inc., Albany, CA, USA) was used for stimulus pres-
entation and response recording. Stimuli were presented
through Visua Stim XGA goggles (Resonance Technology,
Inc., Northridge, CA, USA) with a resolution of 800 x 600
pixels.

Imaging was performed on a 3.0 Tesla scanner (GE Signa
HDx; GE Healthcare, Milwaukee, WI, USA) using an
eight-channel phased-array head coil. Before starting the
functional runs, whole-brain T2-weighted images (TR:
4400 ms, TE: 80 ms, flip angle: 90°, matrix: 256 x 256, slice
thickness: 2.5 mm) were acquired to confirm if there were no
structural abnormalities.

Functional data were obtained from 33 transverse slices
covering the whole brain using a single-shot gradient

echo-planar sequence (TR: 2500 ms, TE: 30 ms, flip angle:
90°, matrix: 64 x 64, FOV: 240 x 240 mm, slice thickness:
5mm, interslice gap: 0mm). A total of 312 volumes were
acquired for each participant in a single run lasting 13 min,
with the first four volumes subsequently discarded to allow
for T1 equilibration effects.

Following scanning, subjects were asked to report if they
noticed any experimental manipulation of the images, and if
they saw images of any identical person repeatedly during a
run or during the whole sessions. To assess the effect of
perceived attractiveness, subjects were further asked to rate
each face on a 9-point Likert scale of attractiveness (1 = ex-
tremely unattractive; 5 =average; 9 = extremely attractive).
Faces were again presented in random order for 2000 ms
followed by a 1000ms fixation crosshair. Subjects were
given 3000ms to respond. Subjects were also asked to
report which type of the stimuli was subjectively more inter-
esting. Statistical analyses were performed using JMP 8.0
(SAS Institute Inc., Cary, NC, USA). Statistical threshold
was set at P=0.05.

Imaging data analysis

Functional MRI data were processed using SPM5 (Wellcome
Department of Cognitive Neurology, London, UK) imple-
mented in MATLAB R2006b (The MathWorks, Inc., Natick,
MA, USA). Data were corrected for differences in acquisition
time between slices for each whole-brain volume, realigned
to the first volume within and across runs to account for
movement artifact, normalized into standard stereotactic
space using standard EPI template provided by the
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Montreal Neurological Institute, and spatially smoothed
with a Gaussian kernel with 8 mm full-width at half-
maximum. The time-series in each voxel were high-pass fil-
tered to 1/128 to remove low-frequency noise.

Statistical analysis was performed in two stages in a
mixed-effects model. In the first-level analysis, four main
conditions for human faces: male with large (M-large) or
small (M-small) pupils, and female with large (F-large) or
small (F-small) pupils, and two main conditions for cat
faces: cat with large (C-large) and small pupils (C-small)
were defined, and attractiveness ratings for each of the face
trials were included in each condition as modulation param-
eters. The BOLD impulse response to events of each type was
modeled by a canonical hemodynamic response function
(HRF) (Friston et al., 1998). This function was convolved
with a sequence of delta functions for events of each type in a
high-resolution time space and down sampled at the mid-
point of each scan to form covariates for the general linear
model. For each session, six covariates to capture residual
movement-related artifacts (three rigid-body translations
and rotations determined from the realignment stage) and
a single covariate representing the mean over scans were also
included. Parameter estimates for each covariate were deter-
mined by a least mean square fit of the model to the data.
The parameter estimates for the canonical HRF comprised
the data for the second stage of analyses.

In the second-level analysis, statistical parametric maps
(contrast images) for each condition and for each subject
were tested with a three-way mixed ANOVA (subject gen-
der x stimuli gender x pupil size) for human face session and
a two-way mixed ANOVA (subject gender x pupil size) for
cat face session to detect the regions showing significantly
different hemodynamic responses in response to the pupil
size, and to see if there were any effect of the gender. For
whole-brain analyses, the AlphaSim program included in
AFNI (http://afni.nimh.nih.gov/afni) was used to correct
for multiple comparisons. A minimum cluster size of 73
voxels was used to achieve a corrected significance of
P<0.05 as determined by a Monte Carlo simulation with a
voxel-wise threshold of P<0.001.

Impact of the attractiveness was also evaluated with a
whole-brain parametric analysis with the attractiveness rat-
ings as a modulation parameter. Contrast images for modu-
lation parameters of attractiveness ratings, obtained in the
aforementioned first-level analysis, tested with
one-sample #-test to find regions exhibiting linearly increas-
ing or decreasing hemodynamic responses across the
subjects.

To further investigate the response in the amygdala,
region-of-interests (ROI) analyses were performed. ROIs
for the bilateral amygdala were derived from Talairach def-
initions of the WFU PickAtlas software (Maldjian et al.,
2003). Hemodynamic responses, measured as averaged per-
cent signal changes, were calculated for each condition and
for each subject using MARSeille Boite A Région d’Intérét

were
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(MarsBaR, Brett et al, 2002), and were subjected to a
three-way mixed ANOVA (subject gender x stimuli gen-
der x pupil size) and a two-way mixed ANOVA (subject
gender x pupil size) for human face and cat face task,
respectively.

RESULTS
Post-scan debriefing of subjects

Post-scan debriefing of the subjects revealed that no subject
was consciously aware of the change in human pupil size
across images. One male subject reported that he noticed
changes in pupil size in cat face stimuli. No one correctly
reported that they saw each face for two times. All male
subjects reported that they were subjectively most interested
in female faces. Two of the female subjects reported that
female faces were more interesting than male faces. All sub-
jects reported that cat faces were least interesting.

Ratings of attractiveness

Subjective ratings of attractiveness for large and small pupil
male, female and cat face stimuli (mean = s.d.) were: female
subjects =4.67 +0.78 (M-large), 4.58+0.83 (M-small),
478+0.79 (F-large), 4.69+0.82 (F-small), 6.04+1.07
(C-large), 5.00 + 1.24 (C-small); male subjects =4.91 £0.85
(M-large), 4.854+0.77 (M-small), 4.86+£0.76 (F-large),
4.8240.83 (F-small), 5.724+0.88 (C-large), 5.0340.82
(C-small), respectively.

A three-way mixed ANOVA (subject gender x stimuli
gender x pupil size) on attractiveness ratings of human sti-
muli revealed no significant main effect or interactions,
while a two-way mixed ANOVA (subject gender x pupil
size) of cat stimuli revealed a significant main effect of the
pupil size [F (1,50) =9.02, P=0.0057] without interactions
with subject gender, reflecting higher attractiveness ratings
for large pupil cat faces (C-large, 5.89+0.98; C-small,
5.01 4 1.04).

Explicit categorization task

Averaged numbers of human faces categorized as <25 years
old were: female subjects=22.14+4.89 (M-large),
27.4+£9.61 (M-small), 26.1£3.51 (F-large), 25.84+5.95
(F-small); male subjects =27.6 £9.09 (M-large),
22.24+6.45 (M-small), 27.24+6.96 (F-large), 28.0+4.69
(F-small), respectively. A three-way mixed ANOVA (subject
gender x stimuli gender x pupil size) revealed a significant
main effect of stimuli gender [F (1,100) =4.06, P=0.048]
without any interactions, reflecting larger number of female
faces judged as being <25 years old (female face=
26.7 +0.92; male face =24.7 £0.92).

Averaged numbers of cat faces categorized as female
were: female subjects=26.9+4.29 (C-large), 21.6+7.19
(C-small); male subjects =30.2 £ 4.55 (C-large),
21.8+£8.24 (C-small), respectively. A two-way mixed
ANOVA (subject gender x pupil size) revealed a significant
main effect of the pupil size [F (1,50) =21.59, P<0.001]



336 SCAN (2012)

without any interactions, reflecting larger number of large
pupil faces judged as being female cat (large pupil
face =28.5 +4.66; small pupil face =21.7 £7.56).

Response time

Response time for large and small pupil faces was
1318.7 £ 183.4 ms, and 1324.9 4 193.7 ms for human faces,
and 1263.34225.0 and 1282.1 £191.5ms for cat faces, re-
spectively. A three-way mixed ANOVA (subject gen-
der x stimuli gender x pupil size) for human faces, and a
two-way mixed ANOVA (subject gender x pupil size) for
cat faces on response time difference revealed no significant
main effect or interactions.

fMRI results
Whole-brain analysis

A three-way mixed ANOVA (subject gender x stimuli gen-
der x pupil size) for human face task revealed an effect of the
pupil size [F(1,100) = 11.50, uncorrected P<0.001 at voxel
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and cluster level of P<0.05] in the regions including the left
amygdala, and the border between the right amygdala and
hippocampus, reflecting greater responses to large pupil
faces (T)pp>3.17, uncorrected P<0.001 at voxel and cluster
level of P<0.05), but no effect of the subject gender or of the
stimuli gender, or any interactions among the three or be-
tween any two factors were found in the amygdala (Table 1
and Figure 2). Other regions exhibiting significantly greater
activation for large vs small pupils included the insula, pu-
tamen, perirolandic area, middle frontal gyrus and superior
parietal gyrus (Table 1). No areas showed significantly
greater activation for small vs large pupils. Significant
effect of the subject gender [F(1,100) =11.50, uncorrected
P<0.001 at voxel and cluster level of P<0.05] reflecting
greater responses in female subjects (oo > 3.17, uncorrected
P<0.001 at voxel and cluster level of P<0.05) was seen in
the bilateral temporal lobe, presumably corresponding to the
so called fusiform face areas and the visual cortex
(Kanwisher et al., 1997; Gauthier et al. 1999), without any
interactions with other factors (Table 1 and Figure 3).

Table 1 Results of a three-way mixed ANOVA (subject gender x stimuli gender x pupil size), human face session

Region Laterality Stereotactic coordinates (MNI) Z-score
Effect of pupil size [F(1,100)]
Amygdala/Hip R (32, —12, —18) 4.7
Amygdala L (—28, —10, —18) 4.09
Putamen R (20, 10, —8), (22, 0, —4) 3.47,3.15
L (=22, 0, —10), (—32, —4, —6) 441, 4.07
Insula (BA13) L (—40, 14, 10) 3.74
MFG (BA46) R (36, 32, 26) 4.02
post(G (BA43) L (56, —10, 22) 3.42
(BA44) R (56, 4, 22) 3.86
SPG (BA46) L (—28, —64, 58) 3.48
Effect of subject gender [F(1,100)]
Fusiform (BA37) R (40, —54, —20), (24, —80, —14) 4.91, 3.94
(30, —76, —6) 3.42
L (—42, —50, —18), (—34, —66, —14) 4.52, 3.87
Interactions, pupil size x stimuli gender [F(1, 100)]
Tri (BA45) R (40, 26, 6) 3.9
Positive effect of pupil size (big > small) (T;qo)
Amygdala/Hip R (32, —12 —18) 4.84
Amygdala L (—28, —10, —18) 4.25
Putamen R (20, 10 8), (22,0, —4) 3.66, 3.34
L (=22, 0, —10), (—32, —4, —6) 4.56, 4.22
MFG (BA 46) R (36, 32, 26) 418
post(G (BA 43) L (56, —10, 22) 3.61
preCG (BA3) L (—18, —22, 60) 3.39
(BA44) R (56 4 22) 4.03
SPG (BA46) L (—28, —64, 58) 3.66
SFG (BA6) L (—24, —12, 60), (—16,—6, 58) 35,323
Op (BA44) R (58, 0, 10) 3.36
Interaction, pupil size x subject gender (T;0)
Insula (BA13) L (—38, —8, —4), (—48, —4, —2) 3.56, 3.14
MTG (BA21) L (—58, —10, —4) 3.34
Interaction, pupil size x stimuli gender (T;)
Tri (BA45) R (40, 26, 6) 4.06

Activations significant at uncorrected P < 0.001 at voxel and cluster level of P < 0.05.

ACG, anterior cingulate cortex; BA, Brodmann area; MFG, middle frontal gyrus; MTG, middle temporal gyus; Hip, hippocampus; Op, pars opercularis; preCG, precentral gyrus;
postCG, postcentral gyrus; SFG, superior frontal gyrus; SPG, superior parietal gyrus; Tri, pars triangularis.
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Fig. 2 Result of a whole-brain analysis (three-way ANOVA for human face session).
Regions showing main effect of pupil size including the left amygdala are shown in
an axial (A) and a coronal section (B) of a statistical parametric map superimposed
onto a stereotactically normalized T1-weighted image (provided by Brain Web:
Simulated Brain Database, http://www.bic.mni.mcgill.ca/brainweb/).

A two-way mixed ANOVA (subject gender x pupil size)
for cat face task found an effect of the subject gender
[F(1,50) =12.22, uncorrected P<0.001 at voxel and cluster
level of P<0.05] reflecting greater responses in female sub-
jects (Tso>3.26, uncorrected P<0.001 at voxel and cluster
level of P<0.05) in the left fusiform gyrus, but no other
effect or interactions were found (Table 2).

Regions showing linearly increasing hemodynamic activity
in response to attractiveness ratings included the anterior
cingulate cortex, middle frontal gyrus orbital part and tem-
poral gyri (Table 3 and Figure 4). For cat face stimuli, no
areas showed linearly increasing hemodynamic responses to
attractiveness ratings.
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Fig. 3 Result of a whole-brain analysis (three-way ANOVA for human face session).
An axial (A) and a coronal (B) section demonstrate regions exhibiting main effect of
subject gender in the bilateral fusiform gyri.

ROI analyses

Hemodynamic responses measured as averaged percent
signal changes for each condition are shown in Figure 5A
and B. Hemodynamic responses in the right and left amyg-
dala for human faces were: right amygdala—large
pupil =0.86 0.14; small pupil=0.514+0.14; left amyg-
dala—large pupil=1.41+£0.15; small pupil =0.98 £+0.15%,
respectively.

A three-way mixed ANOVA (subject gender x stimuli
gender x pupil size) revealed a significant main effect of
the pupil size reflecting greater responses for large pupil
faces without any interactions in the bilateral amygdala
[right: F (1,100) =4.53, P=0.037; left: [F (1,100)=5.29,
P=0.024]. No other main effect or interactions were
found in the amygdala.



338 SCAN (2012)

Table 2 Results of a two-way mixed ANOVA (subject gender x pupil size),
cat face session

Region Laterality Stereotactic Z-score
coordinates (MNI)
Positive effect of subject gender (female > male) (Ts)
Fusiform (BA37) L (—34, —68, —12) 3.52

BA, Brodmann area.

Table 3 Regions exhibiting linear hemodynamic responses to attractiveness
ratings

Region Laterality ~ Stereotactic coordinates (MNI) Z-score
Human face
ACC (BA32) R (2, 46, 6) 41
L (=10, 56, 0) 4.76
MFGO (BA10) R (6, 56, —4) 451
Lingular (BA18) R (8, —64, —10) 3.55
L (—8, —84, —14), (—10, —82, —4) 471, 4.0
(—18, —68, —16) 4.46
MTG (BA21) R (48, —4, —22), (58, —38, 0) 4.09, 3.9
STG (BA22) R (56, —44, 8) 372
Fusiform R (20, —64, —14) 3.38
Cerebellum R (18, —48, —22) 3.43

Note: ACC, anterior cingulate cortex; BA, Broadmann area; MFGO, Middle frontal gyrus
orbital part; MTG, middle temporal gyrus; STG, superior temporal gyrus.

Fig. 4 Result of a whole-brain parametric analysis. A coronal section shows areas
exhibiting linearly increasing hemodynamic activity in response to attractiveness
ratings in the anterior cingulate cortex.

Hemodynamic responses for cat faces in the right and left
amygdala were: right amygdala—large pupil =0.68 £0.33,
small pupil =0.66 £0.33; left amygdala—large pupil=
0.67 +£0.28, small pupil =0.84 £0.28%, respectively. A
two-way mixed ANOVA (subject gender x pupil size)
showed no main effect or interactions for cat faces in the
amygdala.
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DISCUSSION

In the present study, we confirmed significantly greater ac-
tivity in response to large vs small pupil human faces in the
amygdala, which is in accordance with a previous study by
Demos et al. (2008). Against our assumption that the effect is
gender dependent, no effect or interactions with subject or
stimuli gender were found. These results confirmed that the
differences in the amygdala activity induced by pupil size do
not reflect preference or primarily sexual interests, but rather
to facial signals that might indicate heightened vigilance on
the part of conspecifics.

Furthermore, equivalent effect was not confirmed when
cat faces were employed as stimuli, despite more explicit
changes in the pupil size, suggesting that the response dif-
ferences for human face stimuli according to the pupil size is
not a mere response to eye stimuli, which supports the idea
that the amygdala is one component of a circuit that is im-
portant for processing not only fear but rather for biological
relevance (Adolphs, 2008).

Although, it was not of our primary interests, we also
performed a whole-brain parametric analysis including at-
tractiveness ratings as a modulation parameter to evaluate
the impact of the attractiveness on the brain activity. The
main purpose of this additional analysis was to test the val-
idity of attractiveness ratings by examining the responses in
the regions that have been shown to exhibit positive correl-
ations with attractiveness ratings. Attractiveness ratings are
subjective, and thus are fragile variables in any analysis. We,
therefore, considered it possible that the rating system simi-
larly employed by Demos et al. (2008) could not fully reflect
explicit or implicit preference. Regions exhibiting linearly
increasing responses to attractiveness ratings for human
face stimuli included the dorsal anterior cingulate cortex,
which is implicated in the process of affection. Previous
studies (Winston et al., 2007; Cloutier et al., 2008), indeed,
showed that increased activity in response to increased facial
attractiveness was seen in the dorsal anterior cingulate
cortex. Human face stimuli are, therefore, considered to
have induced proper emotional responses and have been
rated properly as far as we can assess. In contrast, no equiva-
lent results were found for cat faces despite higher attract-
iveness ratings. A possible explanation is that it reflects
comparatively less interests in biologically less relevant cat
faces; although, we cannot exclude other possibilities such as
methodological problem of this rating system for cat faces,
or influence of the task differences or of the order of the
sessions.

Despite some differences in the study design; for example,
we showed both large and small pupil version of all the faces
to all the subjects, a previous study by Demos et al. (2008)
and the present study similarly showed that larger pupil faces
induce greater responses in the amygdala, while a previous
studies by Harrison et al. (2006) found no equivalent results
for neutral faces. They found a trend of greater amygdala
responses for larger pupil faces with happy or angry



Effect of the pupil size on the amygdala SCAN (2012) 339
A averaged % signal changes in the amygdala
for human faces
3 =
1.j4+1.18 %
o  2S[TTESETT 138206 T21E108 1312020 TT3E09 0762058 0B3Z074 0702041
% 2 101+ 0.45 Qaltl20 Q71+0922 Q74+ 104 0454 0.54 035+%14 024+ 047
= T
o 1.5
G |
L
o
-
D
2]
52 e FF FM MF MM FF FM MF MM
1 left amygdala right amygdala
conditions mbig ®small
B averaged % signal changes in the
amygdala for cat faces
2 -
g s
=
[s]
S ,
5 0.35+0.19 e 41£0.56 ®big
c 0374 0.315 032+ 0.26 42 £,0.31 ®small
5 som e
‘w05 f f
* N
0
o8 left amygdala right amygdala
F M F M
conditions
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subjects.

expression, and decreased responses for larger pupil faces
with neutral faces, which did not reach the statistical thresh-
old. Possible explanations for the incongruent results include
differences in study design. For example, while we showed a
total of 100 human faces (50 male and 50 female faces with
large or small pupils), Harrison et al. used 10 male and 10
female faces with 4 expressions with 4 different sizes of
pupils, and thus images of an identical person appeared 16
times. Since familiarity is known to influence the amygdala
activity (Dubois et al., 1999), this might have influenced the
sensitivity of the amygdala by decreasing its responses to
repeatedly presented faces.

More recently, Harrison et al. (2009) evaluated the brain
responses to pupils dynamically changing their size either by
accurately mirroring changes in subject’s pupils (positive
feedback), or the opposite (negative feedback) employing
faces with neutral expressions as stimuli. In contrast to
their previous study (Harrison et al., 2006) showing no sig-
nificant activity differences of the amygdala in response to
the varied pupil size when faces with neutral expressions
were employed, they found that the discordance between
observed and observer’s papillary changes enhanced activity
in the left amygdala. With regard to the changes in subjects’

pupil size, no entrainment effect following changes in size of
the stimulus pupil was seen (i.e. increasing pupil size of the
stimuli did not increased subject’s pupil size, and vice versa).
Their attempt to evaluate the implication of the amygdala
activity for social interactions is interesting. However, lack of
significant activity difference in the amygdala in response to
observed pupil size for neutral faces in their static study
(Harrison et al., 2006) make it difficult to compare our
results with their findings.

In their dynamic study, the left amygdala was significantly
activated only in the negative feedback, but no entrainment
effect or significant difference in mean pupil size, change in
pupil size or variance of pupil size across conditions between
positive vs negative feedback conditions were seen (Harrison
et al., 2009), while amygdala’s activity was associated with
entrainment effect or significantly reduced pupil size when
static sad face stimuli were employed (Harrison et al., 2006).
These discrepancies might suggest that the activity of the
amygdala reflect the sensitivity to different factors or mech-
anisms of activation between their static (Harrison et al.,
2006) and dynamic (Harrison et al., 2009) studies, which
is not necessarily limited to face expressions. Therefore, al-
though it is possible that the increased amygdala activity
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induced by larger pupils in the study by Demos et al. (2008)
or in the present study was also influenced by the discord-
ance effect to some extent, it seems difficult to explain all the
effect. Although in the context that they all support the idea
that the amygdala is sensitive to the changes in the pupil size
of the others, which is not necessarily due to sudden change
in ambient light that would affect observer and observed
pupil sizes equally, they are not contradictory to each other.

While it is well-known that the pupillary size (both base-
line size and the dilatation in the dark) is reduced as a func-
tion of age (Birren et al., 1950), pupil dilatation in response
to attention—arousal stimulation does not differ significantly
with age (Kim et al, 2000). Larger pupils in the light could,
therefore, be a facial signal indicating heightened vigilance
irrespective of the age, and we consider this as the primary
cause of enhanced amygdala activity for larger pupils in the
present study.

Another factor that might have influenced the result is the
size of the corneal light reflection in the stimuli faces that
seems positively correlated with the size of the pupil in the
previous study by Demos et al. (2008) and in the present
study, whereas it seems negatively correlated in the study by
Harrison et al. (2006). Since catchlight (a photography term
for artificial corneal light reflection) is often used to draw
attention to the eye and to make a photograph aesthetically
desirable, it is possible that larger corneal light reflection
helped activate the amygdala by directing or for directing
subjects to the salient stimuli, the eyes of human faces.

In parallel to previous studies (Harrison et al, 2006;
Demos et al., 2008), subjects did not notice the pupil size
manipulation in the present study. Responses in the brain to
facial expressions can be so rapid that they could not plaus-
ibly be based on conscious awareness of the stimulus
(Adolphs, 2006), and lines of evidence indicate involvement
of the amygdala in such automatic neural responses to sti-
muli (Morris et al, 1998a, b, 2001; Whalen et al, 1998,
2004).

Finally, it might also be noteworthy that all the subjects in
the present study were young adult Japanese who have
grown up in a ‘pupil-naive’ culture; Most Japanese have
black to very dark brown irises that makes their pupil size
hardly noticeable to each other. They are therefore con-
sidered to have comparatively fewer chances to acquire or
maturate the sensitivity to pupil size of others. Still, the
amygdala was sensitive to differences of the observed pupil
size of human faces, but not of cat faces. These results sup-
port the generality of the finding across cultures.

In conclusion, in the present study, we confirmed that
large pupil size of human faces is such a salient stimuli
that provokes greater amygdala responses in the absence of
explicit knowledge. The effect is irrespective of the gender of
observed face or of observer, suggesting that this is not pri-
marily based on sexual interests. Rather, based on the results
that corresponding activity difference was not seen for cat
faces, these data, together with previous studies, support the

S. Amemiya and K. Ohtomo

idea that the amygdala is responsive not only to explicit or
implicit fear, abhorrence or preference, but also to other
elements that might suggest heightened vigilance of biologic-
ally relevant stimuli.
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