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Abstract: Surprise is one of six emotions having a specific and universally recognized facial expression.
Functional imaging and neuropsychologic studies have uncovered partly separable neural substrates for
perceiving different facial expressions; however, the functional neuroanatomy of perceiving surprised faces
has not yet been investigated. Using functional magnetic resonance imaging (fMRI), we aimed to identify the
neural substrate of surprise perception from facial expressions. Based on the assumption of unexpectedness
and novelty as elicitors of facial surprise reactions, we hypothesized recruitment of medial temporal lobe
structures implicated in novelty detection during the perception of surprise in others. Healthy subjects were
scanned while they were presented with surprised faces. As a control, they viewed faces depicting neutral or
disgust expressions. Activations during the emotional conditions were contrasted with each other and with the
neutral face condition. Compared to both control conditions, perception of surprised facial expressions yielded
consistently increased signals in the parahippocampal region, an area associated previously with novelty
detection. Our findings therefore suggest a close relation between perceiving surprise in others and the
response to novel events. Additionally, we confirmed activation of the insula during perception of disgust
expressions. Hum Brain Mapp 23:181–187, 2004. © 2004 Wiley-Liss, Inc.
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INTRODUCTION

Facial expressions provide important indicators of emo-
tion and contribute to the appreciation of the physical envi-
ronment. Six basic emotions (happiness, surprise, fear, sad-
ness, anger, and disgust) have a distinct facial expression
and are recognized universally [Ekman, 1992].

Recognition of facial expressions comprises multiple pro-
cesses, including perceptual analysis of facial features and
extraction of emotional meaning [Adolphs, 2002; Haxby et
al., 2000]. The perceptual analysis of facial characteristics has
been linked to the occipital and posterior temporal cortices
[Hoffman and Haxby, 2000; Kanwisher et al., 1997; Sergent
et al., 1992]. Extraction of emotional meaning from faces
involves the orbitofrontal/inferior frontal cortex as shown
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by a neuropsychologic study [Hornak et al., 1996]. Consis-
tent with this, functional imaging studies revealed orbito-
frontal and inferior frontal activation while viewing emo-
tional facial expressions [Nakamura et al., 1999; Narumoto
et al., 2000; Sprengelmeyer et al., 1998].

More important, imaging and neuropsychologic studies
have uncovered partly separable and specialized neural sys-
tems for recognizing different facial expressions. The amygdala
is involved primarily during perception of fearful faces [Ado-
lphs et al., 1994; Morris et al., 1996; Sprengelmeyer et al., 1999;
Whalen et al., 1998; Young et al., 1995], whereas the processing
of disgust has been linked to the insula and basal ganglia
[Calder et al., 2000; Krolak-Salmon et al., 2003; Phillips et al.,
1997, 1998; Sprengelmeyer et al., 1996, 1998]. Moreover, the
medial-frontal cortex has been implicated in perceiving angry
faces [Blair et al., 1999; Harmer et al., 2001]. Evidence concern-
ing neural correlates of perceiving facial expressions of happi-
ness and sadness is less clear-cut. Functional imaging studies
have pointed to activation of various neural structures during
perception of happy faces, including the basal ganglia [Morris
et al., 1996, 1998], inferior frontal cortex [Dolan et al., 1996],
anterior cingulate cortex [Dolan et al., 1996; Kesler-West et al.,
2001], and the amygdala [Breiter et al., 1996; Pessoa et al., 2002].
A study investigating the neural substrate of perceiving sad
faces suggests involvement of the temporal pole and amygdala
[Blair et al., 1999].

The facial expression of surprise has been neglected in neu-
roscience, although this expression was described already by
Charles Darwin in 1872, who proposed novelty and unexpect-
edness as its elicitors: “Attention, if sudden and close, gradu-
ates into surprise. […] Attention is shown by the eyebrows
being slightly raised; and as this state increases into surprise,
they are raised to a much greater extent with the eyes and
mouth widely open. […] As surprise is excited by something
unexpected or unknown, we naturally desire, when startled, to
perceive the cause as quickly as possible …” [Darwin, 1999, p
278]. Psychological theories conceive surprise as an adaptive
mechanism to restructure and extend cognitive concepts af-
ter analyzing an unexpected event [Schutzwohl, 1998]; how-
ever, the neural substrate involved in the perception of surprise
and its significance to the observer has not yet been investi-
gated.

Using functional magnetic resonance imaging (fMRI), we
aimed to identify the neural substrate that mediates the
perception of surprise in others. Based on the assumed
association of surprise and novelty [Darwin, 1999; Schutz-
wohl, 1998], we hypothesized that besides temporal and
occipital cortices subserving the perceptual analysis of facial
features [Haxby et al., 2000, 2002], perception of surprised
facial expressions involves the medial temporal lobes, which
have been implicated previously in the response to contex-
tually novel or distinctive stimuli [Gabrieli et al., 1997; Stern
et al., 1996]. Furthermore, we aimed to validate our experi-
mental paradigm by reproducing the association of disgust
perception with insular activation [Phillips et al., 1997, 1998;
Sprengelmeyer et al., 1998].

SUBJECTS AND METHODS

Subjects

The study subjects comprised 20 right-handed, healthy
individuals (10 men, 10 women; mean age 32.5 � 8.3 years).
All volunteers were free of neurologic or psychiatric dis-
eases and gave written informed consent to take part in the
experiment. The study was approved by the Ethical com-
mittee of the Technische Universität München.

Stimuli and Paradigm

Volunteers viewed grayscale pictures of faces from the Facial
Expressions of Emotions: Stimuli and Test (FEEST) [Young et al.,
2002], which displayed disgust, surprise or neutral expressions.
As a neutral face, we used a morphed image with slightly
happy expression (25% happy, 75% neutral) produced by com-
puter graphic manipulation, because 100% neutral faces ap-
pear slightly cold and threatening [Phillips et al., 1997]. Each
picture was presented individually against a gray background
for 3 s with an interstimulus interval of 0.76 s. Eight faces (3
male/5 female) of the same expressions were ordered ran-
domly and constituted one block. Ten blocks with alternating
emotional (surprise or disgust) and neutral faces constituted
one run. Participants carried out four separate runs in a coun-
terbalanced order: two runs including surprised and neutral
and the other two disgusted and neutral faces. In line with
previous studies of emotion perception [Blair et al., 1999; Mor-
ris et al., 1996; Phillips et al., 1997, 1998; Sprengelmeyer et al.,
1998], an implicit paradigm of facial expression perception was
applied with volunteers pressing left or right response buttons
in a gender decision task. To familiarize subjects with the
stimuli, they viewed each picture once before fMRI scanning.

Image Acquisition and Analysis

Echoplanar MR brain images were acquired using a 1.5
Tesla Siemens Symphony Scanner (Erlangen, Germany)
with a standard head coil. During each run, 110 T2*-
weighted images were acquired at each of 33 slices of 4 mm
thickness parallel to the intercomissural line (AC–PC), cov-
ering the whole brain (TR � 3 s, TE � 50 ms, flip angle � 90
degrees, matrix � 64 � 64, field of view [FOV] � 200 mm).
The first five volumes of each session were discarded, to
allow time for the longitudinal magnetization to reach a
steady state. High-resolution T1-weighted anatomic images
were also acquired for each subject at the end of the sessions.

Statistical analysis was carried out using SPM software
(SPM99; Wellcome Department of Cognitive Neurology,
London, UK) based on the general linear model [Friston,
1997]. Images were realigned to the first scan of the session,
stereotactically normalized into a standard space approxi-
mating that of Talairach and Tournoux [1988] and smoothed
with an isotropic Gaussian kernel of 8 � 8 � 8 mm. Low
frequency confounds were removed by a high pass filter
with individually adjusted cutoffs. Data analysis was carried
out by modelling the different conditions as reference wave-
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forms, using boxcar functions convolved with a canonical
hemodynamic response function (HRF).

A second-level random effects approach was applied for
statistical analysis. This approach takes into account be-
tween-subject variability, allowing a more critical explora-
tion of blood oxygenation level-dependent (BOLD) re-
sponses than fixed-effects models [Holmes and Friston,
1998]. On the first level, the four functional sessions were
entered into an individual design matrix for each subject.
Here, surprise and disgust conditions were defined explic-
itly with the neutral face conditions modelled implicitly. To
show areas particularly involved in perception of a specific
emotional expression, both emotion conditions were con-
trasted against two different baselines: (1) surprise and dis-
gust conditions were compared to the neutral face condition
(surprise vs. neutral, disgust vs. neutral); and (2) both emo-
tion conditions were compared directly to each other (sur-
prise vs. disgust, disgust vs. surprise). For a region to be
denoted as specifically involved in perception of either sur-
prise or disgust expressions, it thus had to fulfill the strict
criterion of corresponding results across two different base-
line conditions. For each of the four comparisons, individual
contrast images were entered into a second level (random

effects) analysis applying a one-sample t-test. Significance
was accepted for voxels surviving a statistical threshold of P
� 0.001, uncorrected. To avoid false positives, only clusters
of 20 or more contiguous voxels were considered [Forman et
al., 1995]. All coordinates reported are based on the Ta-
lairach atlas and were transformed by applying procedures
developed by M. Brett (available online at http://www.
mrc-cbu.cam.ac.uk/Imaging; accession date 10 April 2003).

RESULTS

Mean accuracy of gender classification during scanning
was 95% (SD � 7%) for 17 subjects (data of 3 subjects were
not recorded due to technical problems). Contrasting sur-
prise with the neutral face condition was associated with
increased activations in the right parahippocampal gyrus,
right cerebellum, middle temporal gyrus (Brodmann’s area
[BA] 21) and adjacent posterior superior temporal sulcus
(STS) as well as in occipital regions (BA 18) (Table I, Fig. 1).
The crucial role of the parahippocampal gyrus in the per-
ception of surprise was underscored further by direct com-
parison of the “surprise” with the “disgust” condition, re-

Figure 1.
A statistical parametric map (SPM) showing significant activation of the right parahippocampal gyrus
and left occipital gyrus in the surprise condition relative to the neutral condition (P � 0.001,
uncorrected, extent threshold � 20 voxels).

TABLE I. Activations in response to the perception of surprise expressions

Region Side x y z t*

Surprise versus neutral
Parahippocampal gyrus (BA30/35) Right 16 �31 �7 3.74
Middle temporal gyrus/STS (BA 21) Right 57 �44 8 5.28
Lingual gyrus (BA 18) Left �22 �95 �5 5.36
Inferior occipital gyrus (BA 18) Left �24 �88 �7 4.64
Cerebellum Right 12 �35 �8 5.24

Surprise versus disgust
Parahippocampal gyrus (BA 35) Right 20 �24 �14 4.47

Regions activated by surprise versus neutral condition and surprise versus disgust condition. Talairach coordinates refer to each regional
cluster and the associated t-values are shown.
* P � 0.001, uncorrected, extent threshold � 20 voxels.
BA, Brodmann area; STS, superior temporal sulcus.
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vealing significant activation exclusively in the right
parahippocampal gyrus (Table I, Fig. 2).

We found insular activations during perception of disgust
for both contrasts (disgust vs. neutral and disgust vs. sur-
prise). Perception of disgust when compared to the neutral
face condition yielded additional activations in inferior fron-
tal, postcentral, temporal, and occipital regions (Table II).
Besides insular activation, the contrast of disgust with the
surprise condition demonstrated further activations within

the claustrum, inferior frontal gyrus, thalamus, postcentral
and paracentral gyrus, inferior parietal gyrus, cerebellum,
brainstem, and occipital cortices (Table II).

To explore whether gender had an influence on the neural
responses within our regions of interest, we conducted post
hoc two-sample t-tests on second level to show differences
between men (n � 10) and women (n � 10) in perception of
surprised and disgusted facial expressions when compared
to the neutral face condition. These analyses revealed no

Figure 2.
A statistical parametric map (SPM) showing significant activation of the right parahippocampal gyrus
in the surprise condition relative to the disgust condition (P � 0.001, uncorrected, extent threshold
� 20 voxels).

TABLE II. Activations in response to the perception of disgust expressions

Region Side x y z t*

Disgust versus neutral
Insula (BA 13) Right 38 5 15 4.64
Inferior frontal gyrus (BA 45) Right 51 18 10 5.09
Inferior frontal gyrus (BA 46) Right 50 43 9 4.88
Postcentral gyrus (BA 3) Right 36 �32 53 4.53
Fusiform gyrus (BA 20) Left �38 �41 �13 4.56
Middle temporal gyrus (BA 39) Right 51 �73 20 5.63
Inferior and middle occipital gyrus (BA 19) Right 46 �80 �3 6.00
Middle occipital gyrus (BA 18/19) Left �42 �81 15 4.16
Inferior and middle occipital gyrus (BA 18) Right �38 �93 0 5.56
Cuneus (BA 18) Left �22 �97 10 5.64

Disgust versus surprise
Insula (BA 13) Right 34 �3 19 4.09
Claustrum Right 30 �3 17 5.02
Inferior frontal gyrus (BA 46) Right 53 39 13 5.73
Thalamus (medio-dorsal) Left �6 �13 6 5.34
Postcentral gyrus (BA 2) Left �59 �25 44 4.76
Inferior parietal gyrus (BA 40) Left �36 �35 39 5.98
Paracentral gyrus (BA 5) Left �12 �38 55 4.58
Middle occipital gyrus (BA 37) Right 50 �63 �7 4.00
Inferior occipital gyrus (BA 19) Right 44 �78 �3 5.67
Cuneus (BA 19) Left �16 �88 25 5.06
Cerebellum Right 12 �59 �22 5.20
Brainstem Right 12 �19 �29 4.34

Regions activated by disgust versus neutral condition and disgust versus surprise condition. Talairach coordinates are referring to each
regional cluster and the associated t-values are shown.
* P � 0.001, uncorrected, extent threshold � 20 voxels.
BA, Brodmann area.
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significant gender effects for perception of surprised and
disgusted facial expressions within the medial temporal
lobes and insular cortex.

DISCUSSION

The results presented here provide evidence that the per-
ception of surprised facial expressions consistently recruits
structures within the medial temporal lobes, namely the
right parahippocampal gyrus. Furthermore, they confirm
the proposed association between the insula and facial ex-
pressions of disgust [Phillips et al., 1997, 1998; Sprengelm-
eyer et al., 1998]. Our findings thus corroborate further the
notion of partly distinct neural systems for extracting mean-
ing from different facial expressions. In support of this in-
terpretation, activations within the parahippocampal gyrus
and the insular cortex during processing of surprise and
disgust expressions, respectively, satisfied our strict crite-
rion of corresponding responses across two different high-
level baselines (neutral expressions and surprise/disgust
expressions).

We also found support, however, for the idea of a com-
mon neural system for perceptual analysis of facial features,
within temporal and occipital cortices [Haxby et al., 2000,
2002]. In line with previous studies [Phillips et al., 1997;
Vuilleumier et al., 2001], activation of the temporal and
occipital cortices was more pronounced when the emotional
(surprise/disgust) conditions were compared to the neutral
condition than when compared to each other. Increased
activation of these areas may represent top-down modula-
tory effects on the visual processing stream, reflecting atten-
tional enhancement due to emotional significance [Pessoa et
al., 2002; Vuilleumier et al., 2001]. Furthermore, the posterior
part of the STS, as implicated during perception of surprised
relative to neutral expressions, has been previously related
to perception of static images of changeable aspects of the
face [Hoffman and Haxby, 2000] including facial expression
[Critchley et al., 2000; Kanwisher et al., 1997; Narumoto et
al., 2001; Phillips et al., 1998].

Previous neuropsychologic and functional imaging stud-
ies have underscored the importance of the inferior frontal/
orbitofrontal cortex in the extraction of emotional meaning
from the face [Hornak et al., 1996; Nakamura et al., 1999;
Narumoto et al., 2000; Sprengelmeyer et al., 1998]. The infe-
rior frontal/orbitofrontal cortex has been suggested to play
an essential role in social reinforcement processes [Rolls,
1996] and to be a common endpoint of networks of emotion
recognition [Sprengelmeyer et al., 1998]. We found inferior
frontal/orbitofrontal activation, however, during perception
of facial expressions of disgust but not of surprise. This
might be explained by the fact that surprise has no definite
positive or negative valence as suggested by Ekman and
Friesen [1975]: “…surprise itself is neutral in hedonic tone. It
is rather the following emotion that gives it a positive or
negative tone to the experience.”

The results of our study further support the idea of partly
independent neural representations for distinct basic emo-
tions, mediating the processing of different information cru-

cial for survival and environmental adaptation. Accord-
ingly, we demonstrate activation of the parahippocampal
gyrus during surprise, but not disgust perception. Func-
tional neuroimaging studies have implicated the parahip-
pocampal gyrus [Gabrieli et al., 1997] or posterior hip-
pocampus and parahippocampal gyrus [Stern et al., 1996] in
processing of novel compared to familiar visual stimuli.
Consistent with this, Hunkin et al. [2002] found medial
temporal lobe activations centered in the parahippocampal
gyrus during processing of verbal associative novelty. Find-
ings from lesion studies and single-unit recordings in mon-
keys further support the role of the parahippocampal gyrus
in novelty detection, showing perirhinal involvement dur-
ing processing of contextual novelty [Brown and Aggleton,
2001]. In addition, the parahippocampal region receives
prominent projections from unimodal and polymodal high-
level visual temporal and occipital cortices [Suzuki and
Amaral, 1994], also implicated in the present study. The
perception of facial expressions of surprise in others may
therefore be related to detection or evaluation of novel stim-
uli in the environment, which is thought of as an initial step
in memory formation subserved by the parahippocampal
area [Fernandez et al., 1998]. This notion is in accordance
with a psychological model of surprise, proposing an evo-
lutionary old mechanism to analyze unexpected events to
update knowledge for successful individual-environmental
transaction [Schutzwohl, 1998].

An alternative explanation would be that activation in the
parahippocampal gyrus might have been caused merely by
unfamiliar faces per se. We feel that this is unlikely, how-
ever, as no such activations occurred during the presenta-
tion of disgusted when compared to neutral faces and all
individual faces were presented repeatedly. Another objec-
tion might be that surprised faces might have been confused
with fearful faces. We therefore conducted a post hoc be-
havioral assessment using a set of morphed faces from the
FEEST, each showing two of six basic emotions with differ-
ent degrees of intensity [Young et al., 2002; for a detailed
description please refer to the FEEST handbook]. Subjects
were instructed to categorize each morphed face according
to one of six basic emotions with a maximum score of 20
correct responses for each emotion. An error analysis of
surprise recognition scores revealed only a few confusion
errors with happiness (0.75 � 0.91) and fear (1.65 � 2.16),
both being part of the surprise morphs. A paired t-test
revealed no more confusion of surprised with fearful than
with happy expressions (t � �1,67; P � 0.11). Activations of
the parahippocampal gyrus in response to surprised faces
are thus unlikely due to confusion of surprised with fearful
expressions. Moreover, the parahippocampal responses dur-
ing surprise perception observed in our study can be distin-
guished clearly from amygdala activations implicated in the
perception of fearful faces [Adolphs et al., 1994; Morris et al.,
1996; Sprengelmeyer et al., 1999; Whalen et al., 1998; Young
et al., 1995]. Even with clearly defined regions of interest for
the bilateral amygdala (defined as spheres of 10-mm radius
centered at �24, �4, �16, based on the location of the
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amygdala in the Talairach atlas) and small volume correc-
tion, we could not find significant responses within this
region during perception of surprised faces when compared
to either neutral or disgusted faces.

Insular activation found during perception of disgusted
facial expressions converge with evidence from studies
based on insular lesions [Calder et al., 2000], depth elec-
trodes [Krolak-Salmon et al., 2003], and functional imaging
[Phillips et al., 1997, 1998; Sprengelmeyer et al., 1998], thus
confirming the robustness and reliability of our findings. A
metaanalysis carried out by Murphy et al. [2003], including
four imaging studies that used facial expressions of disgust
[Phillips et al., 1997, 1998, 1999; Sprengelmeyer et al., 1998],
revealed that the insula was the only neural structure con-
sistently activated across all studies. As the insular cortex
has been implicated in gustatory processing [Frey and Pet-
rides, 1999], recognition of disgust in others has been linked
to the evaluation of distasteful stimuli [Phillips et al., 1997].
Accordingly, a recent fMRI study by Wicker and colleagues
[2003] provided evidence for involvement of the insula dur-
ing both perceiving facial expression of disgust and experi-
encing disgust. In our study, we further validated the asso-
ciation between the anterior insula and the processing of
facial disgust, showing that the insula is also activated when
the perception of disgusted faces is compared directly to the
perception of a different emotion (surprise). By contrast,
findings concerning the role of the basal ganglia in disgust
are less consistent, given that imaging studies have revealed
activation within different (sub)structures of the basal gan-
glia, i.e., putamen, globus pallidus and nucleus caudatus
[Phillips et al., 1997, 1998, 1999; Sprengelmeyer et al., 1998].
Despite these heterogeneous results, the metaanalysis by
Murphy et al. [2003] also pointed to a role of the globus
pallidus in perception of facial disgust. Even at a more
liberal statistical threshold, however, using small volume
correction (P � 0.05) based on the coordinates provided by
Murphy et al. [2003], we could not find significant neural
responses within this region during the processing of dis-
gusted faces when compared to either neutral or surprised
faces.

In conclusion, our findings demonstrate robust medial
temporal lobe activations, during perception of surprised
facial expressions, that are focused in the parahippocampal
gyrus and further corroborate the role of the insula in the
emotion of disgust. We suggest that surprise perception in
others subserves a specific adaptive function, related to nov-
elty detection. Furthermore, these findings support the con-
cept of partly distinct neural system for perceiving different
emotional facial expressions.
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