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Common and specific brain responses to scenic emotional stimuli
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Abstract Processing of emotions has been an enduring
topic of interest in neuroimaging research, but studies have
mostly used facial emotional stimuli. The aim of this study
was to determine neural networks involved in emotion
processing using scenic emotional visual stimuli. One
hundred and twenty photographs from the International
Affective Picture System (IAPS), including ecological
scenes of disgust, fear, happiness, and sadness, were pre-
sented to 40 healthy participants while they underwent
functional magnetic imaging resonance (fMRI). After-
wards they evaluated the emotional content of the pictures
in an offline task. The occipito-temporal cortex and the
amygdala—hippocampal complex showed a non-specific
emotion-related activation, which was more marked in
response to negative emotions than to happiness. The
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temporo-parietal cortex and the ventral anterior cingulate
gyrus showed deactivation, with the former being marked
for all emotions except fear and the latter being most
marked for disgust. The fusiform gyrus showed activation
in response to disgust and deactivation in response to
happiness or sadness. Brain regions involved in processing
of scenic emotion therefore resemble those reported for
facial expressions of emotion in that they respond to a
range of different emotions, although there appears to be
specificity in the intensity and direction of the response.

Keywords Amygdala - Anterior cingulate gyrus -
Emotion - Functional magnetic resonance imaging -
Fusiform gyrus

Introduction

Processing of emotional stimuli has been a topic of con-
siderable interest in functional imaging research. Thus, a
recent meta-analysis that used functional magnetic reso-
nance imaging (fMRI) to investigate brain responses to
facial emotions found 377 studies carried out between 1990
and 2008 (Fusar-Poli et al. 2009). An important finding of
this meta-analysis was that different emotions (e.g., hap-
piness or fear) appear to be associated with activation of
the same brain regions (e.g., the amygdala and the fusiform
gyrus), although probably at different intensities. Several
further studies have also supported the involvement of a
common emotional network involving limbic and visual
regions in the processing of emotional faces in a relatively
non-specific way (Surguladze et al. 2012; Winston et al.
2003; Tettamanti et al. 2012).

It should be noted, however, that the strategy used in the
above studies amalgamates brain responses associated with
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general emotional processing with those associated with
processing of faces. A brain system is known to exist which
deals specifically with facial information, including that
related to both emotional and identity recognition (Ellis and
Young 1988; Calder and Young 2005), and so it is possible
that the responses seen in studies using facial emotions might
partly reflect processing of other kinds of facial information
and/or might not capture responses to other kinds of emo-
tional stimuli. Other factors that need to be considered here
are that, at the behavioral level, faces have been found to elicit
emotional responses even when they are emotionally neutral
(Lee et al. 2008), and that the use of facial stimuli may present
hidden sources of bias in illness groups—individuals with
autism, for example, tend to avoid looking at other people’s
eyes, and this has been showed to affect the results of fMRI
studies employing emotional faces (Dalton et al. 2005).

Only a relatively small number of functional imaging
studies have employed non-facial stimuli to investigate
emotional processing. Hariri et al. (2003) used threatening
and fearful scenes derived from the International Affective
Picture System (IAPS) (Lang et al. 1997) and found that
perception of fearful stimuli was associated with activation
of the amygdala. Britton et al. (2006) compared the brain
responses elicited by IAPS photographs depicting a range
of emotions (happiness, sadness, anger, fear) to those
elicited by faces showing corresponding emotions. They
found that emotion-induced activations were similar for the
facial and TAPS stimuli (e.g., amygdala and visual cortex),
but the former activated a broader network than the latter.
Both these studies’ findings have to be regarded as pre-
liminary, however, because their sample sizes were small
(n = 11 and n = 12, respectively).

The aim of this study was to establish the neural networks
involved in general emotion processing, using scenic stimuli
selected to elicit a range of different emotions. To this end,
40 healthy subjects were scanned while they were presented
with emotional and neutral visual stimuli from the IAPS. We
hypothesized that brain regions activated by the task would
be similar to those involved in the processing of emotional
faces, but with differences in those brain areas known to be
involved in face processing such as the fusiform gyrus
(Kanwisher et al. 1997). We further hypothesized that the
brain responses to different emotions would share a common
network, as found in studies using facial emotion tasks,
although we also anticipated some emotion-specific effects.

Materials and methods
Participants

Fifty-one healthy adults were recruited from non-medical
staff working in the hospital, their relatives and
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acquaintances, plus independent sources in the community.
All participants were right-handed, had normal or cor-
rected-to-normal vision, and did not report a personal or
family history of mental illness and/or treatment with
psychotropic medication. Seven fMRI datasets had to be
discarded due to excessive head motion (n = 4) or tech-
nical artifacts (n = 3). In addition, as described below, four
participants were excluded because of probable lack of
attention to the photographs as detected in a post-scan task.
Therefore, the final sample was composed of 40 healthy
adults. Their age range was 19-59 (mean + SD:
38 £ 11 years), 70 % were female, and their IQ (as esti-
mated from four subtests of the WAIS III) was 112 £ 10.

Online task

The stimuli consisted of 80 photographs depicting eco-
logical scenes selected to elicit emotional responses (20 of
disgust, 20 of fear, 20 of happiness, and 20 of sadness).
These were selected from the IAPS database on the basis
that they had achieved the highest agreement in type of
emotion, intensity of emotion, and valence (i.e., positive or
negative) in a preliminary offline study of 21 different
healthy volunteers. The final set of images used and their
TIAPS numbers are listed in the “Appendix”. There were
also 40 photographs showing non-emotional material; these
were also selected from the IAPS database.

Photographs that showed peoples’ faces were not a
priori excluded from the selection process. This would
have been impractical in the cases of happiness and sad-
ness, where facial expression and body language are key
indicators of the interpretation of the emotional context of
a scene. Therefore, among the 20 scenes showing happi-
ness there were 6 showing this facial expression, plus 1 not
showing emotion; in the case of sadness there were 9 faces
showing sadness or distress and 6 which did not show
emotion. The remaining scenes did not include emotional
faces, but in the case of fear some photographs showed
neutral or masked faces. In all cases, faces were small and
facial expressions were part of a complex scene whose
interpretation depended on other factors as well.

Participants were instructed simply to look at the pho-
tographs. Presentation was divided into 24 blocks, each
composed of 5 photographs of the same emotion type. In
order to avoid hangover effects from the emotional content
of previous blocks, each block was followed by a ‘wash-
out’ in which three simple symbols such as ampersands
were presented. Each photograph or symbol was presented
for 4 s, so that each block lasted for 20 s, plus 12 s of
washout. Emotional blocks were presented in a counter-
balanced order to avoid sequence effects. For example,
photographs of happiness were presented once after pho-
tographs of sadness, once after photographs of fear, once
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after photographs of disgust and once after neutral
photographs.

fMRI data acquisition

Functional MRI scanning was performed on a 1.5-T GE
Signa scanner (General Electric Medical Systems, Milwau-
kee, WI, USA) at Sant Joan de Déu Hospital in Barcelona. A
gradient-echo echo-planar (EPI) sequence depicting the
blood-oxygenation-level-dependent (BOLD) contrast was
acquired with the following parameters: 394 volumes with
the first 10 discarded to avoid T1 saturation effects, 16 axial
slices (thickness 7 mm, gap 0.7 mm), matrix size 64 x 64,
voxel resolution 3.0 x 3.0 x 7.7 mm3, TE 40 ms, TR
2,000 ms, flip angle 70°. Visual inspection of the raw images
led to the detection of technical artifacts in three of the
datasets, which were therefore excluded.

Offline task

After the scanning session, the participants were presented
with the same 120 photographs, plus 41 new photographs
(19 emotional, 22 non-emotional). They were instructed to
state whether they had previously seen the photograph in
the scanner or not, to evaluate the intensity and valence of
the emotion evoked by dragging a bar using the computer
mouse, and to specify the type of emotion shown in the
photograph. Participants’ answers were re-coded into:
(a) percentage of photographs correctly classified as pre-
viously presented or new; (b) mean emotional valence-
signed intensity of the online photographs (from highly
negative to highly positive); (c) mean absolute emotional
intensity of the online photographs (from neutral to high);
and (d) percentage of online photographs correctly classi-
fied according to the emotional type. As stated earlier, four
participants correctly classified less than 50 % photographs
as previously presented or new; they were considered not
to have attended the photographs and excluded from the
rest of the study.

Analysis

The following standard preprocessing and first level pro-
cessing steps were conducted with fMRI Expert Analysis
Tool (FEAT), part of the FMRIB Software Library (FSL)
tools (Smith et al. 2004): (a) motion correction; (b) non-
brain removal; (c) isotropic 5 mm full width at half max-
imum (FWHM) Gaussian smoothing; (d) grand-mean
intensity normalization of the entire 4D dataset by a single
multiplicative factor; (e) high-pass temporal filtering;
(f) time-series statistical analysis of the differences
between each emotion and the neutral blocks with local
autocorrelation correction; and (g) registration to the MNI

standard space. To minimize unwanted movement-related
effects, four participants presenting an estimated maximum
absolute movement >4.0 mm or an average absolute
movement >0.3 were excluded from the study.

Group analyses included a group mean activation map
per emotional contrast (e.g., fearful vs. neutral images), as
well as a repeated measures analysis of variance (RM-
ANOVA) of the four emotions. It should be noted that the
separate mean analyses localize those brain regions acti-
vated by one or more emotions, while the RM-ANOVA
analysis localizes those brain regions where different
emotions are associated with different responses. All
analyses were fitted as mixed-effect models (Beckmann
et al. 2003) and cluster-thresholded to p < 0.05 corrected
for multiple comparisons.

Grouping of regions by their emotional response

In order to better comprehend the commonality and spec-
ificity of the brain responses to the different emotions,
brain regions that showed a similar brain response to a
given emotion were grouped together. For instance, all
brain regions that displayed marked activations in response
to a given emotion but no substantial response to another
emotion would be grouped together.

First, a set of empirical brain regions was obtained from
the intersection of the spatial clusters of activation obtained
in the different mean and RM-ANOVA analyses. Second,
the response of each of these regions to each emotion was
coded as “activation”, “deactivation”, or “non-response”.
Finally, these codes were entered into a hierarchical clus-
tering analysis with complete linkage (i.e., the similarity of
two groups of regions was computed as the similarity of
their most dissimilar regions). This analysis yielded a
dendrogram (i.e., a tree diagram of the regions according to
the similarity of their emotional response, see Fig. 1), from
which the groups of regions could be derived.

Results
Offline task

The participants recognized whether the pictures had been
presented during the scanning session at a level of 76 %
correct (range 50-97 %; emotional pictures = 77 %, neu-
tral pictures = 75 %). The subjects also identified the four
emotions at a high rate (88 %, range 75-99 %; dis-
gust = 78 %, fear = 83 %, happiness = 86 %, sadness =
91 %, neutral = 94 %). Mean subjective emotional
valence-signed intensity, rated from —1 to +1, was posi-
tive in the photographs of happiness (40.59), negative in
the photographs of disgust, fear or sadness (—0.55, —0.56
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Fig. 1 Dendrogram of the
hierarchical clustering analysis.
Tree diagram showing the
grouping of the selected brain
regions according to the
similarity of their response to
the different emotions. Regions
were obtained from the
intersection of the spatial
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and —0.54, respectively), and close to zero in neutral

photographs (4-0.04). There were no differences of abso-
lute subjective emotional intensity between the four emo-
tions (RM-ANOVA F;3 7 = 1.9, P = 0.138).

Brain responses to the emotional photographs

As shown in Table 1 and Fig. 2, the brain responses to each
of the four types of emotional pictures generally involved
strong and bilateral changes in the visual areas (occipital
and fusiform cortices extending to adjacent temporal
regions and the cerebellum), the limbic system (amygdala,
hippocampus and anterior cingulate cortex), the thalamus
and parts of the prefrontal and temporo-parietal cortices.

Specifically, responses to disgusting pictures were
characterized by activations in the occipito-temporal cortex
and the amygdala-hippocampal complex (extending to
thalamus, insula, inferior frontal cortex and tectum), while
there was deactivation of the ventral anterior cingulate and
temporo-parietal cortices. Pictures of fear and sadness were
also associated with activations in the occipito-temporal
cortex and the amygdala-hippocampal complex. However,
deactivation associated with sad pictures was mainly lim-
ited to the temporo-parietal cortex, and fearful pictures
were not accompanied by any substantial deactivation.
Finally, responses to happy pictures consisted mainly of
deactivations in the temporo-parietal and dorsal frontal
cortices.

RM-ANOVA between the four emotions revealed sta-
tistically significant differences in nearly all these areas
(Fig. 2). These differences were particularly marked in the
occipito-temporal cortex including the fusiform gyrus—
which showed activation in response to photographs of
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disgust, but deactivation in response to photographs elic-
iting happiness or sadness.

Grouping of regions by their emotional response

Four groups of regions could be defined according to their
response to the different emotional photographs (Fig. 3).
The first group included regions that responded with a
pattern of activation: mainly the bilateral occipito-temporal
cortex, amygdala and thalamus. Interestingly, the response
in these areas was more intense for negative emotions than
for happiness. The other three groups of regions were
composed of regions that responded with deactivation
patterns. The temporo-parietal cortex, for example, showed
marked deactivation in all emotions except fear. The ven-
tral anterior cingulate gyrus, conversely, showed a mild
deactivation that was more marked in photographs of dis-
gust. The bilateral fusiform gyrus constituted a special
group in which deactivation was observed in photographs
of happiness or sadness, but activation in photographs of
disgust.

Discussion

Brain processing of emotional stimuli has been heavily
investigated using functional imaging, but studies to date
have mostly used emotional faces, which may mix the
response to emotion with the processing of other facial
information. In this study, scenic photographs selected to
ecologically elicit different emotions were presented to a
sample of 40 healthy volunteers while fMRI data were
acquired. We found a set of brain responses in regions
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Table 1 Brain response to the
different emotional photographs

Peak MNI x, y, z

Peak Z Cluster size

Cluster P

Disgust > Neutral

Bilateral occipito-temporal cortex, including
fusiform, lingual, occipital, inferior temporal
gyrus and adjacent cerebellum

Bilateral amygdala—hippocampal complex,
extending to bilateral thalamus, insula, inferior
and (right) middle frontal cortex and tectum

Left supramarginal cortex
Dorsal medial frontal cortex
Disgust < Neutral

Ventral anterior cingulate cortex, extending to
bilateral orbito-frontal gyrus and (left) middle
frontal cortex

Right temporal cortex, extending to ipsilateral
angular, inferior parietal and supramarginal

gyrus
Left inferior and middle temporal gyrus

Left angular and inferior parietal gyrus
Fear > Neutral

Left occipito-temporal cortex, including
fusiform, occipital, supramarginal and
temporal gyrus and adjacent cerebellum

Bilateral amygdala—hippocampal complex,
extending to bilateral thalamus, (right) inferior
and middle frontal cortex and tectum

Right occipito-temporal cortex, including
fusiform, occipital, supramarginal and
temporal gyrus and adjacent cerebellum

Precuneus

Fear < Neutral

Bilateral lingual gyrus and adjacent cerebellum
Happiness > Neutral

Right middle and inferior temporal gyrus
Happiness < Neutral

Left parietal cortex extending to angular gyrus

Left frontal cortex including the dorsal medial
frontal cortex

Right parieto-temporal cortex including angular
and supramarginal gyrus

Left inferior and middle temporal gyrus

Right frontal cortex including ipsilateral orbito-
frontal cortex

Right fusiform gyrus extending to adjacent
cerebellum

Left fusiform gyrus extending to adjacent
cerebellum

Sadness > Neutral

Bilateral occipito-temporal cortex, including
lingual, occipital, temporal gyrus and adjacent
cerebellum

Bilateral amygdala—hippocampal complex,
extending to bilateral thalamus and tectum

Dorsal medial frontal cortex
Right inferior and middle frontal gyrus

16, —94, —4

—68, —26, 34
2, 56, 22

12, 38, 2

68, —28, —22

—66, —50, —18
—50, —54, 46

—46, =76, —4

48, =78, —10

6, —52, 46

8, =74, -2

54, =76, 2

—438, 26, 28

46, —48, 56

—54, =36, -2
36, 60, —8

30, —44, -30

—28, =52, =22

48, —62, 12

8, 60, 38
42,2, 46

6.73

4.94
4.46

4.61

4.4

4.87
4.46

7.48

7.71

4.08

4.67

5.77

4.81

4.34

4.55
4.31

3.76

4.76

7.92

4.93
4.79

38,139

914
1,270

5,462

4,631

1,599
1,235

20,894

7,991

866

1,679

1,904

8,258

5,576

2,102
1,693

1,028

987

26,612

2,708
1,702

<0.001

0.039
0.007

<0.001

<0.001

0.002
0.009

<0.001

<0.001

0.050

0.001

<0.001

<0.001

<0.001

<0.001
0.001

0.022

0.027

<0.001

<0.001
0.001
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Table 1 continued

Peak MNI x, y, z Peak Z Cluster size Cluster P
Sadness < Neutral
Left temporal and frontal cortices —60, —60, —20 498 5,773 <0.001
Left parietal cortex including angular gyrus —50, —48, 50 5.47 4,796 <0.001
Right parietal cortex including angular and 52, —40, 40 5.27 4,082 <0.001
supramarginal gyrus
Right temporal cortex 60, —54, —24 4.77 2,367 <0.001
Right middle frontal and orbito-frontal gyrus 36, 42, 22 391 1,791 <0.001
Right fusiform gyrus extending to adjacent 28, =50, —14 5.15 1,278 0.007
cerebellum
Left fusiform gyrus extending to adjacent —28, =52, —16 5.42 1,076 0.018
cerebellum
Anterior cingulate cortex —6, 28,2 3.8 878 0.047

broadly similar to those observed in studies using facial
emotion tasks, as well as additional changes that, as far as
we know, have not been reported using facial stimuli.
There was some evidence to support the concept of a
common set of brain regions involved in processing of
emotional stimuli.

In agreement with studies using facial emotional stimuli
(Fusar-Poli et al. 2009), this study found that limbic and
extrastriate visual areas (i.e., amygdala and occipito-tem-
poral cortex) showed activation in response to emotional
scenes. The amygdala is the structure traditionally most
associated with emotional processing (Breiter et al. 1996;
Adolphs et al. 1995), and is considered to represent an
important hub in the organization of emotional responses to
perceptual stimuli. It receives information from all sensory
modalities, including the primary visual cortex and the
visual-related inferior temporal cortex (Emery et al. 2000),
whilst its larger efferent projections connect to hypotha-
lamic, midbrain, and brainstem nuclei that control psycho-
physiological and behavioral emotional responses (Davis
and Whalen 2001), as well as several levels of the ventral
visual processing stream (Emery et al. 2000). At the
behavioral level, the involvement of the amygdala in
emotional reactions has been well documented in animals
(Knapska et al. 2006).

It should be noted, however, that no significant amyg-
dala response to happy scenic stimuli was detected, in
contrast to studies using happy faces (Fusar-Poli et al.
2009). Amygdala activation has also been proposed to be
modulated by the saliency of stimuli (Whalen 2007), which
may include specific aspects of faces such as the area of
sclera visible around the iris (Radua et al. 2010; Whalen
et al. 2004) or specific aspects of scenes such as sharp
object contours (Bar and Neta 2007). One possible expla-
nation, therefore, could be that the lack of amygdala acti-
vation to happy scenes simply reflected a lower salience of
these images than the scenes portraying other emotions.

@ Springer

We also found that disgust-related activation of the
amygdala—hippocampal complex extended to the insular
cortex. This finding is in agreement with previous studies
reporting that the insula responds selectively to facial
expressions of disgust and disgust-inducing pictures
(Wright et al. 2004; Fusar-Poli et al. 2009).

The fusiform gyrus showed activation in response to
disgust but deactivation in response to happiness or sad-
ness. The fusiform gyrus has been found to be involved in
facial emotion processing (Fusar-Poli et al. 2009; Wang
et al. 2005). Interestingly, the fusiform (de-)activation
found in our study spatially overlapped the face-selective
and the emotion-related activation described in the meta-
analysis of the brain response to facial stimuli by Fusar-
Poli et al. (2009). Specifically, their (MNI-converted)
meta-analytic peaks associated with perception of neutral
faces lay within the areas of activation we found in
response to scenes eliciting disgust, fear or sadness. Also,
Fusar-Poli et al’s. (2009) meta-analytic peaks associated
with perception of emotional (vs. neutral) faces lay within
the areas of activation in response to disgust or fear scenes,
or within the areas of deactivation in response to sadness or
happiness scenes.

In the present study, the fusiform gyrus had a clear
emotion-specific pattern, in that it is activated in response
to disgust but deactivated in response to happiness or
sadness. However, this emotional specificity should be
taken with some caution as it contrasts with previous
studies using emotional faces, which have reported this
region to show activation not only in response to expres-
sions of disgust or fear but also to expressions of happiness
or sadness. A potential explanation for this discrepancy
may be related to the recent distinction between the lateral
facial-selective and the medial scene-selective parts of the
fusiform gyrus (Nasr et al. 2011). It is plausible that the
activation found in our study mainly involves the scene-
selective areas. However, several of the happy and sad
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Pictures eliciting disgust:

Fig. 2 Maps of the brain response to the different emotional scenes.
Red to yellow colors indicate regions with statistically significant
activation (i.e., emotion > neutral); blue to cyan colors indicate

scenes included faces and so their associated responses
may have been displaced to the facial-selective areas,
ultimately involving a lower activity of the scene-selective
areas.

Finally, this study also found evidence of deactivations.
First, the temporo-parietal cortex showed deactivation
when emotional photographs were presented, with this
response being only mild with photographs of fear. Second,

B®
D@
o0
W
o

Z =36 Z=45

regions with statistically significant deactivation (i.e., emotion < neu-
tral); purple to pink colors indicate regions with statistically
significant differences between the emotions

the ventral anterior cingulate/medial frontal cortex
(extending to adjacent orbito-frontal areas) showed a mild
deactivation that was more noticeable while viewing pho-
tographs of disgust. Similar deactivations have occasion-
ally been reported by studies using facial stimuli (Rahko
et al. 2010), although this low frequency may be related to
the fact that most of the studies to date have been focused
on fear and only a few have reported deactivations.
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Fig. 3 Patterns of brain response to the different emotional scenes. activation obtained in the different mean and repeated measures
Effect size of the blood-oxygenation-level-dependent (BOLD) analysis of variance (RM-ANOVA) analyses. Note that this plot is
response to the different emotions in the selected brain regions. based on the voxels where the responses achieved statistical

Regions were obtained from the intersection of the spatial clusters of significance and may thus overestimate the true effect sizes
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It is tempting to speculate that these deactivations reflect
changes in activity in the so-called default mode network, a
series of interconnected brain regions, including the medial
frontal cortex, the posterior cingulate cortex, and parts of
the parietal and temporal cortex, which are active at rest
but which deactivate during performance of a wide range
of attention-demanding tasks (Buckner et al. 2008; Gus-
nard and Raichle 2001). The fact that the pattern did not
involve the whole of the network could be due to the fact
that the task under study (viewing emotional scenes) was
not highly attention-demanding, and it was compared with
viewing other scenes of equivalent complexity rather than a
baseline condition of visualization of simple symbols or a
fixation cross. Nevertheless, it seems unlikely that all the
deactivations we observed could be explained in this way:
for example, the fusiform gyrus showed changes with
several emotions, although here there was a pattern of
activation in response to disgust but deactivation in
response to happiness or sadness.

This study has some limitations. First, while IAPS pho-
tographs may induce a more general emotional response
than that elicited by facial expressions of emotion, some of
the findings could still be specific to the processing of visual
stimuli. Brain processing of emotional music, for example,
has been reported to involve limbic and auditory (rather
than visual) areas (Mitterschiffthaler et al. 2007). Second, it
should be noted that TAPS was developed to evaluate
valence and arousal, rather than the response to specific
emotions. A new set of both facial and scenic emotional
images, developed to evaluate the response to specific
emotions from facial and non-facial stimuli, would proba-
bly further clarify the common and specific components of
the brain response. Third, in the offline task participants
were only allowed to choose between four emotions (and
neutral), and so if they experienced other emotional reac-
tions to these photographs, they would have been forced to
define them as one of these states. However, only photo-
graphs for which there had been a good consensus and high
inter-rater agreement in the preliminary offline study were
selected, thus minimizing this possibility. Fourth, as noted
in the “Methods” section, this study did not aim to com-
pletely exclude faces from the emotion-provoking photo-
graphs in relation to happy and sad scenes, where in some
cases facial expression and body language to provide nec-
essary emotional context. We therefore cannot completely
discount the possibility that the presence of faces may have
influenced the brain responses produced, especially in the
fusiform gyrus. Indeed, it must be noted that human indi-
viduals have been reported to quickly saccade to the faces
embedded in a natural scene (Crouzet and Thorpe 2011;
Crouzet et al. 2010), and face-selective responses have been
reported even if the faces are defined contextually (Cox
et al. 2004), as it was the case in two fear photographs.

To sum up, this study investigated brain responses to
scenic photographs that were selected to elicit specific
emotions. Regions showing activation in comparison to
neutral photographs appeared to partially overlap with
those reported in studies employing emotional faces,
particularly in the amygdala and occipito-temporal cor-
tex. However, this study was also able to find a new
emotion-specific response pattern in fusiform gyrus, as
well as deactivation patterns in the temporo-parietal and
anterior cingulate cortex. The approach used here thus
has the potential to complement and add to findings from
studies using faces to elicit emotional responses, ulti-
mately offering a better understanding of the brain sub-
strates of the emotion processing abnormalities. It may
also prove to be useful in the study of disorders such as
autism, where observed emotional responses in standard
facial paradigms may be affected by the known tendency
to avoid looking at other people’s eyes (Dalton et al.
2005).
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Appendix

Pictures of the International Affective Picture System
(IAPS) used in the fMRI task:

Disgust: 1111, 1280, 1945, 2720, 7359, 7361, 7380,
9008, 9140, 9290, 9300, 9301, 9320, 9330, 9342, 9373,
9500, 9570, 9571 and 9830.

Fear: 1052, 1300, 1301, 1303, 1525, 1726, 1932, 2811,
5940, 6211, 6230, 6244, 6260, 6300, 6370, 6510, 6825,
7640, 9600 and 9620.

Happiness: 1340, 1441, 1463, 1811, 2154, 2216, 2332,
2345, 2391, 5201, 5551, 5600, 5760, 5811, 5831, 5833,
8170, 8190, 8496 and 8540.

Sadness: 2053, 2141, 2205, 2312, 2455, 2520, 2590,
2700, 2703, 2718, 2750, 2799, 3220, 3230, 3300, 3350,
9220, 9415, 9421 and 9435.

Neutral scenes: 2383, 2393, 2575, 5471, 5520, 5534,
5535, 6150, 7002, 7004, 7009, 7010, 7025, 7035, 7036,
7037, 7041, 7050, 7059, 7080, 7100, 7130, 7140, 7161,
7175, 7186, 7205, 7211, 7217, 7224, 7233, 7235, 7491,
7495, 7500, 7503, 7510, 7595, 7950 and 2745.1.
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