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a b s t r a c t
Schizophrenia is one of the most devastating of all mental illnesses, and has dimensional characteristics that
include both positive and negative symptoms. One problem reported in schizophrenia patients is that they
tend to show deﬁcits in face emotion processing, on which negative symptoms are thought to have stronger
inﬂuence. In this study, four event-related potential (ERP) components (P100, N170, N250, and P300) and
their source activities were analyzed using EEG data acquired from 23 schizophrenia patients while they were
presented with facial emotion picture stimuli. Correlations between positive and negative syndrome scale
(PANSS) scores and source activations during facial emotion processing were calculated to identify the brain
areas affected by symptom scores. Our analysis demonstrates that PANSS positive scores are negatively
correlated with major areas of the left temporal lobule for early ERP components (P100, N170) and with the
right middle frontal lobule for a later component (N250), which indicates that positive symptoms affect both
early face processing and facial emotion processing. On the other hand, PANSS negative scores are negatively
correlated with several clustered regions, including the left fusiform gyrus (at P100), most of which are not
overlapped with regions showing correlations with PANSS positive scores. Our results suggest that positive
and negative symptoms affect independent brain regions during facial emotion processing, which may help to
explain the heterogeneous characteristics of schizophrenia.
© 2013 Elsevier B.V. All rights reserved.

1. Introduction
Schizophrenia is a common, chronic, heterogeneous neuropsychiatric illness with a lifetime prevalence of 1–4% (Bhugra, 2005; Saha et al.,
2008). The core impairments of schizophrenia include both positive and
negative symptoms, with cognitive decline considered to be a central
pathology of the illness. Recently, impairment of social cognitive function has been repeatedly reported in schizophrenia patients. Studies
on facial emotion processing, which is an aspect of social cognition,
have demonstrated that schizophrenia patients have defects in
interpreting the emotions and intentions of others (Marwick and Hall,
2008; Green et al., 2012). Although some studies have shown that negative symptoms are more closely associated with dysfunction in facial
emotion discrimination (Mandal et al., 1999; Kohler et al., 2003; Hofer
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et al., 2009), the different neural correlates of facial emotional processing with respect to negative and positive symptoms have not yet been
studied.
Deﬁcits in schizophrenia patients characterized by lower performance in face recognition or facial affect recognition have been reported
both in behavioral studies (Suslow et al., 2003) and in neuroimaging
studies employing various imaging modalities (Gur et al., 2002;
Kosaka et al., 2002; Takahashi et al., 2004; Johnston et al., 2005). For instance, a number of functional magnetic resonance imaging (fMRI)
studies have compared the differences in hemodynamic responses during facial emotion processing between schizophrenia patients and
healthy control subjects. These studies have demonstrated signiﬁcant
differences in the activation patterns between patients and controls,
which included cortical regions in the medial prefrontal cortex, occipital
gyrus, and temporal gyrus, as well as subcortical structures such as the
amygdala, hippocampus, and fusiform gyrus (Gur et al., 2002; Kosaka
et al., 2002; Takahashi et al., 2004; Johnston et al., 2005). In this area
of research, investigating the correlation between neuronal activations
and symptom scores is of importance in order to understand the heterogeneous characteristics of schizophrenia and to interpret the pathological differences between positive and negative symptoms. Previous fMRI
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studies have demonstrated a signiﬁcant correlation between Positive
and Negative Syndrome Scale (PANSS) scores and behavioral outcomes
(e.g., illness duration, age at onset, antipsychotic dose, and social functioning scores) (Schneider et al., 1995; Bediou et al., 2005; Pinkham
et al., 2008). They have also reported signiﬁcant negative correlations
between negative symptom scores and activations in the left superior
temporal gyrus and prefrontal area during facial emotion processing
(Michalopoulou et al., 2008; Mendrek et al., 2011). However, these
studies have not shown consistent results regarding the relationship
between hemodynamic responses and symptoms during facial emotion
processing, with some studies reporting no signiﬁcant correlation
between regional activations and symptoms (Gur et al., 2002; Whalley
et al., 2009).
Since facial emotion processing is a complex cognition process that
requires participation by multiple brain regions in a sophisticated
sequential manner in a short period of time, it is likely that the inconsistent ﬁndings of fMRI studies are due to the low temporal characteristics
of fMRI. Compared to other neuroimaging techniques, scalp electroencephalogram (EEG) has superior temporal resolution, which makes it
possible to track temporal changes in the underlying neuronal activity.
Four major event-related potential (ERP) components have been identiﬁed as associated with face structural and affect recognition processing: P100, N170, N250, and P300. All these components have been
reported as having abnormal amplitudes or latencies in schizophrenia
patients compared to normal controls (Streit et al., 2001; Campanella
et al., 2006; Caharel et al., 2007; Turetsky et al., 2007; Lynn and
Salisbury, 2008; Wynn et al., 2008a; Lee et al., 2010).
In our previous studies (Lee et al., 2010; Jung et al., 2012), we found
concrete evidence of emotion perception deﬁcits in schizophrenia
patients by investigating the characteristics of ERP components and
their correlations with symptom severity scores. Both the amplitude
and latency of N170 showed signiﬁcant differences between schizophrenia patients and normal controls, and a statistically signiﬁcant
correlation was found between negative symptom scores and N170
latency in female schizophrenia patients. To our knowledge, however,
no previous studies have focused on the correlation between ERP source
activations during facial emotion discrimination tasks and the severity
of schizophrenia symptoms, which might provide important temporal
and spatial information for understanding the underlying mechanisms
of schizophrenia.
As an extension of our previous study, the current study investigates
the relationship between the source activations of four ERP components
(P100, N170, N250, and P300) during facial affect perception and positive/negative symptom severity in schizophrenia patients. We evaluated voxel-based correlations between the source activities of the four
ERP components measured using standardized low-resolution electromagnetic tomography (sLORETA) and symptoms severity based on
PANSS scores, with the ultimate goal of revealing clearer relationships
between positive and negative symptoms and source activity, thus
identifying which regions of the brain are affected by each symptom.
2. Methods
2.1. Participants
A total of 23 schizophrenia patients were recruited for the current
study. The mean age of the participants was 32.2 ± 10.1 years
(mean ± SD), and 11 were female. All participants had been diagnosed
with schizophrenia based on the Structured Clinical Interview for Diagnostic and Statistical Manual of Mental Disorders, 4th Edition (DSM-IV),
Axis I Psychiatric Disorders. To measure the severity of symptoms
according to psychopathologic syndromes, all participants were diagnosed using the PANSS (Kay et al., 1987). All participants were stable,
right-handed, with normal or corrected-to-normal vision. Participants
with a history of central nervous system disease, alcohol or drug
abuse, electroconvulsive therapy, mental retardation, head injury with

loss of consciousness, or any other symptoms (e.g. major depressive disorder and anxiety disorder) that might affect the experiment were excluded from the study. All subjects were taking atypical antipsychotics
(olanzapine, n = 11; risperidone, n = 12). The demographic data of
the participants are presented in Table 1. The study was approved by
the Institutional Review Board of Inje University Ilsan Paik Hospital.
After a complete explanation of the study to the participants, their
written consent was obtained prior to the study.

2.2. Stimuli and experimental paradigm
The participants were seated in a comfortable chair, facing a 17-inch
CRT monitor in a sound-attenuated room. The monitor was located at
1 m in front of the participants, allowing for maximum visual angle of
4° × 4°. The provided facial stimuli were categorized into two types:
emotional (either happy or fearful) or neutral faces. The participants
were asked to concentrate on facial stimuli and discriminate the facial
emotion which is presented in the center of the monitor. They were
asked to press a button with their right thumb only when they encountered emotional faces (happy or fearful). The facial images used for the
current study were selected from a Korean standardized facial image set
named “Chaelee face” (Lee et al., 2004), which consists of emotional
faces rated from 1 (minimum) to 8 (maximum). In this study, six
color images (3 male and 3 female) with maximum intensity were
selected for each emotion (happy, fearful, and neutral; eighteen images
in total). The images showed the entire face of the person, including
hair. The contrast and luminance of the pictures were adjusted to an
equal level.
Facial stimuli were presented as 288 randomly ordered pictures,
with an equal probability for each emotion (96 neutral faces, 192 emotional faces). Each trial started with a ﬁxation cross presented on the
middle of the screen for 100 ms, then a black screen was presented
for 500 ms. Next, the facial image was displayed for 500 ms as a stimulus, and the screen returned to black for a random interval of 900–
1100 ms to prevent habituation. Each epoch took from 2000 to

Table 1
Demographic data and symptom rating of 23 schizophrenia patients. Peak amplitudes are
the mean peak amplitude and its standard deviation for each emotion. The latencies
indicate the time range used for sLORETA source imaging, which was the range of the
mean latency ± 1 SD. Data given are mean ± standard deviation values (PANSS:
Positive and Negative Syndrome Scale, sLORETA: standardized low-resolution brain
electromagnetic tomography).
Schizophrenia (n = 23)
Age (years)
Male, female
Education duration (years)
Number of hospitalizations
Duration of illness (years)
Antipsychotic drug dosage
(chlorpromazine equivalents, mg)
PANSS total score
Positive score
Negative score
Peak amplitude
P100 (μV)
N170 (μV)
N250 (μV)
P300 (μV)

Neutral
2.88
−3.52
−1.80
1.51

±
±
±
±

32.2 ± 10.1
12, 11
12.8 ± 2.1
1.7 ± 1.4
5.2 ± 4.9
391.30 ± 97.30
81.8 ± 25.8
20.2 ± 7.8
18.7 ± 7.4
Fear

a

1.42
2.60
0.98
0.95

3.36
−3.47
−2.59
2.03

Happy
±
±
±
±

1.93
2.66
1.30
1.28

3.84
−3.23
−2.63
1.16

±
±
±
±

2.21
3.08
1.11
1.04

Latencies for sLORETA

Neutral

Fear

Happy

P100 (ms)
N170 (ms)
N250 (ms)
P300 (ms)

91–116
142–183
215–259
334–413

90–116
143–181
216–264
332–425

92–119
146–183
216–258
336–425

a

One missing data exists.
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2200 ms, which made the length of the total experiment approximately
15 min.
2.3. EEG recording and ERP analysis
EEG signals were recorded using NeuroScan SynAmps (Compumedics
USA, El Paso, TX, USA) with 64 Ag–AgCl electrodes mounted in a Quick
Cap. The electrodes were attached according to a modiﬁed 10–20
conﬁguration. The ground and reference electrodes were placed on
the forehead and Cz, respectively. A pair of electrodes was attached
above and below the right eye to record the vertical electrooculogram
(EOG), and another pair was attached at the outer canthus of each eye
to record the horizontal EOG. The sampling rate was set at 1000 Hz.
The recorded EEG was bandpass ﬁltered online with cutoff frequencies
of 1 Hz and 100 Hz. E-Prime (Psychology Software Tools, Pittsburgh,
PA, USA) was used to synchronize the exact stimulus onset with the
recorded signal.
The recorded EEG was preprocessed using Scan 4.3 to reduce various
artifacts. The raw signal was re-referenced to an average reference. The
re-referenced signal was visually inspected by a clinician to reject sections with gross artifacts, and these were excluded from the main analyses. We followed a mathematically-established procedure to remove
the error effects of the EOG (Semlitsch et al., 1986). The data was divided into epochs lasting from − 300 ms to 1000 ms from the stimulus
onset. Only epochs answered correctly were included in the analysis.
If any signal at electrodes other than M1 and M2 exceeded ±70 μV, it
was regarded as a physiological artifact and the corresponding epoch
was rejected from the analysis. Baseline correction was done by
subtracting the mean activity prior to the stimulus onset (during the
period from − 300 ms to 0 ms). The signal was bandpass ﬁltered at
1–30 Hz with a steepness of 24 dB/octave for ERP analysis (Rousselet
et al., 2005; Wynn et al., 2008a).
Each signal was then averaged to identify the four ERP components
associated with facial emotion processing: P100, N170, N250, and P300.
The criteria for identifying each ERP peak and latency were established
based on the mean global ﬁeld potential (MGFP) of all participants (Lee
et al., 2010; Jung et al., 2012) and based on previous similar studies
(Streit et al., 1999; Onitsuka et al., 2006; Blau et al., 2007; Turetsky
et al., 2007; Wynn et al., 2008b): the P100 component had the maximum positive potential from 50 to 150 ms after the stimulus onset at
electrodes PO7 and PO8; N170 had the largest negative peak in ERP
amplitude from 120 to 220 ms at P7/PO7 and P8/PO8; N250 had the
biggest negative potential in F1/FC1/FC3 and F2/FC2/FC4 at a latency
of 150 to 350 ms; and the P300 component had the largest positive
peak at electrodes F1/FC1 and F2/FC2 from 300 to 450 ms post stimulus.
2.4. Source localization using sLORETA
Standardized low-resolution brain electromagnetic tomography
(sLORETA) is one of representative source localization methods for solving the EEG inverse problem (Pascual-Marqui, 2002; Wagner et al.,
2004). sLORETA assumes that the source activation of a voxel is similar
to that of the surrounding voxels (maximum likelihood) for calculating
a particular solution, and applies an appropriate standardization of the
current density. sLORETA has been used in various studies to investigate
which brain areas participate in the generation of ERP components such
as P50 (Knott et al., 2009), P100 (Saavedra et al., 2012), N170 (Babiloni
et al., 2010), and P300 (Sumiyoshi et al., 2009; Bae et al., 2011).
In this study, we used the open sLORETA software to estimate the
source distribution (Pascual-Marqui, 2002). For each individual's ERP
signals, sLORETA was used to compute the cortical distribution of the
standardized source current density of each ERP component. The lead
ﬁeld matrix was computed using a realistic head model segmented
using the MNI152 standard template, in which the three-dimensional
solution space was restricted to only the cortical gray matter
(Mazziotta et al., 2001; Fuchs et al., 2002). The solution space was
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composed of 6238 voxels with 5-mm resolution. The source image
for each ERP was reconstructed for a time window of (mean ERP
latency) ± (1 standard deviation) for each emotion following the
same procedure described in our previous study (Jung et al., 2012).
The time ranges used for each ERP source imaging are listed in
Table 1. In the present analysis, 60 channels were used for the sLORETA
source imaging: FP1/FPz/FP2, AF3/AF4, F7/F5/F3/F1/Fz/F2/F4/F6/F8,
FT7/FC5/FC3/FC1/FCz/FC2/FC4/FC6/FT8, T7/C5/C3/C1/Cz/C2/C4/C6/T8,
TP7/CP5/CP3/CP1/CPz/CP2/CP4/CP6/TP8, P7/P5/P3/P1/Pz/P2/P4/P6/P8,
PO7/PO5/PO3/POZ/PO4/PO6/PO8, O1/OZ/O2.
2.5. Correlation between PANSS scores and source activation
For each individual voxel, Pearson's correlation between sLORETA
source activation and PANSS positive/negative scores was calculated.
To avoid false positive relationships, we tested statistical signiﬁcance
using a non-parametric permutation test. The voxel activations were
randomly shufﬂed 10,000 times, and the correlation was calculated for
each randomization to obtain the correlation distribution of each
voxel (Nichols and Holmes, 2002). The signiﬁcance of the correlation
value of each voxel was tested using each correlation distribution at a
signiﬁcance level of 0.05. After the correlation maps were generated,
voxels with signiﬁcant correlations were classiﬁed as clusters. Voxels
were classiﬁed into the same cluster when both of the following criteria
were satisﬁed: 1) the voxel should have at least one nearby (including
diagonal directions) voxel which is signiﬁcant; and 2) each cluster
should include more than three voxels. Therefore, one or two isolated
voxels were regarded as outliers.
3. Results
3.1. Behavioral test and ERP components
The average PANSS scores of the subjects were 20.2 ± 7.8 and
18.7 ± 7.4 for positive and negative symptoms, respectively. The accept
rates of each emotion condition were 73.22 ± 20.98% (neutral),
88.17 ± 16.42% (happy), and 87.62 ± 23.15% (fear). Grand averaged
ERPs from designated electrodes are shown in Fig. 1, and detailed amplitude and latency values for the four ERP components and other demographic data are presented in Table 1.
One-way ANOVA analysis revealed that the peak amplitudes (μV) of
P100 [F(2, 65) = 1.436, p = 0.245], N170 [F(2,66) = 0.073,
p = 0.930], and P300 [F(2,66) = 0.131, p = 0.878] had no difference
among the different emotions (neutral, fearful, and happy). However,
the peak amplitude of N250 showed signiﬁcant difference among emotions [F(2,66) = 3.894, p = 0.025]. Post-hoc analysis found that the
amplitude for neutral emotions was larger than for happy emotions
[− 1.80 ± 0.98 vs. −2.63 ± 1.11, p = 0.048 (Bonferroni corrected)].
The hit rates were 73.22 ± 20.97 for neutral faces, 87.62 ± 23.14 for
fearful faces, and 88.17 ± 16.42 for happy faces, which showed no signiﬁcant differences [F(2,48) = 2.994, p = 0.62].
3.2. Brain regions correlated with positive symptoms
3.2.1. Neutral face stimuli
PANSS positive scores were negatively correlated with four source
activation clusters of the P100 component (Fig. 2(a)): the inferior parietal lobule (BA 40, r = −0.647), precentral gyrus (BA 6, r = −0.639),
precuneus (BA 31, r = − 0.662), and insula (BA 13, r = − 0.616).
Source activation clusters around the middle frontal gyrus (BA 10,
r = −0.607) for the N170 component (Fig. 2(b)) and around the medial frontal gyrus (BA10, r = −0.657) for the N250 component (Fig. 2(c))
also showed signiﬁcant negative correlation with PANSS positive scores.
There was no signiﬁcant correlation between the source activation of
the P300 component and PANSS scores.
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Fig. 1. A representative plot of four ERP components (P100, N170, N250, and P300) of their respective electrode site; (left top panel) grand average ERP of PO7 and PO8 electrodes
representing P100 component; (right top panel) grand average ERP of P7, P8, PO7, and PO8 electrodes representing N170 component; (left lower panel) grand average ERP of F1, F2,
FC1, FC2, FC3, and FC4 electrodes representing N250 component; (right lower panel) grand average ERP of F1, F2, FC1, and FC2 electrodes representing P300 component.

3.2.2. Fearful face stimuli
Meaningful relationships between positive symptom severity and
source activation during fearful face perception were found only in the
P100 component (Table 2). The PANSS positive score was negatively
correlated with seven distinct clusters covering the supramarginal
gyrus (BA 40, r = −0.625), precentral gyrus (BA 6, r = −0.616), inferior parietal lobule (BA 40, r = −0.581), middle temporal gyrus (BA 37,
r = −0.579), insular (BA 13, r = −0.595), middle temporal gyrus (BA
37, r = −0.536), and precuneus (BA 31, r = −0.685) (Supplementary
Fig. 2(a)). However, later components such as the N170, N250, or P300
did not show any source clusters signiﬁcantly correlated with PANSS
scores.
3.2.3. Happy face stimuli
The strongest negative correlation was found in the inferior parietal
lobule (BA 40, r = −0.664) between PANSS positive scores and P100
source activation (Table 2). The P100 source activities also had signiﬁcant negative correlations with PANSS positive scores in the
supramarginal gyrus (BA 40, r = −0.593), superior frontal gyrus (BA
6, r = − 0.581), middle frontal gyrus (BA 9, r = − 0.570), and
precuneus (BA 31, r = − 0.643) (Supplementary Fig. 4(a)). N170
source activation in the middle frontal gyrus (BA 40, r = − 0.591)
showed signiﬁcant negative correlation with positive symptom scores
(Supplementary Fig. 4(b)). N250 and P300 source activation did not
show meaningful correlations with PANSS positive scores.
3.3. Brain regions correlated with negative symptoms
3.3.1. Neutral face stimuli
PANSS negative scores showed signiﬁcant correlation with two source
clusters in the P100 component (sub-gyral (BA 37, r = −0.702) and
middle temporal gyrus (BA 39, r = −0.693): Supplementary Fig. 1(a))
and one cluster in the N250 component (middle frontal gyrus (BA 10,

r = −0.600): Supplementary Fig. 1(b)). No clusters were signiﬁcantly
correlated with PANSS scores in the N170 or P300 components.
3.3.2. Fearful face stimuli
For fearful face stimuli, the source activity of P100 has shown that
strong negative correlations were found in three distinct brain regions:
the inferior temporal lobule (BA 37, r = −0.532), inferior parietal lobule (BA 40, r = −0.523), and inferior frontal gyrus (BA 9, r = −0.722)
(Supplementary Fig. 3(a)). No signiﬁcant correlations were found between later components, such as N170, N250, or P300, and source
activities.
3.3.3. Happy face stimuli
Negative symptom scores were negatively correlated with P100
source activation when patients viewed happy faces. A P100 source
cluster in the middle temporal gyrus (BA 39, r = −0.688) (Supplementary Fig. 5(a)) showed strong negative correlation with PANSS negative
scores, but no additional correlations were found for other regions or
components.
4. Discussion
Our study investigated the relationships between symptomatic
scores and voxel-based source activations of ERP components during
facial emotion recognition. PANSS positive scores formed source clusters that were negatively correlated with P100 source activation in the
left temporo-parietal regions regardless of emotion type: clusters
showing maximum correlation were located in the inferior parietal
lobule (BA 40), precentral gyrus (BA 6), precuneus (BA 31), insular
(BA 13), supramarginal gyrus (BA50), middle temporal gyrus (BA
37), and sub-gyral (BA 37). In later components (N170 and N250),
PANSS positive scores were signiﬁcantly correlated with source clusters in the middle or medial frontal gyrus (BA 10) for neutral and
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Fig. 2. Signiﬁcant correlations between positive PANSS scores and source activity of (a) P100, (b) N170, and (c) N250 during neutral condition. Different colors within the same ERP
indicate different clusters.

happy emotional faces. PANSS negative scores were highly correlated
with clusters centering in the middle temporal gyrus (BA 37, 39), subgyral (BA 37), inferior parietal lobule (BA40), and inferior frontal
gyrus (BA 9) for the early component (P100), and the left fusiform
gyrus was always included in each cluster (Fig. 3(a,b,c)).
The face perception model proposed by Haxby et al. (2000) divides
the neural system that participates in face perception into two systems:
a core system and an extended system. Visual analysis of facial conﬁguration is mainly processed in the core system, which involves the inferior occipital gyri, superior temporal sulcus, and lateral fusiform gyrus.
After the initial analyses of visual features, more delicate processing, including prelexical speech perception, emotion, spatially directed attention, and personal identiﬁcation, is done by the extended system. The
brain areas participating in emotion discrimination are believed to be
the amygdala, insula, and limbic system. It is evident that deﬁcits in
any of these systems could lead to abnormal facial emotion perception,
but the relationships among the deﬁcits and symptoms are not clear.
In our study, PANSS positive scores were mainly associated with activation in the left temporo-parietal regions during early visual perception. In particular, these regions were found to be negatively correlated
with early component activation (P100), regardless of the emotion.
These ﬁndings imply that positive symptoms affect facial structural processing, which occurs relatively early, and also suggest that this early facial processing is not related with facial emotion. Though the signiﬁcant
correlation between PANSS positive scores and P100 activation is found
over both the core and extended systems, the brain regions with strong
correlation with PANSS positive scores are more predominantly found
in the core system, which is consistent with the theory of Haxby et al.
(2000). These regions are the left temporal areas and bilateral parietal
regions, such as the superior temporal gyrus (BA 13), middle temporal
gyrus (BA 39), supramarginal gyrus, and inferior parietal (BA 40),
representing deﬁcits in the core system. On the other hand, correlations
with the limbic systems, such as precuneus and insular (BA 31, 13),
constitute evidence of reduced activity in the extended system. The
temporal lobe is known to play an important role in early visual perception, especially in interpreting the “what” features through the ventral

stream of the visual pathway. In addition, the temporal lobe is highly
interconnected with other brain regions, such as the precuneus, frontal
lobe, and limbic system, to form an interface between emotion
and cognition (Farrow et al., 2001; Adolphs and Spezio, 2006). The
hypoactivation that may occur in the left middle temporal gyrus or
left superior temporal gyrus in schizophrenia patients compared to
normal controls has been repeatedly reported in previous studies with
neutral face stimuli (Johnston et al., 2005; Michalopoulou et al., 2008)
and fearful face stimuli (Michalopoulou et al., 2008). The decreased activation in the left temporal gyrus might indicate abnormal early visual
perception causing failure to transmit accurate information (Foxe et al.,
2001; Butler and Javitt, 2005), which can further lead to difﬁculties in
judging the emotional information of the stimuli (Adolphs, 2009).
PANSS positive symptom scores were also negatively correlated
with activations of the right middle frontal gyrus (BA 10) and right
medial frontal gyrus (BA 10) including the right superior frontal gyrus,
in N170 and N250 ERP components during both neutral and happy conditions. In the fearful condition, however, we did not ﬁnd any signiﬁcant
relationships with later ERP components (N170, N250, and P300).
Involvements of these frontal regions are common in facial emotion
processing, almost regardless of the emotional elements, in normal controls (Fusar-Poli et al., 2009; Li et al., 2010). Schizophrenia patients also
show a decreased activation in the right frontal areas, especially during
implicit emotion discrimination tasks (Li et al., 2010). Based on our
results, it can be said that neuronal activity of the right frontal lobe declines as positive symptoms get worse. However, absence of a relationship between PANSS positive symptom scores and activations in the
right frontal lobe during the fearful condition suggest that fear processing deﬁcit could be a trait pathology rather than a state-dependent
pathology of schizophrenia patients. Altered fearful emotion perception
is shown not only in chronic schizophrenia patients but also in ultrahigh risk schizophrenia and ﬁrst-episode schizophrenia patients (Archer
et al., 1994; Edwards et al., 2002; Bediou et al., 2005; Amminger et al.,
2011). Thus, the involvement of brain areas processing negative emotions
could be altered from the beginning of the psychosis, rather than worsening throughout the progression of the illness. Combining the current
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Table 2
Brain regions showing signiﬁcant correlation between PANSS scores and ERP source imaging in neutral, fearful, and happy stimulus conditions. Maximum correlation values (r) and their
respective regions with MNI coordinates are listed for each cluster unit.
PANSS

Positive

Negative

Emotion

ERP

Neutral

P100

Fear

N170
N250
P100

Happy

P100

Neutral

N170
P100

Fear

N250
P100

Happy

P100

Cluster

1
2
3
4
5
6
1
2
3
4
5
6
7
1
2
3
4
5
6
1
2
3
1
2
3
1

r

−0.647
−0.639
−0.662
−0.616
−0.607
−0.657
−0.625
−0.616
−0.581
−0.579
−0.595
−0.536
−0.685
−0.664
−0.593
−0.581
−0.570
−0.643
−0.591
−0.702
−0.693
−0.600
−0.532
−0.523
−0.722
−0.688

Structure (Brodmann area)

Inferior parietal lobule (BA 40)
Precentral gyrus (BA 6)
Precuneus (BA 31)
Insula (BA 13)
Middle frontal gyrus (BA 10)
Medial frontal gyrus (BA 10)
Supramarginal gyrus (BA 40)
Precentral gyrus (BA 6)
Inferior parietal lobule (BA 40)
Middle temporal gyrus (BA 37)
Insula (BA 13)
Middle temporal gyrus (BA 37)
Precuneus (BA 31)
Inferior parietal lobule (BA 40)
Supramarginal gyrus (BA 40)
Superior frontal gyrus (BA 6)
Middle frontal gyrus (BA 9)
Precuneus (BA 31)
Middle frontal gyrus (BA 10)
Sub-gyral (BA 37)
Middle temporal gyrus (BA 39)
Middle frontal gyrus (BA 10)
Inferior parietal lobule (BA 40)
Inferior frontal gyrus (BA 9)
Inferior temporal gyrus (BA 37)
Middle temporal gyrus (BA 39)

MNI of maximum
X

Y

Z

−50
−15
−15
40
35
20
−55
−15
40
−50
40
−45
−10
−45
50
−15
55
−15
35
−45
−50
30
60
55
−50
−40

−35
−20
−50
−45
60
45
−40
−20
−35
−40
−45
−65
−50
−35
−50
−15
5
−50
40
−45
−75
50
−40
10
−40
−65

35
70
35
20
−5
0
30
70
35
−15
20
−5
30
35
20
70
40
35
25
−15
15
0
45
35
−20
20

PANSS: Positive and Negative Syndrome Scale, r: correlation coefﬁcient, BA: Brodmann area.

results with those from our previous study (Jung et al., 2012) which reported reduced ERP source activity for N170 in response to fearful faces
in middle and inferior frontal gyrus activation, it can be said that the
frontal lobe function for neutral and happy face processing could be degraded by the increased positive symptom severity in schizophrenia patients, whereas deﬁcits in fearful face processing could be a generalized
pathology of schizophrenia patients regardless of positive symptom
severity.
Taken together, these ﬁndings on the strong negative correlation between PANSS positive scores and neural activations in temporal, parietal, and frontal areas indicate a general decline in function, affecting
both core and extended systems of face processing. These regional activation patterns are also compatible with a recently promoted concept
that schizophrenia patients show sparse activation throughout the
ventral temporal–basal ganglia–prefrontal cortex, called the integrated
social cognitive network (Skuse et al., 2003; Li et al., 2010).
PANSS negative scores were associated with activations in the left
parieto-temporal areas, especially including the left fusiform gyrus
in all emotional conditions of P100. Interestingly, signiﬁcant correlations were found only in the P100 component (Fig. 3). The left
fusiform gyrus has been reported as an area which shows signiﬁcantly
reduced activation during facial emotion processing in schizophrenics
(Quintana et al., 2003; Das et al., 2007). Also, studies have reported volume reduction of the fusiform area (Lee et al., 2002; Witthaus et al.,
2009) in schizophrenia patients. Considering that the fusiform area is
known to be a generator of P100 and N170 components (Herrmann
et al., 2005), studies reporting decreased amplitudes of such early ERP
components (Herrmann et al., 2004; Campanella et al., 2006; Lynn and
Salisbury, 2008) in schizophrenia patients seem consistent with the
decreasing activation trend of the fusiform areas. However, our results
did not show any signiﬁcant correlation between negative symptoms
and N170 activity. These results may suggest that negative symptoms
affect the earliest neural processing (P100) rather than later processing.
Even though N170 occurs in a relatively early phase, it could be a part
of both structural and emotional components of facial processing
(Herrmann et al., 2004; Campanella et al., 2006; Onitsuka et al., 2006;

Lynn and Salisbury, 2008; Lee et al., 2010). Given that negative emotion
processing seems to be a trait pathology of schizophrenia patients
(Bediou et al., 2007), abnormal N170 processing could also be a trait
pathology of schizophrenia patients that is independent of symptom severity (Kayser et al., 2012) or disease stage (Kim et al., 2010; Amminger
et al., 2011).
Summarizing our ﬁndings, the negative correlation between PANSS
scores and source activation in early stages of face emotion processing
was formed broadly in temporal regions and parietal regions. The regions showing negative correlation with positive and negative PANSS
scores match with regions included in the core system (Haxby et al.,
2000), which suggest that the symptoms are highly correlated with impaired visual processing of faces in the early stages. In later stages, the
regions with strong negative correlation with symptom scores moved
to frontal lobe. The frontal lobe is known to form a high relationship
with the cortical limbic system (Beauregard et al., 2001; Phan et al.,
2002; Phillips et al., 2003; Ochsner and Gross, 2005) where the limbic
system (especially amygdala) has been proposed to process emotional
feature in extended system (Haxby et al., 2000). Thus the negative
correlation in these areas seems to indicate impaired top–down processing of schizophrenia patients while processing facial emotional
components in later stages. Our results suggest that the areas showing
correlation with the symptom scores are formed in posterior regions
(temporoparietal areas as Haxby et al. (2000) proposed) in early stages
and move forward to the frontal lobe in later stages, according to the
areas related in face emotional processing.
In this study, we highlighted the areas which showed signiﬁcant
correlation between the source activation and symptom severity.
Since we did not contrast the source activity difference between the
schizophrenia group and normal control group, it might be questioned
whether it is meaningful to investigate the correlation between source
activation and symptom severity for cortical areas that did not show
group differences. To address this issue, we present three different scenarios. Fig. 4 illustrates the relationship between the symptom severity
(x-axis) and source activation of a single voxel (y-axis: this can be any
other index such as the amplitude or latency of a speciﬁc ERP
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Fig. 3. Signiﬁcant negative correlations between negative symptom scores and left fusiform gyrus of P100 source imaging when schizophrenia patient is viewing (a) neutral, (b) fearful,
and (c) happy faces.

component) of each individual. Normal controls are expressed as blue
dots, while red triangle indicates schizophrenia patients. Since the normal controls have an intact physical/psychological condition, they do
not spread horizontally; however, individual differences should exist
among the normal controls, which are illustrated as vertical spreading
of blue dots. Compared to normal controls, red triangles representing
schizophrenia patients will spread out horizontally depending on each
individual's symptom score but will also spread out vertically due to
the individual difference.
On the left ﬁgure (Fig. 4(a)), we have illustrated a case in which the
group difference is found, but no relationship between the source activity and the severity is found. The example shows that source activation
of schizophrenia patients is decreased compared to the normal controls;
however, the decreased source activation does not seem to have a
signiﬁcant correlation with the symptoms severity. This corresponds
to the case of our previous ﬁnding (Jung et al., 2012), where we found
reduced source activation in middle frontal gyrus between a schizophrenia group identical to the current study and a matched normal
control group, but no signiﬁcant correlation was found between the reduced source activity and the symptom severity of schizophrenia
patients. Such decreased source activity can be used as a trait maker,

because the source activity of that area seems to be decreased from
the early stage or the onset of the illness regardless of the symptom
severity. In the middle ﬁgure (Fig. 4(b)), we illustrated the second
scenario in which both the decreased source activation and signiﬁcant
negative correlation were found. In this case, the source activation at
the speciﬁc voxel could be used not only as a trait marker to discriminate schizophrenia patients from normal controls, but also as a state
maker indicating the severity of symptom in the schizophrenia
population.
To the best to our knowledge, all studies investigating differences in
source activations between groups or correlations between source activation and symptom severity in schizophrenia fell into the two scenarios introduced above. Previous approaches ﬁrst highlighted the group
differences, and then investigated the correlation between the activation showing signiﬁcant group difference and the symptom severity
score. However, there is also a remaining possibility that the source
activations that do not show signiﬁcant difference between groups
can be strongly correlated with the symptom severity as depicted in
Fig. 4(c). Our idea was that even though a source activation did not
show a statistically signiﬁcant group difference, the activation can be
used as a state marker indicating the symptom severity of schizophrenia
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Fig. 4. Schematic illustrations on the relationship between the symptoms severity and source activation of each individual. Each dot and triangle indicates the individual measurement of
normal control and schizophrenia, respectively. Three different scenarios are presented: (a) signiﬁcant group difference but no correlation; (b) signiﬁcant group difference and signiﬁcant
correlation, (c) signiﬁcant correlation but no group difference.

and thus needed to be taken into account as an important neurological maker for characterizing the underlying neural substrate of
schizophrenia. In summary, the main goal of the current study was
to investigate the relationship between source activities and symptom severity, including the source activations that were not
contrasted in group comparison but showed a strong correlation
with symptom severity.
However, the current study has some limitations. First, all of our patients were on anti-psychotic medication. Even though we have found
no signiﬁcant effect between the dosage of antipsychotics and any ERP
variable, there are no clear answers about whether the medication
may affect the source current density. Note that since antipsychotic
medications are effective on positive symptoms (Andreasen, 1982),
some meaningful correlation between the positive symptoms and
brain areas activation could be diluted. Second, our task does not distinguish areas that are involved only in facial affect processing, because our
paradigm does not include non-facial stimulus as a control. In addition,
source activations of later ERP components showed fewer correlations
with symptom severity, compared to early ERP components. This may
be in part because the source space of sLORETA is mostly restricted
to cortical gray matter, not capturing the activations of deep brain structures. Since deep brain structures, such as the amygdala and limbic
system of the extended system, mainly participate during the later
processes of facial emotion processing, the correlations with deep
brain activation could not be examined in this study. Although we
have asked participants to press a button when they encountered
fearful or happy faces to check whether they were concentrating
on the experimental task, there are possibilities that they might use a
different strategy to press a button by neglecting neutral face stimuli,
which might inﬂuence our results. In future studies, a modiﬁed paradigm for instructing the participants to provide different responses to
different emotional stimuli needs to be developed. In addition, it must
be taken into account that it is unclear whether the ERP solely reﬂects
face perception and facial emotion processing or rather it may reﬂect
the internal emotion of the subjects provoked by the picture, which
may be attained by empathy.
The present study investigated the relationship between source
activation during facial emotion processing and symptom severity of
schizophrenia patients. We found meaningful negative correlation
between PANSS positive scores and source activity in temporoparietal regions during the early stages of visual processing, regardless
of the emotional component. PANSS positive scores were also correlated

with frontal cortex activity during later components (N170 and N250)
for the neutral and happy conditions, but not for the fearful condition.
These relationships show that dysfunction of the integrated social cognitive network in schizophrenics is highly related to the progress of
the positive symptoms of schizophrenia. Moreover, this absence of positive symptom correlation in the fearful condition suggests that altered
fearful emotion perception could be a trait pathology of schizophrenia.
Finally, the left fusiform gyrus, a region important to early face processing, showed negative correlation with PANSS negative scores in the
P100 components, regardless of emotion type. It also suggests that fusiform gyrus dysfunction could be a trait pathology in schizophrenia patients. Our results suggest that altered face-emotion processing of
schizophrenia patients is caused by the combined effects of positive
and negative symptoms affecting different areas of the brain.

Role of funding source
This work was supported in part by a grant from the Korea Science and Engineering
Foundation (KOSEF) funded by the Korean government (MOST; No. M1064400000506N4400-00510), and in part by a National Research Foundation of Korea (NRF) grant
funded by the Korean government (MEST) (No. 2011-0017884). The KOSEF and NRF
had no further role in study design; in the collection, analysis and interpretation of data;
in the writing of the report; and in the decision to submit the paper for publication.

Contributors
Do-Won Kim designed the study and wrote the manuscript. Seung-Hwan Lee designed the study and wrote the protocol. Do-Won Kim and Han-Sung Kim produced the
ERP waves and calculated the current source densities from data set. Chang-Hwan Im supervised the study process and manuscript writing. All authors contributed to and have
approved the ﬁnal manuscript.

Conﬂict of interest
All the authors declare that they have no conﬂicts of interest.

Acknowledgments
The authors thank Sun Hae Jeon and Jeong-In Kim for their assistance with data
collection.

Appendix A. Supplementary data
Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.schres.2013.10.025.

D.-W. Kim et al. / Schizophrenia Research 151 (2013) 165–174

References
Adolphs, R., 2009. The social brain: neural basis of social knowledge. Annu. Rev. Psychol.
60, 693–716.
Adolphs, R., Spezio, M., 2006. Role of the amygdala in processing visual social stimuli.
Prog. Brain Res. 156, 363–378.
Amminger, G.P., Schäfer, M.R., Papageorgiou, K., Klier, C.M., Schlögelhofer, M., Mossaheb, N.,
Werneck-Rohrer, S., Nelson, B., McGorry, P.D., 2011. Emotion recognition in individuals
at clinical high-risk for schizophrenia. Schizophr. Bull. 38 (5), 1030–1039 (Sep).
Andreasen, N.C., 1982. Negative v positive schizophrenia — deﬁnition and validation.
Arch. Gen. Psychiatry 39 (7), 789–794.
Archer, J., Hay, D.C., Young, A.W., 1994. Movement, face processing and schizophrenia —
evidence of a differential deﬁcit in expression analysis. Br. J. Clin. Psychol. 33,
517–528.
Babiloni, C., Vecchio, F., Buffo, P., Buttiglione, M., Cibelli, G., Rossini, P.M., 2010. Cortical responses to consciousness of schematic emotional facial expressions: a highresolution EEG study. Hum. Brain Mapp. 31 (10), 1556–1569.
Bae, K.-Y., Kim, D.-W., Im, C.-H., Lee, S.-H., 2011. Source imaging of P300 auditory evoked
potentials and clinical correlations in patients with posttraumatic stress disorder.
Prog. Neuro-Psychopharmacol. Biol. Psychiatry 35 (8), 1908–1917.
Beauregard, M., Levesque, J., Bourgouin, P., 2001. Neural correlates of conscious selfregulation of emotion. J. Neurosci. 21 (18), RC165.
Bediou, B., Franck, N., Saoud, M., Baudouin, J.Y., Tiberghien, G., Dalery, J., d'Amato, T., 2005.
Effects of emotion and identity on facial affect processing in schizophrenia. Psychiatr.
Res. 133 (2–3), 149–157.
Bediou, B., Asri, F., Brunelin, J., Kroklak-Salmon, P., D'amato, T., Saoud, M., Tazi, I., 2007.
Emotion recognition and genetic vulnerability to schizophrenia. Br. J. Psychiatry
191 (2), 126–130.
Bhugra, D., 2005. The global prevalence of schizophrenia. PLoS Med. 2 (5), 372–373.
Blau, V.C., Maurer, U., Tottenham, N., McCandliss, B.D., 2007. The face-speciﬁc N170 component is modulated by emotional facial expression. Behav. Brain Funct. 3. http://
dx.doi.org/10.1186/1744-9081-3-7.
Butler, P.D., Javitt, D.C., 2005. Early-stage visual processing deﬁcits in schizophrenia. Curr.
Opin. Psychiatry 18 (2), 151–157.
Caharel, S., Bernard, C., Thibaut, F., Haouzir, S., Di Maggio-Clozel, C., Alliob, G., Fouldrin, G.,
Petit, M., Lalonde, R., Rebai, M., 2007. The effects of familiarity and emotional expression on face processing examined by ERPs in patients with schizophrenia. Schizophr.
Res. 95 (1–3), 186–196.
Campanella, S., Montedoro, C., Streel, E., Verbanck, P., Rosier, V., 2006. Early visual components (P100, N170) are disrupted in chronic schizophrenic patients: an event-related
potentials study. Neurophysiol. Clin. 36 (2), 71–78.
Das, P., Kemp, A.H., Flynn, G., Harris, A.W.F., Liddell, B.J., Whitford, T.J., Peduto, A.,
Gordon, E., Williams, L.M., 2007. Functional disconnections in the direct and indirect amygdala pathways for fear processing in schizophrenia. Schizophr. Res.
90 (1–3), 284–294.
Edwards, J., Jackson, H.J., Pattison, P.E., 2002. Emotion recognition via facial expression
and affective prosody in schizophrenia: a methodological review (vol 22, pg 789,
2002). Clin. Psychol. Rev. 22 (8), 1267–1285.
Farrow, T.F.D., Zheng, Y., Wilkinson, I.D., Spence, S.A., Deakin, J.F.W., Tarrier, N., Grifﬁths,
P.D., Woodruff, P.W.R., 2001. Investigating the functional anatomy of empathy and
forgiveness. Neuroreport 12 (11), 2433–2438.
Foxe, J.J., Doniger, G.M., Javitt, D.C., 2001. Early visual processing deﬁcits in schizophrenia:
impaired P1 generation revealed by high-density electrical mapping. Neuroreport 12
(17), 3815–3820.
Fuchs, M., Kastner, J., Wagner, M., Hawes, S., Ebersole, J.S., 2002. A standardized boundary
element method volume conductor model. Clin. Neurophysiol. 113 (5), 702–712.
Fusar-Poli, P., Placentino, A., Carletti, F., Landi, P., Allen, P., Surguladze, S., Benedetti,
F., Abbamonte, M., Gasparotti, R., Barale, F., Perez, J., McGuire, P., Politi, P., 2009.
Functional atlas of emotional faces processing: a voxel-based meta-analysis of
105 functional magnetic resonance imaging studies. J. Psychiatry Neurosci. 34
(6), 418–432.
Green, M.F., Bearden, C.E., Cannon, T.D., Fiske, A.P., Hellemann, G.S., Horan, W.P., Kee, K.,
Kern, R.S., Lee, J., Sergi, M.J., Subotnik, K.L., Sugar, C.A., Ventura, J., Yee, C.M.,
Nuechterlein, K.H., 2012. Social cognition in schizophrenia, part 1: performance
across phase of illness. Schizophr. Bull. 38 (4), 854–864.
Gur, R.E., McGrath, C., Chan, R.M., Schroeder, L., Turner, T., Turetsky, B.I., Kohler, C., Alsop,
D., Maldjian, J., Ragland, J.D., Gur, R.C., 2002. An fMRI study of facial emotion processing in patients with schizophrenia. Am. J. Psychiatry 159 (12), 1992–1999.
Haxby, J.V., Hoffman, E.A., Gobbini, M.I., 2000. The distributed human neural system for
face perception. Trends Cogn. Sci. 4 (6), 223–233.
Herrmann, M.J., Ellgring, H., Fallgatter, A.J., 2004. Early-stage face processing dysfunction
in patients with schizophrenia. Am. J. Psychiatry 161 (5), 915–917.
Herrmann, M.J., Ehlis, A.C., Muehlberger, A., Fallgatter, A.J., 2005. Source localization of
early stages of face processing. Brain Topogr. 18 (2), 77–85.
Hofer, A., Benecke, C., Edlinger, M., Huber, R., Kemmler, G., Rettenbacher, M.A., Schleich,
G., Wolfgang Fleischhacker, W., 2009. Facial emotion recognition and its relationship
to symptomatic, subjective, and functional outcomes in outpatients with chronic
schizophrenia. Eur. Psychiatry 24 (1), 27–32.
Johnston, P.J., Stojanov, W., Devir, H., Schall, U., 2005. Functional MRI of facial emotion
recognition deﬁcits in schizophrenia and their electrophysiological correlates. Eur.
J. Neurosci. 22 (5), 1221–1232.
Jung, H.T., Kim, D.W., Kim, S., Im, C.H., Lee, S.H., 2012. Reduced source activity of eventrelated potentials for affective facial pictures in schizophrenia patients. Schizophr.
Res. 136 (1–3), 150–159.
Kay, S.R., Fiszbein, A., Opler, L.A., 1987. The Positive and Negative Syndrome Scale
(PANSS) for schizophrenia. Schizophr. Bull. 13 (2), 261–276.

173

Kayser, J., Tenke, C.E., Kroppmann, C.J., Alschuler, D.M., Fekri, S., Gil, R., Jarskog, L.F.,
Harkavy-Friedman, J.M., Bruder, G.E., 2012. A neurophysiological deﬁcit in early visual
processing in schizophrenia patients with auditory hallucinations. Psychophysiology
49 (9), 1168–1178 (Sep).
Kim, H.S., Shin, N.Y., Choi, J.S., Jung, M.H., Jang, J.H., Kang, D.H., Kwon, J.S., 2010. Processing
of facial conﬁguration in individuals at ultra-high risk for schizophrenia. Schizophr.
Res. 118 (1–3), 81–87.
Knott, V., Millar, A., Fisher, D., 2009. Sensory gating and source analysis of the auditory
P50 in low and high suppressors. Neuroimage 44 (3), 992–1000.
Kohler, C.G., Turner, T.H., Bilker, W.B., Brensinger, C.M., Siegel, S.J., Kanes, S.J., Gur, R.E.,
Gur, R.C., 2003. Facial emotion recognition in schizophrenia: Intensity effects and
error pattern. Am. J. Psychiatry 160 (10), 1768–1774.
Kosaka, H., Omori, M., Murata, T., Iidaka, I., Yamada, H., Okada, T., Takahashi, T., Sadato, N.,
Itoh, H., Yonekura, Y., Wada, Y., 2002. Differential amygdala response during facial
recognition in patients with schizophrenia: an fMRI study. Schizophr. Res. 57 (1),
87–95.
Lee, C.U., Shenton, M.E., Salisbury, D.F., Kasai, K., Onitsuka, T., Dickey, C.C., Yurgelun-Todd,
D., Kikinis, R., Jolesz, F.A., McCarley, R.W., 2002. Fusiform gyrus volume reduction in
ﬁrst-episode schizophrenia — a magnetic resonance imaging study. Arch. Gen. Psychiatry 59 (9), 775–781.
Lee, W.H., Chae, J.H., Bahk, W.M., Lee, K.U., 2004. Development and its preliminary standardization of pictures of facial expressions for affective neurosciences. J. Korean
Neuropsychiatr. Assoc. 43, 552–558.
Lee, S.H., Kim, E.Y., Kim, S., Bae, S.M., 2010. Event-related potential patterns and gender
effects underlying facial affect processing in schizophrenia patients. Neurosci. Res.
67 (2), 172–180.
Li, H.J., Chan, R.C.K., McAlonan, G.M., Gong, Q.Y., 2010. Facial emotion processing in
schizophrenia: a meta-analysis of functional neuroimaging data. Schizophr. Bull. 36
(5), 1029–1039.
Lynn, S.K., Salisbury, D.F., 2008. Attenuated modulation of the N170 ERP by facial expressions in schizophrenia. Clin. EEG Neurosci. 39 (2), 108–111.
Mandal, M.K., Jain, A., Haque-Nizamie, S., Weiss, U., Schneider, F., 1999. Generality and
speciﬁcity of emotion-recognition deﬁcit in schizophrenic patients with positive
and negative symptoms. Psychiatr. Res. 87 (1), 39–46.
Marwick, K., Hall, J., 2008. Social cognition in schizophrenia: a review of face processing.
Br. Med. Bull. 88 (1), 43–58.
Mazziotta, J., Toga, A., Evans, A., Fox, P., Lancaster, J., Zilles, K., Woods, R., Paus, T., Simpson,
G., Pike, B., Holmes, C., Collins, L., Thompson, P., MacDonald, D., Iacoboni, M.,
Schormann, T., Amunts, K., Palomero-Gallagher, N., Geyer, S., Parsons, L., Narr, K.,
Kabani, N., Le Goualher, G., Boomsma, D., Cannon, T., Kawashima, R., Mazoyer, B.,
2001. A probabilistic atlas and reference system for the human brain: International
Consortium for Brain Mapping (ICBM). Philos. Trans. R. Soc. B 356 (1412),
1293–1322.
Mendrek, A., Jimenez, J.A., Mancini-Marie, A., Fahim, C., Stip, E., 2011. Correlations
between sadness-induced cerebral activations and schizophrenia symptoms: an
fMRI study of sex differences. Eur. Psychiatry 26 (5), 320–326.
Michalopoulou, P.G., Surguladze, S., Morley, L.A., Giampietro, V.P., Murray, R.M., Shergill,
S.S., 2008. Facial fear processing and psychotic symptoms in schizophrenia: functional magnetic resonance imaging study. Br. J. Psychiatry 192 (3), 191–196.
Nichols, T.E., Holmes, A.P., 2002. Nonparametric permutation tests for functional neuroimaging: a primer with examples. Hum. Brain Mapp. 15 (1), 1–25.
Ochsner, K.N., Gross, J.J., 2005. The cognitive control of emotion. Trends Cogn. Sci. 9,
242–249.
Onitsuka, T., Niznikiewicz, M.A., Spencer, K.M., Frumin, M., Kuroki, N., Lucia, L.C.,
Shenton, M.E., McCarley, R.W., 2006. Functional and structural deﬁcits in brain
regions subserving face perception in schizophrenia. Am. J. Psychiatry 163 (3),
455–462.
Pascual-Marqui, R.D., 2002. Standardized low-resolution brain electromagnetic tomography (sLORETA): technical details. Methods Find. Exp. Clin. Pharmacol. 24, 5–12
(Suppl. D).
Phan, K.L., Wager, T., Taylor, S.F., Liberzon, I., 2002. Functional neuroanatomy of emotion:
a meta-analysis of emotion activation studies in PET and fMRI. Neuroimage 16,
331–348.
Phillips, M.L., Drevets, W.C., Rauch, S.L., Lane, R., 2003. Neurobiology of emotion perception I: the neural basis of normal emotion perception. Biol. Psychiatry 54,
504–514.
Pinkham, A.E., Hopﬁnger, J.B., Ruparel, K., Penn, D.L., 2008. An investigation of the relationship between activation of a social cognitive neural network and social functioning. Schizophr. Bull. 34 (4), 688–697.
Quintana, J., Wong, T., Ortiz-Portillo, E., Marder, S.R., Mazziotta, J.C., 2003. Right lateral fusiform gyrus dysfunction during facial information processing in schizophrenia. Biol.
Psychiatry 53 (12), 1099–1112.
Rousselet, G.A., Husk, J.S., Bennett, P.J., Sekuler, A.B., 2005. Spatial scaling factors explain
eccentricity effects on face ERPs. J. Vis. 5 (10), 755–763.
Saavedra, C., Iglesias, J., Olivares, E.I., 2012. Event-related potentials elicited by face identity processing in elderly adults with cognitive impairment. Exp. Aging Res. 38 (2),
220–245.
Saha, S., Chant, D., Mcgrath, J., 2008. Meta-analyses of the incidence and prevalence of
schizophrenia: conceptual and methodological issues. Int. J. Methods Psychiatr. Res.
17 (1), 55–61.
Schneider, F., Gur, R.C., Gur, R.E., Shtasel, D.L., 1995. Emotional processing in schizophrenia — neurobehavioral probes in relation to psychopathology. Schizophr. Res. 17 (1),
67–75.
Semlitsch, H.V., Anderer, P., Schuster, P., Presslich, O., 1986. A solution for reliable and
valid reduction of ocular artifacts, applied to the P300 ERP. Psychophysiology 23
(6), 695–703.

174

D.-W. Kim et al. / Schizophrenia Research 151 (2013) 165–174

Skuse, D., Morris, J., Lawrence, K., 2003. The amygdala and development of the social
brain. Ann. N. Y. Acad. Sci. 1008, 91–101.
Streit, M., Ioannides, A.A., Liu, L., Wolwer, W., Dammers, J., Gross, J., Gaebel, W., MullerGartner, H.W., 1999. Neurophysiological correlates of the recognition of facial expressions of emotion as revealed by magnetoencephalography. Brain Res. Cogn. Brain
Res. 7, 481–491.
Streit, M., Wolwer, W., Brinkmeyer, J., Ihl, R., Gaebel, W., 2001. EEG-correlates of facial affect recognition and categorisation of blurred faces in schizophrenic patients and
healthy volunteers. Schizophr. Res. 49 (1–2), 145–155.
Sumiyoshi, T., Higuchi, Y., Itoh, T., Matsui, M., Arai, H., Suzuki, M., Kurachi, M., Sumiyoshi,
C., Kawasaki, Y., 2009. Effect of perospirone on P300 electrophysiological activity and
social cognition in schizophrenia: a three-dimensional analysis with sLORETA. Psychiatry Res. Neuroimaging 172 (3), 180–183.
Suslow, T., Roestel, C., Ohrmann, P., Arolt, V., 2003. Detection of facial expressions of emotions in schizophrenia. Schizophr. Res. 64 (2–3), 137–145.
Takahashi, H., Koeda, M., Oda, K., Matsuda, T., Matsushima, E., Matsuura, M., Asai, K.,
Okubo, Y., 2004. An fMRI study of differential neural response to affective pictures
in schizophrenia. Neuroimage 22 (3), 1247–1254.

Turetsky, B.I., Kohler, C.G., Indersmitten, T., Bhati, M.T., Charbonnier, D., Gur, R.C.,
2007. Facial emotion recognition in schizophrenia: when and why does it go
awry? Schizophr. Res. 94 (1–3), 253–263.
Wagner, M., Fuchs, M., Kastner, J., 2004. Evaluation of sLORETA in the presence of noise
and multiple sources. Brain Topogr. 16 (4), 277–280.
Whalley, H.C., McKirdy, J., Romaniuk, L., Sussmann, J., Johnstone, E.C., Wan, H.I., McIntosh,
A.M., Lawrie, S.M., Hall, J., 2009. Functional imaging of emotional memory in bipolar
disorder and schizophrenia. Bipolar Disord. 11 (8), 840–856.
Witthaus, H., Kaufmann, C., Bohner, G., Özgürdal, S., Gudlowski, Y., Gallinat, J., Ruhrmann,
S., Brüne, M., Heinz, A., Klingebiel, R., Juckel, G., 2009. Gray matter abnormalities in
subjects at ultra-high risk for schizophrenia and ﬁrst-episode schizophrenic patients
compared to healthy controls. Psychiatry Res. Neuroimaging 173 (3), 163–169.
Wynn, J.K., Lee, J., Horan, W.P., Green, M.F., 2008a. Using event related potentials to
explore stages of facial affect recognition deﬁcits in schizophrenia. Schizophr. Bull.
34 (4), 679–687.
Wynn, J.K., Green, M.F., Engel, S., Korb, A., Lee, J., Glahn, D., Nuechterlein, K.H., Cohen, M.S.,
2008b. Increased extent of object-selective cortex in schizophrenia. Psychiatry Res.
164, 97–105.

