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Disordered high-frequency oscillation in face
processing in schizophrenia patients
Miaomiao Liu, MDa, Guangying Pei, PhDb, Yinuo Peng, HSc, Changming Wang, PhDd, Tianyi Yan, PhDb,e,∗,
Jinglong Wu, PhDa,b

Abstract
Schizophrenia is a complex disorder characterized by marked social dysfunctions, but the neural mechanism underlying this deficit is
unknown. To investigate whether face-specific perceptual processes are influenced in schizophrenia patients, both face detection
and configural analysis were assessed in normal individuals and schizophrenia patients by recording electroencephalogram (EEG)
data. Here, a face processing model was built based on the frequency oscillations, and the evoked power (theta, alpha, and beta
bands) and the induced power (gamma bands) were recorded while the subjects passively viewed face and nonface images
presented in upright and inverted orientations. The healthy adults showed a significant face-specific effect in the alpha, beta, and
gamma bands, and an inversion effect was observed in the gamma band in the occipital lobe and right temporal lobe. Importantly, the
schizophrenia patients showed face-specific deficits in the low-frequency beta and gamma bands, and the face inversion effect in the
gamma band was absent from the occipital lobe. All these results revealed face-specific processing in patients due to the disorder of
high-frequency EEG, providing additional evidence to enrich future studies investigating neural mechanisms and serving as a marked
diagnostic basis.

Abbreviations: ANOVA = analysis of variance, EEG = electroencephalogram, EOG = electrooculography, ERP = event-related
potential, FIR = finite impulse response, GBA = gamma-band activity, ICA = independent component analysis, PANSS = positive
and negative syndrome scale, RMS = root-mean-squared, ROI = region of interest, TF = time-frequency.

Keywords: configural processing, evoked power, face effect, face-specific processing, induced power, inversion effect,
schizophrenia patients

1. Introduction skills.[2–4] Because of the social dysfunction in schizophrenia,
Schizophrenia is a complex disorder characterized by marked
social dysfunctions.[1] Individuals with schizophrenia have
deficits in the processing and perception of sensory information
and specific performance deficits in motivation, affect, and social
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studying society cognition allows for the identification of
exceptions at the cognitive dysfunction and neurological
abnormality levels. Identifying cognitive deficits may be helpful
in diagnosing and describing the subtypes and predicting the
treatment response and prognosis of schizophrenia. However,
exploring social interactions is challenging because social
interactions involve many overlapping processes. Because
face processing is one of the most important processes during
social interaction,[5] investigating the neural mechanism under-
lying face processing, particularly in schizophrenia patients, is
important.
Face-specific processing includes the following 2 processes:

featural processing and configural processing. More specifically,
the objects of featural processing include details, such as the
shape of the nose or eye, while configural processing focuses on
the spatial distribution of the facial features and other
components.[6–9] The face processing deficits in schizophrenia
patients involve dysfunction in face-specific configural process-
ing, which integrates information regarding the shapes of
individual features and the relative distances between the
features.[1,5,10] Several studies have demonstrated abnormalities
in early visual face processing in schizophrenia at both the
behavioral and physiological levels. Notably, behavioral studies
have found that the deficits in facial identity recognition are
reducedwhile performing simpler tasks in which other mnemonic
and attentional demands are minimized, such as matching
identically posed faces[11] or recognizing famous faces.[12] Several
studies have found that the impairment worsens in association
with the negative symptoms[13] and symptom severity.[14,15]

Thus, the structural and functional abnormalities in the fusiform
gyrus are likely responsible for at least some of the impairment in
face identification observed in schizophrenia.[16–19] There is also
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evidence that schizophrenia patients display reduced inversion
effects compared to controls.[20–22]

However, whether schizophrenia patients are impaired in the
face inversion effect remains controversial because other studies
failed to find these deficits.[23–25] In particular, several behavioral
studies have reported that patients with schizophrenia are
more impaired in discriminating faces that differ in configural
information than in discriminating faces that differ in featural
information.[22,26] These findings suggest that an underlying face
processing abnormality exists that cannot be undetected using
common behavioral measures. Although numerous neural
abnormalities in regions associated with face processing have
been described in schizophrenia, the impact of the basic visual
facial processing abnormalities and the specificity of the
impairment in facial processing have received little attention.
No clear relationship between the facial recognition deficits and
the symptom status has been identified.
Electrophysiological studies can provide valuable information

regarding the neural activity underlying the stages of information
processing. The temporal processing of faces is typically assessed
using event-related potentials (ERPs).[27] The N170 component,
which occurs within 130 to 200milliseconds poststimulus onset,
is one of the most often discussed ERP component related to face
processing and maximal over posterior lateral electrode sites.
N170 is the main evidence from the perspective of ERP; Bentin
et al[6] found a strong negative component in subjects’ temporal
occipital electrode 170milliseconds after the face stimulus. Anaki
et al[28] found that the amplitude of N170 is not affected by the
familiarity of the subject with the face. But the latency of N170
exhibited a significant delay under the inverted face condition.[29]

Subsequent studies have shown that the amplitude and latency of
N170 are modulated by the inversion effect (the latency was
delayed, and the amplitude increased).[30,31] Lee et al[32] also
revealed that schizophrenia patients with wider neuropsycholog-
ical impairments have a lower amplitude in N170 components
than normal controls. Therefore, the determination of whether an
object is a face or nonface occur early, and the structured coding
of a face occurs much earlier than face recognition.[33] New
evidence has shown that compared with healthy controls,
schizophrenia patients exhibit a significant N170 latency
sluggishness.[34] Because time-frequency (TF) analyses involve
a 2-dimensional display mode to facilitate the observation of
changes in the frequency components over time, TF analysis
methods are frequently used to investigate nonstationary,
nonlinear EEG signals. Sincemany brain functions are modulated
by frequency specificity, many electrophysiological studies
investigating face processing have focused on frequency
oscillations. High-frequency oscillations are the most robust
neural markers of face processing, particularly the induced
gamma power, which is not necessarily phase locked to the
stimuli onset.[35] Zion and colleagues further concluded that
the induced power of the low-frequency g band (25–50Hz)
significantly decreases after the inversion of face stimuli, while the
induced power of the high-frequency g band (50–70Hz) was not
modulated by inversion but was related to the subject’s
familiarity with the face stimulus in normal healthy individuals.
Studies involving healthy participants found an enhanced
induced gamma power during an epoch ranging between 200
and 400milliseconds from the stimuli onset while processing
recognizable objects vs. meaningless objects.[36,37] Additionally,
the induced gamma power exhibited a reduction at approxi-
mately 150 to 250milliseconds for inverted faces over upright
faces in healthy individuals.[28] Furthermore, because several
2

studies have reported that face processing reflected electrical
activity in the high-frequency oscillation in healthy participants
and the face-related activity observed in previous studies
involving schizophrenia patients has been reported in N170,
we hypothesized that the high-frequency components of face
processing in schizophrenia may be damaged.
Here, we recorded event-related EEG data elicited by face and

nonface stimuli presented in the upright and inverted orienta-
tions. We compared the evoked power and induced power in
normal controls and schizophrenic patients under different
stimuli conditions. During the indexes of interest, compared to
the normal controls, we found deficits in both the face specificity
and face inversion effect in the schizophrenia patients. High-
frequency oscillation could be used as an electrophysiological
marker in diagnosing and describing the subtypes and predicting
the treatment response and prognosis in schizophrenia patients.

2. Methods

2.1. Participants

Twenty-one patients with schizophrenia and 21 normal controls
participated in this study. The schizophrenia patients, who were
recruited from Beijing Anding Hospital, were diagnosed based on
the Structured Clinical Interview for Diagnostic and Statistical
Manual of Mental Disorders. And the normal controls were
recruited from the local community through local newspaper and
poster advertisements. An initial screening interview was
performed to exclude subjects who had any identifiable
neurological disorder or head injury, any personal history of
psychiatric disease, or a family history of psychiatric illness. All
subjects had normal or corrected-to-normal vision and were
right-handed. Their psychiatric symptoms were evaluated using
the positive and negative syndrome scale (PANSS). None of the
patients had a history of central nervous system diseases, alcohol
or drug abuse, electroconvulsive therapy, mental retardation, or
head injury with the loss of consciousness. The demographic and
descriptive characteristics of the participants are shown in
Supplementary Table S1, http://links.lww.com/MD/C111. More-
over, all subjects signed a written informed consent form before
their participation in the study. No significant group differences
were observed in the gender distribution, age, or education level.
All participants received financial compensation and provided
written informed consent for their participation, and all methods
were performed in accordance with the clinical–experimental
guidelines for human experiments approved by the Institutional
Review Board of Beijing Anding Hospital.

2.2. Procedures

We define the faces and nonface objects (tables) as nontarget
stimuli, while pictures of flowers were defined as visual target
stimuli. We used a passive visual detection paradigm in which the
nontarget stimuli and visual target stimuli were randomly
interspersed. Both the schizophrenia patients and normal subjects
were asked to mentally count the target stimuli. The stimuli used
in the study included 75 photographs of unfamiliar young faces,
75 photographs of tables, and 45 photographs of flowers, all in
gray-scale measuring 10.58�12.70cm. In total, 50%of the faces
were male, 50% of the faces were female, and all faces lacked
hair, eyeglasses, or other accessories. The following 5 stimulus
conditions were used: upright faces, inverted faces, upright tables,
inverted tables, and upright flowers. All images were equivalent
in luminance and root-mean-squared (RMS) contrast using the
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Figure 1. Flow diagram of the experiment (A). Spectral power distribution and method of ROI partitioning (B). The left portion of B shows the plot of the average
energy in both the patients and normal controls. The right portion of B shows the distribution of the ROIs we defined. P3, P7, and PO7 fall within ROI1, which is
located in the left temporal lobe; O1, Oz, and O2 fall within ROI2, which is located in the occipital region; and P4, P8, and PO8 fall within ROI3, which is located in the
right temporal lobe.
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Photoshop software system (Adobe Systems, Inc., San Jose, CA).
The stimuli were presented at the center of a computer screen.
The stimuli were viewed from a distance of 1.2m, 5.05° vertically
and 6.06° horizontally.
The study procedure consisted of stimuli presentations in

3 blocks; each block consisted of 20 upright faces, 20 upright
tables, 20 inverted faces, 20 inverted tables, and 20 flowers as
the target stimuli. All stimuli were pseudorandomized, and each
stimulus was presented for 250milliseconds with a random
interstimulus interval range of 800 to 1200milliseconds. The
subjects were tasked with silently counting the occurrences of
the target stimulus (flowers) and verbally reporting the number at
the end of the session (Fig. 1A).

2.3. EEG recording

A continuous electroencephalogram (EEG) was recorded for each
subject at the P3, P7, PO7, O1, Oz, O2, P4, P8, and PO8 sites
using Ag-AgCl active electrodes according to the 10 to 20
system.[38] According to the ERP characteristics of each electrode
and scalp distribution, we divided the 9 electrodes into 3 region of
interests (ROIs) (Fig. 1B), and the partitioning method used is
shown in the figure below. Eye movements and blinks were
monitored using bipolar horizontal and vertical electrooculogra-
phy (EOG) derivations via the following 2 pairs of electrodes: one
pair was attached to the external canthi, and the other pair was
attached to the infraorbital and supraorbital regions of the left
eye. Both EEG and EOGwere sampled at 1200Hz using a 0.05 to
100Hz bandpass on the Cognitrace system (www.ant-neuro.
com). The digitized EEG was saved and processed offline. The
electrode impedance was maintained at less than 5kV through-
out the recording phase of the study.
3

The data analysis was performed using MATLAB R2013a
(MathWorks, Inc., Natick, MA) with the following open source
toolbox: EEGLAB (http://sccn.ucsd.edu/eeglab/, Swartz Center
for Computational Neuroscience, La Jolla, CA).[39] The raw data
were low-pass filtered offline at 100Hz and subsequently high-
pass filtered at 0.5 using a Hamming-windowed sinc finite
impulse response (FIR) filter. The artifacts (e.g., eye artifacts,
muscle artifacts, and electrocardiographic activity) were removed
using an independent component analysis (ICA) procedure, and
remaining artifacts exceeding±100mV in amplitude or contain-
ing a change of over 100mV within a period of 50milliseconds
were rejected. The artifact-free data were then segmented into
epochs ranging from �300milliseconds before to 400milli-
seconds after the stimulus onset for all conditions. All
participants showed a sufficient number of accepted epochs
for the upright faces. The average acceptance rate did not
significantly differ between the groups (schizophrenia patients
85.1%, 51.4 accepted epochs vs. normal control 85.2%, 51.5
accepted epochs, P> .1).
2.4. Time-frequency analysis

After the pretreatment, purified EEG signals were obtained from
each group of experimental subjects. EEG signals induced by the
same event were superimposed, averaged and then filtered
through a 30Hz low-pass filter, allowing us to obtain the ERP
signal under each stimulation. A new estimation of the TF energy
was performed based on the wavelet transformation of the
artifact-free data, which provided a better compromise between
the time and frequency resolutions than short-term Fourier
transformations.[40,41] The artifact-free data were convoluted
using complex Morlet wavelets, which have a Gaussian shape

http://www.ant-neuro.com/
http://www.ant-neuro.com/
http://sccn.ucsd.edu/eeglab/
http://www.md-journal.com


Figure 2. Contrast of evoked power (A), induced power (C), and phase-synchronization factors (B) in all subjects. The horizontal axis shows the time range, and the
vertical axis shows the frequency range.
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both in the time domain and the frequency domain at
approximately its central frequency. The wavelet family used
was defined by a constant ratio of 6, ranging from 20 to 100Hz in
1Hz steps. The TF energy was the squared norm of the
convolution of a family of complex wavelets within each single
trial data. The mean baseline log TF energy was subtracted from
each spectral estimate, producing the baseline-normalized TF
energy plot.
A TF analysis based on wavelet transformation (formula

details shown in F(2�1)) can provide the variation in the EEG
signal in both the time domain and the frequency domain
simultaneously. And evoked and induced oscillations differ in
their phase-relationships to the stimulus. Evoked oscillations are
phase-locked to the stimulus, and the EEG data are first averaged
over trials and then subject to TF analysis to give an event-related
response. Whereas induced oscillations are not, the TF analysis is
applied to each trial and the ensuing power is averaged across
trials.[42] After obtaining the evoked power and induced power,
we used the average energy at 300milliseconds before the
stimulus as the baseline and subtracted this value from the
subsequent energy data to obtain the task-related evoked power
and induced power. To study the phasic synchronization
diversity of the different rhythms in the EEG data, we considered
the evoked power and induced power characteristic indexes. The
EEG TF characteristics were calculated and visualized using a TF
map and a topographic map.

Wfða; bÞ ¼ ∫
R
C�

a;bðtÞfðtÞdt Fð2� 1Þ

2.5. Statistical analysis

The TF map of each ROI was obtained by averaging the power
values across all epochs and subjects. The choice of ROI partition
was based on previous study findings. Most previous studies
using the cortical EEGmethod have found that the GBA (gamma-
band activity) was higher mainly at the midline cortical area
(posterior>anterior) in face-related processing.[26,28,35,43–45]

The induced power and evoked power were statistically
analyzed using a repeated measures analysis of variance
(ANOVA) with the within-subject factors of stimulus types (face
4

vs table), orientation (upright vs inverted), and brain ROI (ROI1,
ROI2, and ROI3). A t test was performed to compare the groups.
The P values were corrected by performing a Bonferroni
adjustment for multiple comparisons. A Greenhouse-Geisser
correction was adopted for the degrees of freedom. The statistical
analyses were performed using SPSS 19 (SPSS, Chicago, IL). The
methods used in the abovementioned statistical analyses have
been verified by other experimental studies.[46]
3. Results

3.1. Division of frequency band in evoked power and
induced power

Using the same ROI partitioning method used in the analysis of
the TF energy, we can draw a conclusion regarding the contrast of
the evoked power, induced power and phase-synchronization
factors in the selected region (Fig. 2). As shown in Fig. 2, the
phase synchronization of the low-frequency band below 30Hz
was good in the TF energy; thus, the evoked power can be used as
an eigenvalue to improve the signal-noise ratio in the data
analysis. The phase synchronization of the high-frequency band
above 25Hz was poor, but the induced power was high; thus, the
induced power could be used as an eigenvalue for the analysis in
the high-frequency band.
As shown in the Fig. 2 above, we can clearly observe that

the evoked power in these subjects is mainly concentrated in the u
band, a band, and low-frequency b band. The energy of the u
wave (4–7Hz) is mainly concentrated at 0 to 400milliseconds
after the stimulus, the a wave (8–14Hz) is mainly concentrated
at 50 to 300milliseconds after the stimulus and the low-
frequency b wave (15–20Hz) is mostly concentrated at 100 to
200milliseconds after the stimulus. We selected the average
evoked power in the 3 TF windows as the object to analyze, and
the characteristic TF window of face processing was found in the
low-frequency TF energy. From the induced power shown in the
figure above, a high-frequency induced power was observed in
the frequency range of 150 to 350milliseconds and 25 to 100Hz
after the stimulus. Thus, this TFwindowwas selected as themain
TF window of the induced power in the subjects.
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3.2. Time-frequency energy
3.2.1. Within-group analysis. In the TF window of the u
frequency band (4–7Hz), the average evoked power was
unaffected by any intragroup factors; that is, this TF window
was not the characteristic TF window of face processing or
configural processing in the subjects. Therefore, the u frequency
band was not analyzed in this study. As observed in the results of
the within-group analysis (Fig. 3A), in the a frequency band (8–
14Hz), both the schizophrenia patients and normal controls
showed the face effect; that is, the energy induced by the nonface
stimuli was significantly lower than that induced by the face
stimuli, while in the b frequency band (15–20Hz), only the
normal controls showed the face effect (Fig. 3B; ROI1: F(1,20)=
12.582, P= .002; ROI2: F(1,20)=12.337, P= .002; ROI3: F
(1,20)=11.587, P= .003). No significant difference was observed
between the energy of face processing and nonface processing in
the schizophrenia patients (ROI1: F(1,20)=0.470, P= .501;
ROI2: F(1,20)=0.175, P= .680; ROI3: F(1,20)=1.737, P
= .202, all P> .05). Therefore, the schizophrenia patients did
not display the face effect, and abnormities were observed in the
bilateral temporal and occipital regions. No statistically signifi-
cant differences were observed in the inversion effect in either the
controls or patients in both the a and b frequency bands (a band:
ROI1: F(1,20)=0.475, P= .499; ROI2: F(1,20)=1.324, P
= .263; ROI3: F(1,20)=2.092, P= .164; b band: ROI1: F
(1,20)=1.775, P= .198; ROI2: F(1,20)=0.390, P= .539;
ROI3: F(1,20)=1.875, P= .186; all P> .05, as shown in
Supplementary Fig. S1, http://links.lww.com/MD/C111). In the
g frequency band (25–100Hz; Fig. 3C), a significant face effect
was observed in the normal controls but not in the schizophrenia
patients, and the bilateral temporal and occipital regions in the
schizophrenia patients were abnormal. We also found that the
normal controls showed an inversion effect in the occipital region
(ROI2: F(1,20)=6.866, P= .016) and right temporal region
(ROI3: F(1,20)=5.682, P= .027); that is, the energy induced by
the inverted images was significantly lower than that induced by
the upright images. However, the inversion effect was found only
in the right temporal region (ROI3: F(1,20)=5.130, P= .035) in
the schizophrenia patients, suggesting that the abnormalities in
the occipital area (ROI2) disrupted configural processing in the
schizophrenia patients. The sample characteristics and results of
the with-group ANOVA are shown in Supplementary Table S2-1
and S2-2, http://links.lww.com/MD/C111.

3.2.2. Across-group analysis. To further analyze the across-
group differences, we conducted independent samples t tests
between the control and patient groups for ROI1, ROI2, and
ROI3 under each of 4 stimulus conditions. Group effects were
observed in the TF window of the g band for all ROIs. However,
although no significant group effects were found in either the a or
b bands (all P> .05), the power of the a band in 4 stimulus
conditions of each ROI in the normal controls is higher than that
in the schizophrenia patients. And the power of the b band in face
stimulus of ROI1 and ROI2 in the normal controls is higher than
that in the schizophrenia patients. While the power of inverted
nonface in the normal controls is lower than the schizophrenia
patients in all ROIs, and this phenomenon was also observed in
the upright nonface and face stimulus in ROI3 (see details in
Supplementary Table S3-1, http://links.lww.com/MD/C111 and
S3-2, http://links.lww.com/MD/C111 and Supplementary Fig.
S2, http://links.lww.com/MD/C111). As shown in Fig. 4A, the
power of the g band was significantly higher in the patients than
in the controls. In ROI2, the induced power of the g frequency
5

band in the patients was significantly higher than that in the
controls for both the upright nonface (t[40]=�2.548, P= .015)
and inverted nonface (t[40]=�2.198, P= .034) stimuli, and
significant differences were observed in the upright nonface
stimuli in ROI1 (t[40]=�2.117, P= .041) and ROI3 (t[40]=�
2.247, P= .030). The TF spectra of the g band in the control and
schizophrenia patients are shown in Fig. 4B. Significant differ-
ences were observed across the groups as shown in the TF energy
marked by the red outlines. These results indicate that the damage
to the high-frequency band could lead to face-specific deficits in
schizophrenia.

4. Discussion

Face processing is essential to social interaction and are thought
to the main cognitive deficits of schizophrenia. The understand-
ing neuronal mechanisms of oscillatory anomalies in face
processing particularly for the face inversion effect is important.
This study examined whether patients with schizophrenia display
damage in the TF components of face processing in 4 stimulus
conditions (upright face, inverted face, upright nonface, and
inverted nonface). A model of the brain mechanism of face
processing was established based on the frequency oscillations of
the evoked power and the induced power. In this model, the
evoked power in a subject’s uwave (4–7Hz, 0–400milliseconds),
awave (8–14Hz, 50–300milliseconds), and the low-frequency b
wave (15–20Hz, 100–200milliseconds) were selected as char-
acteristics of the evoked power, and the induced power of the g
wave (25–100Hz, 150–350milliseconds) was selected as the
main feature of the induced power.
We found that the evoked power of the a wave and low-

frequency bwave and the induced power of the gwave under the
condition of a face stimulus were significantly higher than those
under the nonface condition, and the healthy subjects tend to
adopt a “face priority processing” effect. The inversion effect was
found only in the occipital and right temporal region of the g
band. However, the face effect was detected only in the a band in
the schizophrenia patients, which is consistent with the results
reported by Rousselet et al.[47] These authors reported that
compared with images of objects, a 5 to 20Hz oscillation has a
larger amplitude in the time window 50 to 300milliseconds after
the onset of a face stimulus. Because the evoked power of a

oscillatory responses to the presentation of a face is rarely
reported, particularly in the complete dynamic of a activity,[48]

this result enriched the sparse literature regarding the alpha band
in face processing, particularly in schizophrenic patients. The
face-specific deficits in schizophrenia, particularly in the low-
frequency b and g waves, and face inversion effect were absent
from the g band in the occipital lobe of schizophrenia patients.
Recent EEG studies investigating schizophrenia have focused

on the gamma band due to its critical role in cognitive functions
and, in general, support the finding of a gamma band reduction in
schizophrenia. Zion-Golumbic et al[43] compared the induced
power of the g band (20–80Hz) in response to human faces with
that in response to ape faces, watches, hands, and buildings and
found that the induced power of the g band induced by the
human face was significantly higher than that induced by the
other types of stimulation. In 2010, the Lee et al found that
patients have impaired gamma-band synchronization during face
perception,[26] and in another article that investigated the source
of the GBA in congenital prosopagnosia’s magnetoencephalo-
gram, indicating that the induced power of the g band is not only
caused by the fixation eye movement.[49] Similarly, in our g band
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model (25–100Hz, 150–350milliseconds), the induced power in
the g band in the face stimulation in the control group was
significantly higher than that in the nonface stimulation, and the
energy in an upright stimulus stimulation was higher than that in
inverted stimulation, which reflected that the induced power in
6

this TF window was a specific feature of facial configural
processing. More specifically, the induced power in the
schizophrenia patients during this TF window was neither
modulated by the stimulus type nor influenced by the direction of
the stimulus, further supporting the ERP conclusion that
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schizophrenia induces high-frequency brain rhythm damage,
resulting in patients with an impaired face-specific processing
function and disordered high-frequency oscillations in face
processing. Several behavioral studies have shown that in face
and body processing, schizophrenia patients also present an
inversion effect, and the impact of the inversion effect on
accuracy is not significantly different from that in healthy adults,
but the modulation of inversion in schizophrenia patients
attenuates the response time.[22] In our study, the normal
controls and schizophrenia patients both presented an inversion
effect in the g band, but the occipital area was deficient only in the
schizophrenia patients. However, we found that the power of the
g band (25–100Hz, 150–350milliseconds) in the schizophrenia
patients was higher than that in the controls in response to the
face stimulus, which is inconsistent with most results published
by others but is consistent with the results published by Lee et al
in 2016 who found that early-stage (0–300ms) GBA increased
and late-stage (700–800ms) GBA decreased in response to
human faces compared to nonfacial stimuli in schizophrenia
patients. Unsurprisingly, inconsistent and opposite findings
typically exist due to the differences in the task category, target
7

stimuli, and time window selected. Increased gamma has been
described under working memory, somatosensory stimulation,
visual recognition tasks, and unmediated conditions in schizo-
phrenia patients.[50–52] The available literature appears to suggest
that gamma band reductions occur during impaired cognitive
functions, but occasionally, no abnormalities or even increased
gamma-band activities are observed at rest or while performing
less cognitively demanding tasks.[53]

As schizophrenia is a psychiatric disorder with significant sex
differences, sex factors are also considered a very important
factor in the study of subsequent mental disorder brain
mechanisms. In this paper, faces were the nontarget stimuli in
the experimental paradigm; thus, this article explores face
processing under the nonattention condition. Nevertheless,
studies investigating related behaviors have found that attention
to an arrow is stronger than attention to a face upon guidance.[34]

Thus, attention may be a necessary factor in exploring the
mechanism of facial processing in the future. In summary, the
present study demonstrates that healthy adults have a specific
processing pattern that is more likely based on configural analysis
during face processing. However, schizophrenia patients suffer

http://www.md-journal.com
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from a lack of discriminant coding of face and nonface stimuli.
People are known to more likely adopt a processing mode based
on configural analysis for the cognitive processing of a familiar
visual stimulus during the processing of visual stimuli; therefore,
the lack of discriminant coding results in an impairment in facial
recognition in schizophrenia patients. Furthermore, even with the
limited sample size and our findings can serve as pilot data
suggesting further research, this study still reveals that the effect
of schizophrenia on brain processes is mainly focused on damage
to the high-frequency brain rhythm. Therefore, a high-frequency
brain rhythm can be used as a useful indicator to aid in the
diagnosis of schizophrenia.
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