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Individuals with Internet gaming disorder (IGD) show deficits in face processing due to 
long-term Internet-game social activities based on cartoon faces in the popular online 
game "Strike of Kings." However, the abnormal neurocognitive mechanism of face 
recognition and processing in individuals with IGD has not been systematically explored. 
This study used event-related potential (ERP) methods and the reversed deviant-standard 
oddball paradigm to comprehensively compare four ERP components, namely, P100, 
N170, P200, and mismatch negativity (MMN), induced in the unconscious and automatic 
processing of realistic and cartoon faces in individuals with IGD. Results showed that, 
with respect to cartoon faces, individuals with IGD exhibited not only P100, P200 and 
MMN enhancements but also the absence of the N170 dominance effect in the left 
hemisphere. Our results also demonstrated that individuals with IGD had the advantages 
of early automatic perception of cartoon faces and automatic detection of changes in 
"cartoon" features. This study enhances our understanding of the mechanism of IGD from 
the neurocognitive perspective and provides candidate electrophysiological indicators for 
the clinical diagnosis of IGD.

Keywords: Internet gaming disorder, face processing, automatic processing, feature detection, 
event-related potentials

INTRODUCTION
The number of teenagers addicted to Internet games is increasing, and this addiction causes serious 
damage to their physical and mental health (1–4). The new version of DSM-5 (5) lists Internet 
gaming disorder (IGD) as one of the mental disorders to be studied. The newly released ICD-11 (6) 
also lists IGD as a new addiction subtype. Therefore, IGD has become an urgent concern in current 
psychological and psychiatric medical research.

A remarkable behavioral characteristic among individuals with IGD is a social pattern 
characterized by increased interest in social interaction via Internet games and tendency to avoid 
necessary real-life social interactions (7–9). Face recognition and processing is the cognitive-
neural basis of social interaction. The social interaction of individuals with IGD via Internet games 
relies on the processing of cartoon faces in online games, such as "Strike of Kings," a massively 
multiplayer online role-playing game, and their addiction to Internet games reduces their real-life 
communication, which requires the processing of realistic faces (10). If this situation occurs in 
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the long term, individuals with IGD increasingly communicate 
based on cartoon faces, whereas their interaction with realistic 
faces decreases. The negative effect of this deviant social pattern 
on the face recognition and processing abilities of individuals 
with IGD remains to be explored.

Research on the face processing of individuals with IGD is 
mainly focused on the event-related potential (ERP) component 
N170, which reflects the specific sensitivity of faces (11, 12). 
N170 amplitudes elicited by faces are larger than those elicited by 
other objects; this phenomenon is known as the N170 face effect 
(13, 14). Zhao and Gao (15) investigated the neurocognitive 
characteristics of individuals with IGD in processing cartoon 
faces. They compared the amplitude difference between subjects 
with IGD and controls in Nd170. Specific face component Nd170 
obtains by subtracting object N170 from face N170 and can reflect 
humans' sensitivity to faces. The results showed that the Nd170 
amplitudes of individuals with IGD were significantly larger than 
those of controls and may thus have acquired increased neural 
sensitivity to cartoon faces. He et al. (16) adopted the same 
experimental approach and investigated the neurocognitive 
characteristics of realistic face processing in individuals with IGD. 
They found that, with respect to the processing of realistic faces, 
the Nd170 amplitudes of subjects with IGD were significantly 
smaller than those of controls. This finding demonstrated that 
subjects with IGD had decreased sensitivity to realistic faces. Lei 
et al. (10) employed the behavioral paradigm of visual search 
to study the attention processing of two types of expressions 
(positive and negative) by individuals with IGD on realistic and 
cartoon faces. They found that individuals with IGD show an 
advantage of attentional orienting with regards to cartoon faces 
of negative expression, suggesting that individuals with IGD can 
rapidly capture cartoon faces. The above studies indicated that 
individuals with IGD have reduced sensitivity to realistic faces 
and increased sensitivity to cartoon faces.

The face recognition and processing functions of individuals 
with IGD are suggested to be abnormal at the neurocognitive 
level. However, we believe that studies on these functions are not 
sufficiently comprehensive and intensive, basing on the following 
four reasons:

First, previous studies were only concerned on the abnormality 
of the face-specific N170 component in individuals with IGD 
and failed to investigate the P100 component, which reflects the 
processing of early perception (17), and the P200 component, 
which is usually linked to deeper processing of a face and is also 
sensitive to own-group effects (18, 19). In terms of the cognitive 
processing of face recognition, the early perception (P100) of the 
face material should exist before the processing of whether or not 
a face material is human (N170). Studies on substance addiction 
and other mental disorders have found that the ability of patients 
for facial processing is abnormal at the early perception stage. 
Maurage et al. (20) found that alcohol addicts had longer P100 
latency than healthy controls when processing realistic faces. 
Earls et al. (21) found that subjects with schizophrenia elicit 
weaker P100 of realistic faces than healthy subjects. Given 
that IGD shares many neurocognitive features with substance 
addiction and mental disorder (22), these studies suggested that 
abnormalities in face processing in individuals with IGD may 

have occurred at an earlier stage of visual processing. In addition, 
cartoon faces have become addiction-related cues for individuals 
with IGD due to the long-term exposure to cartoon faces. Addicts 
have an advantage of early automatic perception in response to 
addiction-related cues, which is manifested by the increased 
P100 amplitude of such cues (23, 24). Therefore, individuals with 
IGD may have an advantage of early automatic perception to 
cartoon faces, resulting in enhanced P100 peak amplitude.

Similarly, there is another facial information processing 
between the perception and the recognition of the faces, to which 
the P200 component is considered to be sensitive (18, 25). For 
example, a comparative study of the faces of different races found 
that the same-race faces evoked a larger amplitude of P200 than 
other-race faces (26). A research of Lucas et al. (19) suggested 
that the amplitudes of earlier occipito-temporal P200 potentials 
were larger for later-remembered relative to later-forgotten other-
race faces. In another study, a series of different gender faces 
were presented to the subjects. The results showed that sexually 
attractive faces evoked a larger amplitude of P200 than sexually 
unattractive faces, which reflected the individual's attention bias 
towards faces (27). For IGD individuals, the frequent occurrences 
of cartoon face in games have been linked with game behavior. 
Due to long-term contact with cartoon faces, they may be more 
familiar and sensitive to cartoon faces than real faces.

Second, previous studies did not continue to examine the 
mismatch negativity (MMN) that reflects the automatic detection 
of facial features (28) after face-specific processing (N170), that is, 
whether the face is "realistic" or "cartoon." Incentive sensitization 
model (29) emphasizes that long-term addictive stimulation 
changes the brain system function related to the reward circuit, 
which can gradually raise the sensitivity of the motivational center 
to addiction-related cues, that is, neural sensitization. Neural 
sensitization leads to the psychological and implicit characterization 
of addiction-related cues through addiction salience and causes a 
pathological desire for addictive behavior (30). For individuals with 
IGD, cartoon faces, representing online game roles, which appears 
repeatedly with their online behaviors, has become a cue to induce 
their addiction. Many studies have shown that the processing of this 
trigger in individuals with IGD is unconscious and automatic (31, 
32). Thus, the face recognition and processing of individuals with 
IGD are best studied in an unconscious and automatic condition. 
However, the studies mentioned above were all conducted in a 
conscious and controlled condition. Our research adopted the 
oddball paradigm for unconscious and automatic processing. 
MMN is generally evoked by this paradigm, which reflects the 
automatic detection and analysis of the nervous system to changes 
in stimulation features in unconscious condition. The block of this 
paradigm is composed of standard stimuli with high probability 
and deviant stimuli with low probability, and the latter differ from 
the former in a certain feature. Given that low-probability deviant 
stimuli are a violation of the perceptual memory mode formed by 
high-probability standard stimuli, such a violation is thus named 
MMN. The ERPs evoked by deviant stimuli generally show a more 
negative wave than those evoked by standard stimuli. According to 
Näätänen (28), this result is largely due to the subjects' awareness 
of the difference between deviant and standard stimuli in a specific 
feature and to their automatic detection of the change in this feature. 
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In most cases, the MMN is a difference in amplitude obtained by 
subtracting ERPs induced by standard stimuli from ERPs induced 
by the corresponding deviant stimuli (33). Cartoon and realistic 
faces have the same elements (e.g., face shape, eyes, nose, and 
mouth), but the features (e.g., cartoon and realistic feature) are 
different. If subjects unconsciously detect a feature change in an 
oddball experiment that uses realistic faces as standard stimuli 
with high probability and cartoon faces as deviant stimuli with low 
probability, they may automatically detect the "cartoon" feature of 
the face, and an MMN is thus produced. Conversely, if subjects 
unconsciously detect a feature change in an oddball experiment 
that uses cartoon faces as standard stimuli with high probability 
and realistic faces as deviant stimuli with low probability, they 
may automatically detect the "realistic" feature of the face, and 
an MMN is thus produced as well. On the basis of the relevance 
of cartoon faces as an addiction-related cue for individuals with 
IGD, we believe that individuals with IGD exhibit an advantage in 
automatic detection when it comes to the features of cartoon faces.

Third, previous studies did not conduct a direct comparison 
of the neurocognitive processing of realistic versus cartoon faces 
in the same experiment. Zhao et al. (15) and He et al. (16) used 
the same experimental paradigm but different face materials (one 
on cartoon faces and the other on realistic faces). As a result, the 
credibility of their conclusions was weakened.

Finally, the subjects with IGD recruited in previous studies 
were high-score subjects selected by psychology scale. These 
subjects were not clinically diagnosed and whether they met the 
clinical criteria of DSM-5 or ICD-11 could not be determined. 
The clinical values of these studies were thus reduced.

Therefore, we used the technology of ERP and considered 
the facial types (realistic face and cartoon face) as independent 
variables to conduct a study in which the subjects conformed to 
clinical diagnosis. The experiment allowed us to comprehensively 
investigate the neurocognitive mechanisms in the unconscious 
and automatic condition. We hypothesized that (1) individuals 
with IGD exhibit a significantly larger P100 peak amplitude 
when elicited by cartoon faces than when elicited by realistic 
faces and a significantly larger P100 peak amplitude of cartoon 
faces than healthy individuals; (2) individuals with IGD exhibit a 
significantly larger N170 peak amplitude when elicited by cartoon 
faces than when elicited by realistic faces and a significantly larger 
N170 peak amplitude of cartoon faces than healthy individuals; 
(3) individuals with IGD exhibit a significantly larger P200 peak 
amplitude when elicited by cartoon faces than when elicited by 
realistic faces and a significantly larger P200 peak amplitude of 
cartoon faces than healthy individuals; (4) the MMN amplitudes 
of individuals with IGD elicited by cartoon faces are significantly 
larger than those elicited by realistic faces, and individuals with 
IGD show a significantly larger MMN amplitude of cartoon faces 
than healthy individuals.

MATERIAls AND METhODs

subjects
A random sample survey of undergraduates from a university in 
Wuhan was conducted. The Internet addiction test (IAT) (34) and 

the Internet game addiction scale (IGAS) were used (35). The IAT 
is a psychological scale with 20 items in total, using Likert 5-point 
scores with a 20- to 100-score range. And the IGAS is a clinical 
diagnostic scale with 10 items. The participants were asked to answer 
"yes," scoring one point, or "no," scoring zero, and the score range 
was 0 to 10. A total of 400 questionnaires were distributed, and 386 
valid questionnaires were collected. Through careful examination 
and scoring, the subjects with IGD were selected according to the 
following criteria: (1) the IAT score was 80 or above; (2) the IGAS 
score was 7 or above; (3) the type of Internet game played was mainly 
"Strike of Kings"; and (4) a clinical interview was administered by 
two psychiatrists to diagnose IGD in accordance with DSM-5. The 
subjects as control group were selected according to the following 
criteria: (1) the IAT score was 40 or below; (2) the IGAS score 
was 3 or below; (3) the type of Internet game played was mainly 
"Strike of Kings." A total of 15 male college students with "Strike 
of Kings" game addiction were recruited into the IGD group. And 
15 non-IGD male college students were selected from the survey 
sample as the control group. There were no significant differences 
between the two groups in terms of gender, age, and profession. 
All subjects were right-handed and had normal or corrected-to-
normal vision. Moreover, none of them had color blindness or 
color weakness, and neither had any history of mental illness or 
any medication history related to the central nervous system. They 
all had no history of addiction, and were asked not to use alcohol, 
drugs, nicotine, and other psychotropic substances within three 
days before the experiment. All subjects signed informed consent 
forms before the experimentation and received a certain amount 
of compensation after the experiment. This study was approved by 
the Ethics Committee of the School of Psychology of Central China 
Normal University. The subject information is shown in Table 1.

Materials and Procedure
Fifteen cartoon faces were selected from the character library 
of the Internet game "Strike of Kings," and fifteen realistic faces 
were selected from "Chinese Facial Affective Picture System" 
(36). We first removed the ears, hair, and neck of all faces to avoid 
errors caused by the physical properties of the face. We then used 
Adobe Photoshop CS6 to standardize the pixel, background color, 
brightness, contrast, and resolution of all of the face pictures. 
The grayscale pictures of the face material were finally obtained. 
Thirty college students were randomly selected to evaluate the 
familiarity of the experimental materials. A five-point Likert scale 
was used (very familiar, 5 points; familiar, 4 points; moderately 
familiar, 3 points; not very familiar, 2 points; and not familiar 

TABlE 1 | Subject information.

IGD (15) Control (15) t p

Age 20.97 ± 1.65 21.02 ± 1.70 0.05 0.96
Daily Internet 
game duration (h)

6.97 ± 0.72 1.10 ± 0.54 25.25 <0.001

IAT (score) 82.13 ± 2.30 32.87 ± 2.80 51.62 <0.001

IGAS (score) 7.34 ± 0.87 2.44 ± 0.68 17.14 <0.001

IGD, Internet gaming disorder group; Control, control group; IAT, Internet addiction 
test; IGAS, Internet game addiction scale.
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at all, 1 point). t-Test was performed, and the results showed no 
significant difference (t(29) = 0.75, p = 0.46) between cartoon faces 
(4.13 ± 0.74) and realistic faces (4.33 ± 0.72).

The E-Prime 2.0 software (Psychology Software Tools Inc., 
Sharpsburg, North Carolina, USA) was used for the experimental 
procedure. First, a fixation point "+" was shown at the center of 
the screen for 450 ms. A pair of cartoon or realistic face pictures 
were then presented as standard stimuli or deviant stimuli on 
both sides of "+." The participants were instructed to ignore the 
face pictures on sides of "+," to focus on "+" and to press the space 
bar when the fixation point "+" becomes larger or smaller as soon 
as possible. This procedure can induce conditions of unconscious 
and automatic processing (37). All subjects were given 2 min to 
practice before the formal experiment for them to be familiarized 
with the button operation. All of the face pictures were presented 
on the screen with an exposure duration of 150 ms, an inter-
stimulus interval of 450 ms, and a visual angle of 3.68° × 3.42° 
from a viewing distance of 70 cm. The images were 260 pixels × 
300 pixels in size and 300 dpi × 300 dpi in resolution. The screen 
background was white, and the pictures were dark gray.

The reversed deviant-standard oddball paradigm was used in 
the experiment. Two types of face pictures (realistic and cartoon 
faces) were used as standard and deviant stimuli. To eliminate 
interference caused by the physical properties of the pictures to 
the MMN, we subtracted the standard ERP of the same type of 
face from the deviant ERP (38, 39). The experiment consisted of 
two blocks, each of which was composed of 480 trails. In block 
1, realistic faces were used as standard stimuli, whereas cartoon 
faces were used as deviant stimuli. In block 2, cartoon faces 
were used as standard stimuli, whereas realistic faces were used 
as deviant stimuli. For the establishment of a sensory memory 
pattern, 10 standard stimuli were first presented in each block. 
Subsequently, the standard and deviant stimuli were presented in 
a pseudorandom order, and their presentation probability was 8:2. 

No less than two standards occurred between two deviants. The 
sequence of the two blocks was randomized among the subjects. 
The scheme of the experimental procedure is shown in Figure 1.

Electrophysiological Recording and 
Analysis
Electroencephalogram (EEG) was continuously recorded (band 
pass: 0.05–100 Hz, sampling rate: 500 Hz) using a NeuroScan-64–
guided EEG recording and analyzing system. The tip of the nose 
was used as a reference. VEOG and HEOG were recorded with 
two pairs of electrodes. One pair was placed above and below the 
right eye, and the other was placed 10 mm from the lateral canthi. 
All electrode impedance values were less than 5 kΩ throughout 
the experiment. EEG data were analyzed offline with NeuroScan 
(version 4.5). EOG artifacts were corrected through the method 
proposed by Semlitsch et al. (40). The EEG was segmented in 
epochs 650 ms altogether from 50 ms pre-stimulus to 600 ms post-
stimulus. Peak-to-peak deflections exceeding ± 80 μV were rejected 
as artifacts. The averaged ERPs for each experimental condition 
were digitally filtered with a low-pass filter at 30 Hz (24 dB/octave).

Four types of experimental conditions (realistic-standard, 
realistic-deviant, cartoon-standard, and cartoon-deviant) were 
separately superimposed and averaged. The results showed that 
the P100, N170, and P200 were induced under each experimental 
condition and among all subjects. The ERP accepted by all 
subjects under each condition was higher than 60 times, and 
no significant difference in the number of trails accepted by 
ERPs among the stimulus conditions was observed. Finally, the 
MMNs of two groups (realistic-MMN and cartoon-MMN) were 
obtained by subtracting the ERPs induced by standard stimuli of 
pictures of the same type from those induced by deviant stimuli.

On the basis of the relevant literature (41) and the total average 
of the ERPs of this study, the measurement windows were selected, 

FIGURE 1 | Scheme of the experimental procedure.
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namely, 90–150 ms for the P100, 150–210 ms for the N170, and 
210 to 270 for the P200. The average amplitudes of the MMNs 
were measured in two time ranges, namely, 300–400 and 400–500 
ms. Visual inspection of the grand-average ERPs indicated that 
the trend of P100, N170, P200 and MMN waveforms in occipital 
and temporal occipital regions were similar. In order to investigate 
these four components more concentratively and intuitively, we 
chose PO5/PO6 as representative electrodes to present and analyze 
in the junctions of occipital and temporal-occipital regions.

The data were statistically analyzed using SPSS 18.0 (SPSS Inc., 
Chicago, IL, USA). Peak and average amplitudes were analyzed by 
2 × 2 × 2 ANOVA, with participant group (IGD group, control group) 
as a between-subject factor and with face type (realistic, cartoon) 
and hemisphere (left, right) as within-subject factors. Pearson 
correlation coefficients were used during the correlation analyses.

REsUlTs

Behavioral Data
No significant difference (t(29) = 1.11, p = 0.28) was found in the 
detection accuracy of the "+" size change between the IGD group 
(96.23%) and control group (97.04%). This result indicates that all 
of the subjects followed the experimental guidelines and focused on 
the changing size of "+" but ignored the pictures shown on both sides 

of the fixation point. Therefore, all subjects were under unconscious 
and automatic condition when processing picture materials.

ERP Data
Peak amplitudes of the P100, N170 and P200 and mean amplitudes 
of the MMN are shown in Tables 2–5. The grand averaged ERPs 
are shown in Figure 2 and a two-dimensional topography for 
each condition in both groups are shown in Figure 3. The grand 
averaged MMNs and a two-dimensional topography for each 
condition in both groups are shown in Figure 4.

P100
Under the standard stimuli condition, the three-way interaction 
of group × face type × hemisphere was significant (F(1,28) = 14.67, 
p < 0.01, η2 = 0.34). Further analysis revealed that the between-
group difference in the P100 peak amplitude of the two types of 
faces was only significant in the left hemisphere, as reflected by the 
significantly larger P100 peak amplitude of both types of faces in 
the IGD group compared with that in the control group. The P100 
peak amplitudes of cartoon faces in the IGD and control groups 
were 5.28 ± 2.01 and 2.19 ± 1.40, respectively (F(1,28) = 23.84, p < 
0.01, η2 = 0.46). The P100 peak amplitudes of realistic faces in 
the IGD and control groups were 3.83 ± 0.99 and 1.79 ± 0.99, 
respectively (F(1,28) = 31.49, p < 0.01, η2 = 0.53). For the IGD group, 

TABlE 3 | Peak amplitudes of N170 (mean [SD], μv).

electrode Time widow
(ms)

IGD Control

standard Deviant standard Deviant

Realistic Cartoon Realistic Cartoon Realistic Cartoon Realistic Cartoon

PO5 90-150 3.83 (0.99) 5.28 (2.01) 3.98 (2.25) 4.92 (1.53) 1.79 (0.99) 2.19 (1.40) 2.58 (1.18) 1.92 (1.54)
PO6 90-150 2.85 (1.43) 4.47 (0.76) 2.71 (0.93) 3.96 (0.22) 3.08 (0.45) 4.34 (0.56) 3.85 (0.84) 3.97 (0.56)

IGD, Internet gaming disorder group; Control, control group; Standard, standard stimuli; Deviant, deviant stimuli; Realistic, realistic faces; Cartoon, cartoon faces.

TABlE 2 | Peak amplitudes of P100 (mean [SD], μv).

Electrode Time widow 
(ms)

IGD Control

standard Deviant standard Deviant

Realistic Cartoon Realistic Cartoon Realistic Cartoon Realistic Cartoon

PO5 90–150 3.83 (0.99) 5.28 (2.01) 3.98 (2.25) 4.92 (1.53) 1.79 (0.99) 2.19 (1.40) 2.58 (1.18) 1.92 (1.54)
PO6 90–150 2.85 (1.43) 4.47 (0.76) 2.71 (0.93) 3.96 (0.22) 3.08 (0.45) 4.34 (0.56) 3.85 (0.84) 3.97 (0.56)

IGD, Internet gaming disorder group; Control, control group; Standard, standard stimuli; Deviant, deviant stimuli; Realistic, realistic faces; Cartoon, cartoon faces.

TABlE 4 | Peak amplitudes of P200 (mean [SD], μv).

electrode Time widow
(ms)

IGD Control

standard Deviant standard Deviant

Real Cartoon Real Cartoon Real Cartoon Real Cartoon

PO5 210-270 1.80 (1.67) 2.70 (1.86) 1.14 (1.84) 0.27 (1.55) 2.76 (1.57) 2.82 (1.95) 1.84 (1.16) 1.41 (0.78)
PO6 210-270 2.86 (1.43) 3.83 (3.19) 1.39 (2.77) 1.37 (1.02) 2.35 (0.99) 2.96 (1.23) 1.66 (1.11) 1.34 (0.82)

IGD, Internet gaming disorder group; Control, control group; Standard, standard stimuli; Deviant, deviant stimuli; Realistic, realistic faces; Cartoon, cartoon faces. 
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FIGURE 3 | Two-dimensional topographic distribution of P100 (90–150 ms), N170 (150–210 ms), and P200 (210–270 ms) for cartoon and realistic faces in the 
IGD and control groups. IGD, Internet gaming disorder group; Control, control group; Standard, standard stimuli; Deviant, deviant stimuli; Realistic, realistic faces; 
Cartoon, cartoon faces.

TABlE 5 | Amplitudes of mismatch negativity (MMN) (mean [SD], μv).

electrode Time widow(ms) IGD Control

Realistic Cartoon Realistic Cartoon

PO5 300–400 1.13 (2.68) −1.33 (1.46) 0.97 (1.05) −0.22 (1.41)
400–500 1.41 (2.19) −1.73 (1.43) 1.11 (1.34) 0.72 (1.21)

PO6 300–400 0.22 (2.62) −1.56 (1.29) 0.60 (1.59) −0.22 (0.67)

400–500 0.75 (2.12) −1.81 (1.53) 0.92 (1.54) 0.73 (0.56)

IGD, Internet gaming disorder group; Control, control group; Realistic, realistic faces; Cartoon, cartoon faces.

FIGURE 2 | Grand-averaged P100, N170, and P200 waveforms for cartoon and realistic faces in the IGD and control groups at the PO5 and PO6 electrodes. IGD, 
Internet gaming disorder group; Control, control group; Standard, standard stimuli; Deviant, deviant stimuli; Realistic, realistic faces; Cartoon, cartoon faces.
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within-group difference between the P100 peak amplitudes of the 
two types of faces was only significant in the left hemisphere, as 
reflected in the larger P100 peak amplitude elicited by cartoon 
faces (5.28 ± 2.01) than by realistic faces (3.83  ± 0.99; F(1,28) = 
25.76, p < 0.01, η2 = 0.48). For the control group, no significant 
difference was found in the P100 peak amplitude between the 
realistic and cartoon faces, neither in the left (F(1,28) = 1.99, p = 
0.17) nor right hemisphere (F(1,28) = 0.89, p = 0.35).

Under the deviant stimuli condition, the three-way interaction 
of group × face type × hemisphere was not significant (F(1,28) = 
0.91, p = 0.35). However, the two-way interaction of group × 
face type was significant (F(1,28) = 20.35, p < 0.05, η2 = 0.42). A 
simple effect analysis revealed that cartoon faces elicited larger 
P100 peak amplitude in the IGD group (4.44 ± 0.73) than in the 
control group (2.95 ± 0.48; F(1,28) = 43.71, p < 0.01, η2 = 0.61). 
Nevertheless, realistic faces did not elicit a significant difference 
in the P100 peak amplitude between the two groups (F(1,28) = 0.12,  

p = 0.73). Cartoon faces (4.44 ± 0.73) elicited larger P100 peak 
amplitude than realistic faces (3.35 ± 1.32) in the IGD group 
(F(1,28) = 26.32, p < 0.01, η2 = 0.48). This significant difference did 
not exist in the control group (F(1,28) = 1.56, p = 0.22).

N170
Under the standard stimuli condition, the three-way interaction 
of group × face type × hemisphere was significant (F(1,28) = 
19.25, p < 0.01, η2 = 0.41). Further analysis revealed that in the 
IGD group, cartoon faces (−2.24 ± 2.17) elicited larger N170 
peak amplitudes than realistic faces (−1.41 ± 1.42) in the right 
hemisphere (F(1,28) = 10.10, p < 0.01, η2 = 0.27). In the control 
group, cartoon faces elicited larger N170 peak amplitudes than 
realistic faces both in the left and right hemisphere, and the N170 
peak amplitudes of the cartoon and realistic faces were −2.10 ± 
1.83 and −1.48 ± 1.59 in the left hemisphere, respectively (F(1,28) = 
4.69, p < 0.05, η2 = 0.14). The peak amplitudes of the cartoon and 

FIGURE 4 | (A) Grand-averaged MMN waveforms for cartoon and realistic faces in the IGD and control groups at the PO5 and PO6 electrodes. (B) Two-
dimensional topographic distribution of MMN for cartoon and realistic faces in the IGD and control groups. IGD, Internet gaming disorder group; Control, control 
group; Realistic, realistic faces; Cartoon, cartoon faces.
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realistic faces were −2.56 ± 1.71 and −1.59 ± 1.33 in the right 
hemisphere, respectively (F(1,28) = 14.54, p < 0.01, η2 = 0.34).

Under the deviant stimuli condition, no significant effects 
were found for N170 peak amplitude.

P200
Under the standard stimuli condition, the three-way interaction 
of group × face type × hemisphere was significant (F(1,28) = 
4.37, p < 0.05, η2 = 0.14). Further analysis revealed that, for the 
IGD group, realistic faces elicited significant larger P200 peak 
amplitudes in the right hemisphere (2.86 ± 1.42) than in the left 
hemisphere (1.80 ± 1.67) (F(1,28) = 7.95, p < 0.01, η2 = 0.22), and 
cartoon faces elicited significant larger P200 peak amplitudes in 
the right hemisphere (3.83 ± 3.19) than in the left hemisphere 
(2.70 ± 1.86) (F(1,28) = 7.10, p < 0.05, η2 = 0.20). For the IGD 
group, cartoon faces (left 2.70 ± 1.87, right 3.83 ± 3.19) elicited 
larger P200 peak amplitudes than realistic faces (left 1.80 ± 1.67, 
right 2.86 ± 1.42) in the left and right hemispheres (left F(1,28) = 
5.23, p < 0.05, η2 = 0.16, right F(1,28) = 5.44, p < 0.05, η2 = 0.16). 
There was no other significant interaction effect.

Under the deviant stimuli condition, no significant interaction 
effects were found for P200 peak amplitude.

MMN
At the time range of 300–400 ms, no significant interaction 
effects for MMN amplitude was observed. The main effect of 
facial type was significant (F(1,28) = 18.61, p < 0.01, η2 = 0.40). The 
MMN elicited by cartoon faces (−0.83 ± 0.21) was significantly 
greater than that elicited by realistic faces (0.73 ± 0.38). The main 
effect of hemispheres was significant (F(1,28) = 23.89, p < 0.01, 
η2 = 0.46). The MMN in the right hemisphere (−0.24 ± 0.27) was 
significantly greater than that in the left hemisphere (0.14 ± 0.23).

During the time range of 400–500 ms, the three-way 
interaction of group × face type × hemisphere was not significant 
(F(1,28) = 0.84, p = 0.37). However, the two-way interaction of 
group × face type was significant (F(1,28) = 12.72, p < 0.01, η2 = 
0.31). A simple effect analysis revealed that cartoon faces elicited 
larger MMN amplitude in the IGD group (−1.77 ± 1.41) than 
that in the control group (0.73 ± 0.88; F(1,28) = 33.83, p < 0.01, 
η2 = 0.55). Nonetheless, realistic faces did not elicit a significant 
difference in the MMN amplitude between the two groups (F(1,28) 
= 0.01, p = 0.93). Moreover, cartoon faces (−1.77 ± 1.41) elicited 
larger MMN amplitude than realistic faces (1.08 ± 2.41) in the 
IGD group (F(1,28) = 31.56, p < 0.01, η2 = 0.53). No significant 
difference was observed between the realistic and cartoon faces 
in the control group (F(1,28) = 0.33, p = 0.57).

Because there was no significant interaction effect related 
to hemispheres, the average amplitudes of the left and right 
hemispheres were taken to do three-factor ANOVA analysis of 
time window 2 (300–400 ms, 400–500 ms) × type 2 (IGD group, 
control group) × face type 2 (cartoon, realistic). Results showed 
that the three-way interaction was significant (F(1,28) = 41.35, p < 
0.001, η2 = 0.60). Further analysis revealed that, for the IGD 
group, cartoon faces (−1.44 ± 1.27 in 300–400 ms, −1.77 ± 1.41 
in 400−500 ms) elicited significant larger MMN than realistic 
faces (0.68 ± 2.65 in 300−400 ms, 1.08 ± 2.14 in 400−500 ms) in 
both 300 to 400 ms and 400 to 500 ms (F(1,28) = 17.15, p < 0.001,  

η2 = 0.38 in 300−400 ms, F(1,28) = 31.56, p < 0.001, η2 = 0.53 in 
400−500 ms). And they showed significant enhanced MMN in 
400−500 ms (−1.77 ± 1.41) than in 300−400 ms (−1.44 ± 1.27) 
elicited by cartoon faces (F(1,28) = 4.31, p < 0.05, η2 = 0.13), but 
showed significant enhanced MMN in 300−400 ms (−0.22 ± 1.01) 
than in 400−500 ms (0.73 ± 0.88) elicited by realistic faces 
(F(1,28) = 35.88, p < 0.001, η2 = 0.56). For the control group, 
cartoon faces elicited significant larger MMN in 300−400 ms 
(−0.22 ± 1.01) than in 400−500 ms (0.73 ± 0.88) (F(1,28) = 35.88, 
p < 0.001, η2 = 0.56). In both 300 to 400 ms and 400 to 500 
ms, cartoon faces elicited significant larger MMN in the IGD 
group (−1.44 ± 1.27 in 300−400 ms, −1.77 ± 1.41 in 400−500 
ms) than in the control group (−0.22 ± 1.01 in 300−400 ms, 
0.73 ± 0.88 in 400−500 ms) (F(1,28) = 8.56, p < 0.01, η2 = 0.23 in 
300−400 ms, F(1,28) = 33.83, p < 0.001, η2 = 0.55 in 400−500 ms). 
Other effects were not significant.

The correlation analysis between the average amplitude of the 
left and right hemispheres of MMN and IAT score showed that 
there was a significant correlation between the MMN elicited by 
cartoon faces and IAT scores in both 300 to 400 ms (r = −0.49, 
p < 0.01) and 400 to 500 ms (r = −0.74, p < 0.001), while the 
correlation between the realistic face MMN and the IAT scores 
was not significant. Also, the cartoon face MMN was significantly 
correlated with the IGAS scores in both 300−400 ms (r = −0.50, 
p < 0.01) and 400−500 ms (r = −0.72, p < 0.001), while there 
was no significant correlation between the realistic MMN and 
the IGAS scores.

DIsCUssION
Using the reversed deviant-standard oddball paradigm, we 
investigated automatic processing of individuals with IGD with 
regard to realistic and cartoon faces. The behavioral results 
showed that all the participants followed the instructions 
before the experiment well. According to the previous studies, 
this guaranteed that they are unconscious of the changes in the 
features of facial images during the blocks, and all the facial 
processing discussed in our study were automatic processing. The 
following findings were obtained: First, with respect to the P100 
component that reflects the processing of automatic perception, 
in the standard and deviant stimulus conditions, cartoon faces 
elicited larger P100 peak amplitude in the IGD group than in 
the control group, and cartoon faces elicited larger P100 peak 
amplitude than realistic faces only in the IGD group. Second, 
with regard to the N170 component that reflects face-specific 
processing, for the IGD group, cartoon faces elicited a larger 
N170 peak amplitude than realistic faces in the right hemisphere, 
but this effect was absent in the left hemisphere. However, for 
the control group, this effect was present in the left and right 
hemispheres. Third, as far as the P200 component reflecting the 
processing of face configuration was concerned, the peak value of 
cartoon face P200 in both left and right hemispheres of IGD group 
was significantly greater than that of the real face. Finally, with 
respect to the MMN component that reflects automatic detection 
of facial features, cartoon faces elicited larger MMN amplitude in 
the IGD group than in the control group. Importantly, only in the 
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IGD group did the cartoon faces elicit larger MMN amplitude 
than realistic faces.

The first finding was consistent with our hypothesis. The 
increased P100 peak amplitude in individuals with IGD in 
response to cartoon faces suggests that the ability of face 
processing of these individuals has been abnormal in early 
perceptual stage of visual processing. This result is in accordance 
with the findings about substance addiction and mental disorder. 
For example, Maurage et al. (42) found that alcoholics' brain 
function is impaired due to their special drinking patterns, which 
cause abnormalities in the P100 component that reflects early 
face processing. Several studies on schizophrenia have suggested 
that patients have abnormalities in processing faces (43, 44). 
Given that P100 reflects the early automatic perception of visual 
stimuli in the cerebral cortex (45), our results showed that in the 
automatic perceptual stage of visual processing, individuals with 
IGD exhibited an advantage effect in the automatic perception of 
cartoon faces.

Some researchers believe that the formation of this advantage 
effect may have been caused by the increased sensitivity of addicts 
due to their long-term exposure to addiction-related cues (46). 
In addition, the early visual components induced by addiction-
related cues are larger than those induced by neutral cues in the 
addiction group (47–49). In the current study, individuals with 
IGD were addicted to Internet games for a relatively long time, 
and the characters of Internet games were all displayed with a 
cartoon face so cartoon faces became their addiction-related 
cues. Like other addicts, individuals with IGD in our study 
consequently showed higher sensitivity to cartoon faces than to 
realistic faces, resulting in an increased response to cartoon faces 
in automatic perceptive processing. To some extent, this kind of 
increasing of sensitivity may be consistent with the suppose of 
the incentive-sensitization model (29).

The second finding of our study was not completely consistent 
with our hypothesis. Although the N170 peak amplitude 
of individuals with IGD with regard to cartoon faces was 
significantly larger than realistic faces in the right hemisphere 
in the standard stimuli conditions, this effect was absent in 
the left hemisphere. However, increased N170 peak amplitude 
with respect to cartoon faces was observed in the left and right 
hemispheres of the controls. N170 is a face-selective component 
in the early perceptual information processing level (50). 
Therefore, our results show that non-addicts are significantly 
better at recognizing realistic and cartoon faces than IGD group. 
In other words, the ability to distinguish between the two types 
of faces was stronger in controls than individuals with IGD. He 
et al. (16) provided indirect support for this result. They found 
that the difference between the N170 peak amplitude induced by 
realistic faces and non-faces in the IGD group was smaller than 
that in the control group. Their explanation for this result was 
that individuals with IGD were less likely to engage in realistic 
social activities because of their long-term addiction to Internet 
games, and their sensitivity to realistic social cues (i.e., realistic 
faces) decreased, and their ability to distinguish between faces 
and non-faces was impaired. Maher et al. (51) also provided 
a vantage point for our result. Maher et al. (51) found no 
difference in the N170 amplitude between faces and non-faces 

for schizophrenics, and they postulated that the face-specific 
processing of schizophrenics may have been impaired.

In view of the above two studies and the fact that the DSM-5 
and ICD-11 list IGD as a psychiatric disorder to be studied, we 
speculate that the early face processing of individuals with IGD 
may have reached the level of mental impairment, leading to the 
convergence of their face sensitivities to realistic and cartoon 
faces in the left hemisphere. Meanwhile, some researchers found 
that the amplitude of N170 was significantly correlated with the 
scores of social scales (52), and suggested that the decrease of 
N170 might be related to the impairment of social function (53). 
It also implied that the clinical manifestations of IGD individuals' 
difficulty in normal communication with others may be related 
to their abnormal early visual perception of faces.

In addition, the results of N170 were consistent with previous 
studies (50). There was a right hemisphere dominance effect, i.e. 
IGD group only showed different face detection responses to 
cartoon and realistic faces in the right hemisphere, while the left 
hemisphere could not distinguish the differences between the two 
types of faces. Previous studies on face processing showed that 
individuals have an advantage of left visual field detection, which 
is characterized by a more negative trend of N170 in the right 
hemisphere (54). Our study may illustrate that the impairment 
of face selection processing in IGD group also starts from the left 
hemisphere with weaker facial detection ability.

The third finding of our study was partially consistent with 
our hypothesis. Compared with realistic faces, individuals with 
IGD exhibit a significantly larger P200 peak amplitude elicited 
by cartoon faces than that elicited by realistic faces. But there 
was no significant difference in P200 between the groups. The 
results showed that, for IGD individuals, there were differences 
in configuration information between cartoon and real faces. 
Some researchers pointed out that P200 in face processing might 
be related to the analysis of visual characteristics of the face (55, 
56). It was hypothesized that the P200 response is a perceptual 
matching process, which compares the input sensory information 
with the internal representation or memory expectation (57, 
58). For IGD individuals, cartoon faces and addictive behavior 
have been linked, leading to cognitive salience. Our results 
may imply that the memory representation of individuals with 
IGD replace normal social faces by the cartoon faces that often 
appear in games. And in daily social activities, they are likely 
to subconsciously expect only cartoon faces. While for healthy 
individuals, cartoon faces are only a normal type of faces, so it 
was not different from realistic faces in P200. In addition, there 
was no significant difference in the P200 amplitude between 
the two groups, which may indicate that the two types of faces 
showed no significant difference in facial familiarity (59, 60), 
and the participants all successfully perceived and processed the 
configuration features of faces.

The final finding was consistent with our hypothesis. With 
respect to IGD subjects, cartoon faces elicited larger MMN 
amplitude than realistic faces, and cartoon faces also elicited 
larger MMN amplitude in subjects with IGD than in controls. 
These results suggested that individuals with IGD also exhibit 
abnormalities when it comes to detecting facial features. This 
finding was consistent with the results of Wu et al. (61), who 
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revealed that patients with depression showed both abnormal 
processing of facial expression and a cognitive processing 
bias toward negative expression. Visual MMN reflects an 
individual's automatic detection of changes in stimulus features 
(61). The more individuals with IGD are sensitive to cartoon 
faces, the higher is their degree of automatic processing of 
cartoon faces. Therefore, our result indicated that individuals 
with IGD have the advantage of automatic detection in the 
features of cartoon face.

He et al. (62) used the reversed deviant-standard oddball 
paradigm to investigate the automatic detection advantage 
of Internet addicts (IAs) toward Internet-related pictures 
and found that Internet-related pictures elicited larger MMN 
amplitude in the IA group than that in the control group. 
They also found that Internet-related pictures elicited larger 
MMN amplitude than the neutral pictures in the IA group. The 
incentive-sensitization model was used to explain the results 
(29, 63, 64). This model was originally used to explain the 
attention bias of substance addicts toward addiction-related 
cues. The basic idea is that the long-term use of addictive 
drugs alters the function of the brain reward system associated 
with the addicts' nucleus accumbens, and the system gradually 
becomes more sensitive to drug effects and drug-related stimuli, 
thereby forming neural sensitization to drugs and drug-related 
cues (65). Functional magnetic resonance imaging studies 
have shown that the brain reward system of individuals with 
IGD exhibits an increased degree of activation in response 
to addiction-related cues (66–69). Following the incentive-
sensitization model, He et al. (62) believed that long-term 
Internet addiction behavior changes the function of IAs' brain 
system related to the reward circuit so that the reward circuit 
gradually shows increased sensitivity to Internet-related cues. 
This neural sensitization in turn leads to Internet-related cues 
becoming a salient incentive. Once the incentive cues appear, 
addicts' reward system is automatically and quickly activated, 
which causes the addicts to show both a pre-attention bias 
toward such cues and an advantage of automatic detection 
toward the features of these cues.

In this sense, the incentive-sensitization model could also 
explain our fourth finding. For individuals with IGD, cartoon 
faces are addiction-related cues. Therefore, when these cues 
are presented to individuals with IGD, the cues automatically 
activate the reward system their brains and trigger their craving 
for Internet game due to their incentive salience. Given that 
cartoon faces have become the focus of cognition for individuals 
with IGD, the individuals display an advantage effect in automatic 
detection of cartoon features.

As for the time window of MMN, on the one hand, it is 
consistent with some researches of visual MMN (vMMN) in 
mental diseases that vMMN was displayed in late time windows 
(52). For example, Cléry et al. (70) found abnormal vMMN 
in Occipito-parieto-temporal sites during 300 to 410 ms in 
autistic children, while in another adult study of autism, they 
found abnormal vMMNs during 350 to 600 ms (71). Similarly, 
Tales and Butler (72), who studied abnormal vMMN in people 
with Alzheimer's disease, also found that the patients exhibited 
enhanced vMMN in the Occipito-temporal region over a late 

period (> 300 ms) than the controls, highlighting impaired 
automatic feature detection. This may indicate that IGD 
have similar neurological impairment symptoms with other 
psychiatric diseases, which provides neurological evidence for 
IGD being defined a new mental disorder.

On the other hand, the average amplitude of MMN shows 
significant difference between two time windows. Cartoon 
faces, in the IGD group, elicited significantly enhanced MMN 
in 400 to 500 ms than in 300 to 400 ms, while in the control 
group, the trend went conversely. This was consistent with the 
late time window of abnormal MMN in IGD subjects. That is 
to say, during the relatively late MMN appearance, the longer 
the processing time, the larger the MMN amplitude. Visual 
MMN has typically been observed in response to infrequent 
deviations in a task-irrelevant oddball sequence (73). And 
because of the salience of addictive cues, IGD individuals tend 
to show greater MMN on online game cues (63, 74). Compared 
with the control group, IGD subjects showed an upward trend 
in the later processing of MMN, which may indicate that they 
have difficulties to separate from the automatic processing of 
addiction cues (10).

Finally, our study suggested that the average amplitude of 
MMN was negatively correlated with the scores of the IAT 
and IGAS scales. Previous studies also found that there was 
a significant correlation between MMN and some behavioral 
performance scores (75) and symptoms of schizophrenia 
(76), which might indicate that IGD did share some cognitive 
neurological characteristics with certain mental disorders. 
Accordingly, researchers attempted to use MMN as a diagnostic 
indicator in clinical practice (77), such as assisting in diagnosis of 
schizophrenia (78), which implied that MMN might also be one 
of the clinical diagnostic indicators of IGD.

The limitation of the present study is that we did not 
quantify the social interaction function of individuals 
with IGD and did not analyze the correlation between the 
four ERP components of face processing (i.e., P100, N170, 
P200 and MMN) and the indicators of social function of 
individuals with IGD, which would have potentially affected 
the accuracy in the application of these four components 
to clinical diagnosis and the determination of symptom 
severity of individuals with IGD. To enhance the theoretical 
and applied value of research in this field, we consider not 
only remedying this limitation in our future research but also 
using facial expression as an independent variable to further 
explore the automatic detection of facial expression features 
of individuals with IGD and its relationship with indicators of 
social impairment (79).

CONClUsIONs
The present study comprehensively investigated the 
neurocognitive mechanism of individuals with IGD in 
processing realistic and cartoon faces, and found that 
individuals with IGD had significant abnormalities or 
impaired functions in the early automatic perception of 
faces, face-specific processing, face configuration processing, 
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and the detection of facial features. In the initial stage of 
visual perception, individuals with IGD showed an enhanced 
advantage in automatic perception of cartoon faces. In the 
subsequent stages of face-specific and face configuration 
processing, individuals with IGD had difficulty distinguishing 
between cartoon faces and realistic faces. Finally, in the stage 
of automatic detection of facial features, individuals with IGD 
exhibited an advantage in automatic detection of cartoon 
face features. The theoretical significance of our study was 
to aid in the understanding of the mechanism of IGD from 
the neurocognitive perspective of facial recognition, and the 
practical value was to find objective ERP indicators for the 
clinical diagnosis of IGD.

DATA AVAIlABIlITY sTATEMENT
The raw data supporting the conclusions of this manuscript will 
be made available by the authors, without undue reservation, to 
any qualified researcher.

EThICs sTATEMENT
The studies involving human participants were reviewed and 
approved by the Ethics Committee of the School of Psychology 
of Central China Normal University. The patients/participants 
provided their written informed consent to participate in this study.

AUThOR CONTRIBUTIONs
JH and LF designed and finished the experiment, and dealed with 
all data. YZ joined in the design of the experiment. LF, YZ, TP, 
and YN co-wrote the manuscript. YZ organized and revised the 
manuscript. All co-authors checked and approved the manuscript.

FUNDING
This study was funded by the Fundamental Research Funds for 
the Central Universities (CCNU19Z02009) and the National 
Natural Science Foundation of China (31571139).

REFERENCEs
 1. Dai SY, Ma QG, Wang XY. Attentional bias to addiction-related stimuli in 

addiction patients: an ERP study. J Psychol Sci (2011) 34(6):1302–7. doi: 
10.16719/j.cnki.1671-6981.2011.06.006

 2. He JB, Nie YF, Zhou ZK, Chai Y. Are both neural mechanisms of Internet 
gaming and heroin addicts the same? Research evidence based on MRI. Adv 
Psychol Sci (2017) 25(8):1327–6. doi: 10.3724/SP.J.1042.2017.01327

 3. Pan NN, Yang YX, Du X, Qi X, Du GJ, Yang Z, et al. Brain structures 
associated with internet addiction tendency in adolescent online game 
players. Front Psychiatry (2018) 9:67. doi: 10.3389/fpsyt.2018.00067

 4. Wu Y, Sescousse G, Yu HB, Clark L, Li H. Cognitive distortions and gambling 
near-misses in Internet gaming disorder: a preliminary study. PloS One 
(2018) 13(1):e0191110. doi: 10.1371/journal.pone.0191110

 5. American Psychiatric Association. In: Diagnostic and statistical manual 
of mental disorders (DSM-5). American Psychiatric Association (2013) 
Washington DC. https://icd.who.int/browse11/l-m/en.

 6. World Health Organization. In: International Classification of Diseases (ICD-
11). World Health Organization (2018).

 7. He JB, Chen CR, Zhou ZK. Is there lower social anxiety level in Online 
Interaction? Adv Psychol Sci (2014) 22(2):288–194. doi: 10.3724/
SP.J.1042.2014.00288

 8. King DL, Delfabbro PH. Internet gaming disorder treatment: a review 
of definitions of diagnosis and treatment outcome. J Clin Psychol (2014) 
70(10):942–55. doi: 10.1002/jclp.22097

 9. Sioni SR, Burleson MH, Bekerian DA. Internet gaming disorder: social 
phobia and identifying with your virtual self. Comput Hum Behav (2017) 
71:11–5. doi: 10.1016/j.chb.2017.01.044

 10. Lei YJ, He JB, Niu GF, Zhou ZK, Tian Y. Impaired disengagement from 
negative emotional faces in youth with Internet Addiction. Psychol Dev Educ 
(2017) 33(6):691–9. doi: 10.16187/j.cnki.issn1001–4918.2017.06.07

 11. Marzi T, Viggiano MP. Deep and shallow encoding effects on face 
recognition: an ERP study. Int J Psychophysiol. (2010) 78(3):239–50. doi: 
10.1016/j.ijpsycho.2010.08.005

 12. Rossion B. Understanding face perception by means of human 
electrophysiology. Trends Cogn Sci (2014) 18(6):310–8. doi: 10.1016/j.
tics.2014.02.013

 13. Bentin S, Allison T, Puce A, Perez E, McCarthy G. Electrophysiological 
studies of face perception in humans. J Cogn Neurosci (1996) 8(6):551–65. 
doi: 10.1162/jocn.1996.8.6.551

 14. Negrini M, Brkić D, Pizzamiglio S, Premoli I, Rivolta D. Neurophysiological 
Correlates of Featural and Spacing Processing for Face and Non-Face 
Stimuli. Front Psychol (2017) 8:333. doi: 10.3389/Fpsyg.2017.00333

 15. Zhao L, Gao WB. Early face processing of Internet Addiction Patients by 
face-specific N170. Space Med Med Engr (2007) 20(1):72–4. doi: 10.3969/j.
issn.1002-0837.2007.01.016

 16. He JB, Liu CJ, Guo YY, Zhao L. Deficits in early-stage face perception in 
excessive Internet users. Cyberpsychol. Behav Soc Netw (2011) 14(5):303–8. 
doi: 10.1089/cyber.2009.0333

 17. Ma YX, Ran GM, Chen X. The Feature and Neural Mechanism of Attentional 
Bias Among Individuals With Insecure Attachment. Adv Psychol Sci (2016) 
24(3):392–401. doi: 10.3274/SP.J.1042.00392

 18. Liao XY, Wang Q, Zhang XY. Time course and neural basis of early 
visual perception for fadal emotions. Chin J Behav Med Brain Sci (2016) 
25(11):1046–50. doi: 10.3760/cma.j.issn.1674-6554.2016.11.019

 19. Lucas HD, Chiao JY, Paller KA. Why Some Faces won't be Remembered: 
Brain Potentials Illuminate Successful Versus Unsuccessful Encoding for 
Same-Race and Other-Race Faces. Front Hum Neurosci (2011) 5:20. doi: 
10.3389/fnhum.2011.00020

 20. Maurage P, Philippot P, Verbanck P, Noel X, Kornreich C, Hanak C, et al. 
Is the P300 deficit in alcoholism associated with early visual impairments 
(P100, N170)? An oddball paradigm. Clin Neurophysiol (2007) 118(3):633–
44. doi: 10.1016/j.clinph.2006.11.007

 21. Earls HA, Curran T, Mittal V. Deficits in Early Stages of Face Processing in 
Schizophrenia: A Systematic Review of the P100 Component. Schizophr Bull 
(2016) 42(2):519–27. doi: 10.1093/schbul/sbv096

 22. Kuss DJ, Pontes HM, Griffiths MD. Neurobiological correlates in Internet 
gaming disorder: A systematic literature review. Front Psychiatry (2018) 
9:166. doi: 10.3389/fpsyt.2018.00166

 23. Versace F, Minnix JA, Robinson JD, Lam CY, Brown VL, 
Cinciripini  PM. Brain  reactivity to emotional, neutral and cigarette-
related stimuli in smokers. Addict Biol (2011) 16(2):296–307. doi: 
10.1111/j.1369-1600.2010.00273.x

 24. Petit G, Kornreich C, Maurage P, Noël X, Letesson C, Verbanck P, et al. Early 
attentional modulation by alcohol-related cues in young binge drinkers: an 
event-related potentials study. Clin Neurophysiol (2012) 123(5):925–36. doi: 
10.1016/j.clinph.2011.10.042

 25. Brenner CA, Rumak SP, Burns AM, Kieffaber PD. The role of encoding and 
attention in facial emotion memory: an EEG investigation. Int J Psychophysiol 
(2014) 93(3):398–410. doi: 10.1016/j.ijpsycho.2014.06.006

Frontiers in Psychiatry | www.frontiersin.org November 2019 | Volume 10 | Article 824

https://doi.org/10.16719/j.cnki.1671-6981.2011.06.006
https://doi.org/10.3724/SP.J.1042.2017.01327
https://doi.org/10.3389/fpsyt.2018.00067
https://doi.org/10.1371/journal.pone.0191110
https://icd.who.int/browse11/l-m/en
https://doi.org/10.3724/SP.J.1042.2014.00288
https://doi.org/10.3724/SP.J.1042.2014.00288
https://doi.org/10.1002/jclp.22097
https://doi.org/10.1016/j.chb.2017.01.044
https://doi.org/10.16187/j.cnki.issn1001-4918.2017.06.07
https://doi.org/10.1016/j.ijpsycho.2010.08.005
https://doi.org/10.1016/j.tics.2014.02.013
https://doi.org/10.1016/j.tics.2014.02.013
https://doi.org/10.1162/jocn.1996.8.6.551
https://doi.org/10.3389/Fpsyg.2017.00333
https://doi.org/10.3969/j.issn.1002-0837.2007.01.016
https://doi.org/10.3969/j.issn.1002-0837.2007.01.016
https://doi.org/10.1089/cyber.2009.0333
https://doi.org/10.3274/SP.J.1042.00392
https://doi.org/10.3760/cma.j.issn.1674-6554.2016.11.019
https://doi.org/10.3389/fnhum.2011.00020
https://doi.org/10.1016/j.clinph.2006.11.007
https://doi.org/10.1093/schbul/sbv096
https://doi.org/10.3389/fpsyt.2018.00166
https://doi.org/10.1111/j.1369-1600.2010.00273.x
https://doi.org/10.1016/j.clinph.2011.10.042
https://doi.org/10.1016/j.ijpsycho.2014.06.006
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Face Processing in IGDHe et al.

12

 26. Stahl J, Wiese H, Schweinberger SR. Learning task affects ERP-correlates of the 
own-race bias, but not recognition memory performance. Neuropsychologia 
(2010) 48(7):2027–40. doi: 10.1016/j.neuropsychologia.2010.03.024

 27. Van Hooff JC, Crawford H, Van Vugt M. The wandering mind of men: ERP 
evidence for gender differences in attention bias towards attractive opposite 
sex faces. Soc Cogn Affect Neurosci (2011) 6(4):477–85. doi: 10.1093/scan/
nsq066

 28. Näätänen R, Gaillard AWK, Mäntysalo S. Early selective-attention effect on 
evoked potential reinterpreted. Acta Psychological (1978) 42(4):313–29. doi: 
10.1016/0001-6918(78)90006-9

 29. Robinson TE, Berridge KC. The neural basis of drug craving: an incentive-
sensitization theory of addiction. Brain Res Rev (1993) 18:247–91. doi: 
10.1016/0165-0173(93)90013-P

 30. Robinson TE, Berridge KC. The psychology and neurobiology of addiction: 
An incentive-sensitization view. Addiction (2000) 95:S91–S117. doi: 
10.1046/j.1360-0443.95.8s2.19.x

 31. Tiffany ST. A cognitive model of drug urges and drug abuse behavior: role of 
automatic and nonautomatic processes. Psychol Rev (1990) 84:127–90. doi: 
10.1037/0033295X.97.2.147

 32. Stacy AW, Wiers RW. Implicit cognition and addiction: a tool for explaining 
paradoxical behavior. Annu Rev Clin Psychol (2010) 6(6):551–75. doi: 
10.1146/annurev.clinpsy.121208.131444

 33. Näätänen R, Kujala T, Winkler I. Auditory processing that leads to conscious 
perception: A unique window to central auditory processing opened by the 
mismatch negativity and related responses. Psychophysiology (2011) 48(1):4–
22. doi: 10.1111/j.1469-8986.2010.01114.x

 34. Young KS. Internet addiction: The emergence of a new clinical disorder. 
Cyberpsychol Behav (1998) 1(3):237–44. doi: 10.1089/cpb.1998.1.237

 35. Cui LJ. Standard setting issues of internet addiction scale and internet game 
addiction scale. Chin J Appl Psychol (2006) 12(2):142–7. doi: 10.3969/j.
issn.1006-6020.2006.02.007

 36. Wang Y, Luo YJ. Standardization and assessment of college students' 
facial expression of emotion. Chin J Clin Psychol (2005) 13(4):396–8. doi: 
10.16128/j.cnki.1005-3611.2005.04.006

 37. Yang XX, Yu YM, Chen L, Sun HL, Qiao ZX, Qiu XH, et al. Gender differences 
in pre-attentive change detection for visual but not auditory stimuli. Clin 
Neurophysiol (2016) 127(1):431–41. doi: 10.1016/j.clinph.2015.05.013

 38. Stefanics G, Csukly G, Komlósi S, Czobor P, Czigler I. Processing of 
unattended facial emotions: A visual mismatch negativity study. NeuroImage 
(2012) 59(3):3042–9. doi: 10.1016/j.neuroimage.2011.10.041

 39. Wang W, Miao D, Zhao L. Automatic detection of orientation changes of 
faces versus non-face objects: a visual MMN study. Biol Psychol (2014) 
100:71–8. doi: 10.1016/j.biopsycho.2014.05.004

 40. Semlitsch HV, Anderer P, Schuster P, Presslich O. A solution for reliable and 
valid reduction of ocular artifacts, applied to the P300 ERP. Psychophysiology 
(1986) 23(6):695–703. doi: 10.1111/j.1469-8986.1986.tb00696.x

 41. Bekhtereva V, Craddock M, Müller MM. Attentional bias to affective faces and 
complex IAPS images in early visual cortex follows emotional cue extraction. 
NeuroImage (2015) 112:254–66. doi: 10.1016/j.neuroimage.2015.03.052

 42. Maurage P, Joassin F, Speth A, Modave J, Philippot P, Campanella S. Cerebral 
effects of binge drinking: respective influences of global alcohol intake 
and consumption pattern. Clin Neurophysiol (2012) 123(5):892–901. doi: 
10.1016/j.clinph.2011.09.018

 43. Campanella S, Montedoro C, Streel E, Verbanck P, Rosier V. Early visual 
components (P100, N170) are disrupted in chronic schizophrenic patients: 
an event-related potentials study. Clin Neurophysiol (2006) 36:71–8. doi: 
10.1016/j.neucli.2006.04.005

 44. Kim DW, Shim M, Song MJ, Im CH, Lee SH. Early visual processing 
deficits in patients with schizophrenia during spatial frequency-dependent 
facial affect processing. Schizophr Res (2015) 161:314–21. doi: 10.1016/j.
schres.2014.12.020

 45. Wieser MJ, Moscovitch DA. The effect of affective context on visuocortical 
processing of neutral faces in social anxiety. Front Psychol (2015) 6:1–12. doi: 
10.3389/fpsyg.2015.01824

 46. Cinciripini P, Robinson JD, Carter BL, Lam C, Wu XF, De Moor CA, et al. The effects 
of smoking deprivation and nicotine administration on emotional reactivity. 
Nicotine Tobacco Res (2006) 8:379–92. doi: 10.1080/14622200600670272

 47. Asmaro D, Carolan PL, Liotti M. Electrophysiological evidence of early 
attentional bias to drug-related pictures in chronic cannabis users. Addictive 
Behav (2014) 39(1):114–21. doi: 10.1016/j.addbeh.2013.09.012

 48. Matheus-Roth C, Schenk I, Wiltfang J, Scherbaum N, Müller BW. Occipital 
event-related potentials to addiction-related stimuli in detoxified patients 
with alcohol dependence, and their association with three-month relapse. 
BMC Psychiatry (2016) 16:74. doi: 10.1186/s12888-016-0782-0

 49. Zhao QL, Li HQ, Hu B, Li YH, Gillebert CR, Mantini D, et al. Neural 
correlates of drug-related attentional bias in heroin dependence. Front Hum 
Neurosci (2018) 11:1–13. doi: 10.3389/fnhum.2017. 00646

 50. Yovel G. Neural and cognitive face-selective markers: An integrative review. 
Neuropsychologia (2016) 83:5–13. doi: 10.1016/j.neuropsychologia.2015.09.026

 51. Maher S, Mashhoon Y, Ekstrom T, Lukas S, Chen Y. Deficient cortical face-
sensitive N170 responses and basic visual processing in schizophrenia. 
Schizophr Res (2016) 170(1):87–94. doi: 10.1016/j.schres.2015.12.005

 52. Murashko AA, Shmukler A. EEG correlates of face recognition in 
patients with schizophrenia spectrum disorders: a systematic review. Clin 
Neurophysiol (2019) 130(6):986–96. doi: 10.1016/j.clinph.2019.03.027

 53. Kucharska-Pietura K, David AS, Masiak M, Phillips ML. Perception of facial 
and vocal affect by people with schizophrenia in early and late stages of 
illness. Br J Psychiatry (2005) 187:523–8. doi: 10.1192/bjp.187.6.523

 54. Yovel G, Levy J, Grabowecky M, Paller KA. Neural correlates of the left-visual-
field superiority in face perception appear at multiple stages of face processing. 
J Cogn Neurosci (2003) 15:462–74. doi: 10.1162/089892903321593162

 55. Itier RJ, Taylor MJ. Inversion and contrast polarity reversal affect both 
encoding and recognition processes of unfamiliar faces: a repetition 
study using ERPs. Neuroimage (2002) 15(2):353–72. doi: 10.1006/
nimg.2001.0982

 56. Luck SJ, Hillyard SA, Mouloua M, Woldorff MG, Clark VP, Hawkins HL. 
Effect of spatial cuing on luminance detectability: psychophysical and 
electrophysiological evidence for early selection. J Exp Psychol Hum Perception 
Performance (1994) 20(4):887–904. doi: 10.1037/0096-1523.20.4.887

 57. Freunberger R, Klimesch W, Doppelmayr M, Höller Y. Visual P2 component 
is related to theta phase-locking. Neurosci Lett (2007) 426(3):181–6. doi: 
10.1016/j.neulet.2007.08.062

 58. Luck SJ, Hillyard SA. Electrophysiological correlates of feature analysis 
during visual search. Psychophysiology (1994) 31(3):291–308. doi: 10.1111/
j.1469-8986.1994.tb02218.x

 59. Caharel S, Poiroux S, Bernard C, Thibaut F, Lalonde R, Rebai M. ERPs associated 
with familiarity and degree of familiarity during face recognition. Int J Neurosci 
(2002) 112(12):1499–512. doi: 10.1080/00207450290158368

 60. Webb SJ, Jones EJ, Merkle K, Murias M, Greenson J, Richards T, et al. 
Response to familiar faces, newly familiar faces, and novel faces as assessed 
by ERPs is intact in adults with autism spectrum disorders. Int J Psychophysiol 
(2010) 77(2):106–17. doi: 10.1016/j.ijpsycho.2010.04.011

 61. Wu Z, Zhong X, Peng Q, Chen B, Mai N, Ning Y. Negative bias in expression-
related mismatch negativity (MMN) in remitted late-life depression: an 
event-related potential study. J Psychiatr Res (2017) 95:224–30. doi: 10.1016/j.
jpsychires.2017.08.019

 62. He JB, Zheng Y, Nie YF, Zhou ZK. Automatic detection advantage of network 
information among internet addicts: behavioral and ERP evidence. Sci Rep 
(2018) 8(1):8937. doi: 10.1038/s41598-018-25442-4

 63. Berridge KC, Robinson TE. Liking, wanting, and the incentive-sensitization 
theory of addiction. Am Psychol (2016) 71(8):670–9. doi: 10.1037/
amp0000059

 64. Robinson TE, Berridge KC. The incentive sensitization theory of addiction: 
some current issues. Philos Trans R Soc London B: Biol Sci (2008) 
363(1507):3137–46. doi: 10.1098/rstb.2008.0093

 65. Yang L, Zhang JX, Zhao X. Attentional bias for drug cues in heroin 
dependence. Adv Psychol Sci (2013) 21(12):2174–83. doi: 10.1017/
S0033291799001269

 66. Gleich T, Lorenz RC, Gallinat J, Kühn S. Functional changes in the 
reward circuit in response to gaming-related cues after training with a 
commercial video game. NeuroImage (2017) 152:467–75. doi: 10.1016/j.
neuroimage.2017.03.032

 67. Ko CH, Liu GC, Yen JY, Chen CY, Yen CF, Chen CS. Brain correlates of 
craving for online gaming under cue exposure in subjects with Internet 

November 2019 | Volume 10 | Article 824Frontiers in Psychiatry | www.frontiersin.org

https://doi.org/10.1016/j.neuropsychologia.2010.03.024
https://doi.org/10.1093/scan/nsq066
https://doi.org/10.1093/scan/nsq066
https://doi.org/10.1016/0001-6918(78)90006-9
https://doi.org/10.1016/0165-0173(93)90013-P
https://doi.org/10.1046/j.1360-0443.95.8s2.19.x
https://doi.org/10.1037/0033295X.97.2.147
https://doi.org/10.1146/annurev.clinpsy.121208.131444
https://doi.org/10.1111/j.1469-8986.2010.01114.x
https://doi.org/10.1089/cpb.1998.1.237
https://doi.org/10.3969/j.issn.1006-6020.2006.02.007
https://doi.org/10.3969/j.issn.1006-6020.2006.02.007
https://doi.org/10.16128/j.cnki.1005-3611.2005.04.006
https://doi.org/10.1016/j.clinph.2015.05.013
https://doi.org/10.1016/j.neuroimage.2011.10.041
https://doi.org/10.1016/j.biopsycho.2014.05.004
https://doi.org/10.1111/j.1469-8986.1986.tb00696.x
https://doi.org/10.1016/j.neuroimage.2015.03.052
https://doi.org/10.1016/j.clinph.2011.09.018
https://doi.org/10.1016/j.neucli.2006.04.005
https://doi.org/10.1016/j.schres.2014.12.020
https://doi.org/10.1016/j.schres.2014.12.020
https://doi.org/10.3389/fpsyg.2015.01824
https://doi.org/10.1080/14622200600670272
https://doi.org/10.1016/j.addbeh.2013.09.012
https://doi.org/10.1186/s12888-016-0782-0
https://doi.org/10.1016/j.neuropsychologia.2015.09.026
https://doi.org/10.1016/j.schres.2015.12.005
https://doi.org/10.1016/j.clinph.2019.03.027
https://doi.org/10.1192/bjp.187.6.523
https://doi.org/10.1162/089892903321593162
https://doi.org/10.1006/nimg.2001.0982
https://doi.org/10.1006/nimg.2001.0982
https://doi.org/10.1037/0096-1523.20.4.887
https://doi.org/10.1016/j.neulet.2007.08.062
https://doi.org/10.1111/j.1469-8986.1994.tb02218.x
https://doi.org/10.1111/j.1469-8986.1994.tb02218.x
https://doi.org/10.1080/00207450290158368
https://doi.org/10.1016/j.ijpsycho.2010.04.011
https://doi.org/10.1016/j.jpsychires.2017.08.019
https://doi.org/10.1016/j.jpsychires.2017.08.019
https://doi.org/10.1038/s41598-018-25442-4
https://doi.org/10.1037/amp0000059
https://doi.org/10.1037/amp0000059
https://doi.org/10.1098/rstb.2008.0093
https://doi.org/10.1017/S0033291799001269
https://doi.org/10.1017/S0033291799001269
https://doi.org/10.1016/j.neuroimage.2017.03.032
https://doi.org/10.1016/j.neuroimage.2017.03.032
https://www.frontiersin.org/journals/psychiatry#articles
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org


Face Processing in IGDHe et al.

13

gaming addiction and in remitted subjects. Addict Biol (2011) 18(3):559–69. 
doi: 10.1111/j.1369-1600.2011.00405.x

 68. Sun YJ, Ying H, Seetohul RM, Wang XM, Zheng Y, Li Q, et al. Brain fMRI study 
of crave induced by cue pictures in online game addicts (male adolescents). 
Behav Brain Res (2012) 233(2):563–76. doi: 10.1016/j.bbr.2012.05.005

 69. Niu GF, Sun XJ, Zhou ZK, Wei H. A review of cognitive neuroscience studies 
on Internet Addiction. Adv Psychol Sci (2013) 21(6):1104–11. doi: 10.3724/
SP.J.1042.2013.01104

 70. Cléry H, Bonnet-Brilhault F, Lenoir P, Barthelemy C, Bruneau N, 
Gomot  M. Atypical visual change processing in children with autism: 
an electrophysiological Study. Psychophysiology (2013) 50:240e252. doi: 
10.1111/psyp.12006

 71. Cléry H, Roux S, Houy-Durand E, Bonnet-Brilhault F, Bruneau N, Gomot 
M. Electrophysiological evidence of atypical visual change detection 
in adults with autism. Front Hum Neurosci (2013) 7:62. doi: 10.3389/
fnhum.2013.00062

 72. Tales A, Butler S. Visual mismatch negativity highlights abnormal 
preattentive visual processing in Alzheimer's disease. NeuroReport (2006) 
17:887e890. doi: 10.1097/01.wnr.0000223383.42295.fa

 73. Kimura M. Visual mismatch negativity and unintentional temporal-context-
based prediction in vision. Int J Psychophysiol (2012) 83(2):0–155. doi: 
10.1016/j.ijpsycho.2011.11.010

 74. Nie Y, Pan T, Zheng Y, He J. Automatic detection advantage of problematic 
Internet users for Wi-Fi signal cues and the moderating effect of 
negative affect: An event-related potential study. Addictive Behav (2019) 
99(2019):106084. doi: 10.1016/j.addbeh.2019.106084

 75. Bonetti L, Haumann NT, Brattico E, Kliuchko M, Vuust P, Särkämö T, et al. 
Auditory sensory memory and working memory skills: association between 

frontal mmn and performance scores. Brain Res (2018) 1700:86–98. doi: 
10.1016/j.brainres.2018.06.034

 76. Michie PT. What has mmn revealed about the auditory system in 
schizophrenia? Int J Psychophysiol (2001) 42(2):177–94. doi: 10.1016/
S0167-8760(01)00166-0

 77. Näätänen R, Petersen B, Torppa R, Lonka E, Vuust P. The MMN as a viable 
and objective marker of auditory development in CI users. Hearing Res 
(2017) 353:57–75. doi: 10.1016/j.heares.2017.07.007

 78. Perrin MA, Kantrowitz JT, Silipo G, Dias E, Jabado O, Javitt DC. Mismatch 
negativity (MMN) to spatial deviants and behavioral spatial discrimination 
ability in the etiology of auditory verbal hallucinations and thought 
disorder in schizophrenia. Schizophr Res (2017) 191:140–147. doi: 10.1016/j.
schres.2017.05.012

 79. Peng XZ, Cui F, Wang T, Jiao C. Unconscious processing of facial expressions 
in individuals with Internet Gaming Disorder. Front Psychol (2017) 8:1059. 
doi: 10.3389/fpsyg.2017.01059

Conflict of Interest: The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could be construed as a 
potential conflict of interest.

Copyright © 2019 He, Zheng, Fan, Pan and Nie. This is an open-access article 
distributed under the terms of the Creative Commons Attribution License (CC 
BY). The use, distribution or reproduction in other forums is permitted, provided 
the original author(s) and the copyright owner(s) are credited and that the 
original publication in this journal is cited, in accordance with accepted academic 
practice. No use, distribution or reproduction is permitted which does not comply 
with these terms.

Frontiers in Psychiatry | www.frontiersin.org November 2019 | Volume 10 | Article 824

https://doi.org/10.1111/j.1369-1600.2011.00405.x
https://doi.org/10.1016/j.bbr.2012.05.005
https://doi.org/10.3724/SP.J.1042.2013.01104
https://doi.org/10.3724/SP.J.1042.2013.01104
https://doi.org/10.1111/psyp.12006
https://doi.org/10.3389/fnhum.2013.00062
https://doi.org/10.3389/fnhum.2013.00062
https://doi.org/10.1097/01.wnr.0000223383.42295.fa
https://doi.org/10.1016/j.ijpsycho.2011.11.010
https://doi.org/10.1016/j.addbeh.2019.106084
https://doi.org/10.1016/j.brainres.2018.06.034
https://doi.org/10.1016/S0167-8760(01)00166-0
https://doi.org/10.1016/S0167-8760(01)00166-0
https://doi.org/10.1016/j.heares.2017.07.007
https://doi.org/10.1016/j.schres.2017.05.012
https://doi.org/10.1016/j.schres.2017.05.012
https://doi.org/10.3389/fpsyg.2017.01059
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

	Automatic Processing Advantage of Cartoon Face in Internet Gaming Disorder: Evidence From P100, N170, P200, and MMN
	Introduction
	Materials and Methods
	Subjects
	Materials and Procedure
	Electrophysiological Recording and Analysis

	Results
	Behavioral Data
	ERP Data
	P100
	N170
	P200
	MMN


	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


