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ABSTRACT

Background and aims: The present study investigated processing bias for game-related cues in prob-
lematic mobile gamers (PMGs) under or above the threshold of conscious awareness. Methods:
In Experiment 1, all participants (20 PMGs and 23 casual players (CPs)) finished a masked visual probe
task during a brief (17ms) masked exposure condition. In Experiment 2, an unmasked visual probe task
was conducted by an additional forty participants (20 PMGs and 20 CPs) at two exposure durations
(200 and 500ms). Results: Results showed that PMGs, but not CPs, had an attentional bias for game-
related cues which had been presented with two exposure durations (17 and 200ms). Discussion and
conclusion: In conclusion, the present study provides evidence that bias in PMGs could be observed
both preconsciously and consciously. The results are discussed with reference to incentive sensitization
theory and automatic action schema theory.
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INTRODUCTION

Problematic mobile gaming (PMG) is a behavior whereby users strongly rely on mobile games
and play mobile games repeatedly in a comparatively long period (Sun, 2015). Such behavior is
associated with functional impairment and emotional difficulties, i.e., enhanced depression and
anxiety, as well as more social isolation (Stockdale et al., 2018). PMG belongs to the officially
recognized Gaming Disorder (GD) diagnosis in ICD-11, whereas many other online addictive
behaviors at the moment are not officially recognized (Montag, Wegmann, Sariyska, Deme-
trovics, & Brand, 2021), e.g., problematic social media use and problematic shopping. As a
category of the GD-diagnosis, the behavior manifests itself in particular on the smartphone
device (see also for investigation of GD and devices the work by Montag et al., 2021).

Attention bias for addiction-related cues is a typical characteristic of addictive disorders
(Cousijn et al., 2013). Multiple theories in the context of substance use disorders offer
relevant perspectives on this phenomenon. Among others, incentive sensitization theory
(Robinson & Berridge, 1993) predicts that addiction-related stimuli are highly attractive, and
“grab attention” because such stimuli acquire motivational salience. Thus, addictive disorders
are accompanied by automatic and uncontrolled bias processing even in the absence of
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awareness (Robinson & Berridge, 1993, 2000). Going further,
Tiffany (1990) proposed that an automated action schema is
formed during the development of addiction. Such a schema
can promote addictive disorders by allocating their attentional
resources more quickly to addiction-related stimuli without
awareness. When the addictive stimuli are unavailable, they
still exhibit an attentional bias toward addiction-related
stimuli at the conscious level. In summary, according to the
aforementioned theories, addiction-related cues can attract the
attention of a person being afflicted with an addictive disorder
and this can be below or above the threshold of conscious
awareness. However, these theories may also be applicable to
behavioral disorders, e.g., individuals who are addicted to
Internet (IAs) (Balconi, Venturella, & Finocchiaro, 2017; He,
Zheng, Nie, & Zhou, 2018). So, if PMGs have biased pro-
cessing for game-related cues below or above the threshold of
conscious awareness, it would provide evidence that PMG
could be defined as a behavioral addiction (Gaming Disorder
represents an officially recognized disorder in ICD-11), and
help us to understand better how PMG works in attention
processing. To our knowledge, no prior studies focused on
the different aspects of attentional processing in PMGs.

Previous studies have used pictorial versions of the
masked visual probe task to assess preconscious attention for
addiction-related cues (Bradley, Field, Mogg, & De Houwer,
2004; Mogg & Bradley, 2002). In each trial, both addiction-
related and neutral pictures were briefly presented and
masked to ensure processing of the stimuli to be below
awareness. Immediately after the masks disappeared, a probe
was presented (or not) at the same location as the earlier
presented addiction-related picture. Participants were
required to respond to the probe as fast as possible. When
participants perform faster in the congruent condition (this
means that the addiction-related-stimulus and probe are
presented in the same location) compared to the condition
where the probe appeared in the opposite region where the
neutral picture was presented, then there is a bias for
addiction-related pictures preconsciously.

So far, studies using the masked visual probe task have
provided inconsistent results in the context of substance use
disorders. For example, there was no evidence that smokers
have preconscious attentional bias towards smoking cues pre-
sented with 17ms (Bradley et al., 2004; Mogg & Bradley, 2002).
However, individuals who have alcohol use disorder had a
stronger initial heart rate deceleration after 30ms exposure to
masked alcohol pictures compared with masked neutral pic-
tures, indicating a pre-attentive processing of alcohol stimuli
(Ingjaldsson, Thayer, & Laberg, 2003). The only study in
behavioral addictions observed that IAs have a preconscious
bias for internet-related pictures when pictures were shown for
14ms and also in a masked condition (He et al., 2018). It is
reasonable to consider that incentive sensitization theory and
automated action schema theory can be extended to behavioral
disorders (Berridge, 2009; Hellberg, Russell, & Robinson, 2019).

One method of assessing attentional bias in the field
of addiction is the visual probe task (Zhang, Fung, &
Smith, 2019). It can provide a snapshot view of this
process by manipulating exposure duration of the pictures

(Kerr-Gaffney et al., 2018). When the pictures are shown
with a screen duration of 200 ms or less, it can be used to
examine how quickly the stimulus can be captured, i.e., early
vigilance. When duration is prolonged to 500 ms and above,
there is a greater opportunity to reflect on the extent of
sustained processing of information, i.e., late maintenance
(Field & Cox, 2008). If people respond faster to the probe in
the congruent condition during 200 ms or 500 ms, it means
vigilance or maintenance may be playing an important role
in mediating the attentional bias.

Studies using the visual probe task have indicated the
initial orienting and late maintenance of attention bias for
alcohol pictures in alcohol drinkers (Field, Mogg, & Bradley,
2004), and smoking-related pictures in smokers (Bradley
et al., 2004). However, behavioral disorders may show a
distinct pattern in attentional bias. Here, using a modified
version of the Posner Task (Posner, 1980), it has been
observed that only vigilance for addiction-related cues works
in the attentional processing of problematic gamblers (Cic-
carelli, Nigro, Griffiths, Cosenza, & D’Olimpio., 2016), and
there is no definitive conclusion for other subtypes, such as
gaming disorders. To the best of our knowledge, only one
study found that bias processing for game stimuli in video
gamers was primarily characterized by rapid orienting, using
the visual probe task (Juncai, Tiantian, Jun, & Ping, 2017).
This may suggest that the influence of “game experience” on
cognitive processing, but not the role of “problematic extent
induced by the game using,” plays a pivotal role in the
development of PMG. This said, it remains unclear that how
PMG works in attention processing. According to incentive
sensitization theory, individuals who are addicted automat-
ically direct their attention to salient stimuli because of their
strong attraction (Robinson & Berridge, 2000). It seems that
attentional biases are more likely to manifest instead of
initial orientation. If PMG could be defined as a behavioral
addiction, such a group of persons should also be charac-
terized by attentional bias for game-related cues, and pro-
cessing would be specific to the early stage.

Against this background, the present study investigated
attentional bias for salient stimuli presented below and
above the threshold of awareness in PMGs. Experiment 1
used a masked visual probe task with a presentation time of
17 ms to explore preconscious biases for game-related pic-
tures in PMGs, and Experiment 2 adopted the same but
unmasked task to examine whether PMGs have a bias for
game-related pictures in initial orienting (200 ms) and in the
maintenance of attention (500 ms). An awareness check was
given after the masked visual probe task to restrict partici-
pants’ perception of the content of pictures. The main hy-
potheses are as follows: PMGs would show preconscious bias
and vigilance for game-related pictures, but CPs would have
no bias below or above awareness; thus, a Group3 Probe
location interaction effect on RTs to probes in the masked
(17 ms) and unmasked visual probe task (200 ms) were ex-
pected to be observed. Specifically, compared to neutral
pictures, when using game-related pictures PMGs (but not
CPs) should have a faster response time to probes in the
masked (17 ms) and unmasked visual probe task (200 ms).
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STUDY 1

METHOD

Participants

Based on the previous study (Jeromin, Nyenhuis, & Barke,
2016), the sample size required for the 23 2 mixed design
was computed a priori with GpPower (version 3.1.9.4). After
setting α (0.05), f (0.25), and power (0.80) respectively, it
showed an overall sample size of 34 participants needed
(same with Experiment 2).

An online survey was conducted in a university in
Tianjin, China. 238 students were recruited and screened
for their mobile game usage. A question appeared at the
start of the survey: “What would you do first to spend your
free time?” When the students reported they regard playing
games on mobile phone as their first (preferred) pastime,
they could continue to the next question: “What’s a video
game you will choose first?” According to the Gaming
Industry Report, published in 2022 by Gama data, which is
a strategic partner of the China Game Industry Research
Institute, “Honor of Kings” and “Game for Peace” are most
popular mobile games in China. Thus, students who
considered these two games as the favorite mobile game
were subsequently given the Chinese version of Young’s
Internet Addiction Test (IAT). The Chinese version of IAT
have been used widely in previous studies (Dong, Yang, Lu,
& Hao, 2020; He et al., 2018). The present study used it to
measure excessive mobile gaming usage by changing the
keywords of “Internet” to “playing mobile games”. It con-
tains 20 items and is rated on a 5-point (1 5 hardly, 2 5
occasionally, 3 5 often, 4 5 sometimes, 5 5 always), with
higher scores indicating more use. In this study, Cron-
bach’s alpha for internal consistency was 0.95. On the basis
of IAT diagnostic criteria, 20 participants and 23
participants were assigned to the PMGs group (IAT score
of 50 or more, 12 men and 8 women) and the CPs group
respectively (IAT score less than 50, 13 men and 10
women). They had no significant difference in age (PMGs:
M 5 20.70 ± 0.92; CPs: M 5 21.30 ± 1.79; t (41) 5 �1.36,
p 5 0.182, Cohen’s d 5 �0.42) or sex (χ2 5 0.05, p 5 0.82,
Cohen’ s d 5 0.03), but PMGs showed higher levels of
problematic gaming than CPs as assessed by IAT scores
(PMGs: M 5 62.10 ± 11.16; CPs: M 5 36.87 ± 6.90;
t (41) 5 9.04, p < 0.001, Cohen’s d 5 2.72). All subjects
were right-handed, and none of them had a history of
major disease or mental illness. After fully understanding
the study procedure, they signed informed consent, and
received a reward after completing the tasks.

Materials

Because all participants recruited in this study considered
Honor of Kings or Game for Peace (It is the same type of
game as Player Unknown’s Battle Grounds) as their favorite
mobile game, materials only included these two games. The
stimuli consisted of 10 game scenes from “Honor of Kings”

and “Game for Peace”. Each was paired with a landscape or
scene picture matched as closely as possible for color and
visual-space distribution. We calculated the entropy of each
picture to represent the perceptual complexity (Wang &
Ren, 2018), using Python. The paired t-test showed there
was no significant difference across administration time
(Mgame 5 14.10, SDgame 5 0.41;Mneutral 5 14.50, SDneutral 5
0.50; t (9) 5 �1.85, p 5 0.097). 123 students, who did not
participate in the following experiments, rated the pictures’
valence, arousal, and game representation rated on 7-point
scales (1 5 very negative, very calm, or very unavailable and
7 5 very positive, very excited, or very available) (Table 1).
An additional 10 pairs of landscape pictures were prepared
as fillers, and 20 pictures as practice pictures. Two masking
images were identical to those used in the Gao, Schneider,
and Li (2017) study. Each picture was adjusted in size as
10.63 cm wide and 5.91 cm high, and the distance between
the inner edges of the pairs was 2.40 cm. When the stimulus
was on the left (right), the visual angles from the distance
from center to right (left) edges or middle of the stimuli were
1.18 or 5.78 respectively.

Procedures

Participants completed the tasks on a computer monitor (163
29 cm) and used a regular keyboard with a constant distance of
65 cm from the screen. All tasks were programmed and run
with E-prime 2.0 (Schneider, Eschman, & Zuccolotto, 2007).

The structure of Experiment 1 is based on a masked
visual probe task adopted by Bradly et al. (2004). The
masked visual probe task consisted of 10 practice trials,
followed by 80 experimental trials (40 critical trials and 40
filler trials) randomly. Each trial started with a central fix-
ation cross shown for 1000 ms. The picture pair and a mask
were presented sequentially for 17 and 67 ms. Immediately
after the offset of the masks, a probe was presented in the
position of one of the preceding pictures, until the partici-
pant pressed the key ‘f’ (left) and ‘j’ (right) as quickly as
possible to indicate the position of the probe. There was an
inter-trial of 2000 ms (Fig. 1). In the experimental trials,
each game-related or filler picture appeared twice on the left
side of the screen, and twice on the right. The probe replaced
one of the pairs an equal number of times in each location,
and the distance between the two probe positions was
13.20 cm.

Next, an awareness check was conducted to ensure
participants’ awareness of the content of the pictures was
restricted under the same presentation condition (i.e., 17

Table 1. Material information

Picture Valence Arousal Representation

Game 5.43 (0.77) 5.18 (0.11) 5.92 (0.14)
Neutral 5.52 (0.12) 5.12 (0.16) 4.50 (0.14)
T �1.85 0.97 6.70
P 0.10 0.36 <0.001
Cohen’s d �0.16 0.43 10.14
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and 67 ms of picture pairs or masks respectively). The
procedure in this task was nearly the same as with the
masked visual probe task, but the probe changed to a
question mark (?). Participants were asked to indicate
whether either of the pictures that were presented before
the masks contained game-related images. There were
10 practice trials, followed by 40 experimental trials
(20 game-neutral picture pairs and 20 neutral-neutral
pictures).

All tasks were presented on a 14.1-inch monitor, 1,366
3 768 pixels, attached to a standard keyboard. The refresh
rate was 60Hz.

Ethics

All experiments in our research were carried out in accor-
dance with the Declaration of Helsinki and approved by the
Ethical Committee of Tianjin Normal University (No.
2022031501). All participants signed informed consent.

Fig. 1. Masked visual probe task. (A) An example of an “incongruent” trial, participant should press “f” to be a correct answer. However, if
the probe was presented on the right side, this should be a “congruent” trial, and participant should press “j” to be a correct answer. (B) An
example of material include game, selected from “Honor of Kings”, and neutral condition. It was also the example of material presented in

(A). (C) An example of material include game, selected from “Game for Peace”, and neutral condition
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Results

Awareness check

If participants cannot consciously be aware of the content of
pictures, it would be expected that their responding is at
chance levels, so the average percentage of error responses
was compared with 0.5 (it means that each group should
have an average error rate of 50%). A one-sample t-test
showed no significant difference between the average error
rates and 0.5 in each group (PMGs: M 5 0.44, SD 5 0.22;
t (19) 5 �1.61, p 5 0.26, Cohen’s d 5 0.27; CPs: M 5 0.45,
SD 5 0.18; t (22) 5 �1.26, p 5 0.22, Cohen’s d 5 0.27).

The masked version of visual probe task

RTs were discarded based on the followings conditions (2.17%
of all RTs): (1) filler trials and trials with errors, (2) RTs less
than 100ms or greater than 1000ms, and (3) RTs were more
than 3 SDs above the mean. A 23 2 ANOVA was carried out
with group (PMGs, CPs) as the between-subject variable and
probe position (probe in same versus different location to the
game-related picture) as within-subject variables. The results
showed no significant main effects of group [F (1, 41) < 0.01,
p 5 0.98, η2 < 0.001], nor probe location [F (1, 41) 5 1.50,
p 5 0.23, η2 5 0.04], but a significant Group3 Probe location
interaction was found [F (1, 41) 5 5.73, p 5 0.02, η2 5 0.12]
(Table 2). Post hoc tests showed PMGs had faster RTs when the
probes replaced game-related pictures than neutral pictures
[F (1, 41)5 6.12, p5 0.02, η25 0.13], but this pattern was not
found in CPs (F (1, 41) 5 0.73, p 5 0.40, η2 5 0.02).

Discussion

In Experiment 1, PMGs and CPs performed differently dur-
ing the masked visual task with a 17 ms presentation time. It
suggests that bias for game cues operated preconsciously in
PMGs. The present data speak for the idea that PMG involves
automatic and preferred processing for salient stimuli under
preconscious awareness. In Experiment 2, we aimed to extend
these findings above the threshold of awareness, and further
examined the components of attentional biases for game-
related pictures at 200 and 500ms exposure durations.

STUDY 2

METHODS

Participants

238 participants were recruited from college students in
Tianjin, China by using the same measurement as

Experiment 1. The PMGs and CPs groups each contained
12 men and 8 women, with a mean age of 20.75 years (SD 5
1.07) and 21.15 years (SD 5 1.81) respectively (85% of them
participated in Experiment 1). In the PMG group, 17 par-
ticipants in experiment 2 were from experiment 1, and the
same allocation was found in the CP group. They were no
significant difference in age (t (38) 5 �1.85, p 5 0.40,
Cohen’s d 5 �0.27), but the PMGs had higher IAT scores
than the CPs group (M 5 62.80, SD 5 11.12; M 5 37.1, SD
5 7.29) (t (38) 5 8.62, p < 0.001, Cohen’s d 5 3.21).

Materials

The pictorial materials and questionnaires were the same as
those in Experiment 1, and the Cronbach’s alpha of IAT
was 0.95.

Procedures

There were 10 practice trials, followed by 40 critical trials
and 40 filler trials. The procedure in each trial was similar to
the masked task (i.e., fixation cross shown for 1000 ms, an
inter-trial of 2000 ms). Picture pairs were presented for
either 200 ms or 500 ms (Fig. 2), and they were directly
replaced by probes. 90 trials were presented in a new fully
random order for each participant.

Results

RTs were excluded from trials with the same criteria as in
the masked visual probe task (2.59% of all RTs). A mixed
ANOVA 2 3 2 was conducted on 200 ms or 500 ms RTs
respectively, with group as the between-participant factor
(PMGs vs. CPs) and probe position (probe in same versus
different location to the game-related picture) as the
within-subject variable. When the presentation time
was 200 ms, there was no significant main effect of group
[F (1, 38) 5 0.33, p 5 0.57, η2 5 0.01] or probe location
[F (1, 38) 5 0.56, p 5 0.46, η2 5 0.01], but the Group3
Probe location interaction was significant (F (1, 38) 5 5.34,
p 5 0.03, η2 5 0.12). Post hoc tests showed that PMGs had
faster RTs when the probes replaced game-related
pictures than neutral pictures [F (1, 38) 5 4.68, p 5 0.04,
η2 5 0.11], but this finding was not revealed in CPs
(F (1, 38) 5 1.22, p 5 0.28, η2 5 0.03). All main effects and
interactions were non-significant (Fs < 1.42, η2 < 0.04)
when the presentation time was 500 ms. Mean RTs in each
condition are shown in Table 3.

Discussion

The results showed that PMGs had an attentional bias for
game-related images only at a shorter exposure condition of
200 ms. This finding suggests that PMGs put more pro-
cessing resources towards game cues in the early stage of
attentional bias. PMG behaviors seem to be associated with
altered attentional processing for game cues and led them to
exhibit a game-related attentional bias that is specific to
initial orientation of attention.

Table 2. Mean RTs (M ± SD) in each condition of Experiment 1

Same Different

PMGs group 342 ± 51 349 ± 49
CPs group 348 ± 50 345 ± 44
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GENERAL DISCUSSION

The present study focused on two issues: (a) whether PMGs
have a bias to game-related pictures below the threshold of
conscious awareness; and (b) whether attentional biases for
game-related pictures play a role both in early vigilance and
late maintenance above the level of awareness. The results
indicated that PMGs showed significant attention bias for
game-related pictures in the 17 and 200 ms duration con-
ditions. There was no evidence of a processing bias for
game-related stimuli being exposed 500 ms. These results are
discussed below.

Regarding the masked visual probe task, only PMGs had
a faster response to probes presented in the same position
with game-related cues. This result is consistent with the
findings of He et al. (2018). They also found a faster
response when the location of the probe and the Internet
cues were congruent in IAs on the same task, but with a
14 ms presentation time. Results demonstrated IAs showed
a bias for Internet information in preconscious processing.
Mogg and Bradley (1999) assumed that the masked visual
probe task could explore the individual’s unconscious
processing toward related stimuli with brief presentation
(≤30 ms). It seems reasonable to suggest that preconscious
attentional bias for salient stimuli exists both in PMG and
other behavioral addictions, but further studies are neces-
sary. Of note and regarding substance use disorders, many
studies did not confirm that subliminal processing of

addiction-related information can work unconsciously
(Bradley et al., 2004; Franken, Kroon, Wiers, & Jansen, 2000;
Mogg & Bradley, 2002; Yan et al., 2009). Of interest, few
studies showed evidence that substance use disorders have a
preconscious bias for related stimuli (Ingjaldsson, et al.,
2003; Zhao, et al., 2016). Again, future research needs to
choose other types of behavioral addictions to further
examine the pre-attentive bias of salient cues, such as
problematic social media use and problematic shopping.

The results from Experiment 1 are consistent with the
ideas put forward by incentive sensitization theory. Ac-
cording to this theory, game-related stimuli have higher
salience, and therefore they might lead PMGs to allocate
more attentional resources to them even in the condition
below awareness. Thus, the salience of game stimuli plays an
important role in preconscious processing, and it might
promote PMGs to attend to game-related pictures before
these pictures are (unconsciously) perceived. From our
perspective, results of the present study are also compatible
with automatic action schema theory. According to this
cognitive model, automated action schema contributes to
automatic processing of game-related stimuli in an uncon-
scious state in PMGs. It can be concluded that incentive
sensitization and automated action schema theory are good
explanations for what we observed in the present study, and
perhaps also other additive behaviors (He et al., 2018;
Ingjaldsson et al., 2003; Zhao et al., 2016). Further research
needs to also provide neurophysiological evidence to find
further support for the preconscious bias in PMGs, such as
mismatch negative wave (MMN) induced in the event-
related potential (ERP) experiment (He et al., 2018). It
would be expected to observe that MMN induced by game-
related cues would be significantly enhanced in PMGs
relative to the controls.

On the visual probe task, PMGs had a significant
attentional bias for game-related pictures at an exposure
condition of 200 ms. This result replicates the findings of

Table 3. Mean RTs (M ± SD) in each condition of Experiment 2

Same Different

200 ms PMGs 396 ± 42 406 ± 46
CPs 395 ± 50 390 ± 44

500 ms PMGs 387 ± 37 389 ± 41
CPs 373 ± 45 371 ± 49

Fig. 2. Visual probe task. It’s an example of an “incongruent” trial, participant should press “f” to be a correct answer. However, if the probe
was presented on the right side, this should be a “congruent” trial, and participant should press “j” to be a correct answer. The pictorial
materials of Experiment 2 were the same as those in Experiment 1, so the Figure1. (B) and (C) were also the example of materials in

Experiment 2
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Juncai et al. (2017), and further indicates that PMGs had an
attentional bias towards salient information. The attentional
bias of PMGs is specific to the early stage of attention. So,
the present study implied that the development of prob-
lematic behaviors is not affected by changes in the device
(computer vs. mobile phone). Previous studies in behavioral
addictions also support that initial vigilance plays a role in
attentional processing (Ciccarelli et al., 2016). However,
biases to drug-related cues in persons afflicted with sub-
stance use disorders operate both in the vigilance and
maintenance of attention processing (Bradley et al., 2004;
Field et al., 2004). It appears that attentional bias to addictive
stimuli may differ between substance use disorders and
other addictive behaviors. Bias to behavior-related cues may
operate both in initial orienting and sustained attention in
substance use disorders, but might be specific to initial ori-
enting in behavioral addiction. This idea is not supported by
all studies. Thomson, Hunter, Butler, and Robertson (2021)
found problematic social media users did not have an
attentional bias to social stimuli. Noel, Colmant, Linden,
Bechara, and Verbanck (2006) proposed alcohol-dependents
only had an initial vigilance to alcohol information. Alcorn,
Marks, Stoops, Rush, and Lile (2019) did not find that
cocaine users have a bias processing for drug cues. Although
attentional bias is a core feature in addictive disorders
(Cousijn et al., 2013), there may be special conditions that
result in this processing to disappear or partially appear, e.g.,
content specificity of stimuli. Alcorn et al. (2019) found an
attentional bias towards cannabis cues in cannabis users, but
not cocaine users. Future research should focus on these
conditions in PMGs to offer insight into the cognitive pro-
cessing characteristics.

The results of Experiment 2 also seem to confirm
incentive sensitization theory (Robinson & Berridge, 1993).
Game-related stimuli are attractive to PMGs, so it can grab
their attention, and lead them to have relatively early,
automatic processes to those stimuli, but not slowly, unau-
tomatic processes. These results are also compatible with
Tiffany’s (1990) model. According to this model, PMGs
would subjectively seek game-related stimuli when they are
unable to engage in the game. This would promote PMGs
to show an attentional bias to game stimuli when exposed to
game and non-game information at the conscious level.

The current study has several limitations. First, there
were no non-gamers in the control group to exclude the
effect of material familiarity on the results. However, it
cannot solve the question of whether bias processing above
and below awareness changes during the development of
problematic behavior (here longitudinal designs can help).
Second, only two games were selected. This manipulation
may reduce the generalizability of the present conclusions.
However, some studies only selected World of Warcraft
players when investigating the biased processing of game
stimuli in gaming disorders (Decker et al., 2011), hence also
other studies show comparable limitations. Third, the pre-
sent study cannot investigate the time course of attentional
processing (Lazarov, Pine, & Bar-Haim, 2017). Eye-tracking
methods can directly track the participant’s gaze during

exposure to stimuli. Some indicators can examine the initial
vigilance of attention, e.g., the first fixation time (Kou, Su,
Luo, & Chen, 2015), while others can reflect sustained
attention, e.g., the total fixation time (Kou et al., 2015).
Many researchers have proposed that eye-tracking method is
more sensitive than behavioral measures to investigate
attentional bias to addiction-related stimuli (Christiansen,
Schoenmakers, & Field, 2015; Dias et al., 2015). Future
studies can use eye-tracking methods to measure attentional
bias to addiction-related stimuli by directly tracking the
PMGs’ gaze (Alcorn et al., 2019; Soleymani, Ivanov, Mathot,
& de Jong, 2020; Zhao et al., 2017). Event-related potential
(ERP) techniques can also investigate the time course of
attentional bias based on neurophysiological measures (Li,
Li, Xu, Diao, & Zhang, 2019). For example, the N2pc (180–
200 ms atter stimuli onset) reflects initial orientation. The
sustained posterior contralateral negativity (300–650 ms af-
ter stimulus onset) reflects maintenance at the later stage of
attentional selection. Future studies also need provide
neurophysiological evidence to support current results.
Fourth, only attentional bias toward game stimuli was
studied. Field and Cox (2008) considered that classical
conditioning may cause attentional biases. Several studies
have tested this bias in relation to internet gaming, with
mixed results. Although Jeromin, Rie et al. (2016) did not
find attentional bias toward computer stimuli in GDs on
web-based addiction Stroops tasks, others revealed this bias
processing in an addiction Stroops task (Jeromin et al., 2016)
or a visual search task (Heuer, Mennig, Schubö, & Barke,
2021), and further indicated that the attentional bias of GDs
is specific to the maintenance of attention processing.
However, it is still unknown whether PMGs have bias to-
wards phone-related stimuli presented below or above the
threshold of awareness. Fifth, attentional bias for addictive
cues in PMGs should be studied in other tasks. Visual dot
probe paradigms are commonly used to measure bias pro-
cessing (Manchery, Yarmush, Luehring-Jones, & Erblich,
2017; Monem & Fillmore, 2019), but evidence showed it
may suffer from low reliability (Ataya et al., 2012; Jones,
Christiansen, & Field, 2018; Thigpen, Gruss, Garcia, Her-
ring, & Keil, 2018). Thigpen et al. (2018) found that faster
responses to probes had a poor relation with the selective
attention to previous congruent cues. Future studies should
use multiple tasks to validate our results, e.g., addiction
Stroop (Metcalf & Pammer, 2011), visual search task (Heuer
et al., 2021).

In summary, the two experiments reported here provide
evidence of attentional bias for game-related stimuli both
below or above the threshold of conscious awareness in
PMGs. A preconscious bias for game-related pictures could
be observed when the contents of those pictures could not
be perceived (17 ms), and vigilance when pictorial stimuli
were presented for a relatively longer duration (200 ms).
These results support the views of incentive sensitization
theory and automatic action schema theory. On the one
hand, incentive sensitization theory and automated action
schema theory can be extended to behavioral disorders;
on the other hand, these attentional biases toward
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game-related stimuli can be the sensitive markers of PMG
as an addictive disorder, and may be a reference to assign a
diagnosis of PMG.
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