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As adolescents are in a crucial developmental period, they are more susceptible than adults to Internet
gaming disorder (IGD). The dual-system model proposed by Casey, Jones, and Hare (2008) emphasized
the equal importance of reward-seeking and cognitive control systems in accounting for adolescents’
risky behaviors. Considering that no study has simultaneously examined reward seeking (loss aversion,
i.e., loss sensitivity relative to gain sensitivity) and cognitive control (inhibitory control) in IGD, this
study aimed to investigate loss aversion and inhibitory control in the same IGD adolescent population.
Forty five adolescent patients with IGD and 43 matched healthy control participants completed a mixed
gambles task and a stop-signal task to measure loss aversion and inhibitory control, respectively. Two
main findings were identified in this study. First, the IGD participants showed concurrent reduced loss
aversion and inhibitory control, suggesting that differences in both systems serve as behavioral markers
of IGD in adolescents. Second, the IGD participants were categorized into 2 distinct subtypes based on
differences in loss aversion and inhibitory control, which implies specific therapies for specific subtypes
of IGD adolescents. Therefore, this study extends the application of the dual-system model to explain

adolescents’ excessive Internet gaming behavior.

Keywords: Internet gaming disorder, adolescents, reward seeking, inhibitory control, subtypes of IGD

Internet gaming disorder (IGD), which is characterized by un-
controllable and recurrent gaming behavior despite multiple neg-
ative consequences (American Psychiatric Association [APA],
2013), has rapidly grown into a global health problem. IGD is
associated with social deficits, poor occupational/academic perfor-
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mance, and family relationship problems (Gentile et al., 2017;
Kaptsis, King, Delfabbro, & Gradisar, 2016; Sugaya, Shirasaka,
Takahashi, & Kanda, 2019). IGD is also reported to have high
comorbidity with psychiatric disorders such as anxiety, depression,
and attention deficit hyperactivity disorders (Mehroof & Griffiths,
2010; Mentzoni et al., 2011). Considering the acute health effects
of IGD and its prevalence, the Diagnostic and Statistical Manual
of Mental Disorders (5th ed.; DSM-5) committee included it in
Section 3 as a tentative disorder warranting further evidence and
proposed diagnostic criteria for IGD based on those for gambling
disorder (GD; APA, 2013; Petry et al., 2014).

As they are in a particular immature developmental period
characterized by rapid alterations in psychological, physical, and
social development, adolescents are more susceptible than adults
to various addictive disorders, including IGD (Crews, He, &
Hodge, 2007; Gansner et al., 2019; Tsai, 2018). Most epidemio-
logic studies reported that IGD was more prevalent among ado-
lescent gamers than adult gamers (Festl, Scharkow, & Quandt,
2013; Mentzoni et al., 2011; Rehbein, Kleimann, & Mossle, 2010;
Xin et al., 2018), and adolescents with IGD suffered more severe
repercussions than adults (Griffiths, Davies, & Chappell, 2004;
Lemmens, Valkenburg, & Peter, 2011; Mentzoni et al., 2011;
Young, 2009). Moreover, studies on substance use disorder (SUD)
and GD found that many substance users and gamblers had their
first experience with substance use or gambling in adolescence
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(Andersen & Teicher, 2009; Yip et al., 2011) and that the intensity
of substance use (i.e., alcohol use) and gambling in adolescence
correlated with the severity of substance use and gambling prob-
lems in adulthood (Burge, Pietrzak, Molina, & Petry, 2004; Mc-
Cambridge, McAlaney, & Rowe, 2011). Thus, investigating the
behavioral traits of adolescents with IGD may provide a better
understanding of IGD’s etiology and promote the early treatment
and prevention of IGD.

Based on numerous animal and human studies, Casey, Jones,
and Hare (2008) proposed a dual-system neurobiological model to
explain the increased vulnerability for risk-taking behaviors (e.g.,
substance abuse and gambling) in adolescents. This model sug-
gests that the high incidence of adolescents’ risky behaviors may
be the result of distinct developmental patterns of reward seeking
and cognitive control observed during adolescence—that is,
heightened reward seeking in adolescents relative to children and
adults and lack of cognitive control relative to adults (Steinberg,
2010). In line with this dual-system model, other models likewise
stress the equal importance of reward-seeking and cognitive con-
trol systems in accounting for adolescent risky behaviors including
substance abuse and problematic gambling (Casey, Jones, & Hare,
2008; Ernst, Pine, & Hardin, 2006; Somerville & Casey, 2010;
Steinberg, 2007). Therefore, simultaneously examining the char-
acteristics of reward-seeking and cognitive control functions in
adolescents with IGD could verify the dual-system model.

First, some studies have revealed enhanced reward seeking in
adolescents with IGD. Questionnaire studies have reported that
adolescents who display a high level of reward seeking are at a
high risk of developing IGD (Park et al., 2013), and the severity of
online gaming addiction has been positively related to sensation
seeking in adolescents (Hu, Zhen, Yu, Zhang, & Zhang, 2017).
One behavioral study using the simple gambling task has found
that adolescents with IGD relative to those without IGD made
more risky decisions in search of higher rewards, indicating en-
hanced reward-seeking behavior in IGD (Li et al., 2019). Similar
to adolescents with IGD, adults with IGD made more risky and
disadvantageous choices than healthy controls (HC) to obtain high
rewards during several reward-related decision-making tasks, in-
cluding the simple gambling task (He et al., 2017), the cups task
(Yao, Chen, et al., 2015), and the game of dice task (Pawlikowski
& Brand, 2011; Yao et al., 2014). Additionally, adults with IGD
displayed increased brain activity in reward-related regions—that
is, the orbitofrontal cortex and the ventral striatum—when pre-
sented with positive rewards in the card guessing task and the cups
task (Dong, Huang, & Du, 2011; Liu et al., 2017). These findings
consistently indicated enhanced reward seeking in individuals with
IGD, which resembled that in individuals with SUD and GD (Bava
& Tapert, 2010; Bjork, Smith, & Hommer, 2008; Crews et al.,
2007; Fauth-Biihler, Mann, & Potenza, 2017; Leiserson & Pihl,
2007).

However, most of the mentioned IGD studies have primarily
focused on the processing of positive rewards (gains), and few
studies have investigated the appraisal of negative rewards (losses)
in IGD, particularly the trade-off between gains and losses when
making decisions. Identifying the appraisal of losses and sensitiv-
ity to losses relative to gains in addiction populations is essential
for understanding why addicted individuals show reduced aversion
to the negative outcomes of addictive behavior, which is one of the
core features of substance and behavioral addiction disorders (in-

cluding SUD, IGD, and GD; Genauck et al., 2017; Petry et al.,
2014). Accordingly, loss aversion, a phenomenon in which indi-
viduals are more sensitive to potential losses than to potential gains
of the same magnitude when presented with a risky decision
(Kahneman & Tversky, 1979)—that is, loss sensitivity relative to
gain sensitivity—might be affected in addicted populations. There
have been studies reporting reduced loss aversion in subjects with
SUD and GD compared to that in HC (Fridberg et al., 2010;
Genauck et al., 2017; Lorains et al., 2014; Vassileva et al., 2013).
However, the status of loss aversion in adolescents with IGD
remains unknown.

Second, some studies have sought to examine cognitive control
in adolescents with IGD; however, they have not drawn consistent
conclusions. Cognitive control encompasses a set of cognitive
processes that govern goal-directed action and adaptive responses
to complex, novel, or ambiguous situations, including response
activation and inhibition, performance monitoring, and working
memory (Cools & D’Esposito, 2011). Several IGD studies have
utilized the Stroop or go/no-go task to study cognitive control
performance (particularly response inhibition) in adolescents with
IGD. Using the color-word Stroop task, some researchers have
found worse inhibitory control in IGD indicated by significantly
more errors committed by adolescents with IGD than HC during
incongruent conditions (Cai et al., 2016; Xing et al., 2014; Yuan et
al., 2016), whereas other researchers have found the same inhibi-
tory control ability between adolescents with IGD and HC in the
go/no-go task (Ding et al., 2014). Although one neuroimaging
study has found abnormal structural changes within cognitive
control-related regions such as the dorsolateral prefrontal cortex
and anterior cingulate cortex in adolescents with IGD (H. Wang et
al., 2015), it remains ambiguous whether inhibitory control is
insufficient in adolescents with IGD.

Analogously, studies applying the color-word Stroop, go/no-go,
or stop-signal task in adults with IGD have also provided mixed
results. Several studies recruiting IGD participants from hospitals
or medical centers have reported significant intergroup differences
between IGD and matched HC (J. Choi et al., 2013; S. Choi et al.,
2014; Kim et al., 2017; Zhou, Yuan, Yao, Li, & Cheng, 2010),
whereas others recruiting IGD participants from colleges or the
general public have reported no significant group difference (Chen
et al., 2015; Irvine et al., 2013; Jeromin, Rief, & Barke, 2016; Ko
et al., 2014). In addition to the diverse experimental settings
(Chen et al., 2015; Jeromin et al., 2016; Zhou et al., 2010), the
addiction severity of the IGD subjects involved in these studies
might be the major plausible explanation for these inconsistent
results. The IGD participants in most of the studies reporting
significantly worse inhibition of IGD were patients in hospitals or
medical centers seeking treatment due to serious negative conse-
quences from excessive Internet gaming. However, those IGD
groups recruited from colleges or the general public in several
studies had similar inhibitory control ability on the behavioral
level as HC. Testing whether patients with severe symptoms of
IGD have worse inhibitory control may help resolve these con-
flicting findings.

To our knowledge, this is the first study to simultaneously
investigate reward seeking (loss aversion) and cognitive control
(response execution and particularly response inhibition) in the
same adolescent population, aiming to provide targets for the
effective treatment and prevention of IGD. In the present study,
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first, regarding reward seeking, we utilized the mixed gambles task
(Tom, Fox, Trepel, & Poldrack, 2007) to identify loss aversion in
adolescents with IGD. In general, people accept a gamble when the
amount they could gain is at least twice the amount they could
lose, indicating individuals’ loss aversion when making decisions
(Kahneman & Tversky, 1979; Tom et al., 2007). However, indi-
viduals with SUD and GD exhibit reduced loss aversion than HC
(Fridberg et al., 2010; Genauck et al., 2017). Thus, we assumed
that compared to HC, adolescents with IGD would show reduced
loss aversion in the form of enhanced risk taking with loss as
individuals with SUD and GD do. Second, the stop-signal task
(Band, van der Molen, & Logan, 2003) was applied to examine
response execution and particularly response inhibition in adoles-
cents with IGD. The horse race model suggested by Logan (1994)
effectively describes the behavior in this task of withholding a
response already underway, which assumes that go (execution) and
stop (inhibition) processes run independently and that both deter-
mine the processes for winning the race. Considering the high
addiction severity of the IGD participants that we recruited from
the addiction medicine center and the decreased behavioral inhi-
bition in individuals with SUD and GD in this task (S. Choi et al.,
2014; Smith, Mattick, Jamadar, & Iredale, 2014), we assumed that
adolescents with IGD would exhibit worse response execution and
inhibition ability than HC.

Additionally, to explore the risk factors of adolescents with IGD
from a more comprehensive perspective, we employed an explor-
atory analysis (cluster analysis) to identify different subtypes of
adolescents with IGD in terms of differences in risk taking with
loss and inhibitory control. According to the previous studies on
IGD reviewed earlier, individuals with IGD seem to generally
show elevated levels of reward seeking; however, the inhibitory
control of individuals with IGD appear to be related to their
addiction severity; that is, reduced inhibitory control has been
found in patients with severe clinical symptoms but not in indi-
viduals with mild addiction severity. Accordingly, in the present
study, first, we assumed that adolescents with IGD would concur-
rently exhibit enhanced risk taking with loss and reduced inhibi-
tory control ability. Second, we assumed that adolescents with
IGD would be divided into distinct subtypes according to the
severity of IGD. Adolescents with mild IGD would mainly exhibit
enhanced risk taking with loss, whereas adolescents with serious
IGD would concurrently exhibit enhanced risk taking with loss and
reduced inhibitory control.

Method

Participants and Procedure

Forty-five right-handed adolescents with IGD were recruited
from a local addiction medicine center. The following inclusion
criteria for the IGD group were used: (a) answered “yes” to at least
five questions on the eight-item Young’s Diagnostic Questionnaire
for Internet Addiction (YDQ; Young, 1998), which has been
demonstrated to be reliable in identifying Internet addiction (Li,
Nan, et al., 2016; Li, Tian, et al., 2016; M. Tian et al., 2018); (b)
met the diagnostic criteria for IGD proposed by the DSM-5 com-
mittee (Petry et al., 2014), as determined by an experienced psy-
chiatrist; (c) spent most of their Internet time engaged in online
gaming; (d) spent more than 3 hr engaged in online gaming daily

for a minimum of 2 years; and (e) experienced serious impairments
in family relations, academics, or other social functions due to
long-term online gaming and needed effective treatments, as re-
ported by their parents and doctors at the hospital. Forty-three
right-handed matched HC were recruited from a local high school.
The inclusion criteria for the HC group were as follows: (a) scored
less than 4 on the YDQ, (b) failed to meet the DSM-5 criteria for
IGD, and (c) played online games for less than 1 hr per day. The
exclusion criteria for all the participants were (a) head trauma or
injury history; (b) previous or current depression or anxiety dis-
orders according to the Beck Depression Inventory-1I (BDI-II >
13; Beck, Steer, Ball, & Ranieri, 1996; Z. Wang et al., 2011) and
the Beck Anxiety Inventory (BAI > 15; Beck, Epstein, Brown, &
Steer, 1988); and (c) current or historical records of neurological/
psychiatric disorders (including schizophrenia and substance de-
pendence), as determined through the structured psychiatric inter-
views (Lecrubier et al., 1997) conducted by an experienced
psychiatrist.

The demographic information of the two groups is shown in Table
1. There was no group difference in terms of age, gender, education
level, or years of Internet use; however, the IGD group spent signif-
icantly more time online and playing online games and scored higher
on the YDQ than the HC group. All participants and their parents
provided written informed consent in conformity with the Declaration
of Helsinki before the study. Then, all participants completed the
mixed gambles task and the stop-signal task (the order of the tasks
was balanced across participants) as well as several questionnaires.
All participants were given approximately 150 yuan as compensation
for their participation after finishing all the experiments. This study
was approved by the Institutional Review Board of the Institute of
Psychology, Chinese Academy of Sciences.

Materials

Mixed gambles task. A version of the mixed gambles task
was administered to study loss aversion in adolescents with IGD
(Tom et al., 2007). To familiarize the participants with the task,
they were asked to complete a training block with six trials before
the formal block began. Each participant was provided with an
initial endowment of 50 yuan. In this task, all participants were
told that any decision in this task would be honored with real
money, and an initial endowment of 50 yuan was given to con-
vince them to engage in this task as real gambling. Figure 1A
shows the timeline of one sample trial in the task. A mixed gamble
entailing equal probabilities (50%) of gaining one amount of
money or losing another amount was presented to the participants
for up to 6,000 ms. Possible gains varied from 10 yuan to 40 yuan
in two increments, and possible losses varied from 5 yuan to 20
yuan in one increment (Figure 1B). Therefore, there were 256
possible combinations of gains and losses, which were presented
randomly across four blocks of 64 trials each. The participants
needed to make a decision indicating acceptance or rejection of the
gamble presented. To motivate the participants to consider the
subjective attractiveness of each gamble, they were asked to press
one of four keys to indicate the degree to which they accepted or
rejected each gamble (“F” = strongly accept, “G” = weakly
accept, “H” = weakly reject, and “J” = strongly reject). After a
key press, the chosen key was highlighted by a red outline for
1,000 ms. The outcome of each gamble was decided randomly
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Table 1

Demographic and Behavioral Characteristics of the Two Groups

Demographic/Behavioral characteristic IGD (N = 45) HC (N = 43) t or x> P
Age (years) 1558 = 1.14 15.72 £ .96 —0.64 .526
Gender (M/F) 33/12 32/11 —0.01 .908
Education (years) 9.62 = 1.27 9.70 = .99 —0.31 157
Years of Internet use 5.53 £2.29 5.20 = 2.59 0.65 521
Total online time per day (hours) 592 342 1.22 =191 8.00 <.001
Online gaming per day (hours) 4.69 = 3.57 0.83 = 1.64 6.57 <.001
YDQ 6.02 = .89 2.26 = 1.05 18.18 <.001
BIS-11 total 48.13 £ 12.77 32.15 + 11.52 6.15 <.001
BIS-11 attention 53.56 + 18.43 37.21 £ 13.21 4.80 <.001
BIS-11 motor 47.94 + 17.31 33.20 = 17.30 4.00 <.001
BIS-11 nonplanning 42.89 £ 15.68 26.05 + 12.04 5.63 <.001
BIS/BAS-BAS total 4249 * 4.62 42.67 £ 4.61 —0.19 .851
BIS/BAS drive 13.53 £ 2.06 1337 = 1.71 0.40 .691
BIS/BAS fun seeking 12.20 = 1.73 11.37 = 1.94 2.12 .037
BIS/BAS reward responsiveness 16.76 = 2.36 17.93 = 2.11 —2.46 .016
BIS/BAS-BIS 17.78 = 2.98 21.23 +2.83 —5.57 <.001
SSS total 20.20 = 5.48 16.33 = 5.49 3.31 .001
SSS boredom susceptibility 3.62 = 1.64 3.51 £1.67 0.31 755
SSS disinhibition 4.44 £ 259 2.74 = 2.00 3.46 .001
SSS experience seeking 4.87 £ 1.97 4.07 = 1.64 2.06 .043
SSS thrill and adventure seeking 7.27 £2.36 6.00 = 2.80 2.30 .024
Self-control scores 117.04 = 17.36 124.58 = 17.99 —2.00 .049

Note. Table values: M = SD. IGD = adolescents with Internet gaming disorder; HC = healthy control;
YDQ = Young Diagnostic Questionnaire for Internet addiction; BIS-11 = Barratt Impulsiveness Scale-11;
BIS/BAS = Behavioral Inhibition System/Behavioral Activation System; SSS = Sensation Seeking Scale.

(50/50), and the resulting amount of money was added to or
subtracted from the total rewards in the program. Then, the next
trial began after a blank screen was presented for 1,000 ms. Due to
the positive expected value of these gambles, no participant lost
money. All the participants finished this task with a net gain
ranging from 54 yuan to 74 yuan.

Stop-signal task. A version of the stop-signal task based on
that of Li, Nan, et al. (2016) was applied to study cognitive control
in adolescents with IGD. The task was comprised of one letter
discrimination block with 50 trials to estimate the deadline time for
the formal testing, one training block with 16 trials (the same as
those used in the formal testing), and four formal testing blocks
with 256 trials. During the letter discrimination block, a fixation

point was first presented for 100 ms, followed by a letter (“A” or
“B”) in a green box for 1,200 ms. The participants were instructed
to press the keys corresponding to the letters as soon as possible
using their index fingers. Half of the participants in each group (the
IGD and HC groups) pressed the “F” key for “A” and the “J” key
for “B,” and the other half used the opposite pairing. Then, the trial
ended with a black screen presented for 1,400 ms.

The training and formal testing blocks consisted of go trials and
stop trials (see Figure 2). In the go trials, the participants continued
to respond to the letters as they had in the previous letter discrim-
ination block. In the stop trials, which occurred randomly in 25%
of all trials, a stop signal (the green box outside the letter turned
red) appeared at a variable stop signal delay (SSD) after a letter

A B 10 Potential Gains 20
-5
«
— §
) Next trial S
Accept or Reject Accept or Reject ©
£
F G H 1 F G H 1 I
6
accept accept reject reject accept accept reject reject a
<=6000ms 1000ms 1000ms -20
Gains/Losses Matrix
Time
Figure 1. The mixed gambles task. Panel A: The timeline of one trial in the mixed gambles task. The

participants were asked to press one of four keys to indicate the degree to which they accepted or rejected each
gamble (“F” = strongly accept, “G” = weakly accept, “H” = weakly reject, and “J” = strongly reject). Panel
B: All combinations of possible gains and losses in the mixed gambles task. See the online article for the color

version of this figure.
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Stop

1200-SSDms

Em—
Next trial

1000ms

Time

Figure 2. The timeline of one go and one stop trial in the stop-signal task. The participants were asked to
respond to the letter as quickly and accurately as possible in one go trial and to withhold their response to the
letter when a stop signal (the green [light grey] box outside the letter turned red [dark grey]) appeared at a
variable stop signal delay (SSD) in one stop trial. See the online article for the color version of this figure.

was displayed. The participants were asked to attempt to withhold
their response to the letter when they saw the stop signal. The SSD
was 300 ms at the beginning of the training and testing blocks and
was adapted to the participants’ performance according to a stair-
case procedure: it was increased by 50 ms to a maximum of 500
ms in the next stop trial after a successful stop trial and decreased
by 50 ms to a minimum of 0 ms after a failed stop trial, thereby
yielding a success rate of inhibition of approximately 50% (Levitt,
1971). Additionally, feedback (slow, right, or wrong) was pre-
sented for 1,000 ms after the letter disappeared. “Slow” was
presented when the participants did not respond to the letters in the
go trials or responded correctly but their RTs were longer than
their deadline values, which were calculated as the 90th percentile
of each participant’s reaction time (RT) to the letters in the letter
discrimination block. This setting (‘“slow”) guaranteed that the
participants would not improve their accuracy by reducing their
response speed. “Right” was presented when the participants re-
sponded correctly and quickly (RT < deadline value) to the letters
in the go trials or withheld their response successfully in the stop
trials. “Wrong” was presented when the participants responded
incorrectly to the letters in the go trials or withheld their response
unsuccessfully in the stop trials. Then, each trial ended with a
blank screen presented for 400 ms.

Questionnaires. At the end of the experiment, all participants
were asked to complete the Barratt Impulsiveness Scale-11 (BIS-
11; Patton, Stanford, & Barratt, 1995; Yang et al., 2007), the
Behavioral Inhibition System/Behavioral Activation System ques-
tionnaire (BIS/BAS; Carver & White, 1994; X. Tian, Xiang, &
Wang, 2017), the Sensation Seeking Scale (SSS; W. Wang et al.,
2000; Zuckerman, Eysenck, & Eysenck, 1978), and the Self-
Control Questionnaire (SCQ; Tangney, Baumeister, & Boone,
2004). The BIS-11 has been widely utilized to assess individual
impulsiveness on a 5-point scale (1 = never, 5 = always). It
contains 30 items that are divided into three impulsiveness sub-
scales: motor, nonplanning, and attentional/cognitive. The total
score of impulsiveness is the mean of the three subscales. Higher
scores indicate greater impulsiveness. The BIS/BAS is a 24-item

questionnaire measuring two motivational systems, the aversive
system and the appetitive system, on a 4-point Likert scale (1 =
totally agree, 4 = totally disagree). It includes two primary scales:
the BIS (seven items) and the BAS (13 items). The BAS scale is
divided into three subscales: fun seeking (four items); drive (four
items); and reward responsiveness (five items). Lower BIS scores
indicate less sensitivity to punishment, and higher BAS scores
indicate a stronger desire for reward. The SSS measures the
sensation-seeking trait of participants, assessing the tendency to
take risks for novel, varied, intense, and complex stimulation. It
includes the subscales (10 items each) of experience seeking, thrill
and adventure seeking, boredom susceptibility, and disinhibition.
Higher SSS scores indicate a stronger impulse to seek sensation.
The SCQ includes 36 items measuring self-control ability on a
4-point scale (1 = never, 4 = always). Higher SCQ scores are
related to a broad range of positive outcomes such as better grades,
better interpersonal relationships, and better emotional profiles.

Data Analysis

Mixed gambles task. Three indexes were included in the
mixed gambles task: the degree of willingness to accept gambles
and the acceptance rate of gambles to estimate the participants’
tendency to take risky gambles, and loss aversion (M) to estimate
the participants’ loss sensitivity relative to their gain sensitivity.
First, the degree of willingness to accept gambles of each partic-
ipant was indicated by numbers; that is, 2 indicates strongly
accept, 1 indicates weakly accept, —1 indicates weakly reject,
and —2 indicates strongly reject. Then, the acceptance rate was
computed after the strong/weak responses of each participant were
converted into accept and reject categories (“F” and “G” to accept,
“H” and “J” to reject). Next, a logistic regression was performed to
compute the regression coefficients for the gains (B,,;,,) and losses
(Bjosses) Variables (Tom et al., 2007). The participants’ decisions
(accept or reject gambles) were entered as the dependent variable,
and the sizes of the possible gains and losses were entered as the
independent variables. The formula A = B, .../B was used to

gains
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compute the loss aversion of each participant. A smaller \ value
represents lower loss aversion. Finally, the degree of willingness to
accept gambles, the acceptance rate, and the A of the IGD and HC
groups were compared with an independent sample ¢ test.

Stop-signal task. The indexes for the stop-signal task included
the mean go RT and error rates for all the go trials to estimate the
response execution, the stop signal RT (SSRT), and the critical SSD
to estimate the response inhibition of the participants. First, the mean
go RT was calculated after two steps: (a) go trials where the partic-
ipants did not respond to the letters (RT = 0) or responded incorrectly
were removed from the data, and (b) correct go trials where the RT
exceeded the criteria (M — 3°SD < RT < M + 3"SD) were marked
as outliers and removed. Second, the critical SSD was calculated
according to the staircase procedure used in the current version of the
stop-signal task (described under the Stop-Signal Task subsection of
the Materials section; Levitt, 1971). Then, the SSRT was calculated
by subtracting the critical SSD from the mean RT of the go trials
according to the horse race model, which assumes that the stop and go
processes compete with each other in a race to the finish line (Logan,
1994). A shorter SSRT indicates better response inhibition. To iden-
tify the group differences for all the indexes, an independent sample
t test was performed.

Correlation analyses and logistic regression. First, to iden-
tify the relationship between the participants’ severity of IGD and
their behavioral performance—that is, loss aversion and inhibitory
control—Pearson correlation analyses of YDQ scores and the
log(N), log(SSRT) of all the participants were performed, respec-
tively. Especially considering that the variances of A and SSRT are
unequal in the IGD and HC groups, the N and SSRT of all
participants were log-transformed before performing correlation
analyses, which eliminated the heteroscedasticity of variance in A
and SSRT (Field, 2013). Second, to provide further evidence for
the relationship among IGD, loss aversion, and inhibitory control,
a logistic regression predicting IGD was performed using SPSS
statistical software (Version 22.0). To determine the model with
the best fit to the current data, an initial hierarchical analysis was
conducted to hierarchically build the models of interest—that is,
Model 1, which includes only the A values as the predicted
variable; Model 2, which includes the N and SSRT values as the
predicted variables; and Model 3, which includes the N\ and SSRT
values and the interaction between A\ and SSRT as the predicted
variables. Whether or not the participants have IGD was entered as
the dependent variable in the three models. The results showed that
Model 2 fit the data best. Additionally, the results of testing the
assumptions on the linearity of the logit and multicollinearity in
logistic regression showed the collinearity between A and the
interaction term (A X SSRT), which may bias the model effect.
Accordingly, Model 2 was further analyzed to determine the
effects of the A and SSRT values on IGD.

Cluster analyses. For exploratory analysis of the relationship
between loss aversion and inhibitory control in the IGD group, we
conducted a cluster analysis to classify the behavioral indices (A and
SSRT). Two-step cluster analysis was selected because it can auto-
matically determine the optimal number of clusters without specifying
the number of clusters in advance (Kayri, 2007; Yu & Chan, 2012).
The two-step cluster analysis on A and SSRT was analyzed based on
the Akaike information criterion (AIC) and the highest log-likelihood
distance measures (ratio of distance measures). Further, to evaluate
the relationship of the severity of IGD, loss aversion, and inhibitory

control in the IGD group, we added the YDQ scores, \, and SSRT of
the IGD group as the clustering variables in the two-step cluster
analysis with the same settings. All the cluster analyses were con-
ducted using SPSS statistical software.

Results

Questionnaires

As shown in Table 1, the IGD group had significantly higher
scores on the BIS-11 scale, including its three subscales, and
significantly lower scores on the SCQ than the HC group, indi-
cating more impulsivity and weaker self-control ability in the IGD
group. Moreover, compared to the HC group, the IGD group had
significantly higher SSS total scores and higher scores on the
subscales, except on the SSS boredom susceptibility. The IGD
group also had higher BIS/BAS fun seeking scores and lower
BIS/BAS reward responsiveness and BIS/BAS-BIS scores.

Mixed Gambles Task

First, the IGD group exhibited a significantly higher degree of
willingness to accept gambles (IGD: 1.03 = 0.51, HC: 0.36 = 0.75,
#(72) = 491, p < .001; also see Figure 3B) and higher acceptance
rates of gambles (IGD: 79.23 *= 12.65%, HC: 61.43 = 20.96%,
#(66) = 4.75, p < .001; see Figure 3A and 4A) than the HC group,
which consistently revealed a higher tendency to take risky gambles
in the IGD group relative to the HC group. Second, in accordance
with previous research (Tom et al., 2007), the HC group was slower
and more hesitant to decide whether to accept gambles when the
possible gain was twice the amount of the possible loss, which can be
seen in Figure 3C and the loss aversion A of the HC group (HC: 1.76
=+ 0.86). However, this feature was not observed in the IGD group.
The IGD group exhibited shorter decision times relative to the HC
group when possible gains were twice the amount of potential losses
(Figure 3C). Additionally, the loss aversion N of the IGD group was
significantly smaller than that of the HC group (IGD: 1.28 = 0.58,
#(72) = —3.09, p = .003; Figure 4A).

Stop-Signal Task

The success rates of inhibition in stop trials were 51.98% for the
IGD group and 50.69% for the HC group, indicating that the present
task was performed successfully. Although the two groups had similar
critical SSDs (IGD: 290 *+ 88 ms, HC: 265 = 68 ms, #[86] = 1.51,
p = .134), compared to the HC group, the IGD group showed both
slower go RT (IGD: 529 = 97 ms, HC: 479 = 73 ms, #[86] = 2.69,
p = .009) and SSRT (IGD: 239 = 47 ms, HC: 214 * 29 ms, {75] =
295, p = .005). Moreover, the IGD group made marginally more
errors in the go trials than the HC group (IGD: 6.04 * 8.95%, HC:
3.44 * 2.62%, 152] = 1.86, p = .069; Figure 4B).

Correlation Analyses and Logistic Regression

First, for the relationship between the severity of IGD and behav-
ioral performance, we found that the YDQ scores were significantly
correlated with log(N\), r = —.248, p = .021, and log(SSRT), r =
278, p = .009, indicating that higher YDQ scores were associated
with lower loss aversion and worse response inhibition. Second, for
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Figure 3. The color-coded heatmaps of the mixed gambles task. Panel A: Color-coded heatmaps of acceptance
rates in the IGD and HC groups. Red (dark grey in the upper right corner) indicates higher acceptance rates of
gambles, and blue (dark grey in the bottom left corner) indicates lower acceptance rates. Panel B: Color-coded
heatmaps of degree of willingness to accept gambles in the IGD and HC groups. Red (dark grey in the upper
right corner) indicates stronger willingness, and blue (dark grey in the bottom left corner) indicates weaker
willingness to accept gambles. Panels A and B consistently showed that compared to HC, the IGD group had
a stronger tendency to accept gambles even when potential gains = 2 X potential losses (values on and below
the diagonal). Panel C: Color-coded heatmaps of RT in the IGD and HC groups. Red (dark grey in the bottom
left corner of RT in IGD) indicates longer decision times, and blue (dark grey in the upper right corner) indicates
shorter decision times. The HC group exhibited the longest decision times when potential gains = 2 X potential
losses (values on the diagonal), whereas this feature was not observed in the IGD group. IGD = Internet gaming

disorder; HC = healthy control. See the online article for the color version of this figure.

the logistic regression predicting IGD, the results showed that lower
N values significantly predicted a high risk of having IGD
(B = —1.11, odds ratio = 0.33, p = .011); that is, an increase in the
\ value would reduce the odds of having IGD. Higher SSRT values
significantly predicted a high risk of having IGD (3 = 0.02, odds
ratio = 1.02, p = .024); that is, an increase in the SSRT value would
increase the odds of having IGD. The obtained logistic model was
statistically significant (x> = 16.94, p < .001). The overall percentage
of prediction was 69%.

Cluster Analyses

First, for the cluster analysis of N and SSRT in the IGD group, the
results showed that the IGD participants were divided into three types
(cluster quality = 0.7, AIC = 45.35; Figure 5A). Most of the IGD
group (71.1%) was classified as Cluster 2; that is, they had small \
values and a short SSRT similar to that of the HC participants. Cluster
1 showed that 20% of the IGD group had the smallest \ values and
longest SSRT. In addition, a very small number of IGD participants
(8.9%) showed relatively large N\ values and short SSRT (Cluster 3),
which were similar to those of the HC participants. Second, for the
cluster analysis of YDQ scores, \, and SSRT in the IGD group, the

results showed that the IGD participants were divided into two types
(cluster quality = 0.5, AIC = 89.83; Figure 5B). Cluster 1 showed
that the IGD participants with higher YDQ scores had smaller A
values and longer SSRT, whereas the IGD participants in Cluster 2
with lower YDQ scores had larger N values (but still smaller than
those of the HC participants) and a shorter SSRT comparable to that
of HC participants.

Discussion

To the best of our knowledge, this is the first study to simultane-
ously investigate reward seeking (loss aversion) and cognitive control
(inhibitory control) in the same IGD adolescent population. The
present study found that the IGD group concurrently displayed greater
risk taking with loss (reduced loss aversion) when making decisions
and worse response execution and inhibitory control than the HC
group. Additionally, the IGD group reported a stronger desire for
sensation seeking and less sensitivity to punishment and weaker
self-control ability than the HC group. These results suggest that
enhanced risk taking with loss and reduced inhibitory control ability
may be crucial risk factors in the high incidence of IGD in adolescents
and, thus, support the dual-system model of adolescents (Casey,
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Jones, & Hare, 2008) from the perspective of adolescents with IGD.
However, we found that some of the participants with relatively mild
IGD showed greater risk taking with loss and intact inhibitory control
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Figure 4. The results of the mixed gambles task and the stop-signal task. Panel A: The IGD (left bar) group
showed higher acceptance rates of gambles and lower loss aversion (A, the ratio of gains/losses in gambles) than
the HC (right bar) group. Panel B: The IGD (left bar) group showed longer GoRT and SSRT and more errors
in the go trials than the HC (right bar) group. GoRT and SSRT are reported in ms (left y-axis), and GoError rates
are reported in percentages (right y-axis). * p < .05. ™ p < .005. IGD = Internet gaming disorder; HC = healthy
control; GoRT = RT in correct go trials; SSRT = stop signal RT; GoError rates = error rates in go trials. See
the online article for the color version of this figure.

risk for IGD.

similar to that of the HC participants, while the remainder of the

participants with serious IGD showed differences in both facets rel-
ative to HC. This result may imply that compared with inhibitory
control, greater risk taking with loss is more likely to be the initial risk
factor of IGD in adolescents. As the addiction severity increases, the
inhibitory control of adolescents with IGD is also reduced. This
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Figure 5. The results of the cluster analyses. Panel A: Cluster types of A (bottom line) and SSRT (top line) in the
IGD (Internet gaming disorder) group. A(bottom line) is on the left y-axis, and SSRT (top line) is on the right y-axis.
Panel B: Cluster types of YDQ (middle line) scores,  (bottom line), and SSRT (top line) in the IGD group. The YDQ
(middle line) scores and A (bottom line) are on the left y-axis, and the SSRT (top line) is on the right y-axis. YDQ =
Young’s Diagnostic Questionnaire for Internet Addiction; SSRT = stop signal RT; percent = the percentage of IGD
participants in each cluster type. See the online article for the color version of this figure.
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finding further enriches the dual-system model of adolescents from
the perspective of the importance of the two systems in adolescents’

The present study revealed that compared to their HC peers,
adolescents with IGD had enhanced risk taking with loss and

SSRT (ms)
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reduced inhibitory control ability. First, adolescents with IGD
exhibited enhanced risk taking with loss (reduced loss aversion)
relative to HC. By employing the mixed gambles task, we found
that compared to HC, adolescents with IGD exhibited a higher
tendency to accept gambles and took less time to make risky
decisions, suggesting a tendency in adolescents with IGD to take
risks in search of high rewards. This may be viewed as a replica-
tion of the studies that have reported individuals with IGD’s
elevated risk-seeking levels (L. Wang et al., 2016; Yao et al., 2017;
Yao, Chen, et al., 2015). More importantly, the IGD group showed
smaller A values than the HC group. Generally, people require to
be offered a potential gain that is at least double the amount of the
potential loss before deciding to gamble, as indicated by A =~ 2 in
the HC group, which indicates loss aversion when making deci-
sions. However, the adolescents with IGD showed reduced loss
aversion, as indicated by the mean N = 1.28 of the IGD group.
This reduction in loss aversion is in accordance with the findings
in adults with problematic Internet use (Li, Nan, et al., 2016) and
other addiction disorders (SUD and GD; Giorgetta et al., 2014;
Genauck et al., 2017). Furthermore, in addition to the current
questionnaire results showing that there is stronger sensation seek-
ing and less punishment sensitivity in the IGD group than in the
HC group, evidence from fMRI research has demonstrated en-
hanced gain sensitivity and decreased loss sensitivity in adults with
IGD when performing reward-based decision-making tasks (Dong,
Hu, & Lin, 2013; Dong et al., 2011). Therefore, the present results
of the mixed gambles task suggest that although adolescents with
IGD similarly attach more importance to potential losses than
potential gains in making risky decisions, compared with HC, they
display reduced aversion to loss, which underlies the core trait of
IGD, specifically, underestimating future severe negative out-
comes due to excessive Internet gaming.

Second, compared with HC, the adolescents with IGD exhibited
reduced inhibitory control. In the stop-signal task, which is widely
used to quantitatively measure individuals’ response execution and
inhibitory control abilities, the IGD group took longer to execute
responses to go stimuli and made marginally more errors and required
more time to inhibit responses when presented with stop signals than
the HC group. As the horse race model suggests, the speed of go
responses and the speed of stop responses are independent; hence, a
longer go RT and higher error rates in the go condition are indications
of worse response execution, and a longer SSRT is an indication of
worse inhibitory control (Lijffijt, Kenemans, Verbaten, & van Enge-
land, 2005). The meaning of a longer SSRT is not altered by the go
RT pattern. The present results demonstrate worse response execution
and inhibitory control in the adolescent patients with severe IGD,
which is consistent with the results of studies recruiting IGD patients
with severe clinical symptoms (S. Choi et al., 2014; Kim et al., 2017;
Zhou et al., 2010) and individuals with SUD and GD (Fauth-Biihler
etal., 2017; Smith et al., 2014). In combination with the questionnaire
results showing that there is greater impulsivity and weaker self-
control ability in the IGD group than in the HC group, the present
findings largely confirm our hypothesis that patients with severe
symptoms of IGD will have reduced inhibitory control. In addition,
the result that higher YDQ scores are associated with worse response
inhibition also supports this hypothesis. Overall, our findings demon-
strate that individuals with severe IGD have decreased inhibition of
addictive behaviors (excessive Internet gaming) and, thus, need ef-
fective treatment and help to get rid of serious negative consequences

due to IGD. In contrast, many problematic Internet gaming users who
do not seek treatment might recover naturally, showing similar self-
control ability as that of a healthy population (Chen et al., 2015;
Jeromin et al., 2016; Ko et al., 2014).

Additionally, the result of the logistic regression revealed that
greater risk taking with loss and worse inhibitory control could
significantly predict the high risk of having IGD. This finding to some
degree coincides with the dual-system model of adolescents described
earlier: adolescents who have stronger reward seeking and lack cog-
nitive control tend to engage more in risky behaviors (Casey, Jones,
& Hare, 2008). Our findings provide evidence of this model from a
behavioral perspective and, thus, extend the application of the model
to explain adolescents’ excessive Internet gaming behavior. When
faced with the daily decision to play or not play games, in contrast to
adolescents with regular gaming or nongaming habits, the pleasure of
playing games is more dominant in adolescents with IGD than the
various negative consequences of IGD regarding factors such as
academic performance, social relationships, and sleep quality. Mean-
while, they are also insufficient in inhibiting their gaming behavior
once it has been initiated. These findings from adolescents with IGD
are similar to those found for individuals with SUD who exhibit an
exaggerated reward system and insufficient inhibitory control system
(Casey, Getz, & Galvan, 2008; Casey & Jones, 2010; Geier, 2013;
Xie et al., 2014). Although the previous studies have also identified
these differences in the two systems in adults with IGD by employing
other reward-based decision-making tasks and inhibitory control tasks
(Dong, Li, Wang, & Potenza, 2017; Dong, Lin, Hu, Xie, & Du, 2015;
Yao, Wang, et al., 2015), the present study extends these results to
adolescents with IGD.

Subtypes of Adolescents With IGD and Implications
for Treatment

There are several subtypes of adolescents with IGD classified
based on differences in reward-seeking and inhibitory control sys-
tems. When using cluster analyses to probe the differences in these
two systems in adolescents with IGD more carefully, we first found
that the IGD group could be categorized into three types: except for
a few IGD participants who showed normal risk taking with loss and
good inhibitory control ability similar to those of the HC participants,
most IGD participants showed only enhanced risk taking with loss,
and their inhibitory control was unabated. A small number of IGD
participants concurrently showed enhanced risk taking with loss and
reduced inhibitory control. Although the IGD group showed differ-
ences in both reward seeking and inhibitory control overall, different
IGD participants showed different patterns regarding the two systems.

Second, after adding the addiction severity of IGD to the cluster
analysis, we found that the IGD group could be categorized into
two types: 40% of the IGD participants reported a higher severity
of IGD and concurrently showed greater risk taking with loss and
worse inhibitory control than those of the HC participants, and
60% of the IGD participants reported a low severity of IGD
and showed greater risk taking with loss than that of the HC
participants but intact inhibitory control similar to that of the HC
participants. This result may imply that compared with HC, ado-
lescents with severe IGD are different in both their reward-seeking
and inhibitory control systems, whereas adolescents with relatively
mild IGD are mainly different in their reward-seeking systems.
Consistent with our hypotheses, to a certain degree, the present
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cluster analysis results are in accord with the previous findings on
IGD’s reward-seeking and inhibitory control systems reviewed in
the introduction section and help resolve the previous conflicting
findings; that is, individuals with IGD consistently showed en-
hanced reward seeking (e.g., Dong et al., 2011; He et al., 2017).
However, the results regarding their inhibitory control system
showed inconsistencies; the patients with severe clinical symptoms
exhibited worse inhibitory control (e.g., J. Choi et al., 2013; Zhou
et al., 2010), whereas individuals with mild addiction severity of
IGD did not (e.g., Chen et al., 2015; Irvine et al., 2013). Accord-
ingly, the present results may imply that compared to inhibitory
control, greater risk taking with loss is more likely to serve as an
initial and developmental risk factor of IGD in adolescents. How-
ever, the inhibitory control of adolescents with IGD is also reduced
when the addiction severity of IGD is high.

Opverall, the present study adopted a more comprehensive perspec-
tive to investigate the risk factors of adolescents with IGD with
respect to the reward-seeking and inhibitory control systems and, thus,
deepened our understanding of the dual-system model of adolescents.
This finding implies that in future studies, it may be more effective to
choose different therapies for different subtypes of adolescents with
IGD than to neglect the differences among these subtypes and to
regard all such adolescents as belonging to a single type. For example,
for adolescents with IGD who exhibit less severe clinical symptoms,
first-line therapy may target their reward seeking. In addition, effec-
tive treatments for adolescents who have severe clinical symptoms
should aim to train and strengthen patients’ reward seeking and
inhibitory control ability at the same time. Notably, reward seeking
can be revised by insight and incentive (Knutson, Westdorp, Kaiser,
& Hommer, 2000), whereas inhibitory control is largely an involun-
tary process (van Gaal, Lamme, Fahrenfort, & Ridderinkhof, 2010;
van Gaal, Ridderinkhof, van den Wildenberg, & Lamme, 2009),
which might suggest that compared with reward seeking, individual
inhibitory control is relatively hard to modify. This may imply that
seeking effective treatments to improve inhibitory control is crucial
for patients with severe IGD symptoms to break free from IGD in
future studies.

Limitations

Four limitations should be noted. First, given that this is a cross-
sectional study, we cannot conclude whether the differences in the
two systems are causes or effects of IGD. However, as the early
studies have indicated, some adolescents who have exaggerated re-
ward seeking and insufficient inhibitory control will be more prone
than their peers to engage in risky behaviors (Casey & Jones, 2010;
Casey, Jones, & Hare, 2008). Thus, paying particular attention to
adolescents with stronger reward seeking and worse inhibitory control
than their peers is necessary for effective prevention and intervention
of IGD at an earlier stage. Second, although the sample size of 45 IGD
participants in the current cluster analyses met the requirement (no
less than 525 cases [K = number of variables]; Formann, 1984), the
current sample size is small for cluster analysis, which might limit the
power of the study’s conclusions. We expect larger sample sizes in
future studies to verify the current results of cluster analyses. Third,
considering the possibility that the absence of a social component
(e.g., other players or observers) in the mixed gambles task leading to
a weak incentive to avoid loss in the IGD group, we suggest the
following as one way to address this issue in future studies: creating

a social situation with several players/observers simultaneously per-
forming the mixed gambles task to maximize the participants’ moti-
vation. Meanwhile, the control group could be replaced by regular
game players without IGD. In fact, many game players spend almost
the same amount of time playing online games as players with IGD
but do not develop IGD (L. Wang et al., 2017). Therefore, comparing
players with IGD and regular players without IGD in a task with a
social situation might further verify the reduced loss aversion in IGD.
Fourth, it should be noted that although the dual-system model could
properly explain the nonlinear shifts in adolescents distinct from
children and adults (i.e., heightened reward seeking in adolescents
relative to children and adults and lack of cognitive control relative to
adults), it is necessary to be aware that dual-system models are not
infallible (Keren & Schul, 2009). As Keren and Schul commented, the
conceptual clarity and empirical evidence employed to support dual-
system models have not been rigorous enough and have been insuf-
ficient to propose a dual system. The dual-system model used in the
current study should be understood more objectively and dialectically.

Conclusion

The present study simultaneously examined the reward-seeking
and cognitive control systems in adolescents with IGD for the first
time and revealed differences in both systems—that is, enhanced
risk taking with loss and reduced inhibitory control in adolescents
with IGD. This finding is consistent with the findings in adults
with IGD, which may suggest that differences in both systems
serve as behavioral markers of IGD. Moreover, the results of
cluster analyses might provide insight into specific subtypes of
adolescents with IGD regarding the differences in the two systems
from a more comprehensive perspective, emphasizing the impor-
tance of specific therapies for specific subtypes of adolescents with
IGD. However, the present study merely measured one facet of
reward seeking and cognitive control by applying the mixed gam-
bles task and stop-signal task, respectively. Additionally, this study
did not integrate the two systems in one task to examine the
interplay between reward-seeking and cognitive control systems in
adolescents with IGD. It is essential to investigate the other facets
of reward seeking and cognitive control and integrate the methods
associated with both systems in future studies to gain greater
insights into the mechanisms underlying IGD and to develop
effective prevention and treatment.
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