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10
11 1. Introduction

12 The diagnostic criteria for Internet gaming disorder (IGD),
13 which define Internet gaming addiction, are proposed as research
14 criteria in section III of the Diagnostic and Statistical Manual of
15 Mental Disorders, 5th Edition (DSM-5) [1]. A previous review
16 suggested that the prevalence of IGD ranges from 0.5% to 6%
17 [2]. Another study reported that IGD is associated with severe

18problems with academic performance, impaired social interaction,
19failure in a job, impaired family relationships, and failure in
20examination for a career opportunity [3]. A DSM-5 criterion for
21IGD, ‘‘continued excessive use of internet games despite knowl-
22edge of psychosocial problems’’, demonstrates impaired decision-
23making among Internet gamers. Nevertheless, strategic decision-
24making is essential for playing most of the popular massive
25multiple role-playing (e.g., World of Warcraft) or real-time
26strategy games [4], both of which are associated with IGD.
27Although such games may train Internet gamers in decision-
28making, the reason as to why their decision-making on persisting
29gaming is impaired remains unknown; thus, the decision-making
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A B S T R A C T

Background: Persistent gaming, despite acknowledgment of its negative consequences, is a major

criterion for individuals with Internet gaming disorder (IGD). This study evaluated the adaptive decision-

making, risky decision, and decision-making style of individuals with IGD.

Methods: We recruited 87 individuals with IGD and 87 without IGD (matched controls). All participants

underwent an interview based on the Diagnostic and Statistical Manual of Mental Disorders (5th Edition)

diagnostic criteria for IGD and completed an adaptive decision-making task; the Preference for Intuition

and Deliberation Scale, Chen Internet Addiction Scale, and Barratt Impulsivity Scale were also assessed

on the basis of the information from the diagnostic interviews.

Results: The results demonstrated that the participants in both groups tend to make more risky choices in

advantage trials where their expected value (EV) was more favorable than those of the riskless choice.

The tendency to make a risky choice in advantage trials was stronger among IGD group than that among

controls. Participants of both groups made more risky choices in the loss domain, a risky option to loss

more versus sure loss option, than they did in the gain domain, a risky option to gain more versus sure

gain. Furthermore, the participants with IGD made more risky choices in the gain domain than did the

controls. Participants with IGD showed higher and lower preferences for intuitive and deliberative

decision-making styles, respectively, than controls and their preferences for intuition and deliberation

were positively and negatively associated with IGD severity, respectively.

Conclusions: These results suggested that individuals with IGD have elevated EV sensitivity for decision-

making. However, they demonstrated risky preferences in the gain domain and preferred an intuitive

rather than deliberative decision-making style. This might explain why they continue Internet

gaming despite negative consequences. Thus, therapists should focus more on decision-making

styles and promote deliberative thinking processes to mitigate the long-term negative consequences of

IGD.
�C 2017 Elsevier Masson SAS. All rights reserved.
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30 characteristics of patients with IGD must be explored to clarify this
31 paradoxical relationship.

32 1.1. IGD

33 The DSM-5 diagnostic criteria for IGD include several
34 modifications to the diagnostic criteria used for substance use
35 disorder, including tolerance, withdrawal, continued use despite
36 negative consequences, failure to reduce Internet use, more than
37 intended and consistent Internet use, and impaired psychosocial
38 function. The criteria also include loss of interests in previous
39 hobbies, escapism, and deceiving family members about the
40 length of time spent playing games. Although a common
41 diagnostic tool has been developed for evaluating IGD worldwide
42 [9], the validity or mechanism of each DSM-5 criterion (such as
43 impaired decision-making) has not been evaluated clearly.
44 Previous studies have suggested an association between Internet
45 addiction and substance use disorder [6,7] and have proposed
46 many associated factors such as depression, attention deficit
47 hyperactivity disorder, aggressive behavior, and behavioral
48 characteristics [6,8,9]. However, whether IGD and substance
49 use disorder share a common underlying mechanism has not been
50 thoroughly evaluated.

51 1.2. Decision-making in IGD

52 The individual differences in decision-making, including
53 decision-making style, risk-prone attitude, impulsivity, and
54 personality, can influence decision-making in different situations.
55 Risky decision-making involves evaluating the tradeoff between
56 perceived risks and returns. Risk preferences can be evaluated by
57 examining task-based decisions made under ambiguity, such as in
58 the Iowa gambling task, or under estimated risk, such as in the
59 adaptive decision-making task [10]. A study in college students
60 showed that individuals with Internet addiction scored higher in
61 the Iowa gambling task [11]. However, in another recent study,
62 individuals with IGD scored the lowest in the final 60 trials
63 involving the Iowa gambling task [12]. Differences in IGD
64 definitions, diagnostic methods, severities, and statistical analyses
65 may contribute toward the inconsistent results.
66 The diagnostic criteria for IGD include impaired decision-
67 making despite the knowledge of negative consequences.
68 Understanding the characteristics of risky decision-making is
69 crucial. According to expected utility theory, people select a
70 prospect from risky or uncertain prospects by comparing their
71 expected utility value [13]. A study demonstrated that individuals
72 with IGD could not use feedback in the Game of Dice Task to
73 optimize their decision [14]. In two studies, Yao et al. have studied
74 risky choices made in adaptive decision-making tasks [12,15]:
75 individuals with IGD more frequently tended to select the loss
76 block and incompletely estimate expected value (EV) during the
77 risky decision-making task; however, the authors had diagnosed
78 IGD by using a self-reported questionnaire, not psychiatric
79 interviews.
80 Prospect theory [16] claims that people consider outcomes as
81 gains or losses, relative to a reference point, suggesting that people
82 favor risk aversion in the gain domain and favor risk-seeking in the
83 loss domain [17]. Based on prospect theory, we hypothesized that
84 people make more risky decisions in the loss domain. Brevers et al.
85 [18] reported that subjects with alcohol dependence make more
86 risky choices in the gain domain than did a group of controls.
87 However, Yao et al. have found no difference in risky choices made
88 in the gain domain but demonstrated more risky choices in
89 disadvantage trials in the loss domain in people with IGD
90 [12,15]. In the present study, we hypothesized that patients with
91 IGD exhibit higher risk-taking in decision-making tasks.

921.3. Decision-making styles in IGD

93Decision-making styles, which can indicate individual diffe-
94rences in decision-making, are assessed through decision-making
95strategies (e.g., rational or intuitive) [19]. They have a strong
96influence on the methods that a person uses in a decision-making
97situation. Betsch (2004) developed the Preference for Intuition
98and Deliberation Scale (PID) for measuring a person’s tendency
99toward using intuitive or deliberative decision-making styles
100[20]. Dual-process theory of addiction suggests that a fast
101automatic appetitive response to addictive stimuli and a slow
102deliberative self-regulation system lead to addictive behaviors
103[21]. Because Internet gaming can be rewarding, individuals with
104IGD develop a positive implicit response toward it [22]. Individu-
105als who tend to make intuitive decisions may be influenced by the
106emotional and motivational effects of gaming cues and thus have a
107higher vulnerability toward IGD. However, the association
108between decision-making style and IGD has not been evaluated
109thus far.

1101.4. Impulsivity of IGD

111Impulsivity is one of the most critical factors contributing to
112both substance use disorder and behavioral addiction [23], such as
113IGD [24,25]. Given that loss of control in online gaming is an
114essential criterion of IGD [26], high impulsivity could make people
115with IGD yield to the rewarding effect of gaming, which places
116them at a greater risk of IGD. Thus, a previous longitudinal study
117suggested that impulsivity could a risk factor for IGD among
118adolescents [27]. Impulsivity has been reported to be associated
119with disadvantageous decision-making under ambiguity in the
120Iowa gambling task [28]. However, the association between
121impulsivity and risk preference in tasks with explicit risk, such
122as in adaptive decision-making tasks, has not been comprehen-
123sively evaluated. Such an evaluation could elucidate the associa-
124tion between IGD and the decision-making characteristics of
125people with this disorder.

1261.5. Study objectives

127We hypothesized that individuals with IGD are prone to risky
128decision-making and insensitive toward EV; furthermore, they
129prefer the intuitive decision-making style. Considering these
130hypotheses, this study evaluated the following: (1) the impulsivity,
131decision-making style, and risky choice in adaptive decision-
132making task of individuals with and without IGD; and (2) the
133associations among risky decisions, decision-making style, impul-
134sivity, and IGD severity.

1352. Methods

1362.1. Participants

137Individuals with IGD (IGD group) and matched participants
138with no history of IGD (control group) were recruited through
139advertisements on campuses and the bulletin board systems of
140universities from September 2012 to October 2013. Based on a
141recent functional magnetic resonance imaging study of young
142adults with IGD [29], the following inclusion criteria were adopted
143for the IGD group in the present study: (1) aged 20–30 years with
144education of > 9 years, (2) played Internet games for � 4 hours per
145day on weekdays and � 8 hours per day on weekends or for
146� 40 hours per week, and (3) had maintained an Internet gaming
147pattern for > 2 years. In other words, the recruited participants
148used most of their free time on Internet gaming chronically. For
149participants fulfilling the preceding criteria, a psychiatrist
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