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INTRODUCTION

Although problematic online gaming (POG) and problem-
atic Internet use (PIU) have become a significant public men-
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tal health problem, their definitions and diagnoses remain 
heterogeneous. In 2013, internet gaming disorder (IGD) was 
included in section three, “Conditions for further study,” of the 
Diagnostic and Statistical Manual of Mental Disorders, Fifth 
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Edition (DSM-5).1 Of the non-substance addictive behaviors, 
only gambling disorder has been reclassified in the substance-
related and addictive disorders section. Although IGD shares 
common properties with substance use disorder and patho-
logic gambling, research on IGD is not yet sufficient to support 
the establishment of specific diagnostic criteria.2 To clarify this 
complicated concept, a study on IGD risk factors and comor-
bidities was recommended.3

There are several risk factors associated with POG and PIU. 
Older adolescents and young adult males were the most vul-
nerable groups associated with POG4 and male gender is also 
considered to have a higher susceptibility to PIU.5 In terms of 
cognitive function, intelligence and flexibility are associated 
with both POG and PIU.6,7 In an adolescent study, lower self-
esteem and satisfaction with daily life were associated with 
POG severity, but only in males.8 In a hierarchical model that 
included gender, age, cognitive function, and social interac-
tion, psychopathological conditions such as attention, mood, 
anxiety, and impulsivity were the strongest risk factors for 
POG.9 Among the psychopathological conditions associated 
with POG, attention deficit/hyperactivity disorder (ADHD) 
has been suggested to be the most significant predictor of 
POG by both cross-sectional and prospective studies.10 In a 
study of young adult college students, adult ADHD and de-
pressive disorder were associated with PIU, but only in males.11 
In a systematic review of PIU and comorbid psychopathology, 
depression and ADHD symptoms showed the most significant 
and consistent correlations with PIU.12 In a recent study of a 
representative sample of European adolescents, while PIU was 
associated with depression, POG was associated with male 
gender and peer problems.13

Online gaming user experiences are associated with POG.14 
Witmer and Singer (1998) defined “presence” as the subjective 
experience of being in one place or environment, even when 
one is physically situated in another. The authors also devel-
oped a theoretical construct called “immersive tendency,” 
which relates to the tendency to become involved in a continu-
ous stream of stimuli. While presence is an experiential con-
cept, immersive tendency is a personality trait positively corre-
lated with presence. It is the disposition to become involved in 
everyday activities, and the ability to focus on a particular activ-
ity. Immersive tendency is evaluated according to everyday ac-
tivities, such as watching movies, reading novels, and dreaming, 
while presence is evaluated according to individual experiences 
in mediated environments. In a recent study with high-ranked 
game players, addicted gamers had higher immersive tendency 
than highly engaged, non-addicted players.15 In concept, im-
mersive tendency may be a specific risk factor for IGD inde-
pendent of gaming context, such as a player’s motivation.

To our knowledge, no study has examined the relationship 

between immersive tendency and POG/PIU with comorbid 
psychopathologies such as ADHD and depression. The aim 
of the study was to investigate whether the direct relationship 
between immersive tendency and POG/PIU is mediated by 
ADHD symptoms.

METHODS

This study was conducted with undergraduate students. To 
minimize the influence of confounding factors, we restricted 
our sample to a homogeneous population of male students, 
aged 19–29 years, from two high-ranking universities in South 
Korea (Seoul National University and Yonsei University). For 
another physiological experiment, we recruited 26 actively 
gaming and 29 control students. Several conditions were in-
cluded as participant screening criteria: 1) a maladaptive preoc-
cupation with both online and offline computer gaming; 2) se-
vere suffering or impairment due to computer gaming; 3) a 
Young’s Internet Addiction Test (YIAT) score of more than 50 
points;16 and 4) more than four hours of computer gaming dai-
ly.17 A psychiatrist interviewed the participants to assess for any 
Axis I psychiatric disorders that could lead to excessive com-
puter usage, such as mania, hypomania, or a substance-related 
disorder. The psychiatrist rated the severity of participants’ de-
pression using the Montgomery-Åsberg Depression Rating 
Scale, to exclude participants with significant depression.18 One 
participant was diagnosed with bipolar disorder and ADHD, 
and excluded on this basis. Another participant was excluded 
because he was receiving treatment for narcolepsy with stimu-
lant medication. Two participants were excluded as they re-
turned incomplete questionnaires. In total, the analysis was 
conducted with 51 male undergraduate students; 23 active 
gamers and 28 control participants. Written consents were ob-
tained from participants before the experiment.

The Institutional Review Board of the Seoul National Univer-
sity Hospital approved the study protocol (IRB 1101-090-349), 
and we obtained written informed consent from each participant.

Measures

Immersive tendency
Immersive tendency was evaluated using an immersive ten-

dency questionnaire.19 The questionnaire consists of 18 items, 
with a seven-point Likert scale and possible scores ranging 
from 0 to 108. The scale measures a tendency toward immer-
sion in everyday activities. It was expected that participants 
with high immersive tendency would experience presence in a 
mediated environment, such as, “Do you easily become deeply 
involved in movies or tv drama?,” “Do you become so involved 
in a movie that you are not aware of things happening around 
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you?,” “How mentally alert do you feel at the present time?.” 
Cronbach’s α was 0.81 in the original scale and 0.86 in the pres-
ent study.

Problematic online gaming
POG was measured using the Korean version of the Inter-

net Game Addiction Questionnaire developed by the Korea 
Agency for Digital Opportunity and Promotion.20 The ques-
tionnaire is composed of 20 items, each of which are assessed 
with a four-point Likert scale. Possible scores range from 20 
to 80, where higher scores indicate a higher possibility of on-
line gaming addiction. According to the KADOP, a total score 
of 38 or above indicates a high risk of online gaming addic-
tion. Cronbach’s α was 0.93 in the original scale and 0.97 in 
the present study.

Problematic Internet use
PIU was measured using the Internet Addiction Test 

(IAT).21 IAT includes 20 items, each of which are assessed 
with a five-point Likert scale. Possible scores range from 20 
to 100, with scores of 70 or above classified as addictive In-
ternet use. Cronbach’s α was 0.98 in the present study.

In addition to the IAT, PIU was measured using the Korea 
Internet Addiction Scale (the K-scale). The K-scale is com-
posed of 20 items, each of which are assessed with a four-point 
Likert scale.22 Possible scores range from 20 to 80, with higher 
scores indicating a higher possibility of Internet addiction. Per-
sons with scores of 54 or above are categorized in an Internet 
addiction group. Cronbach’s α was 0.96 in the present study.

Adult attention deficit/hyperactivity disorder symptoms
Adult ADHD symptoms were assessed using a self-report 

screening version of Conners’ Adult ADHD Rating Scales.23 
The scale consists of 30 items, each of which was assessed with 
a four-point Likert scale, relating to ADHD symptoms for in-
attention (a nine-item subscale), hyperactivity-impulsivity 
(also a nine-item subscale), and an ADHD index (a 12-item 
subscale). The ADHD index subscale was composed of the 
best set of items, which distinguished individuals with ADHD 
from those without. A T-score greater than 65 was classified as 
a clinical case.

Childhood attention deficit/hyperactivity disorder symptoms
Childhood ADHD symptoms were measured using the 

Wender Utah Rating Scale.24 The scale is a retrospective assess-
ment tool for ADHD, and consists of 25 items, each of which 
are assessed with a five-point Likert scale. Possible scores range 
from 0 to 100, with a cutoff point of 46 meaning participant 
having childhood ADHD symptoms over this point.

Statistical analysis
Independent samples t-tests and Mann-Whitney U tests 

were used to compare the characteristics of the active gamers 
and control groups. The Baron and Kenny25 causal steps ap-
proach was applied to test mediation. The Sobel and boot-
strapping tests were conducted to assess the significance of the 
mediation effects.26-28 All analyses were conducted using SPSS 
for Windows, version 21.0 (IBM Corp., Armonk, NY, USA). 
Significance was set at p<0.05.

RESULTS

All participants were of Korean ethnicity. Ages ranged from 19 
to 29 years, and the mean age was 23.1 years (SD=2.4) (Table 1). 
Immersive tendency scores had a wide range, from 13 to 94, 
considering the possible range of 0 to 108. The mean score was 
50.0 (SD=17.0). Although the psychiatric interviews were per-
formed to exclude participants with any major psychiatric 
conditions, the adult ADHD subscales identified significant 
problems affecting 5.9–11.8% of the participants. However, no 
participants scored higher than the cutoff scores on all the three 
adult ADHD subscales. Of the 51 participants, six (11.8%) re-
ported childhood ADHD symptoms, and two had no signifi-
cant problems according to the current ADHD subscales. Eigh-
teen (35.3%) were classified as the POG group. According to 
the different PIU ratings, 12 (23.5%) were classified as the PIU 
group, and 10 participants showed significant POG and PIU 
problems.

There was no significant difference in age between the ac-
tive gamers, who played online games more than hours a day, 
and the control students (Table 2). Active gamers had higher 
scores in immersive tendency, ADHD symptoms, POG, and 
PIU than the control group. 

Table 1. Sample characteristics

Variables
All (N=51) 

Mean±SD N (%)
Age 23.1±2.4 -
IT 51.1±17.0 -
Inattention 50.0±13.1 6 (11.8)
Hyperactivity 42.8±10.0 3 (5.9)
ADHD index 42.8±9.9 3 (5.9)
Childhood ADHD 20.1±19.2 6 (11.8)
POG 31.8±12.5 18 (35.3)
PIU (IAT) 50.2±21.4 12 (23.5)
PIU (K-scale) 42.6±13.7 12 (23.5)
IT: immersive tendency, POG: problematic online gaming, PIU: 
problematic Internet use, IAT: Internet Addiction Test, K-scale: 
Korea Internet Addiction Scale, ADHD: attention deficit/hyperac-
tivity disorder
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(M) was introduced into the model, the effect of immersive ten-
dency (X) on POG (Y) decreased (from β=0.592, p<0.001 to 
β=0.282, p<0.01). Therefore, inattention showed a partial medi-
ation effect on the path of immersive tendency and POG.

When hyperactivity (instead of inattention) was evaluated as 
a mediator, immersive tendency (X) and hyperactivity (M) had 
a positive relationship (β=0.561, p<0.001). Hyperactivity (M) 
was positively associated with POG (Y) (β=0.509, p<0.001). 
When hyperactivity (M) was introduced into the model, the ef-
fect of immersive tendency (X) on POG (Y) decreased (from 
β=0.592, p<0.001 to β=0.307, p<0.05). Therefore, hyperactivity 
showed a partial mediation effect on the path of immersive ten-
dency and POG.

When ADHD index was evaluated as a mediator, immersive 
tendency (X) and ADHD index (M) had a positive relationship 
(β=0.608, p<0.001). ADHD index (M) was positively associated 
with POG (Y) (β=0.731, p<0.001). When ADHD index (M) 
was introduced into the model, the effect of immersive tenden-
cy (X) on POG (Y) decreased (from β=0.592, p<0.001 to 
β=0.148, p≥0.05). Therefore, ADHD index showed a full medi-
ation effect on the path of immersive tendency and POG.

Based on the R2 values, the mediation model of POG, with 
inattention, explained 69.2% of the variance in POG, the 
highest of the three models.

Figure 1 displays the results. Both the Sobel and bootstrap 
tests confirmed that the indirect effect of X on Y via M was 
significant in all the mediator models (z=3.432, p<0.001 in 
the inattention model; z=3.824, p<0.001 in the hyperactivity 
model; and z=4.744, p<0.001 in the ADHD index model).

Effect of immersive tendency on problematic Internet use via 
current attention deficit/hyperactivity disorder symptoms

To test the mediation effect of current ADHD symptoms 
on the association between immersive tendency and PIU, the 
first regression concerned the influence of immersive ten-
dency on PIU, while the second regression concerned the in-

Table 3. Pearson’s correlation analysis of immersive tendency, ADHD symptoms, POG, and PIU

1 2 3 4 5 6 7
1. IT 1
2. Inattention 0.47 1
3. Hyperactivity 0.56 0.72 1
4. ADHD index 0.61 0.91 0.82 1
5. Childhood ADHD 0.63 0.62 0.61 0.70 1
6. POG 0.59 0.79 0.68 0.82 0.71 1
7. PIU (IAT) 0.63 0.78 0.63 0.76 0.68 0.92 1
8. PIU (K-scale) 0.66 0.79 0.71 0.80 0.65 0.89 0.92
All pearson’s r are significant (p<0.001). IT: immersive tendency, POG: problematic online gaming, PIU: problematic Internet use, IAT: Inter-
net Addiction Test, K-scale: Korea Internet Addiction Scale, ADHD: attention deficit/hyperactivity disorder

Table 2. Differences between the active gamers and control 
groups

Variables
Active gaming (mean±SD)

p-value
Yes (N=23) No (N=28)

Age 22.6±2.39 23.6±2.41 0.050
IT 61.2±15.12 42.8±13.77 <0.001
Inattention 58.8±13.4 42.8±7.31 <0.001
Hyperactivity 48.9±11.35 37.8±4.86 <0.001
ADHD index 50.1±9.81 36.9±4.72 <0.001
Childhood ADHD 31.5±21.77 10.8±9.78 <0.001
POG 43.2±9.82 22.5±3.56 <0.001
PIU (IAT) 70.9±10.75 33.3±9.63 <0.001
PIU (K-scale) 54.3±9.39 33.0±7.87 <0.001
IT: immersive tendency, POG: problematic online gaming, PIU: 
problematic Internet use, IAT: Internet Addiction Test, K-scale: 
Korea Internet Addiction Scale, ADHD: attention deficit/hyperac-
tivity disorder

As shown in Table 3, immersive tendency had a significant 
relationship with ADHD, POG, and PIU.

Mediation analysis

Immersive tendency and problematic online gaming through 
current attention deficit/hyperactivity disorder symptoms

To test the mediation effect of current ADHD symptoms 
on the association between immersive tendency and POG, a 
first regression was conducted on the influence of immersive 
tendency on POG, followed by a second regression on the 
influence of immersive tendency on inattention. The last re-
gression examined inattention and POG.

Table 4 shows a significant positive relationship between im-
mersive tendency (X) and POG (Y) (β=0.592, p<0.001). Im-
mersive tendency (X) and inattention (M) also had a positive 
relationship (β=0.469, p<0.001). Inattention (M) was positively 
associated with POG (Y) (β=0.662, p<0.001). When inattention 
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Table 4. Mediator analyses of immersive tendency, ADHD symptoms, and POG

Mediator Detecting steps in mediation model B SE B  β R2

Inattention Step 1 (path c)
Outcome: POG
Predictor: IT 0.437 0.085 0.592*** 0.351

Step 2 (path a)
Outcome: Inattention
Predictor: IT 0.363 0.098 0.469*** 0.220

Step 3 (paths b and c’)
Outcome: POG
Mediator: Inattention (path b) 0.631 0.086 0.662***
Predictor: IT (path c’) 0.208 0.067 0.282** 0.692

Hyperactivity Step 2 (path a)
Outcome: Hyperactivity
Predictor: IT 0.331 0.070 0.561*** 0.315

Step 3 (paths b and c’)
Outcome: POG
Mediator: Hyperactivity (path b) 0.636 0.150 0.509***
Predictor: IT (path c’) 0.226 0.088 0.307* 0.528

ADHD index Step 2 (path a)
Outcome: ADHD index
Predictor: IT 0.355 0.066 0.608*** 0.369

Step 3 (paths b and c’)
Outcome: POG
Mediator: ADHD index (path b) 0.923 0.128 0.731***
Predictor: IT (path c’) 0.109 0.075 0.148 0.688

*p<0.05, **p<0.01, ***p<0.001. IT: immersive tendency, POG: problematic online gaming, ADHD: attention deficit/hyperactivity disorder

fluence of immersive tendency on inattention. The last re-
gression examined inattention and PIU.

Table 5 shows a significant positive relationship between 
immersive tendency (X) and PIU (Y) (β=0.629, p<0.001). Im-
mersive tendency (X) and inattention (M) had a positive rela-
tionship (β=0.469, p<0.001). Inattention (M) was positively as-
sociated with PIU (Y) (β=0.618, p<0.001). When inattention 
(M) was introduced into the model, the effect of immersive 
tendency (X) on PIU (Y) decreased (from β=0.629, p<0.001 to 
β=0.339, p<0.001). Therefore, inattention showed a partial 
mediation effect on the path of immersive tendency and PIU.

When hyperactivity (instead of inattention) was evaluated 
as a mediator, immersive tendency (X) and hyperactivity (M) 
had a positive relationship (β=0.561, p<0.001). Hyperactivity 
(M) was positively associated with PIU (Y) (β=0.409, p<0.01). 
When hyperactivity (M) was introduced into the model, the 
effect of immersive tendency (X) on PIU (Y) decreased (from 
β=0.629, p<0.001 to β=0.400, p<0.01). Therefore, hyperactivi-
ty showed a partial mediation effect on the path of immersive 
tendency and PIU.

Figure 1. Mediation model of IT, attention deficit/hyperactivity symp-
toms, and POG. IT: immersive tendency, POG: problematic online 
gaming, ADHD: attention deficit/hyperactivity disorder. *p<0.05, 
**p<0.01, ***p<0.001. 

a=0.469*** b=0.662***

c=0.592***

            c’=0.282**
POGIT

Inattention

a=0.561*** b=0.509***

c=0.592***

            c’=0.307*
POGIT

Hyperactivity

a=0.608*** b=0.731***

c=0.592***

            c’=0.148
POGIT

ADHD index
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Table 5. Mediator analyses of immersive tendency, ADHD symptoms, and PIU

Mediator Detecting steps in mediation model B SE B β R2

Inattention Step 1 (path c)
Outcome: PIU (IAT)
Predictor: IT 0.792 0.140 0.629*** 0.396

Step 2 (path a)
Outcome: Inattention
Predictor: IT 0.363 0.098 0.469*** 0.220

Step 3 (paths b and c’)
Outcome: PIU (IAT)
Mediator: Inattention (path b) 1.005 0.147 0.618***
Predictor: IT (path c’) 0.427 0.114 0.339*** 0.693

Hyperactivity Step 2 (path a)
Outcome: Hyperactivity
Predictor: IT 0.331 0.070 0.561*** 0.315

Step 3 (paths b and c’)
Outcome: PIU (IAT)
Mediator: Hyperactivity (path b) 0.873 0.261 0.409**
Predictor: IT (path c’) 0.503 0.154 0.400** 0.510

ADHD index Step 2 (path a)
Outcome: ADHD index
Predictor: IT 0.355 0.066 0.608*** 0.369

Step 3 (paths b and c’)
Outcome: PIU (IAT)
Mediator: ADHD index (path b) 1.307 0.239 0.606***
Predictor: IT (path c’) 0.329 0.140 0.261* 0.627

*p<0.05, **p<0.01, ***p<0.001. IT: immersive tendency, PIU: problematic Internet use, IAT: Internet Addiction Test, ADHD: attention defi-
cit/hyperactivity disorder

When ADHD index was evaluated as a mediator, immer-
sive tendency (X) and ADHD index (M) had a positive rela-
tionship (β=0.608, p<0.001). ADHD index (M) was positively 
associated with PIU (Y) (β=0.606, p<0.001). When ADHD 
index (M) was introduced into the model, the effect of im-
mersive tendency (X) on PIU (Y) decreased (from β=0.629, 
p<0.001 to β=0.261, p<0.05). Therefore, ADHD index showed 
a partial mediation effect on the path of immersive tendency 
and PIU.

Based on the R2 values, the mediation model of PIU, with 
inattention, explained 69.3% of the variance in PIU, the high-
est of the three models.

Figure 2 displays the results. Both the Sobel and bootstrap 
tests confirmed that the indirect effect of X on Y via M was 
significant in all the mediator models (z=3.405, p<0.001 in 
the inattention model; z=3.646, p<0.001 in the hyperactivity 
model; and z=4.511, p<0.001 in the ADHD index model).

Moreover, when PIU was evaluated with the K-scale in-
stead of the IAT, all three adult ADHD subscales showed a 

partial mediation effect on the path of immersive tendency 
and PIU, with the inattention model explaining the variance 
best (Supplementary Table 1 in the online-only Data Supple-
ment).

Childhood ADHD symptoms
To compare the mediation effect of childhood ADHD 

symptoms on current ADHD symptoms, the mediation analy-
ses were conducted with scores from the Wender Utah Rating 
Scale. Childhood ADHD symptoms demonstrated a full me-
diation effect on the path of immersive tendency and POG 
(Table 6). On the path of immersive tendency and PIU, child-
hood ADHD symptoms showed a partial mediation effect. 
Based on the R2 values, the mediation model with childhood 
ADHD symptoms explained 53.7% of the variance in POG 
and 52.1% of the variance in PIU, which was much lower than 
the models with current ADHD symptoms and inattention 
(69.2% in POG; 69.3% in PIU). 
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DISCUSSION

The current study presents, to the best of our knowledge, the 
first report demonstrating that the association between immer-
sive tendency and POG/PIU is mediated by ADHD symptoms. 
Although the association between ADHD and POG/PIU has 
been investigated, there are few studies on the effect of immer-
sive tendency symptoms, and no studies have observed immer-
sive tendency and ADHD simultaneously. This study found 
that current ADHD symptoms, especially inattention, mediate 
the effect of immersive tendency on POG/PIU, which explains 
the mediation model better than ADHD symptoms during 
childhood.

Within online gaming, the motivations of players differ 
from one another and depend on personal factors.29 In a study 
with massively multi-player online gamers, those who play for 
immersion motivation showed association with PIU.30 The 
immersion motivation consists of discovery, role-playing, cus-
tomization and escapism. 

In a recent study on differences between addicted gamers 
and engaged players, the immersion motivation showed sig-
nificant group difference.31 However, the immersion motiva-
tion in those studies was evaluated on gaming experiences. 
Therefore, motivation could not be evaluated before game ex-
posure. On the contrary, the immersive tendency question-
naire measures differences in personal tendencies toward pres-
ence through engagement in everyday activities, such as 

Figure 2. Mediation model of IT, ADHD symptom, and PIU. IT: 
immersive tendency, PIU: problematic Internet use, ADHD: atten-
tion deficit/hyperactivity disorder. *p<0.05, **p<0.01, ***p<0.001. 

a=0.469*** b=0.618***

c=0.629***

c’=0.339***
PIUIT

Inattention

a=0.561*** b=0.409**

c=0.629***

            c’=0.400**
PIUIT

Hyperactivity

a=0.608*** b=0.606***

c=0.629***

            c’=0.261*
PIUIT

ADHD index

watching movies and television programs, reading books, and 
dreaming.19 In a previous study on the differences between 
gaming addiction and high gaming engagement, addicted 
gamers scored higher on the immersive tendency question-
naire than highly engaged gamers.15 However, the study did 
not evaluate other comorbid conditions, such as depression 
and anxiety. In the present study, the psychiatrist interviews 
and depression ratings excluded participants with comorbid 
conditions. Therefore, the study can more clearly explain the 
role of immersive tendency as a specific risk factor for POG/
PIU. Moreover, gamers who score high on immersive tenden-
cy are absorbed and immersed in computer games through 
not only spatial presence, but also “flow,” the sensation of being 
involved in gaming action.32 Through these processes, a per-
son with higher immersive tendency can experience the more 
hedonic effect of Internet gaming.

According to genetic evidence and stimulant-response stud-
ies, ADHD is a subtype of reward deficiency syndrome with 
dysfunction in the brain reward cascade such as in the dopa-
mine system.33 From childhood to adulthood, ADHD is associ-
ated with both the initiation and persistence of habit-forming 
illnesses, such as alcohol dependence and substance addic-
tion.34 Moreover, the association between ADHD and addic-
tion is not limited to substances. Sustained ADHD throughout 
childhood and young adulthood increases the severity of gam-
bling problems.35 The relationship between ADHD and gaming 
addiction has emerged from evidence on comorbidity, com-
mon mechanisms, and genetic associations.10 Patients with 
ADHD play an internet game, which releases dopamine, for 
self-medication like other addictive substances.36 A person with 
higher immersive tendency may have a more exaggerated do-
pamine release in a virtual gaming environment, which makes 
internet gaming more addictive. Patients with higher immer-
sive tendency might be more susceptible to internet gaming, 
and this susceptibility may be mediated by ADHD.

In addition, a previous study recorded that excessive online 
gamers experience biological changes in the ECG and respira-
tory systems, compared to a control group with similar demo-
graphic conditions.17 The findings from this study revealed a 
conditional subordinate relationship between central inhibito-
ry and autonomic responses, which result in excessive gaming 
when experiencing pleasurable online stimuli. Additional 
methods could be conducted spontaneously to provide a more 
solid background to the findings from present study.

The present study has several limitations. First, the small 
number of participants in a highly homogenous social group, 
active gamers, may not sufficient to generalize the findings. To 
minimize possible confounding effects, we applied tightly con-
trolled conditions. Although most studies have focused on 
children and adolescents, the prevalence of problematic gam-
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Table 6. Mediator analysis of immersive tendency, childhood ADHD, POG, and PIU

Outcome Detecting steps in mediation model B SE B β R2

POG Step 1 (path c)
Outcome: POG
Predictor: IT 0.437 0.085 0.592*** 0.351

Step 2 (path a)
Outcome: childhood ADHD
Predictor: IT 0.715 0.125 0.633*** 0.401

Step 3 (paths b and c’)
Outcome: POG
Mediator: childhood ADHD (path b) 0.363 0.083 0.557***
Predictor: IT (path c’) 0.177 0.094 0.24 0.537

PIU (IAT) Step 1 (path c)
Outcome: POG
Predictor: IT 0.531 0.087 0.659*** 0.434

Step 2 (path a)
Outcome: childhood ADHD
Predictor: IT 0.715 0.125 0.633*** 0.401

Step 3 (paths b and c’)
Outcome: POG
Mediator: childhood ADHD (path b) 0.271 0.092 0.380**
Predictor: IT (path c’) 0.337 0.104 0.418** 0.521

**p<0.01, ***p<0.001. IT: immersive tendency, POG: problematic online gaming, PIU: problematic Internet use, IAT: Internet Addiction 
Test, ADHD: attention deficit/hyperactivity disorder

ing is also high in young adults, especially males.37 To general-
ize the results of the present study, further studies that recruit a 
larger number of participants to cross-check the relationship 
between diverse demographic factors such as age, gender, edu-
cation level are required.

Second, the present study did not investigate other comorbid 
psychopathologies, such as depression and anxiety. Immersive 
tendency may be a common risk factor for IGD, and depres-
sion can mediate the effect of the immersive tendency on IGD. 
A third limitation of the present study is that at the time of writ-
ing, there is no standard assessment instrument for IGD. Three 
POG/PIU scales were used to address this problem.

We observed the mediating effect of ADHD on the associa-
tion between immersive tendency and IGD. It has been docu-
mented that ADHD symptoms must be controlled to treat 
IGD. We cautiously suggest that immersive tendency be evalu-
ated as a factor that increases individual susceptibility to IGD.
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Supplementary Table 1. Mediator analyses of immersive tendency, ADHD symptom and problematic internet use assessed using the Ko-
rea Internet Addiction Scale

Mediator Detecting steps in mediation model B SE B Β R2

Inattention Step 1 (path c)
Outcome: PIU (K-scale)
Predictor: IT 0.531 0.087 0.659*** 0.434

Step 2 (path a)
Outcome: Inattention
Predictor: IT 0.363 0.098 0.469*** 0.220

Step 3 (paths b and c’)
Outcome: PIU (K-scale)
Mediator: Inattention (path b) 0.635 0.089 0.610***
Predictor: IT (path c’) 0.300 0.069 0.373*** 0.725

Hyperactivity Step 2 (path a)
Outcome: Hyperactivity
Predictor: IT 0.331 0.070 0.561*** 0.315

Step 3 (paths b and c’)
Outcome: PIU (K-scale)
Mediator: Hyperactivity (path b) 0.677 0.150 0.496***
Predictor: IT (path c’) 0.307 0.089 0.381** 0.603

ADHD index Step 2 (path a)
Outcome: ADHD index
Predictor: IT 0.355 0.066 0.608*** 0.369

Step 3 (paths b and c’)
Outcome: PIU (K-scale)
Mediator: ADHD index (path b) 0.866 0.141 0.627***
Predictor: IT (path c’) 0.224 0.082 0.278** 0.683

Both the Sobel and bootstrap tests confirmed that the indirect effect of X on Y, via M, was significant in all the mediator models (z=3.418, 
p<0.001 in the inattention model; z=3.934, p<0.001 in the hyperactivity model; and z=4.647, p<0.001 in the ADHD index model). **p<0.01, 
***p<0.001. IT: immersive tendency, PIU: problematic Internet use, K-scale: Korea Internet Addiction Scale, ADHD: attention deficit/hyper-
activity disorder


