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BACKGROUND: Internet Gaming Disorder (IGD) has emerged as a rapidly rising public health problem mostly
affecting children and adolescent worldwide, as a result of massive growth of technology and internet usage in recent
years. Adolescents are the most vulnerable age group to problematic internet gaming use due to lack of cognitive
control.

AIM: This study aims to investigate the association between IGD and cognitive function among junior high school-
students in Indonesia.

METHODS: The subjects of this cross-sectional study were students at two randomly selected junior high
schools in Yogyakarta, Indonesia. The Game Addiction Scale-7 Indonesian version and the Modified Mini Mental
State Examination for Children-Indonesian version were used to assess IGD and cognitive function, respectively.
Multivariate analysis with linear regression was used to determine the relationship between IGD and cognitive
function.

RESULTS: There were 142 subjects with a mean age of 14 years. Students with IGD significantly had lower
score of cognitive function, particularly for domains of attention (p = 0.000), recall memory (p = 0.000), and
language (p = 0.002), compared with the counterpart group. Furthermore, multivariate analysis showed that
students with IGD were more likely to have lower cognitive function score by 1.40 points than those without IGD
(B =-1.40, 95% Cl -2.51--0.29, R? = 0.469).

CONCLUSIONS: IGD was negatively associated with cognitive function. Junior high school students with IGD in
Indonesia had lower score of cognitive function compared with students without IGD, particularly in the domains of
attention, recall memory, and language. Clinicians, teachers, and parents should be more aware of the detrimental

effect of IGD. Further study with larger sample size, diverse subjects, and wider age range is still needed.

Introduction

Internet gaming disorder (IGD) is characterized
by the individual's failure to control the use of the
internet/video games. IGD can result in life distress
and dysfunctions affecting academic performance,
social interaction, occupational interest, and behavioral
problems [1]. DSM-V had listed several proposed
criteria for IGD, requiring at least five of the following
criteria for a 12-month period: (1) Preoccupation
with Internet games; (2) withdrawal symptoms when
internet gaming is removed; (3) need to spend more
time playing online games; (4) unable to control
Internet gaming; (5) lack of desire in previous hobbies
and entertainment; (6) continued excessive use of
Internet games despite knowledge of psychosocial
problems; (7) deception of family members, therapists,
or others over the quantity of time spent on the internet
gaming; (8) playing internet games to escape or ease
a negative mood; and (9) lost of significant relationship,

job, or educational/career opportunities [2]. The
pathological use of the internet is manifested by the
excessive or uncontrollable desire and habit of internet
use that leads to impairment and distress [3].

The prevalence of IGD can rapidly increase as
the technology advances, notably due to the ease of
internetaccess and the expansion ofinternet coverage [4].
Based on the previous studies, the prevalence of IGD in
the Netherlands ranged from 3.8% to 5.4% [5], Slovenia
2.5% [6], South Korea 5.9% [7], and Germany 5.7% [8].
The prevalence of IGD globally varies according to the
age group [9], from 0.7% to 15.6% among adults [10]
and 0.6—19.9% among adolescents [11].

In Indonesia, the prevalence of IGD among
adolescents was quite high, reaching 10.15% [12].
This may be related to increased internet usage in
Indonesia from 0.9% in 2000 to 17.1% in 2014. A prior
study showed that approximately 80% of adolescents
(comprised of junior and senior high school students) in
Indonesia use the internet on a daily basis [13].
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Adolescents are the most vulnerable age
group for internet addiction and gaming disorders, as
they can develop more serious complications than the
other age groups. Adolescents may be trapped in the
cyber world, suffer psychological panic, and eventually
destroy their personal and social networks [14].
Moreover, they may be more engaged with — and
willing to learn about — new technology solutions and
platforms. This activity may result in aggressive and
excessive behaviors [15].

Furthermore, individuals with IGD have been
associated with several problems such as cognitive
dysfunction, increased stress or anxiety, and reduces
academic achievements leading to decreased
job performance and poor quality of life [16], [17].
A systematic review of evidence published in Chinese
reported that urban adolescents were 2 times more
likely to develop IGD and other various problems than
rural adolescents [18]. These may be due to larger
communities in urban areas could lead to a weaker
social cohesion, individualism, and a diminished sense
of kinship than in rural areas [19], [20].

Although several studies in Indonesia have
already revealed the prevalence, characteristics, and
impacts of IGD [9], [12], [21], none of these studies
focused on the relationship between IGD and cognitive
function among adolescents, particularly in urban
area. A recent study conducted among young adults
in Korea showed that individuals with IGD had lower
verbal comprehension, processing speed, and working
memory compared with non-gamers [22]. The previous
study also demonstrated that younger individuals with
IGD demonstrated impaired response inhibition, higher
degrees of impulsiveness and anger/aggression, and
poor quality of life [16]. By knowing these evidences, a
study focusing on the association of IGD with cognitive
performance among adolescents in Indonesia is
beneficial. The present study aimed to investigate the
association between IGD and cognitive function among
junior high school-students in Indonesia. The findings of
this study could provide additional evidence supporting
the link between cognitive function and IGD among
adolescents, particularly in Indonesia.

Methods

Study design and participants

This was a cross-sectional study. A cluster
random sampling method was conducted to recruit
participants from October 2018 to May 2019 in two
randomly selected junior high schools in Yogyakarta,
Indonesia. The sample size was determined by the
standard deviation from prior study with the o of 5% and
B of 20%. The minimum sample size for each group

was 37 participants. Therefore, 74 participants were at
least needed for the present study [23].

Theinclusioncriteriawere: (1) Juniorhighschool
students with maximum age of 15 years and (2) had
IGD or non-IGD based on the Game Addiction Scale-
Indonesian version (GAS-7 Ina) [24]. The exclusion
criteria were: (1) Presence of pain, (2) history of
intracranial infection, head trauma, and cerebral palsy,
and (3) history of psychiatric disorders and substance
abuse. In total, we were able to recruit 142 participants
consisted of 71 students with IGD and 71 with non-IGD.

Measurements

The study was conducted in two steps. At
the first step, IGD and non-IGD participants were
determined based on the GAS-7 Ina. GAS-7 Ina is
a questionnaire to measure online game addiction
developed for Indonesian children and adolescents.
GAS-7 Ina has good validity and reliability, with
sensitivity of 0.792 and specificity of 0.792 for boys,
and sensitivity of 0.787 and specificity of 0.75 for girls,
and Cronbach’s alpha value of 0.770 [24]. It consists
of seven questions covering several aspects: Salience,
tolerance, mood modification, withdrawal, relapse,
conflict, and problems. Each question was measured
on a 5-point Likert scale. Mid-point was used as a cutoff
point. Subject with score 24 was considered as IGD
and those with score <4 as non-IGD [25].

At the second step, participants’ cognitive
function was assessed with Modified Mini Mental
State Examination for Children-Indonesian version
(MMMSEC-Ina) questionnaire. The MMMSEC-
Ina assessed various cognitive domains with the
maximum score of 37, of which 12 for orientation,
three for registration, seven for calculation/attention,
three for recall, and 12 for language. The MMMSEC-
Ina has 83% sensitivity, 85% specificity, 94% positive
predictive value, 65% negative predictive value,
and 83% accuracy [26]. The cutoff score for cognitive
impairment in age group of >13 years old was 32 [27].

We collected demographic characteristics
including age, sex, and body mass index (BMI). The
participant’'s BMI was measured by the formula: The
participant’'s body weight (in kilograms) divided by
the square of their height (in meter squares). BMI
was classified in this study according to the WHO
guidelines for the Asian population: Those with a
BMI of <18.5 kg/ m® were considered underweight,
those with a BMI of 18.5-22.9 kg/m* were considered
normal, those with a BMI of 23-27.4 kg/m® were
considered overweight, and those with a BMI of more
than 27.5 kg/ m* were considered obese [28].

In addition, we also obtained information
related to internet games, including gaming duration,
gadgets type, and game genre. The previous study
mentioned that the mean time spent for addicted
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gamers was 3.4 h/ day [29]. Therefore, in the present
study, we classified daily gaming length into two
categories: 3 h/day and >3 h/day. We further classified
the gadgets type into smartphone users, personal
computer/Console users, and both, as these were the
most frequently used gaming devices in Indonesia [9].
To measure the gaming variety, we categorized gaming
genre into Multiplayer Online Battle Arena (MOBA),
Massive Multiplayer Online Role-Playing Game
(MMORPG), Massive Multiplayer Online First-Person
Shooter/Third-Person Shooter (MMOFPS/TPS), and
other based on a prior study which listed the most
popular video game genres among adolescents [30].

Statistical analysis

Descriptive analysis was performed to identify
the differences between IGD and non-IGD based on the
baseline characteristics. Unpaired t-test was performed
to determine the statistical differences of each domain of
cognitive function between IGD and non-IGD. The crude
odds ratios (OR) of confounding variables associated
with cognitive dysfunction were measured using bivariate
analysis. Multiple linear regression analysis was performed
to measure the contribution of IGD and its associated
factors with cognitive function score after controlling
covariates. All statistical analyses were conducted using
IBM SPSS Statistics version 26 ((IBM Co. Ltd, NY, USA),
with p < 0.05 considered as statistically significant.

Ethical consideration

Ethical approval for this study was obtained from
the Medical and Health Research Ethics Committee,
Faculty of Medicine, Public Health and Nursing,
Universitas Gadjah Mada, Yogyakarta, Indonesia with
the approval number: KE/FK/1381/EC. Study subjects
and their parents were given explanation related to the
objective, procedure, benefits, and risks of the study. The
subjects and their parents who agreed to participate in
the study then were required to sign an informed consent.

Results

We recruited 142 participants, consisting
of 71 students with IGD and 71 with non-IGD. The
mean age for both groups was 14 years old. Baseline
characteristics were homogenous, except the gadget
type (Table 1).

The total score of cognitive function measured
by MMMSEC-Ina showed significant difference between
IGD and non-IGD group (p = 0.003) (Table 2). Analysis
was further carried out for every cognitive domain in
MMMSEC-Ina. The mean scores for attention, recall,
and language domains were significantly lower in the

Table 1: Baseline characteristics of subjects

Characteristics IGD Non-IGD p
n % n %
Age 14 (12-16) 14 (13-15) 0.870
Sex
Male 30 423 32 45.1 0.735
Female 41 57.7 39 54.9
BMI category
Underweight 26 36.6 18 254 0.180
Normal 36 50.7 36 50.7
Overweight 9 12.7 15 211
Obese 0 0.0 2 2.8
Gaming duration
>3 h/day 41 57.7 35 49.3 0.313
<3 h/day 30 423 36 50.7
Gadget type
Smartphone 30 42.3 42 59.2 0.014*
PC 17 23.9 5 7.0
Both 24 33.8 24 33.8
Game genre
MOBA 10 14.1 9 12.7 0.166
MMORPG 28 394 20 28.2
MMOFPS/ 15 211 27 38.0
TPS
Others 18 254 15 211

BMI: Body mass index, IGD: Internet gaming disorder, MMOFPS/TPS: Massive multiplayer online first-person
shooter/third-person shooter, MMORPG: Massive multiplayer online role-playing game, MOBA: Multiplayer
online battle arena, PC: Personal computer. *p<0.05.

IGD group compared to the counterparts (p = 0.000,
p =0.000, and p = 0.003, respectively). No statistical
difference was found in registration and calculation
domain (Table 2).

Table 2: The score of cognitive domain for IGD and non-IGD
group

Cognitive domain IGD Non-IGD p
Mean (SD) Mean (SD)
Attention 10.24 (1.20) 11.45 (0.81) 0.000*
Registration 3.00 (0.00) 3.00 (0.00) -
Calculation 4.75 (2.35) 4.24 (2.52) 0.217
Recall 2.10 (0.99) 2.76 (0.52) 0.000*
Language 11.51 (0.83) 11.85 (0.36) 0.002*
The total score of cognitive function 31.59 (3.70) 33.30 (2.92) 0.003*

IGD: Internet gaming disorder, SD: Standard deviation. *p<0.05.

Bivariate analysis of cognitive dysfunction
and the confounding variables showed no differences
between both groups in relation with sex, BMI, gaming
duration, gadget type, and game genre (Table 3).

Table 3: Bivariate analysis of cognitive dysfunction and the
confounding variables

Variables Cognitive OR (95%Cl) p
dysfunction (MMMSEC<32)
Yes No
Sex
Male 24 38 Ref 0.996
Female 31 49 1.00 (0.51-1.98)
BMI category
Underweight 17 27 1.11 (0.51-2.42 0.431
Normal 26 46 Ref
Overweight 12 12 1.77 (0.70-4.50)
Obese 0 2 -
Gaming duration
<3 h/day 22 44 Ref 0.232
>3 h/day 33 43 1.54 (0.78-3.04)
Gadget type
Smartphone 27 45 Ref 0.949
Computer 9 13 1.11 (0.67-2.18)
Both 19 29 1.09 (0.52-2.31)
Game genre
MOBA 9 10 Ref 0.100
MMORPG 23 25 1.02 (0.35-2.96)
MMOFPS/TPS 10 32 0.35(0.11-1.09)
Others 13 20 0.72 (0.23-2.26)

BMI: Body mass index, IGD: Internet gaming disorder, MMOFPS/TPS: Massive multiplayer online first-person
shooter/third-person shooter, MMORPG: Massive multiplayer online role-playing game, MOBA: Multiplayer
online battle arena, PC: Personal computer. *p<0.05.

Multivariate analysis with linear regression
demonstrated that IGD and playing MMOFPS/TPS
significantly affected the cognitive function score
(Table 4). The model showed that individuals with IGD
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were more likely to have a lower cognitive function
score by 1.40 points compared with their counterparts.
On the other hand, individuals playing MMOFPS/TPS
were more likely to have a higher cognitive score by
1.40 points than individuals who liked playing other
game genre. However, the association between playing
MMOFPS/TPS and cognitive function was insufficient
to delineate the positive effect due to the confidence
interval for this variable passed 1 (Table 4).

Table 4: Multivariate analysis of the variables that affect
cognitive function score

Variables B 95% ClI p Adjusted R
(Constant) 33.17 32.13-34.21 0.00 0.09
IGD -1.40 -2.51--0.29 0.01*
Gaming duration -0.83 -1.92-0.27 0.14
MMOFPS/TPS 1.40 0.19-2.6 0.02
*p<0.05. IGD: Internet gaming disorder, MMOFPS/TPS: Massive multiplayer online first-person shooter/
third-person shooter. B: Coefficient of Regression. R2: Coefficient of determination.
Discussion

The present study demonstrated that

adolescents with IGD had lower score of cognitive
function, particularly in the domains of attention, recall
memory, and language. To the best of our knowledge,
this is the first study in Indonesia which showed that
IGD were more likely associated with a lower score of
cognitive function among adolescents.

The present study corroborates previous
studies which found that people with IGD had lower
intelligence quotient (IQ) and the stop signal test (SSQ)
score [16], lower verbal comprehension, processing
speed, and working memory [22], as well as had
deficit in executive function [31]. Another study also
demonstrated the negative effect of internet addiction
which caused deficits in working memory, executive
dysfunction, and impulsivity [32].

Executive functions are the most affected
domain in IGD because evidence from brain imaging
studies showed reduction of gray-matter density in
regions involved with higher cognitive (executive
functions), attention, and motor control [33], as well as
decreased cortical thickness in regions associated with
decision making, reward/loss processing, and cognitive
control (right middle temporal gyrus, precentral
gyrus, cuneus, inferior parietal lobe, and orbitofrontal
cortex) [34]. Nevertheless, the present study could not
investigate the impact of IGD on executive functions
due to different methodology. We used MMMSEC
to detect any cognitive impairment. MMMSEC was
derived from Mini-Mental State Examinations (MMSE),
screening tools of higher mental function in adults,
which had been modified for use in pediatric setting [35].
MMSE is insensitive to detect impairments in executive
functioning and visual construction [36], [37], [38].
Therefore, executive dysfunction may be undetected
using MMMSEC.

This study also found that recall memory and
language domains were affected in IGD. Correspond
to the present study, a prior study conducted in
children aged 9-13 years with gaming addiction
demonstrated a correlation between gaming addiction
with worse episodic memory, basic reading skills,
written expression skills, and attention [39]. In addition,
adolescents with internet addiction showed the lower
verbal comprehension compared with the non-addicted
group [40]. The mechanisms underlying these findings
may be explained by brain imaging study. The brain-
MRI studies of IGD patient's revealed reduction of
white matter volume and disruption of the functional
connectivity in regions associated with learning and
memory [33], [41]. Furthermore, higher usage of
screen-based media was associated with decreased
microstructural integrity of white-matter tracts, which
could contribute to language deficits, according to
another study [42].

Individuals with IGD were associated with
longer time of gaming duration [9], [43], [44]. In the
present study, we found no association between
gaming duration and cognitive function. Contradictory
to our findings, prior study found that the cumulative
internet gaming duration was negatively correlated with
gray-matter volume of the left ventrolateral prefrontal
cortex in IGD subjects [45], indicated that longer
time of gaming duration may contribute to executive
dysfunction. Further study is needed to delineate the
association.

In our study, the association between playing
MMOFPS/TPS and cognitive function was insufficient
to conclude that playing MMOFPS/TPS had protective
effect for cognition. On the other hand, prior study
reported that MMFPS player showed better working
memory and attention [46]. Nevertheless, this
improvementin cognitive function cannot be generalized
into enhancement in general cognitive abilities. This
finding warrants further investigation.

The present study contributes to providing
further evidence for a negative association between
IGD and cognitive function in adolescents. This finding
could help to advance future research and be useful
in clinical practice, particularly in the field of child and
adolescent psychiatry. Public health measures should
target adolescents with high-internet usage to prevent
the negative effect of IGD. Nonetheless, this study had
several limitations. First, it only recruited participants
from one specific region in Yogyakarta and had a small
sample size due to limited funding. Therefore, the
findings in the present study need careful interpretation
on generalization. Second, the gaming duration
was only measured for how many hours per day, not
included how many days in a week or a longer duration.
The longer duration of gaming exposure would provide
more distinct effect for cognitive function. Third, we
did not compare the study population between urban
and rural. The different culture of population may give
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different findings. Finally, we only used cross-sectional
data which could not provide a causal relationship
between IGD and cognitive function. Further longitudinal
cohort study is needed, particularly in urban and rural
population, to delineate the impact of IGD on cognitive
performance among adolescence.

Conclusions

IGD was negatively associated with cognitive
function. Junior high school students with IGD in
Indonesia had lower score of cognitive function
compared with students without IGD, particularly in the
domains of attention, recall memory, and language.
Clinicians, teachers, and parents should be more
aware of the detrimental effect of IGD. Further study
with larger sample size, diverse subjects, and wider
age range is still needed.
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