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Objective Problematic internet gaming in adolescents is associated with various negative outcomes, such as low self-esteem, depression,
anxiety, and attention problems. We hypothesized that game coding education, by improving adolescents self-esteem, would be more
effective than game literacy education in mitigating problematic internet gaming.

Methods A total of 126 adolescents who voluntarily applied for the game coding education and game literacy education program of the
“Visiting Game Class” project operated by the Game Cultural Foundation participated in this study. We collected data on demographics,
gaming patterns, and psychological status, including positive or negative perceptions of online games, depression, and anxiety. We des-
ignated those with scores higher than 40 on Young’s Internet Addiction Scale as the “problematic internet gaming” group.

Results Only game coding education was significantly effective in decreasing internet use, lowering depressive symptoms, and improv-
ing self-esteem. In the hierarchical logistic regression analysis, more frequent education time, coding education, stronger negative per-
ceptions of gaming, and high self-esteem predicted decreased internet gaming among participants exhibiting problematic internet
gameplay.

Conclusion Game coding education effectively mitigates problematic gaming by improving adolescents’ self-esteem. Thus, it may be

beneficial to increase education time and devise game education programs tailored to adolescents’ psychological status.
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INTRODUCTION

Current status of adolescents’ problematic internet
gaming

Online games are considered the most widely used and pop-
ular activity in modern society. Since the games’ initial devel-
opment, participation in online gaming has increased dra-
matically worldwide, with adolescence being recognized as a
particularly vulnerable period.' In Asia, the prevalence of in-
ternet addiction ranges from 2.4% to 37.9% among adoles-
cents and young people.” Specifically, about 74.4% of Korean
teenagers play online games, and the number of those at risk
for internet addiction continues to rise. Accordingly, prob-
lematic internet gaming is being seriously considered as a ma-
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jor public health problem.>* Recently, due to the coronavirus
disease-2019 pandemic, online classes have been implement-
ed, accompanied by an increase in youth’s total screen time
and internet gaming.’

Self-efficacy, depression, and anxiety problems
associated with gaming disorder

Increasing internet gaming is linked to various negative
outcomes, including obstacles to academic and social activi-
ties, job loss, and family conflict.® In turn, these are linked to
several psychological problems, such as depression, anxiety,
and social phobia.” Problematic internet gaming is also asso-
ciated with lower self-efficacy. Self-efficacy refers to individu-
als’ perceptions of control over life events and is linked to per-
formance in various domains. Self-efficacy affects behavior
because it is related to self-esteem and stems from the belief
that individuals can control their behavior on their own.® It
can determine the degree of individuals® effort or how long
they endure psychological suffering such as frustration and
depression. One study found that adolescents with lower self-
efficacy were more likely to suffer from internet gaming ad-
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diction.” According to Young," gamers who feel socially awk-
ward, isolated, and insecure in real life can transform themselves
into socially confident, connected, and self-assured individu-
als in the gaming environment.

Self-efficacy and self-esteem are also related to depression.
In fact, Bandura and colleagues®" found that those with high-
er self-efficacy exhibited lower depression symptoms. Addi-
tionally, it is widely known that depression is related to atten-
tion and anxiety problems, and changes in self-efficacy are
thought to affect these problems as well.

Treatment of problematic internet gaming and
effectiveness of game coding education

While studies have reported several negative outcomes of
problematic internet gaming, research on prevention and
treatment programs for internet gaming disorder (IGD) is
insufficient.”” Just as media literacy education emerged from
an apparent crisis with respect to protecting teenagers from
the negative effects of television and movies, “game literacy”
education is currently being discussed. Game literacy is the
demonstration of players’ ability to effectively use game-relat-
ed information. It involves the ability to understand, approach,
interpret, and evaluate games considering human factors."
However, in a rapidly changing and developing world, teach-
ing younger generations how to create new programs could
be more important than simply using and understanding ex-
isting ones." Because traditional education methods are book-
based and teacher-centered and students are reluctant to learn
abstract subjects, there is often less participation and less mo-
tivation in class.”

Some countries have integrated coding education into their
curricula to foster students” problem-solving skills, logical rea-
soning, and computational and algorithmic thinking." Game
coding education that requires directly producing games and
utilizing coding may help improve adolescents’ self-efficacy
by developing such skills."”** Soykan and Kanbul" found that
11- and 12-year-old students who received coding education
exhibited higher self-efficacy compared to those who did not
receive coding education. Coding education appears to make
students active learners and improves their communication,
critical-thinking, problem-solving, and collaborative skills.
Another study showed that problem-solving and computa-
tional skills improved due to a robotic coding education pro-
gram, which involved using algorithms to solve existing
problems." For young gamers who feel awkward and inse-
cure and have low self-esteem, treatment and prevention of
IGD should focus on developing the problem-solving and
social skills necessary to foster one’s self-esteem and identity,
rather than simply attempting to impart an understanding of
gaming itself."
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Hypotheses

We hypothesized that by improving self-esteem, game cod-
ing education would be more effective in mitigating problem-
atic internet gaming compared to game literacy education.
Further, we predicted that reduced problematic internet gam-
ing would be associated with the improvement of depressed
mood, anxiety, and attention problems.

METHODS

Participants and recruitment process

Through an online advertisement on the homepage of the
Korean Game Culture Foundation (http://www.gameculture.
or.kr/), 53 elementary schools and 47 middle schools in sev-
en regions of South Korea voluntarily participated in ongo-
ing programs called “Visiting Game Class.” In each school,
3-4 students were randomly assigned to a game coding edu-
cation or a game literacy group.

Initially, a total of 317 students (163 literacy group, 154 cod-
ing education group) participated in the programs. A total of
183 students and parents agreed to participate in this study.
Among these 183 students, 57 students did not provide com-
plete information; therefore, data from 126 students were used
in the analyses. There was no compensation for participation,
but participants could receive game education at no cost. This
study was approved by the Institutional Review Board at Chung-
Ang University (1041078-202201-HR-052).

Procedures and assessment

Game coding education and game literacy education

Participants were randomly assigned to a game coding ed-
ucation or a game literacy education program. Both programs
consisted of eight sessions lasting 40-45 minutes each over
the span of four weeks. Coding education sessions taught the
game planning and development process and allowed stu-
dents to directly create game characters, stages, and tutorials
by using “Scratch program,” a free coding program (https://
scratch.mit.edu/). There were some differences in content de-
pending on the grade level, but all coding education sessions
involved game coding. The “flappy game,” whose goal is to
make the main character fly for a long time without falling
down, and “run game;” in which a character runs to avoid ob-
stacles and score points, were the main content for the elemen-
tary school students. On the other hand, “shooting game” and
“3D maze game” were the main content for the middle school
students.

Game literacy education sessions taught the rationale for
gameplay, how to enjoy games, and rules and etiquette when
playing games. In this program, participants shared opinions
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about and perceptions of the types of games that they actual-
ly play. They also discussed the pros and cons of gaming and
game etiquette.

Demographics and internet use patterns

Demographic data included age, gender, education year,
and education frequency. Additionally, participants complet-
ed items assessing their internet use.

Psychological variables

The Social Phobia Inventory (SPIN) is a 17-item self-report
inventory assessing three dimensions of social anxiety.” Cho
et al.?° created a Korean version (K-SPIN), reporting an inter-
nal consistency of a=0.91.

The Generalized Anxiety Disorder-7 (GAD-7) is a 7-item
scale developed to screen patients for GAD.”' Ahn et al.” vali-
dated the Korean version of the scale, reporting an internal
consistency of a=0.93.

Young’s Internet Addiction Scale (YIAS), which comprises
20 items rated on 5-point Likert scales,” is commonly used to
assess the severity of addiction to the internet or any online
activity. The internal consistency of the scale’s Korean version
(K-YIAS) has been reported to range from 0.90 to 0.93.**

The Internet Game Literacy Scale (IGLS) examines wheth-
er individuals have a positive or negative perception of inter-
net games. The scale includes 9 items rated on a 5-point Lik-
ert scale ranging from 1 (“strongly disagree”) to 5 (“strongly
agree”). The IGLS’ internal consistency has been reported as
a=0.89.

The Patient Health Questionnaire 9 (PHQ-9) was used to
assess depression. Each item is rated on a Likert scale ranging
from 0 to 3, and a score of 10 (out of 27) is the cutoff point for
depression.” Park et al.” validated the Korean version of the
PHQ-9, reporting an internal consistency of a=0.81.

The Dupaul attention-deficit/hyperactivity disorder (ADHD)
scale is an ADHD symptom severity scale (ARS) composed
of 18 items (9 items assessing inattention and 9 items assess-
ing hyperactivity).”® So et al.*” validated the Korean version of
the ARS scale (K-ARS), with the internal consistency being
reported to range between 0.77 and 0.89.

The Two-Factor Self-Esteem Scale is based on a modified
version of the Rosenberg Self-Esteem Scale. Here, self-esteem
is defined as an individual’s sense of worthiness, which inte-
grates self-respect and self-confidence.” This scale consists of
10 statements assessing general feelings toward oneself. Par-
ticipants report the extent of their agreement on a 4-point Lik-
ert scale ranging from 1 (“agree not at all”) to 4 (“agree com-
pletely”). The internal consistency of the Korean version of
the scale (SE Scale-Korean) has been reported as a=0.79.”
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Data analysis

Participants were classified into two groups: 1) problematic
internet gaming and 2) non-problematic internet gaming.
The first group included individuals with scores on the YIAS
of 40 or higher.

We compared participants in the two programs (gaming
coding and game literacy) in terms of gender, age, education
year, and education frequency using chi-square tests and in-
dependent samples t-tests. Additionally, we assessed differ-
ences across conditions in terms of psychological variables—
YIAS, IGLS, K-SPIN, PHQ-9, SE Scale-Korean, and K-ARS—
using independent samples t-tests.

To determine the influence of the variables of interest on
improvement of problematic internet gameplay in the full
sample, we performed hierarchical logistic regression analy-
ses designating the latter as the dependent variable. We added
a discrete set of hierarchical variables: Model 1=demographic
factors; Model 2=demographic factors+gaming education
program type (game coding education vs. game literacy edu-
cation); Model 3=demographic factors+gaming education
program type-+internet use; and Model 4=demographic fac-
tors+gaming education program type+internet use+psycho-
logical status. As mentioned previously, problematic internet
gameplay was operationalized as YIAS scores higher than
40.** Improvement of problematic internet gameplay was
defined as scoring higher than 40 on YIAS at baseline but
scoring less than 40 on YIAS after the education program.
Furthermore, among participants exhibiting problematic in-
ternet gameplay, we performed hierarchical logistic regression
analyses using the same set of variables to determine effects
on problematic internet gameplay. Finally, we conducted a re-
peated-measures ANOVA to assess the differences between
the game coding group and the game literacy group with re-
spect to changes in internet use patterns and psychological
status.

RESULTS

Demographics

There were no differences in age, gender, education year,
education frequency, or internet use between the game cod-
ing group and the game literacy group (Table 1). The average
age of the full sample was 12.1 years. They had completed 3.5
gaming education sessions on average, and their average in-
ternet use was approximately 2.5 hours a day.

There was no significant difference in the number of par-
ticipants exhibiting problematic internet gameplay between
the game coding group (n=25; 43.1%) and the game literacy
group (n=30; 44.1%; X>=0.01, p>0.99). However, there were
more participants in the coding group (n=23; 39.7%) whose
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Table 1. Demographic data of participants

Literacy education (N=68) Coding education (N=58) Statistics
Age (yr) 12.6+1.6 12.4+13 t=0.7, p=0.51
Gender, boys/girls 33/35 33/25 X*=0.8, p=0.22
Education year (yr) 6.6x1.6 6.3+1.3 t=0.7, p=0.50
Class frequency 34+1.2 3.6+0.9 t=-0.9, p=0.37
Internet use (h/d) 2.5%1.0 2.6£1.2 t=-0.7, p=0.47

Values are presented as meanz+standard deviation or number

problematic internet gameplay improved compared to the
game literacy group (n=14; 20.6%; X’=5.49, p<0.001).

Hierarchical logistic regression

Analysis of full sample

Of the four models tested in the current study, three yield-
ed results consistent with improvement of problematic inter-
net gameplay in the full sample. Model 2 yielded x’=24.255
(p<0.001) and Nagelkerke’s R*=0.249 (24.9% of the variance
in the dependent variable explained), indicating that the
model was adequate for predicting the effect of game educa-
tion program type. With stepwise X’=19.138 (p<0.001), game
education program type was a significant predictor of the im-
provement of problematic internet gameplay. Model 3 yield-
ed X*=46.971 (p<0.001) and Nagelkerke's R*=0.443 (44.3% of
the variance in the dependent variable explained), indicating
that the model was adequate for predicting the effect of game
education program type. With stepwise X’=22.716 (p<0.001),
internet use was a significant predictor. Model 4 yielded x*=
59.487 (p<0.001) and Nagelkerke's R*=0.607 (60.7% of the
variance in the dependent variable explained), indicating
that the model was adequate for predicting the effect of game
education program type. With stepwise X*=10.516 (p<0.044),
psychological status was a significant predictor. Based on the
Wald statistics for all independent variables, more frequent
education, coding education, stronger negative perceptions of
gaming, and high self-esteem significantly predicted the effect
of game education (Table 2).

Analysis of problematic internet gameplay group

We conducted the same analysis while limiting the focus to
the problematic internet gameplay group. Model 2 yielded X’=
21.303 (p<0.001) and Nagelkerkes R*=0.434 (43.4% of the vari-
ance in the dependent variable explained), indicating that the
model was adequate for predicting the effect of game educa-
tion program type. With stepwise X’=19.344 (p<0.001), game
program type was a significant predictor. Model 3 yielded X’=
34.961 (p<0.001) and Nagelkerke's R*=0.636 (63.6% of the
variance in the dependent variable explained), indicating that
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the model was adequate for predicting the effect of game ed-
ucation program type. With stepwise x’=13.657 (p<0.034), in-
ternet use patterns were a significant predictor. Model 4 yield-
ed X*=47.021 (p<0.001) and Nagelkerke's R*=0.777 (77.7% of
the variance in the dependent variable explained), indicating
that the model was adequate for predicting the effect of game
education program type. With stepwise X’=12.061 (p<0.017),
psychological status was a significant predictor. Based on the
Wald statistics for all independent variables, more frequent
education, coding education, stronger negative perceptions of
internet gaming, lower depression, and higher self-esteem all
predicted improvement of problematic internet gameplay
within the problematic gameplay group specifically (Table 3).

Comparison of changes in internet use patterns and
psychological status between coding education
group and game literacy education group

There were significant differences in the changes of internet
use patterns, PHQ-9 scores, and self-esteem scores between
the coding education group and the game literacy education
group (Table 4 and Figure 1). As indicated by the post-hoc
tests, the coding group’s internet use decreased, but the liter-
acy education group showed no change in internet use. The
coding group exhibited decreased PHQ-9 scores, but the lit-
eracy education group showed no change in PHQ-9 scores.
Lastly, the coding group exhibited increased self-esteem,
whereas the literacy education group showed no change in
self-esteem.

When limiting the scope of analysis to those exhibiting
problematic internet gameplay, there were significant differ-
ences in the changes of internet use patterns and self-esteem
scores between the coding education group and the game lit-
eracy education group. As indicated by the post-hoc tests, the
coding group exhibited decreased internet use, but the litera-
cy education group showed no change in internet use. The
coding group also exhibited increased self-esteem, whereas the
literacy education group showed no change in self-esteem (Ta-
ble 5 and Figure 2).
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Table 4. Repeated-measures ANOVA for changes in response to
internet game education from baseline to follow-up (full sample)

Baseline Follow-up Statistics

Internet use patterns
YIAS (N=126) 39.5+15.6 35.4+12.4 t=3.89, p<0.01*
Coding (N=58) 40.3+14.7 36.1+12.1 t=3.42,p<0.01*
Literacy (N=68)  38.8£16.5 34.7+12.7 t=2.44, p=0.02
Int. use time (N=126)" 2.5+1.0  2.5+1.0  t=0.11, p=0.91
Coding (N=58) 26+1.2  24+1.0 t=1.75,p=0.09
Literacy (N=68) 25%1.0  2.6+1.0 t=-1.38,p=0.17
IGLS-Pos (N=126)  30.1+7.5 31.1+84 t=-1.57,p=0.12
Coding (N=58) 30.2£7.6  30.9+89  t=-0.79,p=0.43
Literacy (N=68)  30.0£7.4 31.2479  t=-1.38,p=0.17
IGLS-Neg (N=126)  23.0+8.9 21.4+8.0 t=2.22,p=0.03
Coding (N=58) 21.6+82 19.6+6.5  t=2.53,p=0.01
Literacy (N=68)  24.2+9.3 23.0+8.8  t=1.06, p=0.29
Psychological variables
KSPIN (N=126) 19.2412.9 1544132 t=3.99, p<0.01*
Coding (N=58) 194+12.7 14.6+13.3 t=3.39,p<0.01*
Literacy (N=68)  19.0+13.1 16.0+13.2 t=2.31, p=0.02
PHQ-9 (N=126)* 11.9+4.7 10.9+3.6  t=2.57,p=0.01
Coding (N=58) 12.7#52 10.8+11.8 t=3.75,p<0.01*
Literacy (N=68) 11.2+4.1 11.0+3.8  t=0.41, p=0.68
K-ARS (N=126) 85+10.5 7.3+7.9 t=1.49,p=0.14
Coding (N=58) 10.6+11.8 7.9+7.1  t=2.18,p=0.03
Literacy (N=68) 6.8+89  6.8+86  t=-0.08, p=0.94
Self-esteem (N=126)% 25.6+6.5 27.9+8.1  t=-2.50, p=0.01*
Coding (N=58) 25.6£54 30.0+7.5  t=-3.59, p<0.01
Literacy (N=68)  25.5£7.4 26.1#82  t=-0.43, p=0.67

Values are presented as mean+standard deviation. *statistically sig-
nificant; TF=4.87, °=0.80, p=0.03; ¥F=4.68, n>=0.790, p=0.03; SF=
8.64,11’=0.88, p<0.01. ANOVA, analysis of variance; YIAS, Young’s
Internet Addiction Scale; Int. use time, internet use time (h) per day;
IGLS-Pos, Internet Game Literacy Scale-positive; IGLS-Neg, Inter-
net Game Literacy Scale-negative; KSPIN, Korean-Social Phobia
Inventory; PHQ-9, Patient Health Questionnaire-9; K-ARS, Kore-
an Attention Deficit Hyperactivity Disorder Scale

S Chung et al.

DISCUSSION

In this study, more frequent education, coding education,
stronger negative perceptions of internet gaming, and higher
self-esteem predicted improvement of problematic internet
gameplay among problematic gamers specifically. Additional-
ly, only game coding education was significantly effective in
decreasing internet use, lowering depressive symptoms, and
improving self-esteem. Further, game coding (vs. literacy) ed-
ucation significantly decreased internet use and improved self-
esteem among problematic gamers.

Coding education and self-esteem

Over the past two decades, a game construction-based cur-
riculum in coding education has been thought to increase stu-
dents’ confidence, which is associated with self-esteem and
computational skills.** It is surprisingly widely accepted that
students in today’s classrooms are all “digitally native” and are
learning simply by playing internet games, but researchers are
beginning to question this claim.” Game coding education,
which enables students to directly design their own games,
could be an important part of the contemporary curriculum,
allowing students to apply new technological knowledge.**
Similar to this study, previous studies have shown coding ed-
ucation to positively affect self-esteem and self-efficacy.”"®
Such research has shown that self-esteem among adolescents
who receive game coding education or robotic coding educa-
tion could increase by improving their problem-solving, com-
munication, and computational skills."”'®

Various interventions have been proposed to improve ado-
lescents’ self-esteem in other ways. Brinthaupt and Lipka™ re-
ported that the Adolescent Social Action Program, which is a
structured-curriculum program to prevent alcohol and drug
abuse, can reduce inner insecurities and improve self-esteem
through coping appraisals by encouraging self-protective and
socially responsible behavior. Sharma and Agarwala® report-
ed that a behavioral intervention enhanced adolescents’ self-
esteem, and self-esteem can be improved by developing posi-
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Figure 1. Comparison of changes in internet use time (A), PHQ-9 scores (B), and self-esteem (C) between game literacy and coding
groups (full sample). A: F=4.87, p=0.03. B: F=4.68, p=0.03. C: F=8.64, p<0.01.
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Table 5. Repeated-measures ANOVA for changes in response to
internet game education from baseline to follow-up (participants
exhibiting problematic gameplay)

Baseline Follow-up Statistics

Internet use pattern
YIAS (N=55) 54.9+49.7 444494 =624, p<0.01*
Coding (N=25) 54.6+9.5 464499  t=3.39,p<0.01*
Literacy (N=30) 55.2+10.0 42.8+8.8  t=2.44,p=0.02
Int. use time (N=55)"  3.0+1.0 2.9+1.0 t=0.86, p=0.39
Coding (N=25) 3.0£1.1 2.6x1.0 t=2.31,p=0.09
Literacy (N=30) 2.9+1.0 3.1£1.0 t=-1.38,p=0.17
IGLS-Pos (N=55) 30.8+6.0 33.0+6.8  t=-2.45, p=0.02
Coding (N=25) 30.7+6.6  33.1+7.4  t=-2.03, p=0.05
Literacy (N=30) 30.8+5.5 32.8+6.4 t=-1.38,p=0.17
IGLS-Neg (N=55) 28.3+6.1 24.7+6.2  t=3.59, p=0.01
Coding (N=25) 26.6+6.0 23.3+5.6 t=2.73,p=0.01
Literacy (N=30) 29.745.9 259+6.6  t=2.47,p=0.02
Psychological variables
KSPIN (N=55)
Coding (N=25)
Literacy (N=30)
PHQ-9 (N=55)
Coding (N=25)
Literacy (N=30)
K-ARS (N=55)

26.5£10.4 20.5+12.9 t=3.97, p<0.01*
257499 18.0£13.1 t=2.99, p<0.01*
27.1£10.9 22.5%12.6 t=2.61, p=0.01
13.9+124 10.5+7.7  t=2.98, p<0.01*
149464 12.4+4.7 t=2.57,p=0.01
132454 11.5+4.1 t=1.74,p=0.09
13.7£12.4 10.5£7.7  t=2.15, p=0.04
Coding (N=25) 17.2£13.3 132472  t=1.64, p=0.12
Literacy (N=30) 10.7£10.9  8.3+7.5 t=1.37,p=0.18
Self-esteem (N=55)* 25.4+6.9 26.4+8.6 t=-0.69, p=0.49
Coding (N=25) 255+8.1 29.4+6.2  t=-3.63, p<0.01
Literacy (N=30) 255+5.0 24.1+9.5 t=0.33, p=0.85

Values are presented as mean+standard deviation. *statistically
significant; TF=4.73, p=0.03; ¥F=4.48, p=0.03. ANOVA, analysis of
variance; YIAS, Young’s Internet Addiction Scale; Int. use time, in-
ternet use time (h) per day; IGLS-Pos, Internet Game Literacy Scale-
positive; IGLS-Neg, Internet Game Literacy Scale-negative; KSPIN,
Korean-Social Phobia Inventory; PHQ-9, Patient Health Question-
naire-9; K-ARS, Korean Attention Deficit Hyperactivity Disorder
Scale

tive thinking and an awareness of one’s strengths and weaknesses.
Barrett et al.*® also reported that specific skill development
processes can positively affect self-esteem as well as other per-
ceptions and cognitions related to the self. Additionally, im-
proving adolescents’ problem-solving skills can increase their
self-esteem.” According to Huang et al.,"* various psychoso-
cial treatments for IGD, such as cognitive-behavioral therapy
and reality therapy, can increase individuals’ self-esteem and
coping skills. Although cognitive-behavioral therapy is ex-
pected to increase self-awareness, promote emotion manage-
ment, improve interpersonal communication, and improve

538 Psychiatry Investig 2023;20(6):531-540
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Figure 2. Comparison of changes in internet use time (A) and
self-esteem (B) between game literacy and coding groups (par-
ticipants with problematic gameplay only). A: F=4.73, p=0.03. B:
F=4.48, p=0.03.

coping skills, previous studies have yielded mixed results in
terms of cognitive behavioral therapy’s effects on IGD.*

In this study, game coding education, which focused on ad-
olescents’ specific skills, may have made participants aware of
their own abilities and improved their coping skills. Therefore,
as confidence in oness abilities increases, self-esteem improves,
and interventions fostering such abilities would be especially
helpful.

Coding education, negative perceptions of internet
gaming, and depressive symptoms

Interestingly, negative perceptions of internet gaming pre-
dicted improvement of problematic internet gameplay in the
current study. Problematic internet gamers played extensive-
ly, but they perceived this behavior negatively. This paradoxi-
cal thinking might be associated with self-efficacy and depres-
sive symptoms. As mentioned earlier, many adolescent gamers
lack self-efficacy, using gaming as way to form their identity."
Bandura'' reported that feelings of insecurity resulting from
negative self-perceptions inhibit prosocial behavior, leading to
social withdrawal. Adolescents with low self-esteem are more
likely to have adjustment problems and are at higher risk for
developing depression.”" Additionally, adolescents exhibiting



problematic internet gaming behavior may also exhibit with-
drawal and loss of interest in other activities.*

Limitations

To our knowledge, our study was the first to directly com-
pare the effects of game literacy education and game coding
education on problematic internet gameplay. With little re-
search precedent, our study confirmed game education’s ef-
fects on various psychological outcomes, including depressive
symptoms and self-esteem. However, there are several limita-
tions. First, based on the collected questionnaires, it was dif-
ficult to obtain high-quality data, so the study’s accuracy may
have been compromised rather than evaluated by trained ex-
perts. Further, missing data may have affected the results’ ac-
curacy. Additionally, it was difficult to strictly randomly assign
participants to each group (game coding education group vs.
game literacy) and establish a placebo-control group in study
process. Readers should be cautious in interpreting results
considering the selection bias and confounding bias. Second,
the results are based on a small sample, so it is difficult to gen-
eralize the conclusions. Third, because the questionnaire was
conducted immediately after the education program ended,
the short-term effects could be confirmed, but it was difficult
to confirm the middle-long term effects.

Conclusions

In conclusion, our results provide evidence that game cod-
ing education may be more effective than other types of game
education in improving problematic gaming behavior. As the
effect increased with increasing education frequency, increas-
ing the amount of game education time should be considered
in the future. We found students’ application of knowledge in
creating their own games to be more effective than simply de-
veloping a conceptual understanding of games. Despite vari-
ous limitations, this study confirms the beneficial effect of
game coding education on problematic internet gaming, which
could inform future research on and treatment of problematic
internet gaming. Therefore, we contend that it is necessary to
devise practical game education programs. In the future, game
education programs tailored to students” psychological status
could be beneficial.
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