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Objective

Problematic internet gaming by adolescents has been thought to be associated with low self-esteem, depression, anxiety, and attention problems. We hypothesized that both game literacy and coding education would effectively improve problematic internet use. However, game coding education would be more effective in enhancing self-esteem and social anxiety in adolescents than game literacy education.





Methods

A total of 733 adolescent volunteers were included and randomly assigned to either the game coding education or game literacy education programs. Both programs consisted of eight sessions, each lasting 45 minutes, over four weeks. The coding education sessions included game planning and development lessons and allowed students to create the game’s characters, stages, and tutorials directly using Scratch, a free coding program. Game literacy education sessions included lessons on enjoying gaming with a healthy rationale and etiquette. Data on demographics, gaming patterns, and psychological status, including positive/negative perceptions of online games, depression, social anxiety, and self-esteem, were collected.





Results

Both game coding and game literacy education significantly improved YIAS scores compared to baseline, and there was no significant difference in the YIAS scores between the two groups after the interventions. In the hierarchical logistic regression analysis of all participants, higher YIAS scores, stronger negative perceptions of gaming, and lower attention problem scores at baseline predicted lower levels of internet gaming addiction after interventions. In the hierarchical logistic regression analysis among individuals with game coding education, higher YIAS scores, stronger negative perceptions of gaming, lower attention problem scores, and higher self-esteem scores at baseline predicted lower levels of internet gaming addiction after intervention. In addition, game coding education greatly improved negative perceptions of games, self-esteem, and social anxiety compared to game literacy education.





Conclusion

Both game literacy and game coding education effectively mitigate internet game addiction. However, game coding education effectively mitigated problematic internet gaming by improving negative perceptions of games, self-esteem, and social anxiety in adolescents. We found that the application of knowledge by students in creating their own games was more effective than simply developing a conceptual understanding of the games.





Keywords: internet gaming disorder, game coding education, self-esteem, depressive symptoms, game literacy




1 Introduction



1.1 Problematic internet use in children and adolescents

The popularity of internet gaming has increased dramatically in recent years due to the allure of expansive virtual realms and opportunities to control virtual alter egos (1, 2). While participation in internet gaming has increased across all ages, with many adolescents engaging in healthy internet gaming, some gamers are at a heightened risk of developing an Internet gaming disorder (IGD) (2), which is a condition characterized by persistent and recurrent engagement in internet gaming activities to the extent that it leads to significant impairment or distress (3). Notably, IGDs are highly prevalent in Asia (9.9%) and North America (9.4%) compared to other parts of the world (1). Furthermore, in 2020, at the height of the COVID-19 pandemic, the Korea Creative Content Agency’s Gamer Report unveiled that 91.5% of South Korean teenagers actively engaged in online gaming (4). The alarmingly increasing frequency of IGD has led to its recognition as a mental health disorder (5) and a major public health problem (6).




1.2 Self-efficacy and anxiety problems associated with IGD

The impact of early exposure to the Internet during childhood has been associated with lower cognitive abilities and academic performance in later years, as children mature into adolescence (7). Indeed, Young et al. further proposed that poor academic performance impacts the self-esteem of individuals and encourages online gaming as a coping mechanism for negative self-perceptions (8). A study by Beard et al. further substantiated this theory by establishing a relationship between early initiation of online gaming, IGD, and self-esteem (9). Their findings indicated that earlier initiation of internet gaming during childhood and adolescence introduced gaming-contingent self-worth as a mediating factor between early initiation and IGD. This suggests that individuals exposed to online gaming early in life rely on these games to regulate their sense of self-worth.

Individuals with gaming-contingent self-worth also exhibited lower global self-esteem, portraying less self-efficacy or individual perception of control over life events in their everyday experiences. Therefore, individuals exposed to internet gaming earlier in life face a greater risk of problematic use owing to their dependence on gaming for an internalized feeling of self-worth compared to those who start online gaming at a later age. In addition, Young et al. proposed that decreased confidence in real-life communication among online game users, coupled with an increased sense of comfort in online communication, may also contribute to poor self-esteem and feelings of isolation in adolescent gamers (8). The estimated decrease in self-esteem due to online gaming across numerous studies is particularly alarming since adolescence is a pivotal period for identity development and the cultivation of real-world self-efficacy (9). Furthermore, low self-esteem in adolescents is linked to increased anxiety, depression, and suicidal ideation. The long-term effects of low self-esteem underscore the imperative need for targeted interventions when treating IGD in adolescents.




1.3 Treatment of problematic internet gaming through game literacy education and game coding education

The recent inclusion of a unified definition of IGD in the DSM-5 has spurred a notable increase in research on this disorder. There were various approaches, including cognitive behavior therapy, medications, literacy education, and coding education for treating problematic internet use or IGD (10–17). Compared to traditional treatments, including cognitive behavior therapy and medications, game literacy and coding education were considered effective for preventing problematic internet use in large groups of participants by understanding, approaching, interpreting, and evaluating games by considering human factors (10).

Several studies have applied game literacy and coding education to control internet use patterns (11–13). Jiang et al. (11) reported that internet literacy education, including knowledge and skills for internet self-management, could prevent the risk of problematic internet use. Liu et al. (12) also declared that internet literacy education prevented problematic internet use in adolescents. Jeon et al. (13) provided empirical evidence that mental health literacy of IGD would prevent the prevalence of IGD in Korean teenagers.

Game literacy demonstrates a player’s ability to effectively use game-related information, including understanding, approaching, interpreting, and evaluating games by considering human factors (10). A player with high game literacy knows how to consume and follow the formal and informal gameplay rules (14). However, the application of game literacy education to adolescents is constrained due to its demands for prolonged attention and a willingness to learn.

Game coding education is one possible treatment that addresses self-esteem in adolescents with problematic internet gaming behavior (15–17). Many countries globally are initiating coding programs, recognizing their potential to instill diverse skills beyond coding, such as problem-solving, computational thinking, persistence, confidence, and communication skills (15). In the study conducted by Soyokan and Kanbul involving 6th and 7th-grade students, the application of coding education resulted in elevated levels of self-efficacy compared to those who did not receive coding education (16). Furthermore, in a preliminary iteration of this study, Chung et al. demonstrated that implementing game coding education substantially reduced problematic internet gaming and increased self-esteem (17). Therefore, treatment approaches should prioritize effective problem-solving and the social skills required to improve self-efficacy and self-esteem in adolescents with problematic internet gaming behaviors. However, the application of game coding education to adolescents is constrained due to its demands for prolonged attention and a willingness to learn. Moreover, the number of studies on coding education was fewer than that on game literacy.




1.4 Hypotheses

We hypothesized that game literacy and game coding education programs would reduce problematic internet gaming. However, compared to game literacy education, game coding education fostering problem-solving skills, logical reasoning, and computational thinking would be more effective in improving self-esteem. Further, we predicted that reduced problematic internet gaming and improved self-esteem would be associated with improvements in depression, anxiety, and attention problems.





2 Methods



2.1 Participants recruitment

A sample size of 779 was used in the current study to calculate the G-power (effect size = 0.1, α = 0.05, and power = 0.8) (18). Considering the 30% dropout rate, we planned to recruit 1100 students for the current study. The inclusion criteria were as follows: 1) students aged from 10 to 15 in elementary or middle schools and 2) students who can understand the teacher’s instruction. The exclusion criteria were as follows: 1) low intelligence students who could not understand the teacher’s instruction and could not answer in response to demographic and clinical scales. The dropout criteria were as follows: 1) students who missed more than three sessions of game literacy or game coding education and 2) students who missed data storage in baseline or follow-up surveys.

Over three years, 733 children and adolescents from 58 elementary schools and 57 middle schools across 23 regions in South Korea actively engaged in a “Visiting Game Class” program after discovering it through an online advertisement on the Korean Game Culture Foundation website (http://www.gameculture.or.kr/).

In the initial phase, 1102 students applied to the Visiting Game Class program. These students were randomized into a game literacy or game coding group. The randomization was performed using Friedman’s Urn model as an adaptive biased coin randomization (19). The Game Culture Foundation generated 1102 slots for education methods (551 game literacy and 551 game coding). When the school applied for education and notified the list, the Game Culture Foundation informed them of the education method (game literacy or game coding) according to the order of application.

Of these, 186 students (83 in the game literacy group and 103 in the game coding group) were ruled out. A total of 13 students in the literacy group and 17 in the game coding group could not understand the teacher’s instructions. Seventy students in the game literacy group and eighty-six in the game coding group did not complete the clinical survey at baseline. At the end of the research, 183 students (83 in the game literacy group and 95 in the game coding group) were excluded. A total of 45 students in the literacy group and 37 in the game coding group were absent from education more than three times. A total of 43 students in the literacy group and 58 in the game coding group did not complete the clinical survey at the end of the research. Even incomplete, missing data from a single questionnaire were not utilized in the analysis of this study. Consequently, data analysis was conducted based on the information from 733 students, with 380 in the literacy group and 353 in the coding education group (Figure 1).




Figure 1 | STROBE flow chart of participant enrollment.



While there was no monetary compensation for participation, participants were awarded free game literacy or coding education. Approval for this study was granted by the Institutional Review Board at Chung-Ang University (1041078-202201-HR-052).




2.2 Procedures and assessment



2.2.1 Game literacy education and game coding education

The Game Culture Foundation trained 20 professional educators in both game literacy (n = 10) and coding (n = 10) for 6 months. An experienced educator visited each school for game literacy or coding education. The education sessions were conducted in each school after regular classes. The homeroom teachers encouraged students to participate in education actively. The game literacy and coding education programs were created through open calls. The education duration and content were determined through discussions among the groups responsible for each production, with sessions set at durations of 45–50 minutes each and a total of eight sessions.

Participants were randomly allocated to a game coding or game literacy education program. The game literacy education sessions centered on understanding gameplay rationale, cultivating an appreciation for games, and instilling rules and etiquette for engaging in gaming activities. Through this program, participants actively exchanged opinions and perceptions on the specific types of games they commonly played. The contents of literacy education were as follows: self-introduction through the game (session 1), how to enjoy gaming wisely (session 2), reflecting on why they gamed (session 3), identifying obstacles that hinder gaming (session 4), discussion about gameplay with other participants (session 5), how to game safely (lesson 6), discussion about jobs related to gaming (session 7), and creating personal game stories (session 8).

The coding education sessions focused on instructing students in the game planning and development processes, enabling them to actively create game characters, stages, and tutorials using Scratch, a freely available coding platform. While some content variations were based on grade level, all coding education sessions involved the fundamental aspects of game coding. The contents of coding education were as follows: moving game characters (session 1), creating obstacles and game reset functions (session 2), creating the “blue flag, white flag” game (session 3), checking correct answers, and creating initialization functions (session 4), coding to move characters and obstacles at the same time (session 5), creating setting window and touch effects (session 6), saving the score to the database and unlocking characters (session 7), and signing and sharing with friends (session 8).




2.2.2 Demographics and internet use patterns

Based on clinical and psychological scales adopted from past studies on internet usage or internet gaming (17, 20), questionnaires evaluating internet usage patterns and clinical scales, including psychological state and underlying diseases, were selected.

Demographic data included age, gender, and school year. Additionally, participants completed items assessing their internet use pattern, including the extent of internet addiction levels and individuals’ attitudes towards internet games.

The Young’s Internet Addiction Scale (YIAS) is a widely utilized tool for evaluating internet addiction or any online activities, including gaming. It comprises 20 items, each rated on a 5-point Likert scale (20). The internal consistency of the Korean version of the scale (K-YIAS) has been documented to fall within the range of 0.90 to 0.93 (21).

The Internet Game Literacy Scale (IGLS) assesses individuals’ attitudes toward Internet games, gauging whether their perception is positive or negative. This scale consists of nine items, each rated on a 5-point Likert scale, ranging from 1 (“strongly disagree”) to 5 (“strongly agree”). The internal consistency of the IGLS has been reported as α = 0.89 (22).




2.2.3 Psychological assessment scales

The Patient Health Questionnaire 9 (PHQ-9) was employed to evaluate depression, with each item being rated on a Likert scale from 0 to 3. A depression cutoff point of 10 (out of 27) was utilized (23). The Korean version of the PHQ-9 was validated by Park et al. (2010), revealing an internal consistency of α = 0.81 (24).

The Dupaul ADHD scale, specifically the ADHD symptom severity scale (ARS), consists of 18 items, with 9 items focusing on inattention and 9 on hyperactivity (25). So et al. (2002) validated the Korean version of the ARS scale (K-ARS), reporting an internal consistency within the range of 0.77 to 0.89 (26).

The Social Phobia Inventory (SPIN) is a questionnaire consisting of 17 self-report items designed to assess three dimensions of social anxiety (27). Cho et al. (2018) developed a Korean version of the inventory, referred to as the K-SPIN, and reported a high internal consistency with a Cronbach’s alpha of 0.91 (28).

The Two-Factor Self-Esteem Scale is derived from a modified version of the Rosenberg Self-Esteem Scale, conceptualizing self-esteem as an individual’s perception of their worth, incorporating elements of self-respect and self-confidence (29). This scale comprises 10 statements that evaluate overall sentiments toward oneself. Participants indicate their level of agreement on a 4-point Likert scale, ranging from 1 (“agree not at all”) to 4 (“agree completely”). The internal consistency of the Korean scale version, hereafter referred to as SE Scale-Korean, has been documented as α = 0.79 (30).





2.3 Data analysis

Participants were categorized into two distinct groups: (1) those experiencing problematic internet gaming and (2) those engaging in non-problematic internet gaming. The first group comprised individuals with scores on the YIAS equal to or exceeding 40 (31, 32).

We conducted a comparative analysis between the participants enrolled in the two programs: Gaming coding and game literacy. Gender, age, education year, internet use time, and internet activity were examined using chi-square and independent samples t-tests. Additionally, differences across conditions in psychological variables, specifically YIAS, IGLS, PHQ-9, K-ARS, K-SPIN, and self-esteem Scale-Korean, were evaluated using independent samples t-tests.

We conducted hierarchical logistic regression analyses to assess the impact of the variables of interest—the effectiveness of game literacy education vs. game coding education—in the entire sample. The effectiveness of either education session on internet gameplay was operationalized as achieving a YIAS score of less than 40 after education.

Hierarchical logistic regression was thought to account for complex relationships between predictor variables and the outcome variable while also considering group-level confounders. This can be particularly useful when multiple levels of predictors and group levels of predictors influence the outcome. In the current study, the effects of education may be affected by complex relationships between groups (demographic, education type, internet use pattern, and psychological status) and multiple individual-level predictors. In the current hierarchical logistic regression analyses, those individual and group-level confounders were controlled as covariates (33).

As independent variables, we introduced a discrete set of hierarchical variables: Model 1 included demographic factors; Model 2 comprised demographic factors along with the type of gaming education program (game coding education vs. game literacy education); Model 3 incorporated demographic factors, gaming education program type, and internet use pattern; Model 4 involved demographic factors, gaming education program type, internet use, and psychological status.

Additionally, within each education group, hierarchical logistic regression analyses were conducted using the set of variables, including Model 1, 2, and 3, to investigate their effects on the effectiveness of education. As independent variables, we introduced a discrete set of hierarchical variables: Model 1 included demographic factors, Model 2 incorporated demographic factors and internet use patterns, and Model 3 involved demographic factors, internet use patterns, and psychological status.

Lastly, a repeated-measures ANOVA was employed to examine distinctions between the game coding group and the game literacy group regarding alterations in (1) patterns of internet use and (2) psychological status.





3 Results



3.1 Comparisons of demographic, internet use pattern, and psychological status between groups

There were no differences in age (literacy: 12.6 ± 1.4, coding: 12.5 ± 1.5 years old), gender (literacy: 52.1% (boys) and 47.9% (girls), coding: 51.6% (boys) and 48.4% (girls)), and education year (literacy: 6.6 ± 1.5, coding: 6.5 ± 1.5 years), between the two groups (Table 1).


Table 1 | Demographic, Internet use patterns, and psychological scale in all participants.



There were no differences in internet use time (literacy: 3.4 ± 1.6 hours/day, coding: 3.3 ± 1.4 hours/day), YIAS scores (literacy: 36.8 ± 8.4, coding: 37.2 ± 7.9), IGLS positive (literacy: 30.0 ± 6.5, coding: 29.1 ± 7.2), negative scores (literacy: 22.9 ± 74, coding: 23.9 ± 7.6), and internet activity between the two groups. In both groups, gaming (literacy: 33.4%, coding: 34.8%) and over-the-top (OTT) streaming services (literacy: 40.5%, coding: 44.8%) were the most frequently used modes of internet activities.

There was no significant difference in the number of participants exhibiting problematic internet gameplay between the game literacy group (n = 92; 24.2%) and the game coding group (n = 96; 27.2%; χ2 = 0.86, p = 0.39)

A total of 423 (90.3%) students in the literacy group and 411 (91.7%) students in the game coding group completed their educations.




3.2 Hierarchical logistic regression for effectiveness of education

Two of the four models tested in all participants yielded results attesting to the effectiveness of all education (literacy and coding) in the total sample. Model 3 yielded χ2 = 93.610 (p < 0.001) and Nagelkerke’s R2 = 0.259 (25.9% of the variance in the dependent variable explained), indicating that the model was adequate for predicting the effect of the educational programs. With stepwise χ2 = 93.190 (p < 0.001), the internet use pattern was a significant predictor of the effectiveness of all education programs. Model 4 yielded χ2 = 109.832 (p < 0.001) and Nagelkerke’s R2 = 0.301 (30.1% of the variance in the dependent variable explained), indicating that the model was adequate for predicting the effectiveness of the education programs. With stepwise χ2 = 16.222 (p = 0.003), psychological status was a significant predictor. Based on the Wald statistics for all independent variables, YIAS score, stronger negative perceptions of gaming, and K-ARS scores significantly predicted the effectiveness of game education (literacy or coding) (Table 2).


Table 2 | Hierarchical regression analysis for effectiveness in game literacy and game coding education.



Of the three models tested in each group, two yielded results consistent with the effectiveness of the game literacy education. Model 2 yielded χ2 = 53.688 (p < 0.001) and Nagelkerke’s R2 = 0.287 (28.7% of the variance in the dependent variable explained), indicating that the model was adequate for predicting the effectiveness of game literacy education. With stepwise χ2 = 54.110 (p < 0.001), the internet use pattern was a significant predictor of the effectiveness of game literacy education. Model 3 yielded χ2 = 60.315 (p < 0.001) and Nagelkerke’s R2 = 0.317 (31.7% of the variance in the dependent variable explained), indicating that the model was adequate for predicting the effect of the game literacy education. However, psychological status alone was not a significant predictor (stepwise χ2 = 6.205 (p = 0.184)) (Table 3).


Table 3 | Hierarchical regression analysis for effectiveness in game literacy.



Of the three models tested in the current study, two yielded results consistent with the effectiveness of the game coding education. Model 2 yielded χ2 = 43.427 (p < 0.001) and Nagelkerke’s R2 = 0.250 (25.0% of the variance in the dependent variable explained), indicating that the model was adequate for predicting the effectiveness of the game coding education. With stepwise χ2 = 43.069 (p < 0.001), the internet use pattern was a significant predictor of the effectiveness of the game coding education. Model 3 yielded χ2 = 60.485 (p <.001) and Nagelkerke’s R2 = 0.317 (31.7% of the variance in the dependent variable explained), indicating that the model was adequate for predicting the effect of the game literacy education. With stepwise χ2 = 17.059 (p = 0.01), psychological status was a significant predictor. Based on the Wald statistics for all independent variables, YIAS score, lower K-ARS scores, and higher self-esteem all significantly predicted the effectiveness of game education (Table 4).


Table 4 | Hierarchical regression analysis for effectiveness in game coding education.






3.3 Comparison of changes in internet use patterns and psychological status between the game literacy and coding education groups

Education significantly decreased the YIAS scores in the game literacy (t = 2.81, p = 0.005) and coding education groups (t = 2.39, p = 0.017). However, the two groups had no significant difference in the improved YIAS scores from baseline to follow-up (F = 0.20, p = 0.65). In addition, the internet use time did not change in either the game literacy (t = -0.81, p = 0.11) or the coding education group (t = 0.15, p = 0.88) (Figure 2).




Figure 2 | Comparison of the changes in internet use patterns between game literacy and game coding groups. *: statistical significance. (A): Comparison of the changes in Young Internet Addiction Scale (YIAS) scores between game literacy and game coding groups, F = 0.20, p = 0.65. (B): Comparison of the changes in internet use time (hours/day) between game literacy and game coding groups, F = 0.43, p = 0.51. (C): Comparison of the changes in Internet Game Literacy Scale positive perception (IGLS-pos) scores between game literacy and game coding groups, F = 2.90, p = 0.09. (D): Comparison of the changes in Young Internet Addiction Scale Internet Game Literacy Scale negative perception (IGLS-neg) scores between game literacy and game coding groups, F = 7.36, p < 0.01.



IGLS-pos scores increased in the game literacy group (t = -3.70, p < 0.01), while there was no significant change in the coding education group (t = -1.52, p = 0.12). There was no significant difference in the IGLS-pos score changes between the new IGLS-pos scores in the two groups from baseline to follow-up (F = 2.90, p = 0.09). The IGLS-neg scores did not change in the game literacy group (t = -1.02, p = 0.31) but decreased in the coding education group (t = 2.06, p = 0.04). There was a significant difference in the changes in IGLS-neg scores between the two groups (F = 7.36, p < 0.01) (Figure 2).

PHQ-9 scores did not decrease in either the game literacy group (t = 1.62, p = 0.11) or the coding education group (t = 1.31, p = 0.19). There was no significant difference in the changes in PHQ-9 scores between the two groups from baseline to follow-up (F = 0.24, p = 0.62). Moreover, the K-ARS scores did not change in either the game literacy (t = -0.31, p = 0.76) or the coding education group (t = 0.13, p = 0.89) (Figure 3).




Figure 3 | Comparison of the changes in psychological status between game literacy and game coding groups. (A): Patient Health Questionnaire 9 (PHQ-9), F = 0.24, p = 0.62, (B): Dupaul attention deficit hyperactivity disorder (ADHD) scale, F = 0.22, p = 0.64, (C): Korean version of Social Phobia Inventory (K-SPIN), F = 1.03, p = 0.31, (D): Rosenberg Self-Esteem Scale, F = 4.64, p = 0.03, *: statistical significance.



There was no significant change in the K-SPIN scores between the game literacy (t = 0.34, p = 0.73) and coding education groups (t = 1.25, p = 0.21). Additionally, there was no significant difference in the K-SPIN scores between the two groups from baseline to follow-up (F = 1.03, p = 0.31). However, the self-esteem scores significantly increased in the game coding education group, compared to the game literacy education group (F = 4.64, p = 0.03) (Figure 3).

After analyzing the effectiveness of the two education programs, it was noted that the self-esteem scores in the game coding education group significantly increased post-education compared to the game literacy group (F = 10.61, p < 0.01). In addition, the K-SPIN scores in the game coding education group were significantly decreased compared to the game literacy group (F = 5.31, p = 0.02) (Figure 4).




Figure 4 | Comparison of the changes in psychological status in the education-effective groups. (A): Rosenberg Self-Esteem Scale, F = 10.61, p < 0.01, (B): Korean version of Social Phobia Inventory (K-SPIN), F = 5.31, p = 0.02, *: statistical significance.







4 Discussion

In this study, the effectiveness of the game education program in improving problematic internet gaming was predicted by higher YIAS scores, lower K-ARS scores, and higher self-esteem among adolescents with problematic internet gaming behaviors. Additionally, while game literacy and game coding education significantly decreased internet addiction scores, only game coding education lowered negative perceptions of internet gaming. Further, the self-esteem scores in the game coding education group were significantly higher than in the game literacy education group.



4.1 Game literacy education

Game literacy education would significantly improve YIAS scores. In addition, game literacy education would also increase positive thinking regarding internet games (not decrease negative thinking concerning internet games). In our literacy education, session 3 of reflecting on why they gamed and session 4 of identifying obstacles that hinder gaming may be associated with increased positive thinking, which would be related to improving YIAS scores. In our literacy education, session 2 of how to enjoy gaming wisely and session 6 of how to game safely may be associated with increased positive thinking. In previous studies, the improvement of YIAS would support the effectiveness of game literacy on IGD (11–13).

Internet use pattern was significantly associated with the effectiveness of both educations. A higher YIAS score could especially predict the effectiveness of education in the current study. However, there was no significant difference in effectiveness between game literacy and game coding education. Considering these results, we can suggest that both educations effectively improve problematic internet use. The reduction in the YIAS score could represent the improvement in problematic internet use patterns (11–13, 21).




4.2 Coding education and self-esteem

The rapid increase in interest in coding education can be attributed to its demonstrated impact in developing diverse skills beyond coding, including problem-solving, computational thinking, persistence, confidence, and communication skills (15). In our coding program, session 3, which involved creating a “blue flag and white flag,” and session 4, which involved checking correct answers, were associated with computational thinking. Simultaneously, gaming is also one of the most popular recreational activities for adolescents, serving as a tool to engage students within the educational framework (34) effectively. Game coding education, which allows students to develop and design their own games, can teach students practical skills and increase their self-efficacy and self-esteem (35). In our coding program, session 1 of moving game characters and session 2 of creating obstacles and game reset functions were associated with designing and developing their own games.

Other interventions have been proposed to improve self-esteem in adolescents. Kim et al. found that the reality therapy group counseling program, a widely employed form of therapy for various forms of addiction, resulted in decreased Internet addiction levels and improved self-esteem among South Korean university students with Internet addiction. Reality therapy focuses explicitly on the participant’s direction and self-responsibility in their life choices. Furthermore, it develops the participant’s commitment to making new and difficult choices, naturally improving their self-esteem (36). In addition, Yeun et al. showed that psychosocial intervention, focused on psychological or social factors rather than biological factors, significantly reduced internet addiction and improved self-control and self-esteem among school-aged children with Internet addiction in South Korea (37). In our game coding education program, session 8 of signing and sharing with friends was associated with social factors and communication skills. This educational approach concurrently instilled a sense of achievement and provided healthy coping mechanisms that still retained the elements of gaming adolescents are fascinated with. Therefore, game coding education emerges as a potentially effective but enjoyable treatment method for adolescents with problematic internet gaming behavior.




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

In this study, stronger negative perceptions of internet gaming predicted improved problematic internet gaming behaviors in all education groups. Moreover, stronger negative perceptions of internet gaming predicted improved problematic internet gaming behaviors in the game coding education group. In addition, the negative perceptions of internet gaming scores were significantly decreased in response to game coding education. In our previous study, a positive perception of internet gaming was associated with protective effects against developing IGD. In contrast, a negative perception of internet gaming was associated with a risk factor for IGD (17). Taken together, we may suggest that game coding education can improve the negative perception of internet games in adolescents with a high negative perception of internet games, which may linked with problematic internet gameplay.

In addition, this phenomenon might be associated with self-efficacy and depressive symptoms. While problematic internet gamers recognized excessive internet gaming as problematic, they continued gaming extensively due to low self-efficacy. For vulnerable adolescents with low self-esteem and self-efficacy, internet gaming may serve as a way of forming an alternate virtual identity that offers players a stronger and more positive sense of self (38). In addition, adolescents with low self-esteem are also at a higher risk of depression during early adulthood (39). Therefore, when analyzing the associated negative impacts of low self-esteem, it becomes imperative for problematic internet gaming treatments to focus on improving their self-esteem.




4.4 Limitations

IGD represents a relatively new study area, meaning there is a lack of studies in the current literature. Our study contributes to this evolving field by demonstrating the efficacy of game coding education in reducing problematic internet gaming behavior and various psychological outcomes, including improvements in self-esteem and depressive symptoms. Nevertheless, several limitations should be noted. First, the reliance on questionnaires during data collection lacks a detailed and professional evaluation compared to the participants evaluated by trained experts. In addition, missing data introduces potential biases that may influence the accuracy of our results. Second, in the current study, there was no control group (that did not receive any intervention), which limits the ability to attribute improvements solely to game literacy or coding education. Additionally, the current study’s conclusions may be limited due to the specific cultural and educational context of South Korea. Hence, future studies should include a non-intervention group for more robust comparisons and multicultural backgrounds Third, since the current study could not address the long-term sustainability of education, these remain unclear, given the unequal accessibility to extend coding education opportunities beyond the study. There is a need for longitudinal studies to assess whether the positive effects of game coding education persist over time. Future studies must observe the enduring impacts of future coding education curricula.





5 Conclusions

In conclusion, our results demonstrated the efficacy of game coding education, compared to game literacy education, in improving problematic internet gaming behavior in conjunction with participants’ self-esteem. The participants’ engagement in a creative process to construct their achievement proved more effective than developing foundational understandings of the gaming world. In the expanding domain of internet gaming disorder research, our study contributes valuable guidance into potentially effective and engaging treatment modalities for adolescents with problematic internet gaming behavior. Given the increasing accessibility of the Internet to adolescents at younger ages, it becomes imperative for future research to prioritize the development of practical educational curricula that can be implemented in the near future.
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