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Abstract

Objective: The authors examined the effectiveness of an interactive digital educational game to improve adolescents’ nutritional knowledge,
attitudes toward physical activity, eating behavior, and body mass index (BMI) as part of obesity prevention efforts.

Methods: A quasi-experimental design with a pretest—posttest control group was conducted among 120 high school students in Pekanbaru,
Indonesia. Participants were divided into an experimental group (n = 60), which received a 6-week intervention using the “Ayo Makan
Sehat dan Aktif” educational game, and a control group (n = 60) receiving no intervention.

Data were collected using a validated questionnaire and anthropometric measurements. Statistical analyses included paired and
independent z-tests as well as non-parametric equivalents where appropriate. The study was granted an exemption from ethics review
by Research Institute of the Payung Negeri Health Institute, Indonesia (Reference No. 089/IKES PN/KEPK/I11/2025). IRB certificate
available upon request from author.

Results: There was a significant improvement in nutritional knowledge (65-82, p < 0.001) and attitudes toward physical activity
(70-85, p < 0.001) in the experimental group compared to the control group. Eating behavior also improved significantly, as indicated by an
increase in healthy food consumption frequency (3-5 times/week, p < 0.05). Furthermore, BMI decreased significantly in the experimental
group (27.56-26.64; mean change [A, posttest minus pretest] = —0.91, p < 0.001), while the control group showed only a minimal change.
Between-group comparison confirmed that the reduction in BMI was significantly greater in the intervention group (p < 0.001).

In the experimental group:

«  Eating behavior improved significantly,
*  BMI decreased significantly, while
»  the control group showed minimal change.

Conclusion: The interactive educational game was effective in improving adolescents’ knowledge, attitudes, and eating behavior and con-
tributed to a modest but significant reduction in BMI. These findings highlight the potential of digital health education tools as an inno-
vative and scalable strategy for adolescent obesity prevention.

Plain Language Summary

Obesity among teenagers is increasing in Indonesia and increases the risk of health problems such as type 2 diabetes. Schools can play
an important role in teaching healthy habits. Yet many school health programs are short-lived and unstructured. The authors tested an
interactive educational game, “Ayo Makan Sehat dan Aktif” (“Let’s Eat Healthy and Be Active”), at a senior high school in Pekanbaru,
Indonesia. Sixty students played the game twice a week for six weeks, while 60 similar students served as the control group. Compared with
the students who did not play, those who played:

+ gained more knowledge about nutrition,

* developed more positive attitudes toward physical activity,

« reported eating healthy food more often, and

* average body mass index decreased slightly.

These findings suggest that interactive games can support healthy lifestyles in schools, but larger and longer studies are needed.

Key Takeaway

* Participation in a 6-week interactive educational game improved adolescents’ nutritional knowledge (mean score 65 to 82) and attitudes.
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dolescent obesity has emerged as an increas-

ingly pressing global health concern, including in

Indonesia. This phenomenon adversely affects not
only adolescents’ physical health but also their mental well-be-
ing and overall quality of life. Data from the World Health
Organization (WHO) reveal a significant increase in the preva-
lence of obesity among adolescents over the last two decades.
In Indonesia, Basic Health Survey results indicate a continual
rise in obesity rates among children and adolescents, driven by
factors such as unbalanced dietary patterns, insufficient phys-
ical activity and the growing influence of digital media. The
escalating rate of adolescent obesity carries the potential to
induce various degenerative diseases, including type 2 diabetes,
hypertension, and cardiovascular issues, while also impacting
mental health, potentially leading to depression and anxiety.
Therefore, comprehensive and sustained obesity prevention
efforts are imperative, requiring the use of a range of effective
and appealing strategies for adolescents.

One promising strategy for obesity prevention is the lever-
age of interactive educational games. These games offer not
only enjoyment but also function as an effective vehicle for
communicating health information and facilitating behav-
ioral change. By engaging with interactive educational games,
adolescents can learn about the importance of a healthy diet
and proper exercise techniques and understand the reper-
cussions of an unhealthy lifestyle in an engaging, interactive
format.

The results from prior studies suggest that integrating dig-
ital media into health education can enhance adolescents’
knowledge and awareness regarding health issues. The results
of one study' revealed that game-based interventions can
improve adolescents’ nutritional knowledge and cultivate pos-
itive attitudes toward physical activity. Furthermore, research?
indicated that educational games can assist adolescents in
making healthier food choices and increasing their level of
physical activity. Another study® also suggested that using
mobile applications for nutritional education can improve
adolescents’ understanding of healthy eating patterns.

This study aimed to evaluate the effectiveness of an inter-
active educational game in improving adolescents’ knowl-
edge of nutrition, attitudes toward physical activity, and
eating behavior as part of obesity prevention efforts. The
research was conducted at Sekolah Menengah Atas (SMA,;
senior high school) Negeri 10 Pekanbaru, Riau, Indonesia,
necessitating the active participation of students and teach-
ers. The chosen methodology is a quasi-experimental design
with a pretest-posttest control group, allowing research-
ers to quantify changes in students’ knowledge, attitudes,
and behaviors before and after the intervention. Data were
collected via questionnaires and measurements of body mass
index (BMI) to evaluate the intervention’s effectiveness.

Thus, it is expected that the findings of this study will offer
a significant contribution to the efforts to prevent adolescent
obesity in Indonesia. Moreover, it is hoped that these results
will form the basis for the development of more effective and
innovative health promotion programs suitable for implemen-
tation in school and community settings. Ultimately, this study
is intended to provide new insights into the critical role of
digital media-based health education in preventing adolescent
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obesity and to foster collaboration among stakeholders in
establishing an environment supportive of healthy lifestyles.

As formal educational institutions, schools play a paramount
role in cultivating healthy living behaviors in adolescents. By
implementing health education activities and physical fitness
training and by providing facilities such as canteens with nutri-
tious menus, schools possess the potential to be a catalyst in
obesity prevention endeavors.* Despite this, most schools have
not optimally and systematically integrated health promotion
programs into the curriculum on a continuous basis. Many pro-
grams remain temporary and unstructured, consequently limiting
their sustained impact. Conversely, if such programs are meticu-
lously designed, consistently implemented, and involve all school
components, achieving significant and lasting healthy behavioral
changes among students is feasible.

Methods

This study employed a quantitative quasi-experimental design
with a pretest—posttest control group approach. The study
was conducted at SMA Negeri 10 Pekanbaru, Indonesia.

Participants and Sampling
The study population consisted of approximately 300 students.
A total of 120 students were selected using systematic ran-
dom sampling. The sampling interval (k) was calculated as
300/120 = 2.5 and rounded to 3. A random starting point was
selected, and every third student was included in the sample.
Participants were then allocated into two groups: an
experimental group (r = 60) and a control group (n = 60).
Group allocation was performed using matching based on age
and gender to ensure comparability between groups.

Intervention
The experimental group participated in a 6-week intervention
using the “Ayo Makan Sehat dan Aktif” (AMI) interactive
educational game. The game included quizzes, simulations,
and interactive challenges related to balanced nutrition, physi-
cal activity, and healthy lifestyle choices. Participants engaged
with the game for approximately 30-45 minutes per session,
twice per week under teacher supervision.

The control group received no intervention during the study.

Data Collection

Body weight and height were measured using a calibrated dig-
ital scale and a stadiometer. Participants were asked to remove
their shoes and wear light clothing, then stand upright on the
scale with their body weight evenly distributed across both
feet and their gaze directed straight ahead. Body weight was
recorded in kilograms to one decimal place, while height was
measured from the floor to the top of the head with the head
positioned in the Frankfort horizontal plane and recorded
in centimeters to one decimal place. Each measurement was
taken twice by the same researcher, and if the two readings
differed by more than 0.5 kg or 0.5 cm, the measurement was
repeated until consistent results were obtained. Body mass
index (BMI) was then calculated by dividing body weight (kg)
by the square of height (m). All measurements were conducted
in a quiet, comfortably temperatured room at the same time of
day to minimize variation caused by physiological conditions



such as food or fluid intake. The scale and stadiometer were
calibrated before data collection began and checked periodi-
cally throughout the study to ensure the accuracy and reliabil-
ity of the measurements, and BMI was calculated as weight
in kilograms divided by height in meters squared (kg/m?).
Nutritional status was classified using [reference standard,
e.g., WHO BMI-for-age z-score cut-offs: overweight >+1 SD,
obesity >+2 SD].

Pretest data were collected before the intervention, and post
test data were collected after 6 weeks.

Statistical Analysis

Data were analyzed using IBM SPSS Statistics (Statistical
Package for the Social Sciences) version 27 (IBM Corp.,
Armonk, NY, USA). Descriptive statistics were used to sum-
marize participant characteristics.

Normality was assessed using the Kolmogorov—Smirnov
test. Paired z-tests (or Wilcoxon signed-rank tests) were used
to assess within-group differences, while independent z-tests
(or Mann—Whitney U tests) were used to compare differences
between groups. Statistical significance was set at p < 0.05.
Results with p < 0.01 or p < 0.001 are also significant at those
more stringent levels and are reported as such in the tables.

Ethical Considerations

Ethical approval for this study was obtained from the
Institutional Ethics Committee of Institut Kesehatan Payung
Negeri Pekanbaru (Appendix). Written informed consent was
obtained from all participants and their parents/guardians prior
to data collection.

Table 1 presents the baseline characteristics of respondents.
The mean age of participants was comparable between the
experimental group (16.2 + 0.8 years) and the control group
(16.1 £ 0.7 years). The distribution of gender was also bal-
anced across both groups. These findings indicate that the two
groups were relatively homogeneous at baseline, supporting
the internal validity of the study and minimizing potential
confounding effects.

Table 2 shows a substantial improvement in nutritional
knowledge among participants in the experimental group
following the intervention. The mean score increased
from 65 to 82, with a statistically significant difference
(p < 0.01). In contrast, the control group showed only
a minimal increase (66-68), which was not statistically
significant. This suggests that the interactive educational
game was effective in enhancing adolescents’ understand-
ing of nutrition.

Table 3 demonstrates a similar trend in attitudes toward
physical activity. The experimental group exhibited a
marked improvement, with mean scores increasing from

Table 1. Characteristics of respondents.

Variable Experimental (n = 60) Control (n = 60) Total (N = 120)
Age (mean * SD) 16.2+£0.8 6.1 £0.7 16.15+0.75
Sex (male) 28 (46.7%) 30 (50.0%) 58 (48.3%)
Sex (female) 32 (53.3%) 30 (50.0%) 62 (51.7%)

Grade Similar distribution
(10th—11th) across groups
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70 to 85 (p < 0.01), while the control group showed no
meaningful change. This finding indicates that the inter-
vention not only improved knowledge but also positively
influenced motivational and attitudinal aspects related to
physical activity.

Table 4 highlights the changes in eating behavior, particu-
larly the frequency of healthy food consumption. The exper-
imental group increased from 3 to 5 times per week, showing
a statistically significant improvement (p < 0.05), whereas the
control group exhibited only a slight increase. This suggests
that the intervention contributed to actual behavioral change
although the magnitude was smaller compared to knowledge
and attitude improvements.

In addition to the mean frequencies, the proportion of ado-
lescents who reported an increase in healthy food consumption
after the intervention was calculated. Of the 120 participants,
40 of 60 adolescents in the experimental group (66.7%) and 20
of 60 in the control group (33.3%) reported such an increase,
giving a total of 60 of 120 adolescents (50.0%). The propor-
tion of adolescents with improved eating behavior was there-
fore twice as high in the experimental group as in the control
group, which is consistent with the between-group difference
in eating behavior reported in Table 5. The overall figure of
50.0% combines both groups and is descriptive only; the com-
parison between groups is the informative result.

Table 5 presents post-intervention comparisons between
groups, showing that the experimental group performed sig-
nificantly better across all measured variables (knowledge,
attitude, and eating behavior) compared to the control group
(» < 0.05). This strengthens the evidence that the observed

Table 2. Comparison of nutritional knowledge scores before and after
intervention.

Gr Pretest Posttest Mean

oup mean £ SD  mean + SD difference p
Experimental 658 827 +17 <0.01*
Control 66 +7 68t 6 +2 0.08

*Statistically significant at the prespecified level of p < 0.05.Values reported
as p < 0.0l or p <0.001 are also significant at those more stringent levels.

Table 3. Comparison of attitude scores toward physical activity.

Grou Pretest Posttest Mean

P (Mean + SD) (Mean * SD) difference P
Experimental 70+ 9 85+8 +15 <0.01I*
Control 69+8 707 +1 0.12

*Statistically significant at the prespecified level of p < 0.05.Values reported
as p < 0.0l or p <0.001 are also significant at those more stringent levels.

Table 4. Comparison of healthy food consumption frequency (times/week).

Grou Pretest Posttest Mean

P mean mean difference P
Experimental 3.0 5.0 +2.0 < 0.05%
Control 2.5 3.0 +0.5 0.09

*Statistically significant at the prespecified level of p < 0.05.Values reported
as p < 0.0l or p <0.001 are also significant at those more stringent levels.
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improvements were attributable to the intervention rather than
external factors.

The analysis of BMI demonstrated a statistically signifi-
cant reduction in the experimental group following the 6-week
intervention (Table 6). The mean BMI decreased from 27.56
to 26.64 (p < 0.001), indicating a meaningful improvement in
nutritional status. In contrast, the control group showed only a
minimal reduction in BMI (27.55-27.47), although statistically
significant, the magnitude of change was negligible.

Further analysis comparing the mean change in BMI between
groups revealed a highly significant difference (p < 0.001),
confirming that the observed reduction in BMI was attribut-
able to the intervention (Table 7). These findings suggest that
the interactive educational game not only improved knowl-
edge and behavior but also contributed to measurable physi-
ological outcomes.

Although the reduction in BMI within a 6-week period is
relatively modest, it is clinically relevant and demonstrates the
potential of digital health interventions in supporting early
obesity prevention efforts among adolescents.

Table 8 reports the effect sizes of the intervention, expressed
as Cohen’s d, the standardized mean difference.

Effect size was expressed as Cohen’s d, calculated as the differ-
ence between the two group means divided by the pooled stan-
dard deviation. The pooled standard deviation was obtained by
taking the square root of the weighted average of the two group
variances, with each variance weighted by its degrees of freedom
(n — 1). Following Cohen’s conventional benchmarks, values of
0.2, 0.5, and 0.8 were interpreted as small, medium, and large
effects, respectively. For the paired or within-subject design, d

Table 5. Between-group comparison after intervention.

Experimental Control mean

Variable mean * SD +SD P

Nutritional knowledge 82+7 68+6 <0.01*
Attitude toward activity 85+8 70+7 <0.01*
Healthy eating behavior 5.0 3.0 < 0.05%

*Statistically significant at the prespecified level of p < 0.05.Values reported
as p < 0.0l or p <0.001 are also significant at those more stringent levels.

Table 6. Comparison of BMI before and after intervention.

Grou Pretest BMI Posttest BMI Mean

P (Mean % SD) (Mean £ SD) difference P
Experimental 27.56 +2.30 26.64 +2.20 -0.91 <0.001*
Control 27.55+225 2747 £2.28 -0.08 0.003*

*Statistically significant at the prespecified level of p < 0.05.Values reported
as p < 0.001 are also significant at that more stringent level. BMI: body mass
index.

Table 7. Between-group comparison of BMI change.

Variable Experimental Mean A Control Mean A p

BMI change -0.91 -0.08 <0.001*

*Statistically significant at the prespecified level of p < 0.05.Values reported
as p < 0.001 are also significant at that more stringent level. BMI: body mass
index.
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was calculated using the mean difference divided by the stan-
dard deviation of the difference scores, and where appropriate
a small-sample correction (Hedges’ g) was applied to reduce
upward bias when the sample size was small. Effect sizes and
their 95% confidence intervals were computed using [software
name, e.g., SPSS version X/R package X] to support the inter-
pretation of practical significance alongside statistical signifi-
cance. The results indicate a large effect on knowledge (d = 1.2)
and attitude (d = 1.1), and a moderate effect on eating behav-
ior (d = 0.8). These findings suggest that the intervention was
highly effective in improving cognitive and affective outcomes,
while behavioral change, although significant, may require lon-
ger or more intensive interventions to achieve stronger effects.

Figure 1 shows a comparison of pretest and posttest scores
for nutritional knowledge, attitudes toward physical activity,
and eating behavior in experimental and control groups. The
experimental group shows substantial improvement across all
variables following the 6-week intervention, while the control
group demonstrates minimal changes.

Overall, the findings of this study demonstrate that the
interactive digital educational game intervention was effec-
tive in improving adolescents’ nutritional knowledge, attitudes
toward physical activity, eating behavior, and BMI.

Importantly, the intervention also resulted in a statistically
significant reduction in BMI in the experimental group, while
the control group showed only minimal change. The between-
group comparison of BMI change further confirmed a sig-
nificant difference, suggesting that the intervention not only
influenced knowledge and behavior but also produced mea-
surable physiological outcomes. Although the reduction in
BMI was modest, it is meaningful within the relatively short
duration of the intervention and highlights the potential of
digital health education as an early preventive strategy against
adolescent obesity.

Taken together, these findings provide strong evidence that
interactive digital educational games can serve as an effec-
tive, engaging, and scalable approach to improving adolescent
health outcomes. The results support the integration of digital
health interventions into school-based health promotion pro-
grams as part of comprehensive obesity prevention strategies.

Discussion

The findings of this study demonstrate that the interactive
educational game has a significant positive influence on stu-
dents’ knowledge, attitude, and eating behavior. These results
align with previous studies indicating that digital media-based
interventions can improve adolescents’ nutritional knowledge.’
For instance, research by® found that the use of educational
games can enhance students’ understanding of nutrition and
physical activity. Additionally, the study by’ indicated that

Table 8. Effect size of intervention (Cohen’s d).

Variable Effect size (d) Interpretation
Knowledge 1.2 Large effect
Attitude I.1 Large effect
Eating behavior 0.8 Moderate effect

d: Cohen’s d (standardized mean difference).
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Fig. 1. Pre—post graphs.

mobile applications designed for nutrition education can help
adolescents make healthier food choices. However, the results
of this study also differ from those of other studies that did
not observe a significant increase in nutritional knowledge fol-
lowing the intervention. For example, research by® reported
that the use of educational applications did not consistently
produce the anticipated changes in eating behavior. This dis-
crepancy may be attributable to factors such as insufficient
student engagement with the application or a lack of support
from the surrounding environment.” In addition, research
by!®!! emphasized that digital health interventions are par-
ticularly effective in shaping early preventive behaviors, even
when short-term changes in BMI are relatively small. The
authors argue that improvements in knowledge and attitudes
are critical precursors to long-term behavioral and physiologi-
cal changes, which supports the pattern observed in this study,
where cognitive and attitudinal gains were more pronounced
than behavioral changes.

In the context of national data, these findings are consis-
tent with the results of'2, which indicate that the prevalence of
obesity among adolescents in Indonesia continues to increase,
driven by factors such as unhealthy eating patterns and insuf-
ficient physical activity. Approximately 18.8% of adolescents
in Indonesia are obese, and 26.7% are physically inactive.
These data underscore the importance of effective interven-
tions, such as interactive educational games, to address ado-
lescent obesity. A key factor supporting the effectiveness of
the educational game in this study is the interactive method-
ology employed. Educational games transmit information and
actively involve students in the learning process.!* This is con-
sistent with constructivist learning theory, which emphasizes
the significance of direct experience in learning. Providing a
pleasurable and engaging learning experience makes students
more likely to participate and retain the information pre-
sented. Furthermore, this research highlights the importance
of social support, including from teachers and parents, in
reinforcing students’ behavioral change.!* In the experimental
group, teachers involved in the intervention provided supple-
mental support through discussions and reflections after each
game session. This support can augment students’ motivation
to apply their learning to their daily lives.

Experimental Post
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Although the study results show a positive impact, we must
acknowledge certain limitations. Firstly, the research was con-
ducted in a single school with a restricted sample size, which
may limit the generalizability of the findings to a broader
population. Secondly, the measurement of eating behavior
and physical activity was based on self-reports, potentially
introducing social desirability bias."> Consequently, further
research utilizing larger designs and objective measurements
is warranted to corroborate these findings. To effectively
address adolescent obesity, it is essential to develop sus-
tainable, integrated health education programs. The results
of this study suggest that interactive educational games can
be an effective strategy, but continued efforts are necessary
to ensure that students apply the knowledge they acquire in
their daily lives.!® Furthermore, the engagement of parents
and the community is also crucial in creating an environ-
ment that supports healthy living behaviors. As a subsequent
step, it is recommended that Indonesian schools adopt sim-
ilar approaches in health education, utilizing technology
and interactive media to capture students’ attention. These
programs should be designed with students’ needs and inter-
ests in mind and actively involve them in the planning and
implementation process.!” This approach is expected to culti-
vate a generation of adolescents who are healthier and more
conscious of the importance of good nutrition and adequate
physical activity.

In conclusion, this research demonstrated that interactive
educational games can enhance students’ knowledge, attitudes,
and eating behaviors, thereby contributing to the prevention
of obesity among adolescents. These outcomes are consistent
with national data highlighting the high prevalence of obesity
in Indonesia and the necessity for effective interventions. By
actively involving students in the learning process and provid-
ing support from the social environment, it is anticipated that
positive and sustainable behavioral changes can be achieved
in addressing adolescent obesity. Therefore, this research
offers valuable insight for the development of more innova-
tive and effective health education programs and underscores
the importance of collaboration among schools, parents, and
the community in establishing an environment that supports a
healthy lifestyle for adolescents.'
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Conclusion

Based on the research findings, it is concluded that the interac-
tive educational game intervention had a significant positive
impact on students’ knowledge, attitude, and eating behav-
ior. The 6-week intervention clearly resulted in an enhance-
ment of nutritional knowledge, with the experimental group’s
mean score rising from 65 to 82, a much greater increase than
the marginal rise observed in the control group. Students’
attitude toward physical activity also significantly improved,
as evidenced by the experimental group’s mean score climb-
ing from 70 to 85. This confirms that an interactive approach
to health education can motivate students to be more active
and attentive to the importance of exercise. Moreover, the
observed change in eating behavior—the increase in healthy
food consumption frequency in the experimental group from
three to five times per week, in contrast to the minor increase
in the control group—demonstrates the intervention’s effec-
tiveness in promoting healthier eating patterns. These find-
ings align with national data concerning the high prevalence
of obesity among adolescents in Indonesia, underscoring the
necessity for innovative and engaging educational strategies.
In this research, we calculated the prevalence of adolescents
who showed an improvement in their healthy food consump-
tion following the intervention. Out of the 120 participants
involved in the study, 40 adolescents from the experimental
group and 20 adolescents from the control group reported
an increase in their healthy food consumption after the
intervention.

This resulted in a total of 60 adolescents who demon-
strated positive changes in their eating habits. Therefore,
the prevalence of adolescents who improved their healthy
food consumption after participating in the program is
50%. This finding highlights the effectiveness of the inter-
vention in promoting healthier eating behaviors among
adolescents, with significant improvements observed across
both the experimental and control groups. underscoring the
necessity for innovative and engaging educational strate-
gies. This research provides evidence that interactive edu-
cational games can be a potent tool for raising awareness
and nutritional knowledge among adolescents. To attain
optimal results, the involvement of parents and the commu-
nity in supporting healthy behavior, alongside the continu-
ous integration of this health education program into the
school curriculum, is crucial. We extend our gratitude to the
Research Institute of the Payung Negeri Health Institute
and the research site for providing the opportunity and
assistance throughout the research process. The support
provided was instrumental in achieving the research objec-
tives and realizing outcomes beneficial to the community.

This study demonstrates that the interactive digital
educational game intervention was effective in significantly
improving adolescents’ nutritional knowledge, attitudes
toward physical activity, and healthy eating behavior. The
intervention group showed substantial gains across cogni-
tive and behavioral domains compared to the control group,
indicating that the observed effects were attributable to the
intervention.

Importantly, the study also identified a modest but statisti-
cally significant reduction in BMI among participants in the
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intervention group. Although the magnitude of BMI change
over the 6-week period was relatively small, it is clinically
meaningful and highlights the potential of short-term digital
interventions in influencing early physiological outcomes.

These findings support existing evidence that digital health
education tools, particularly game-based interventions, can
enhance engagement and facilitate behavior change among
adolescents. The stronger effects observed in knowledge and
attitudes compared to behavior are consistent with behav-
ioral change theories, suggesting that cognitive and affective
improvements precede sustained behavioral modification.

Overall, this study underscores the potential of interactive
educational games as an innovative, scalable, and cost-effective
strategy for adolescent obesity prevention. Future research
should consider longer intervention durations, larger multi-site
samples, and objective behavioral measurements to strengthen
the evidence base and improve generalizability.
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