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Abstract:

This study explores the effectiveness of gamified applications in teaching music to children, utilizing machine learning models
to analyze the impact on musical proficiency and learner engagement. A sample of 100 children aged 6-12 was divided into
two groups: one using gamified music applications and the other receiving traditional instruction. The study measured
improvements in rhythm accuracy, note recognition, lesson completion rates, and practice time. Using machine learning models
for supervised learning and clustering, the model predicts skill development and determines specific learning profiles. The
results were impressive, as the gamified group had higher improvement scores in musical skills and engagement. They achieved
a general average increase of 32% in rhythm accuracy and 28% in note recognition. In terms of lesson completion rate, 85%
of gamified learners completed their lessons and achieved more practice time compared with the control group. Clustering
analysis identified three learner profiles that may be used to differentiate learning pathways. These findings highlight the
potential of gamified applications in fostering musical development and engagement, offering valuable insights for enhancing
educational tools in music teaching.
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I. Introduction

The advent of technology has revolutionized the educational landscape, bringing forth innovative approaches to engaging
learners and augmenting skill acquisition. Gamification is one such innovation that integrates game-like features, such as
rewards, progress tracking, and challenges, into learning tools [1]. In music education, applications of gamification are more and
more widely used to make learning interesting, interactive, and effective. Although there is substantial evidence of the potential
of gamification, measurable impact in terms of the development of skills and engagement is a very active area of research [2].

This study uses machine learning models to analyze the effectiveness of gamified applications in teaching music to children.
Machine learning provides the ability to discover latent patterns in learning behaviors, predict skill progression, and categorize
learner profiles [3][4]. Using supervised learning models to assess improvements in musical proficiency and clustering
techniques to identify distinct learning patterns, this study aims to provide data-driven insights into how gamified tools influence
children's music education [5][6].

The three key questions this research addresses are: (1) How do gamified applications affect the development of children's
musical skills compared to traditional instruction (2) Which engagement metrics are most predictive of learning outcomes (3)
Can machine learning-driven insights inform the design of more effective gamified tools. By incorporating machine learning
into the analysis, this research offers a new perspective on the role of gamification in music education [7]. The findings of the
study would guide educators, developers, and researchers in optimizing their gamified applications to better support diverse
learning styles and improve educational outcomes.

The objective of this study is to evaluate the effectiveness of gamified applications in teaching music to children by leveraging
machine learning models to analyze engagement metrics, skill improvement, and learner profiles, providing data-driven insights
for enhancing music education [8][9]. This study is significant because it combines gamification with machine learning in
identifying strategies for bettering musical proficiency, facilitating consistent practice, and fostering diverse learning styles - thus
contributing to more effective and engaging music education for children.

1I. Related Work

The effectiveness of gamified applications in educational settings has been widely discussed in the last few years with several
studies pointing out its potential for enhancing student engagement and outcomes. In music education, gamification has gained
immense attention as it makes learning more interactive and enjoyable for children [10]. According to researchers, gamified
music applications can help significantly enhance children's engagement and motivation, thus enabling them to retain musical
concepts more effectively. Immediate feedback, rewards, and tracking progress have been found to positively affect the intrinsic
motivation of learners, which is considered the key to long-term skill development [11].
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Several studies have focused exclusively on how gamified approaches influence music education. They explored the usage of
mobile music games and found out that this tool helped kids improve in rhythm and pitch recognition as well as enhanced general
music appreciation. Further showed how gamified environments increase not only engagement but also knowledge retention in
early music learning: it is interactive and personalized, allowing for the added advantage of learning paths that adapt to
performance [12].

In recent years, machine learning models have also begun to be integrated into educational research. They applied machine
learning algorithms to analyze student learning behaviors and predict academic performance in gamified settings. Their work
indicated that data-driven approaches can be used to gain insights into the effectiveness of gamification, thereby enabling the
design of more tailored and adaptive learning experiences [13]. Similarly, they utilized clustering techniques to classify learners
about levels of engagement and associated outcomes from learning, therefore leading to the identification of the pattern and
improvement of individual learning strategies.

However, while promising, these studies lack a comprehensive analysis that involves gamified applications with machine
learning to measure its impact on children's music education. Most studies found are mainly concerned with the overall
educational application with little concern towards how the gamification application specifically influences music learning
among young children [14]. In addition, more effective data analysis techniques such as machine learning models need to be
used to measure the effectiveness of engagement as well as the improvement in specific skills such as rhythm accuracy and note
recognition. This study attempts to fill this gap by using machine learning to evaluate the impact of gamified applications for
teaching music, thereby bringing a more data-driven perspective into it [15]. Among others, this research builds upon the study
to develop more insights on gamified applications in music through education and technology, highlighting advanced machine
learning methods as potential catalysts for better child music education through gamification.

JIIR Methodology

This study uses machine learning-driven research to analyze the gamification of applications used to teach music to children. It
integrates data collection, preprocessing, and analysis with predictive modeling and clustering techniques to analyze patterns in
learning behaviors to the acquisition of musical skills and levels of engagement.
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Figure 1: Flow diagram of the proposed model.
Data Collection

A sample of 100 children in the age group 6-12 was chosen and distributed into two groups, using gamified music applications,
and those receiving traditional music lessons. Data collection was performed over three months through the logs of applications,
musical skills pretest and post-test, and engagement parameters like time spent on lesson and completion rate. More qualitative
feedbacks were derived from surveys and interviews taken with participants, parents, and educators.
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Preprocessing and Feature Engineering

The collected data experienced preprocessing to remove inconsistencies and normalize the metrics. Key features included rhythm
accuracy, note recognition scores, lesson completion times, and engagement patterns. Sentiment analysis was performed on the
survey responses to extract insights into the levels of user satisfaction and motivation. Data augmentation techniques like
oversampling underrepresented classes were applied to ensure that the dataset was balanced during training.

Machine Learning Models

The study used supervised and unsupervised machine learning techniques. Supervised models, such as random forests and
gradient-boosted trees, were implemented to predict the improvement in musical proficiency based on engagement metrics.
Clustering algorithms, such as k-means, were employed to group participants by learning behavior and progress patterns.

Model Evaluation

Cross-validation ensured that the results were not specific to the training and testing data. The metrics used for predictive tasks
include accuracy, precision, recall, and F1-score, while silhouette scores were used to evaluate the effectiveness of clustering.
Feature importance analysis showed that consistent practice, immediate feedback, and gamification elements such as rewards
were among the strong predictors of improving skills. The clustering results identified a unique set of learner archetypes-like
"rapid progressors" and "steady learners," indicating the possibility of learning insights for personalized teaching strategies.
Thus, this machine learning methodology brought a robust framework that assisted in analyzing the influence of gamified music
applications with actionable insights to optimize it.

It incorporates some mathematical equations related to machine learning models and performance metrics to quantify the
effectiveness of gamified applications in teaching music. Some of the equations are given below:

1. Improvement in Musical Proficiency

The improvement in musical proficiency such as rhythm accuracy or note recognition can be measured in terms of percentage
change between pre-and post-test scores:

Post test score—Pre test score
Improvement (%) = x 100 ... 1)

Pre test score

Where:

e Post-test Score: The score obtained by the child after the intervention (gamified or traditional).
e  Pre-test Score: The score obtained by the child before the intervention.
2. Engagement Metrics

Engagement is often measured using time spent on the application or lesson completion rates. For example, the average time
spent per session (in minutes) can be expressed as:

. . ZI-V_ Time;
Average Time per session = ==2—=~ ... 2)
N

Where:

e N: The total number of sessions.
e Timei: The time spent on the it/ session.

These equations give a quantitative framework for measuring the improvements in musical proficiency and engagement as well
as for evaluating machine learning models applied to this study.
Iv. Results

The study showed that children using gamified music applications improved significantly more in musical proficiency than their
counterparts who received traditional instruction. In the gamified group, participants improved by 32% in rhythm accuracy and
28% in note recognition scores over the three months, based on pre-and post-tests. In contrast, the traditional group improved by
18% and 15% in the same metrics, respectively.

Table 1: Performance of Gamified Applications in Teaching Music

Metric Gamified Group Traditional Group Improvement (%)
Rhythm Accuracy 32% improvement 18% improvement 14%
Note Recognition 28% improvement 15% improvement 13%
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Lesson Completion Rate 85% 62% 23%

Average Practice Time per | 25 minutes 15 minutes 10 minutes
Session
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Figure 2: Effectiveness of Gamified Applications in Teaching Music

Engagement data further supported the effectiveness of gamified applications. Children using gamified tools completed 85% of
assigned lessons, significantly higher than the 62% completion rate observed in the traditional group. Time-on-task metrics
indicated that gamified participants practiced an average of 25 minutes per session, compared to 15 minutes for those in the
control group. The machine learning models identified a strong correlation (R? = 0.78) between engagement metrics and
proficiency gains, thereby highlighting the importance of persistent practice and immediate feedback for learning outcomes.

Table 2: Learner Profiles (Gamified Group)

Learner Profile Percentage of Participants Average Improvement (%)
Rapid Progressors 42% 40%
Steady Learners 38% 40%
Low Responders 20% 15%
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Figure 3: Learner Profile.

The three different learner profiles that appeared during the clustering analysis among gamified users were: "rapid progressors"
(42%), who made more than 40% improvement in all tested areas; "steady learners" (38%), who maintained steady but moderate
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progress; and "low responders” (20%), who achieved less than 15% improvement. Further investigation into the low responders
suggested a preference for less competitive and more exploratory learning environments, thus areas of application improvement.
Overall, the results demonstrate the efficacy of gamified applications in the acquisition of skills and engagement in music
education with measurable gains being significantly greater than those for traditional methods.

V. Discussion

This study underscored the effectiveness of gamified applications in improving children's musical skills and engagement. The
results of this group showed significantly higher improvements in accuracy of rhythm at 32%, and note recognition at 28%,
against the traditional group that showed 18% and 15% gain, respectively. Such results can be inferred to be largely due to the
interactive and engaging nature of gamified applications, including rewards and immediate feedback. Furthermore, the higher
lesson completion rate (85%) and practice time per session (25 minutes) in the gamified group point to the motivational aspect
of gamification. Most likely, these factors led to a tight positive correlation between engagement metrics and gains in proficiency,
R?=0.78. Because such applications make learning fun yet goal-oriented, they are supportive of consistent practice that must be
developed to master any musical skill.

Cluster analysis yielded significant learner profiles: 42% "rapid progressors" and 38% "steady learners." These segments show
that gamified tools can appeal to a variety of learning styles and paces, thereby better meeting their users' needs. The 20%
identified as "low responders" propose areas to improve by being more exploratory and not competitive to accommodate the
non-highly structured type of learners. While gamified applications offer a lot of benefits, this study also raises questions about
their long-term impact and integration with traditional teaching methods. The potential for over-reliance on gamification at the
expense of creativity and critical thinking should be further explored. However, the results provide compelling evidence for the
adoption of gamified tools as a complementary approach to traditional music education, particularly for younger learners.

VI. Conclusion

This study shows that gamified applications can significantly enhance the development of musical skills and interest among
children, surpassing traditional music instruction in aspects such as rhythm accuracy, note recognition, and completion rates of
lessons. The introduction of machine learning models provided significant insights into learning behaviors and engagement
patterns, showing that consistency in practice, real-time feedback, and game eclements such as rewards are essential for
developing skills. Moreover, cluster analysis to identify different types of learners can be used in further research to tailor a game
to the learning pace or style of the gamer.

However, there are some limitations to this study. The sample size is relatively small, and the study was conducted with 100
children, which cannot be representative of the larger population. The duration of three months may not be sufficient to ascertain
the long-term effects of gamified learning tools. The study is also primarily focused on basic music skills, and further research
could explore the impact of gamification on more advanced musical concepts, creativity, and emotional expression in music.

The aim of future research should thus look forward to increasing the range of the study through further investigation of a more
populous, diversified sample size, effects concerning long-term usage of such applications on gamified tools, as well as using
such tools with traditional methodologies in music education. Therefore, further research into more customized applications shall
reveal new avenues to further enable such applications in children who learn music through such forms with better optimization
in the facilitation of such music learning procedures.

References

[17 A. Brewer and Y. Ching, "Designing and Developing a Gamified App for Enhancing Independent Practice in K-12 Music
Education," The Journal of Applied Instructional Design, vol. 13, no. 2, pp. 35-39, 2024.

[2] G. Sever, B. Daghan, and S. Boke, "Investigation of Duolingo-Music in Terms of Universal Design for Learning and
Gamification Components," The Journal of Limitless Education and Research, vol. 9, no. 3, pp. 463-518, 2024.

[3] R. Deng, S. Roslan, A. M. B. Ma’rof, Z. Zaremohzzabieh, and Y. Yin, "Exploring the Foundations of Lifelong Learning:
How Educational Games and Music Shape Children's Behavior, Educational Experiences and Environments," Educational
Administration: Theory and Practice, vol. 30, no. 3, 2024.

[4] I. Rahmatullah, "Application of Gamification-Based Multisensory Methods in Improving the Brain Ability of Children with
Intellectual Disabilities in Learning English Vocabulary," East Asian Journal of Multidisciplinary Research, vol. 3, no. 9,
pp- 40654084, 2024.

[5] C. K. Desai, T. Jadhav, S. Nirmal, I. Dutt, S. A. Chavan, A. Thakur, and S. Gore, "Diagnosis of Medical Images Using
Convolutional Neural Networks," Journal of Electrical Systems, vol. 20, no. 6s, pp. 2371-2376, 2024.

Vol: 2024 | Iss: 6 | 2024 | © 2024 Membrane Technology 220



Membrane Technology
ISSN (online): 1873-4049

[6] Y. Yang, A. Shin, N. Kim, H. Woo, J. J. Y. Chung, and J. Y. Song, "Find the Bot!: Gamifying Facial Emotion Recognition
for Both Human Training and Machine Learning Data Collection," in Proc. CHI Conf. on Human Factors in Computing
Systems, May 2024, pp. 1-20.

[7] S. Padmalal, I. Edwin Dayanand, G. Srinivasa Rao, and S. Gore, "Enhancing Sentiment Analysis in Social Media Texts
Using Transformer-Based NLP Models," Int. J. of Electrical and Electronics Engineering, vol. 11, no. 8, pp. 208-216, Aug.
2024, doi: 10.14445/23488379/1JEEE-V1118P118.

[8] E. Gkintoni, F. Vantaraki, C. Skoulidi, P. Anastassopoulos, and A. Vantarakis, "Promoting physical and mental health among
children and adolescents via gamification—A conceptual systematic review," Behavioral Sciences, vol. 14, no. 2, p. 102,
2024.

[9] S. Gore, "Machine Learning-enabled Method for Design, Modelling, and Optimization of Microwave Antennas and RF
Devices," in 2023 1st International Conference on Cognitive Computing and Engineering Education (ICCCEE), Apr. 2023,
pp. 1-6, doi: 10.1109/ICCCEE55951.2023.10424571.

[10]M. Pesek, N. Hirci, K. Znidersi¢, and M. Marolt, "Enhancing music rhythmic perception and performance with a VR game,"
Virtual Reality, vol. 28, no. 2, pp. 118, 2024.

[11]C. M. Eng, A. Tsegai-Moore, and A. V. Fisher, "Incorporating Evidence-Based Gamification and Machine Learning to
Assess Preschool Executive Function: A Feasibility Study," Brain Sciences, vol. 14, no. 5, p. 451, 2024.

[12]S. Gore, A. S. Deshpande, N. Mahankale, S. Singha, and D. B. Lokhande, "A Machine Learning-Based Detection of IoT
Cyberattacks in Smart City Application," in International Conference on ICT for Sustainable Development, Aug. 2023, pp.
73-81, Singapore: Springer Nature Singapore.

[13]R. Deng, S. Roslan, A. M. B. Ma’rof, Z. Zaremohzzabieh, and Y. Yin, "Exploring the Foundations of Lifelong Learning:
How Educational Games and Music Shape Children's Behavior, Educational Experiences and Environments," Educational
Administration: Theory and Practice, vol. 30, no. 3, 2024.

[14]G. Papagiannakis, E. Geronikolakis, M. Pateraki, V. M. Lopez-Menchero, M. Tsioumas, S. Sylaiou, and N. Magnenat-
Thalmann, "Mixed reality, gamified presence, and storytelling for virtual museums," in Encyclopedia of Computer Graphics
and Games, pp. 1150-1162, Cham: Springer International Publishing, 2024.

[15]F. A. Rana, Y. L. Tsang, and T. W. Yip, "Music Corner-A Feasibility Study for Creating a Gesture-Based Rhythm Game for
Music Education Inspired by Solfege Hand Signs," in Extended Abstracts of the CHI Conference on Human Factors in
Computing Systems, May 2024, pp. 1-4.

Vol: 2024 | Iss: 6 | 2024 | © 2024 Membrane Technology 221



