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Abstract: This study aimed to develop an interactive Virtual Mathematics Kit (VMK) integrated with a gamification approach and 
to examine its feasibility, practicality, and effectiveness in improving elementary school students’ numeracy skills. The study was 
motivated by persistent low numeracy achievement and disparities in students’ mathematical competencies, particularly in rural 
elementary schools. A Research and Development (R&D) approach was employed using the ADDIE model, comprising the 
Analysis, Design, Development, Implementation, and Evaluation stages. The participants were 26 fourth-grade elementary school 
students. The developed interactive VMK was validated by four expert validators in terms of content and media quality. Data were 
collected through observations, questionnaires, and pretest–posttest assessments and analyzed using descriptive statistics and 
normalized gain (N-gain) analysis. The validation results indicated that the VMK achieved a feasible category based on evaluations 
by both material and media experts. Practicality testing showed mean student response scores of 4.2 in individual trials and 3.6 in 
small-group trials, both categorized as practical. The effectiveness evaluation produced an average N-gain score of 0.58, indicating 
a moderate improvement in students’ numeracy skills. These findings demonstrate that the gamification-integrated VMK is 
feasible, practical, and effective for supporting mathematics learning and reducing numeracy gaps among elementary school 
students. The study contributes to the development of technology-enhanced, gamified learning media to strengthen numeracy 
education, particularly in rural elementary school contexts. 
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Introduction 

Technology-based interventions with gamification elements have been proven to improve students' 
learning outcomes, motivation, and engagement (Huang & Hew, 2021; Zainuddin et al., 2020). A recent meta-
analysis reported that gamification has a significant positive effect on academic achievement, with the 
magnitude of the effect influenced by instructional design and learner characteristics (Li et al., 2023; Sailer & 
Homner, 2020). This finding suggests that gamified learning environments can provide meaningful support for 
mathematics learning, including the development of numeracy skills (Parra-González et al., 2021; Hamari et al., 
2019; Dichev & Dicheva, 2017). The integration of gamification into mathematics instruction can therefore 
create more interactive learning experiences that encourage students to actively engage with mathematical 
concepts and persist in completing learning tasks. Moreover, when gamified elements are aligned with clear 
instructional objectives, they can function not merely as motivational features but also as pedagogical 
mechanisms that support meaningful learning and the development of students’ numeracy competencies. 

Several previous studies have investigated digital interventions to improve mathematical competencies 
(Bond et al., 2021; Prodromou & Lavicza, 2017). Pradana et al. (2020) found that Virtual Mathematics Kits (VMK) 
significantly enhanced elementary students' mathematical literacy through interactive visualization. Likewise, 
recent studies on adaptive digital learning environments indicate that personalized feedback and flexible 
learning pathways can improve students' engagement and conceptual understanding, especially for learners 
with different ability levels (Oumelaid et al., 2026; Li et al., 2023). However, most of these studies have focused 
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on mathematical literacy or general learning achievement rather than specifically addressing numeracy as a 
fundamental competency involving number sense, estimation, measurement, and quantitative reasoning (Goos 
et al., 2019; OECD, 2023). This gap indicates the need for digital learning interventions that explicitly target the 
multidimensional nature of numeracy rather than treating it solely as an extension of mathematical literacy. 
Furthermore, integrating interactive and adaptive digital features with numeracy-oriented tasks may provide a 
more targeted learning environment for developing students’ ability to apply quantitative reasoning in diverse 
mathematical and real-world contexts. 

In Indonesia, numeracy disparities remain a significant educational challenge, particularly in rural and 
underdeveloped regions such as West Kalimantan (OECD, 2023; Teresia, 2021). Limited infrastructure, 
insufficient access to interactive learning media, and variations in students' learning readiness reduce the 
effectiveness of numeracy learning programs (Suryani et al., 2022; Badan Kebijakan Pendidikan Dasar dan 
Menengah, 2024). Although digital learning media have been increasingly introduced, many existing 
applications emphasize content delivery without integrating adaptive gamification features that can adjust 
learning experiences according to students' initial abilities (Raj & Renumol, 2022). This condition highlights the 
need for learning solutions that are not only digitally accessible but also responsive to differences in students' 
numeracy competencies and learning needs. Furthermore, the integration of adaptive learning pathways and 
gamification could provide differentiated learning experiences that enable students to receive appropriate 
levels of challenge, feedback, and support according to their individual readiness. 

A critical review of previous studies reveals that existing gamification-based mathematics media still 
have several limitations. First, many studies emphasize motivational aspects but provide limited evidence 
regarding their impact on improving numeracy skills. Second, adaptive features, such as scaffolding, 
differentiated levels of difficulty, and personalized feedback, are often absent, even though these components 
are important for accommodating students with diverse learning needs (Oumelaid et al., 2026; Vlachopoulos & 
Makri, 2024; Rivera Muñoz et al., 2022). Third, empirical studies conducted in elementary schools in rural 
Indonesia, particularly in West Kalimantan, remain limited, making it difficult to understand the practical 
implementation of adaptive digital learning media in authentic classroom settings (Lestari et al., 2026; Wijaya 
et al., 2018). These limitations highlight an urgent need for digital mathematics learning media that move 
beyond entertainment and general engagement toward targeted development of numeracy competencies 
through adaptive and pedagogically structured learning experiences. Addressing this gap is particularly 
important in rural educational contexts, where differences in learning readiness and limited access to 
interactive resources require more responsive and contextually appropriate instructional solutions. 

Thus, this study addresses these limitations by developing and evaluating an interactive VMK integrated 
with a gamification approach designed to support elementary students' numeracy learning. The study not only 
examines the feasibility and practicality of the developed media but also evaluates its effectiveness in 
improving numeracy skills through a pretest-posttest design in the context of elementary education in West 
Kalimantan, thereby contributing to the growing literature on adaptive digital mathematics learning (Ilyas et al., 
2026; Li et al., 2023; Prodromou & Lavicza, 2017). The novelty of this study lies in the integration of interactive 
VMK, gamification, and adaptive learning features within a numeracy-focused digital learning environment 
specifically designed for elementary students in a rural Indonesian context. By simultaneously examining 
product quality and learning effectiveness, this study provides empirical evidence on how adaptive gamified 
digital media can be used not only to increase students' engagement but also to strengthen their numeracy 
skills in an authentic classroom setting. 

Methods 

This study employed a Research and Development (R&D) approach (Creswell & Creswell, 2017) to 
develop an interactive Virtual Mathematics Kit (VMK) integrated with a gamification approach for elementary 
school numeracy learning. This approach aims to develop, validate, and evaluate educational products to 
ensure that they are feasible, practical, and effective for learning. The development process adopted the ADDIE 
instructional design model, which consists of five stages: Analysis, Design, Development, Implementation, and 
Evaluation. This study employed a Research and Development  approach to develop an interactive VMK 
integrated with a gamification approach for elementary school numeracy learning. Research and Development 
is product development that goes through several processes of design, evaluation of product validity and 
production. Research and development function to validate existing products by testing the effectiveness or 
validation of products, in developing a product means updating or creating new existing products more 
effectively, practically and efficiently.  

The development process adopted the ADDIE instructional design model, which consists of five stages: 
Analysis, Design, Development, Implementation, and Evaluation. The ADDIE model was selected because it 
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provides a systematic and iterative framework for designing educational media. In addition, the model allows 
continuous revision through formative evaluation at each stage, ensuring that the developed product meets 
users' needs and educational objectives. This model is widely used in educational technology research because 
it facilitates the integration of learning theory, instructional design, and product validation. In this study, the 
ADDIE framework was specifically applied to guide the design and development of the interactive gamified 
VMK, ensuring that each stage was systematically connected to the identified numeracy learning needs. To 
design and develop the interactive gamified VMK, the ADDIE development procedure was used, involving five 
sequential and interconnected phases: Analysis, Design, Development, Implementation, and Evaluation. 

The research process followed a systematic development procedure consisting of three main stages: 
Analysis, Design, and Development. In the Analysis stage, researchers identified learning problems, students’ 
numeracy needs, curriculum requirements, and classroom conditions through observations and interviews with 
teachers, while also examining students’ initial abilities and the limitations of existing learning media. The 
findings from this stage were used to formulate the development requirements for the Virtual Mathematics Kit 
(VMK), particularly in terms of content, learning activities, and technological features needed to support 
numeracy learning. In the Design stage, the researchers developed the structure and interface of the interactive 
VMK, formulated learning objectives, prepared learning materials, designed gamification elements including 
levels, points, badges, and challenges, and developed the assessment instruments. The resulting design served 
as the blueprint for transforming the identified learning needs into an interactive and gamified digital learning 
environment. In the Development stage, the VMK was developed using the GeoGebra application and integrated 
with the predetermined gamification features to support interactive mathematics learning. The developed 
product was subsequently evaluated through validation by media experts and subject matter experts, and 
revisions were conducted based on their suggestions to improve the quality, content accuracy, usability, and 
instructional appropriateness of the media. Consequently, these sequential stages produced a validated and 
revised interactive VMK that was considered ready for classroom implementation and subsequent evaluation 
of its practicality and effectiveness in supporting elementary students’ numeracy learning. 

This research was conducted at an elementary school in Kubu Raya Regency, West Kalimantan, involving 
26 fourth-grade students as the research subjects. In addition, the product was validated by four experts 
consisting of two media experts and two subject matter experts. Data were collected using observation, 
questionnaires, and tests. Observations were conducted to obtain a direct description of the implementation 
process of the gamification-based Interactive VMK media and to identify students' responses and classroom 
interactions during learning activities. The questionnaire was used to evaluate the feasibility and practicality of 
the developed media. The validation questionnaire was administered to media experts and subject matter 
experts, while the practicality questionnaire was completed by students after using the media. The 
questionnaire employed a five-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree). The 
media validation instrument consisted of seven statements related to media design, usability, and gamification 
features, while the material validation instrument consisted of seven statements concerning content suitability, 
concept accuracy, and learning support. The student response questionnaire consisted of three statements 
evaluating ease of use, material understanding, and learning efficiency. 

The test instrument was designed to measure the effectiveness of the interactive VMK in improving 
students' numeracy skills. A pretest and posttest design was employed using essay-based questions that 
focused on geometry and angle measurement concepts. The test consisted of five numeracy questions 
covering several indicators, namely: (1) identifying and classifying angles, (2) measuring angles correctly, (3) 
solving contextual problems involving angles, (4) applying mathematical reasoning to everyday situations, and 
(5) interpreting quantitative information related to geometric concepts. The data were analyzed using 
descriptive qualitative and descriptive quantitative techniques. The feasibility and practicality of the media were 
analyzed using the average scores obtained from expert validation and student response questionnaires. The 
effectiveness of the developed media was analyzed using the normalized gain (N-Gain) test by comparing 
students' pretest and posttest scores. The N-Gain analysis was used to determine the level of improvement in 
students' numeracy skills after using the interactive VMK, as well as to evaluate the effectiveness of the 
developed learning media. 

Result and Discussion 

The results in this study, the researcher conveyed the results in accordance with the development 
research method used in this study is the ADDIE model. The ADDIE model is the development of a product with 
a model that is simple in a systematic manner, but does not reduce an outcome. The ADDIE model is simple in 
its procedure, but the implementation remains systematic. In the analysis stage, classroom observations and 
interviews with teachers were carried out to identify the initial conditions of mathematics learning and the need 
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for the development of digital learning media. The results of the analysis show that mathematics learning at 
one of rural state elementary school is still dominated by conventional methods of limited media use. Teachers 
generally use textbooks and verbal explanations, so students have difficulty understanding abstract 
mathematical concepts, especially angular and geometric measurement materials. In addition, it was found 
that there was a gap in numeracy skills between students. Based on the results of observations, most students 
were able to solve routine problems, but still experienced difficulties when faced with contextual problems that 
required quantitative reasoning. The results of interviews with teachers also show that students often make 
mistakes in identifying the type of angle, determining large angles, and connecting mathematical concepts to 
everyday life situations. 

Other findings show that the available learning media does not provide interactive features or feedback 
that can adapt to students' initial abilities. This condition causes students with low abilities to require more 
intensive assistance, while students with high abilities do not receive adequate learning challenges. Based on 
the results of the analysis, a GeoGebra-based Interactive VMK was developed with a gamification approach that 
integrates interactive visualization, learning challenges, point systems, levels, and badges as an effort to 
increase learning motivation and improve students' numeracy skills.The integration of these features was 
intended to provide a more responsive learning environment in which students could engage with mathematical 
concepts through different levels of challenge according to their learning readiness (Li et al., 2026; Yabashiru 
et al., 2025). Furthermore, the combination of interactive visualization and gamification was designed to 
encourage active participation while providing structured opportunities for students to practice and strengthen 
their numeracy competencies. 

In the design stage, based on the results of the needs analysis, an Interactive VMK was designed that 
integrates the concept of numeracy with a gamification approach. The product is designed to be able to 
facilitate the exploration of angular concepts independently through the GeoGebra application. Based on the 
results of needs analysis, an Interactive VMK was designed that integrates the concept of numeracy with a 
gamification approach. The product is designed to be able to facilitate the exploration of angular concepts 
independently through the GeoGebra application to produce prototype media consisting of several main 
components, namely: (1) main page (main menu), (2) instructions for use, (3) interactive learning materials, (4) 
exploration activities using GeoGebra, (5) challenges, (4) points and badge systems, (7) evaluating learning. 
Media design also considers the characteristics of elementary school students with the use of simple visual 
displays, eye-catching colors, and easy-to-use navigation. The integration interactive media would support 
mathematical learning for students difficulties (Fauzan, 2025; Bang, et al., 2023) 

The development stage produced an Interactive VMK integrated with GeoGebra and a gamification 
approach for fourth-grade elementary school students. The product was designed to improve students' 
numeracy skills, particularly in learning angle measurement and basic geometry concepts. The developed VMK 
consists of several interconnected features that support interactive and adaptive learning. Based on these 
findings, an interactive VMK was designed by integrating gamification elements, including points, badges, 
levels, and learning challenges. The media also incorporated adaptive features through graduated learning 
tasks, scaffolding, and immediate feedback. These features were intended to provide additional guidance for 
students with lower initial abilities while offering more challenging activities for students with higher abilities. 
The development of the media was guided by Constructivist Theory, which emphasizes active knowledge 
construction through meaningful learning experiences, and Multimedia Learning Theory, which explains that 
the integration of visual and verbal information can facilitate students' cognitive processing (Mayer, 2020). 
Furthermore, Self-Determination Theory supports the use of gamification elements to increase students' 
motivation and engagement by promoting autonomy and competence (Muchuweni & Jojo, 2026; Nurmultiefa 
et al., 2026). 

Produced VMK Interactive products which were then validated by two media experts and two material 
experts. The results of the validation of media experts showed (Table 1) that VMK Interactive obtained an 
average score of 3.4 with the decent category. The validators assessed that the display media, mathematical 
visualization, and integration of GeoGebra features were suitable for use in mathematics learning. Meanwhile, 
the results of the validation of the subject matter experts obtained an average score of 4.1 with the feasible 
category. The validator stated that the material presented was in accordance with basic competencies, learning 
indicators, and was able to support the strengthening of students' numeracy. These findings show that the 
developed media has met the feasibility aspects both in terms of design and material content so that it is 
feasible to be implemented in learning. 
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Table 1. Media and Subject Matter Expert Validation Results 

No Statement 
Average 

Score 
Media Expert Validation Results 

1 Media layouts (menus, buttons, work areas) are clear and proportional.  4 
2 Mathematical visualizations (graphs, objects, animations) are clear and easy to 

understand 
3 

3 Media is easy to run through the GeoGebra application (offline/online). 3 
4 GeoGebra features are optimally utilized (geometry tools, graphs, sliders).  4 
5 There are gamification elements (levels, points, badges, scores, challenges).   
6 The media is easy to use by teachers and elementary school students.  3 
7 Instructions for using the app (how to open, run, repeat) are available.  4 
 Average Score 3.4 

Material Expert Validation Results 
1 Suitability of the material with Basic Competencies 4.5 
2 Compatibility of the indicator with KD 4 
3 The truth of the concept of material is in accordance with its scientific point of view 4 
4 Availability of question discussion exercise 4.5 
5 Explanation of the material in the media is appropriate and clear 4 
6 Learning media using geogebra applications can support the learning process 4 
7 students to Self-study in determining angles 4 
 Average Score 4.1 

The results of the design were validated by media experts and material experts. The assessment of media 
experts gave a score of 3.4 with a decent category, while material experts gave a score of 4.1 with a decent 
category. This shows that the design of interactive VMK media is in accordance with the principles of 
mathematics learning and the needs of students. The feasibility evaluation was conducted by four expert 
validators consisting of mathematics education experts, educational technology experts, and a language 
expert. The validation process assessed content quality, instructional design, language, visual appearance, and 
usability. The validation results indicated that the developed VMK met the feasibility criteria and was 
appropriate for classroom implementation. The experts suggested several revisions related to interface design 
and instructional clarity, which were incorporated before the implementation stage. These findings indicate that 
the integration of interactive visualization and gamification produced a learning medium that is pedagogically 
and technically appropriate. Similar findings were reported that interactive VMK supports students' 
understanding of mathematical concepts through visual exploration (Ni  et al., 2026; Pradana et al., 2020). 
Likewise, Prodromou & Lavicza (2017) emphasized that technology-enhanced mathematics learning 
environments improve instructional quality and students' learning experiences 

Researchers conducted individual trials and small group trials to identify the effectiveness and 
practicality of the developed learning media. The individual trial was carried out to four grader of rural state 
elementary school. Individual trials were carried out on 3 students, trials were carried out to find out practicality 
through questionnaires. After the interactive VMK media through the geogebra application with a gamification 
approach to the geothermal material, the section measures the angle. In the use of the geogebra application, 
students are asked to do an adventure in completing the game. The practical trial is the implementation of 
interactive VMK media through the geogebra application with a gamification approach that is revised by media 
experts and material experts at the development stage. A practicality trial was carried out to determine the 
practicality of using learning media by involving individual and small group trials. 

Table 2. Results of Individual Trials 

No Indicator 
Responden 

Average 
1 2 3 

1 Interactive VMK media through geogebra applications with an easy-to-use 
gamification approach 

4 4 5 4.3 

2 The material presented in Interactive VMK media through the geogebra 
application with a gamification approach is easy for you to understand 

4 4 4 4 

3 By using Interactive VMK media through the geogebra application with a 
gamification approach, learning time is more efficient 

5 5 4 4,3 

  Average 4.2 
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The small group trial was carried out on 13 students in for grader of rural elmentary school in West 
Kalimantan with the aim of finding out the level of practicality in the use of interactive VMK media through the 
geogebra application with a gamification approach and the results in the table. 

Table 3. Results of Small Group Trials 

No Indicator Average 

1 Interactive VMK media through geogebra applications with an easy-to-use gamification 
approach 

4.1 

2 The material presented in Interactive VMK media through the geogebra application with a 
gamification approach is easy for you to understand 

3.8 

3 By using Interactive VMK media through the geogebra application with a gamification 
approach, learning time is more efficient 

3.9 

 Average 3.6 

Based on these calculations (Table 2), the average product validation of the practicality aspect in the 
individual trial was 4.2 with the partial category. While based on this calculation (Table 3), the average product 
validation of the practicality aspect in the small group trial was obtained, namely 3.6 the practicality of 
interactive VMK media through the geogebra application with a gamification approach is in the range of 3.4 < 
M ≤ 4.2 with "practical" criteria. Based on the results of the calculation, the media developed is categorized as 
"practical". The practicality of the developed media was evaluated through student response questionnaires 
during the implementation stage. The results showed that students perceived the interactive VMK as easy to 
use, attractive, and helpful for learning mathematics. The positive responses suggest that the gamification 
features successfully increased students' participation and learning engagement. The use of points, levels, and 
badges encouraged students to complete learning activities and provided immediate reinforcement for their 
achievements. According to Self-Determination Theory, these elements may strengthen students' sense of 
competence and intrinsic motivation (Muchuweni & Jojo, 2026). This finding is also supported by Hamari et al. 
(2019), Dichev and Dicheva (2022), and Zainuddin et al. (2020), who concluded that gamification can improve 
engagement and active participation in learning environments 

The implementation stage involved applying the interactive VMK media with a gamification approach to 
support students’ numeracy learning. Before the intervention, students completed a pretest to measure their 
initial numeracy abilities and understanding of the learning materials. The interactive VMK media was then 
implemented through the GeoGebra application, with gamification elements integrated into the learning 
activities to facilitate students’ engagement and participation. After completing the learning activities, students 
were administered a posttest to measure changes in their numeracy performance following the intervention. 
The effectiveness of the interactive VMK was assessed by comparing students’ pretest and posttest scores 
using the N-gain analysis. The N-gain score was used to determine the magnitude of improvement in students’ 
learning outcomes following the implementation of the interactive VMK with the gamification approach. Thus, 
the comparison between pretest and posttest results provided an indication of the extent to which the 
developed media supported students’ numeracy understanding and mastery of the learning material. 

The average pretest score of the students before using the Interactive VMK media was 39, with the lowest 
score of 10 and the highest score of 65. After the implementation of the media, the average posttest score 
increased to 73.87, with the lowest score of 40 and the highest score of 100. The N-gain analysis yielded an 
average score of 0.58. According to the N-gain classification, this value falls within the interval of 0.3 ≤ g < 0.7, 
which is categorized as moderate. This finding indicates that the Interactive VMK media based on GeoGebra 
contributed to a moderate improvement in students' numeracy skills. Although the effectiveness did not reach 
the high category, the results demonstrate that the integration of interactive visualization and gamification 
elements can support students in understanding mathematical concepts and improving their learning 
outcomes. Therefore, it can be elaborate that the Interactive VMK media based on GeoGebra are effective in 
improving students' numeracy skills with a moderate level of effectiveness. 

The results of this study indicate that the implementation of the Interactive VMK with a gamification 
approach helps students understand the concept of angles in a more engaging, interactive, and adaptive way. 
This finding is consistent with constructivist learning theory, which emphasizes that hands-on learning 
experiences and interactive visualization can strengthen students' understanding of abstract mathematical 
concepts (Aldi et al., 2025; Romdhon et al., 2024). The effectiveness of the developed media was examined 
using a one-group pretest-posttest design. The N-Gain analysis indicated that students experienced a moderate 
improvement in numeracy skills after participating in learning activities using the interactive VMK. Although this 
study did not employ a comparison group, the observed improvement suggests that the interactive VMK can 
support elementary students' numeracy learning. The adaptive features integrated into the media, including 
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scaffolding, graduated tasks, and immediate feedback, enabled students with different initial ability levels to 
learn according to their individual progress. Lower-achieving students received additional learning support, 
while higher-achieving students were encouraged to solve more challenging problems. 

These findings are consistent with studies by Li et al. (2023) and Oumelaid et al.  (2026), which reported 
that adaptive digital learning environments improve conceptual understanding and student engagement. In 
addition, Multimedia Learning Theory suggests that interactive visual representations facilitate cognitive 
processing and strengthen mathematical understanding (Mayer, 2020). The findings also support the results of 
Sailer and Homner (2020), who found that gamification contributes positively to students' learning performance 
and motivation. The present study extends previous VMK research by integrating interactive media, 
gamification strategies, and adaptive learning support within a single digital learning environment. Unlike 
previous studies that mainly focused on media validity or students' motivation, this study also provides 
empirical evidence regarding the practicality and effectiveness of adaptive VMK for supporting elementary 
school students' numeracy development. 

In the evaluation stage, analysis and improvement of interactive VMK media were carried out based on 
the input received. The data analysis in this study is based on the discussion, namely the results of media expert 
media validation, material expert media validation, individual trials (pretest-posttest and practicality 
questionnaire), small group trials (pretest-posttest and practicality questionnaire).  

 
Figure 1. Recapitulation of Evaluation Results 

Based on the data analysis presented in the table, the developed interactive VMK met the established 
feasibility criteria based on expert validation. The media expert validation resulted in an average score of 3.4, 
indicating that the media was categorized as feasible, while the subject matter expert validation obtained an 
average score of 4.1, also indicating a feasible category. At the individual trial stage, the practicality assessment 
produced an average score of 4.2, which was categorized as practical, while the small-group trial obtained an 
average score of 3.6, also within the practical category. During the implementation stage, the interactive VMK 
was tested with four grade stuents of rural area of elementary school in West Kalimantan, and its effectiveness 
was examined by comparing students’ pretest and posttest scores. The analysis resulted in an average N-gain 
score of 0.58, which falls to categorized as moderate. The students’ response questionnaire also produced an 
average score of 3.4, indicating that the interactive VMK was categorized as practica from the students’ 
perspective. Evaluation was conducted through both formative and summative processes, in which formative 
evaluation involved expert feedback and trial results to refine the media, whereas summative evaluation 
assessed the overall quality and effectiveness of the final product. Overall, the findings demonstrate that the 
gamification-based interactive VMK is feasible as a learning medium based on expert validation, practical based 
on student responses, and effective in improving students’ numeracy skills, as indicated by the moderate 
average N-gain score. Gamification could improved students’ numeracy skills (Fatmawati & Hasim, 2026; 
Duraiswamy & Mohammed, 2024). 

Nevertheless, several limitations should be acknowledged. The use of a one-group pretest-posttest 
design without a control group limits the ability to establish causal relationships. In addition, the relatively small 
sample size and implementation in a single school may reduce the generalizability of the findings. Future 
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studies are recommended to involve larger samples, comparison groups, and more comprehensive statistical 
analyses to strengthen the evidence regarding the effectiveness of adaptive gamification-based mathematics 
learning media. Despite these limitations, the study provides an important contribution to elementary education 
by demonstrating the potential of interactive and gamified digital media to support numeracy learning. The 
integration of interactive visualization, gamification, and adaptive learning features offers an alternative 
approach for creating more engaging and responsive mathematics learning experiences for elementary school 
students. From a pedagogical perspective, the developed VMK can support teachers in providing varied learning 
challenges and opportunities for students to actively practice numeracy skills according to their learning needs. 
Therefore, this study provides a foundation for further development of technology-enhanced mathematics 
instruction that is more adaptive, student-centered, and relevant to the demands of contemporary elementary 
education. 

Conclusion 

The findings indicate that the developed interactive VMK media is fulfilled the feasibility criteria based 
on expert evaluations and was considered practical according to students' responses during classroom 
implementation. Furthermore, the effectiveness analysis showed a moderate improvement in students' 
numeracy skills after using the interactive VMK. The integration of interactive visualization, gamification 
elements, and adaptive learning support provides an alternative approach for enhancing students' engagement 
and facilitating mathematics learning. The developed media may assist teachers in creating more interactive 
and student-centered learning environments, particularly for elementary mathematics instruction. However, 
several limitations should be acknowledged. This study employed a one-group pretest-posttest design without 
a control group, which limits the ability to establish causal relationships regarding the effectiveness of the 
intervention. In addition, the relatively small sample size and the implementation in a single school may restrict 
the generalizability of the findings to broader educational contexts. Future studies are recommended to involve 
larger samples, include comparison or control groups, and employ more comprehensive statistical analyses to 
provide stronger empirical evidence regarding the effectiveness of adaptive gamification-based learning media. 
Further research may also explore the implementation of interactive VMK in different mathematics topics and 
educational settings to better understand its potential contribution to elementary mathematics learning. 
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