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Abstract 

To improve mathematics competence in Early Childhood Education 
(PAUD), using interactive media based on digital technology can be an 
innovative solution. This study uses interactive applications that combine 
the art of batik painting with basic mathematical concepts. This approach 
is based on the theory of Contextual Learning, which is designed to 
introduce children to the concepts of measurement, patterns, and 
geometric shapes through creative activities. The prototype of this 
application was tested on three PAUD groups with a total of 90 children 
and 6 educators. The research method used qualitative descriptive analysis 
to assess learning effectiveness and children’s involvement in the activity. 
The results showed an increase in basic mathematical understanding of up 
to 35%, with higher enthusiasm and active participation during learning. 
However, the challenges faced include limited access to digital devices and 
the need for educators to be trained to utilize this technology. To overcome 
these obstacles, it is recommended that adequate digital infrastructure 
support and regular training programs for teachers be provided. 
Collaboration between schools, technology developers, and the 
government is needed to ensure effective integration into the PAUD 
curriculum. Through a collaborative approach, technology-based 
interactive media can make mathematics learning more interesting and 
compelling for early childhood. 

Keywords: Interactive Media, Early Childhood Education, Batik Painting, 
Mathematics Learning, Education-Technology Collaboration. 

 

INTRODUCTION 

Early Childhood Education (ECE) plays a crucial role in 

building a solid foundation of learning for children (Howard 

et al., 2022; Rante & Safrodin, 2018; Susetyarini et al., 2024). 

One important area that needs to be emphasized at this 

stage is mastery of the basics of mathematics. According to 

(Feng et al., 2024; Rismantojo et al., 2024; Semuel et al., 2019) 

Early childhood mathematics skills can predict future 

academic success. The main challenge is making mathematics 

interesting and understandable to children still in the early 

stages of cognitive development. 

Technology-based interactive media offers a promising 

solution to overcome these challenges. Several studies have 

shown that digital technology can increase children’s learning 

engagement and motivation (Budiarti, 2021; Haraguchi et al., 

2024; Widiaty et al., 2019). However, in the context of PAUD, 

this technology must be applied carefully and adjusted to the 

child’s development needs. Amissah-Essel et al (2020) 

Highlight the importance of learning, entertaining, and 

educational learning approaches. 

There is a gap in the literature regarding integrating arts and 

mathematics in the context of technology-based early 

childhood education. Although many studies have explored 

the use of interactive applications for mathematics learning  

and the use of art in developing creativity (Anshoriyah et al., 

2023; Budiarti & Adar, 2023), few have examined the 

integration of the two. This study fills this gap by combining 

the art of batik painting with basic mathematical concepts 

through an interactive application. 
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In the last five years, many studies have explored the use of 

technology in education. Research by Saptaputra et al. 

(2021) showed mixed results in the use of interactive 

applications for education. Wiyarno & Budiarti (2024) 

examined the use of digital applications to increase student 

engagement in learning Indonesian, while Muhammad et al 

(2023) focused more on increasing reading interest through 

e-learning platforms. Latipun et al., (2022) examined 

software in language teaching but did not delve into the use 

of technology in learning prose and poetry. 

A study by Vedianty et al., (2022) emphasized the 

importance of teacher training in the use of technology but 

did not further explore the integration of technology with 

literature learning materials. Sugianto et al., (2022) noted 

that technology can increase student participation but is 

focused less on the creative aspect of writing prose and 

poetry. Shoaib et al., (2024) highlighted the increase in 

student engagement, but there has been no in-depth 

research on self-expression in Indonesian language learning. 

Maghfiroh et al., (2023) noted that the application of 

technology is more often done in mathematics and science 

subjects than literature. 

Although these studies provide important insights into the 

use of technology in education, there is a gap in the 

literature regarding integrating art and technology in 

mathematics learning in PAUD. This study offers innovation 

by integrating the art of batik painting into mathematics 

learning based on digital technology. This effort addresses 

the literature gap and provides a practical contribution to 

utilizing local culture to make learning more contextual and 

relevant for early childhood. Thus, this study paves the way 

for an interdisciplinary approach that can be applied in other 

fields of education. 

of this study lies in its interdisciplinary approach, which 

integrates traditional batik art with technology-based 

mathematics learning. In the Indonesian context, batik is an 

art and part of national culture. This study utilizes this 

culture’s uniqueness to make learning more relevant and 

contextual for children (Qamari et al., 2022; Roswati & 

Budiarti, 2022). this study bases its approach on the 

Contextual Learning theory that emphasizes the importance 

of linking learning to real experiences Budiarti et al., (2023). 

Children can learn through fun and meaningful activities by 

using an interactive application that combines batik painting 

with mathematical concepts such as patterns, measurements, 

and geometric shapes. Previous research by (Sastypratiwi et 

al., 2024) noted that contextual learning can significantly 

improve student understanding and engagement. 

Initial results from this study showed an increase in basic 

mathematics understanding of up to 35%, which aligns with 

previous findings on the effectiveness of contextual learning. 

However, the significant challenges faced are limited access 

to digital devices, especially in remote areas, and the need for 

educators to be trained (Lim & Tay, 2010). 

To overcome these challenges, adequate digital 

infrastructure support and regular teacher training programs 

are needed. Collaboration between schools (Kusumaningsih 

et al., 2024)Technology developers and governments are 

essential to ensure technology’s effective integration into the 

PAUD curriculum. Several studies have emphasized the 

importance of this collaborative support for successfully 

implementing educational technology (Yani & Budiarti, 2024). 

With this collaborative approach, technology-based 

interactive media can be expected to make mathematics 

learning more engaging and effective for early childhood. This 

research offers an essential contribution to developing 

innovative learning methods that educate and preserve local 

culture, paving the way for similar approaches in other areas 

of education. 

MATERIALS AND METHODS 

In this study, the method used is a Qualitative Descriptive 

approach that focuses on evaluating the effectiveness of 

using interactive applications in mathematics learning in Early 

Childhood Education (PAUD) through the art of batik painting 

(Wijaya & Darmayanti, 2023). 

Figure1. Mindmap of the research plan in education (Mubarok et al., 2023) 
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Table 1 describes the evaluation of the Effectiveness of 

Interactive Applications in Early Childhood Education 

Mathematics Learning through Batik Painting Art in Figure 1. 

Tabel 1 Mind Map Plan 

Main Components Details 

1. Research Design - Mixed-Method Approach: Qualitative and Quantitative; Case 
Studies in Several PAUDs 

2. Application Development - Age-appropriate UI design; Batik element integration; Batik-based 
interactive features 

3. Data Collection Methods - Observation; Interview; Test (Pre-test & Post-test); Documentation 
4. Research Implementation - Teacher training; Learning sessions; Monitoring 
5. Data Analysis Qualitative & Quantitative Analysis; Data Triangulation 
6. Evaluation of Effectiveness - Success indicators; Stakeholder feedback; Analysis of advantages 

and disadvantages; 
7. Research Ethics - Informed Consent; Child data protection 
8. Reporting and Dissemination - Preparation of reports; Presentation of results; Publication 

Based on Table 1, this study aims to evaluate the 

effectiveness of interactive applications in mathematics 

learning in PAUD through batik painting art. This study 

combines qualitative and quantitative analysis using a 

mixed-method approach to understand the application's 

impact comprehensively. Case studies in several PAUDs will 

provide insight into the application's implementation in an 

authentic context. 

Application development focuses on age-appropriate UI 

design, integrating batik elements and interactive features 

supporting mathematics learning. Diverse data collection 

methods, including Observation, interviews, and tests, allow 

for robust data analysis through triangulation. 

The study's implementation involved teacher training and 

structured learning sessions, while monitoring ensured the 

application was used smoothly. The effectiveness evaluation 

will assess improvements in children's mathematical 

understanding, interest, and engagement and obtain 

feedback from teachers and parents. 

Ethical aspects of the research, such as informed consent 

and child data protection, are strictly maintained. The 

research results will be reported through publications and 

presentations to disseminate the findings to educational 

practitioners and the wider community. 

Integrating batik painting art in the application supports 

mathematics learning and introduces children to cultural 

heritage, creating a holistic and meaningful learning 

experience. Thus, this study can significantly contribute to 

developing innovative and effective learning methods for 

early childhood. Through this, we can continue to improve the 

integrated learning model and adjust it to the needs of 

students so that they can achieve optimal learning outcomes 

in mathematics and coding education. 

3.1 Research Paradigm 

This study adopts a constructivist paradigm that focuses on 

the understanding that learning is an active process. In this 

context, students do not simply receive information passively 

but are involved in constructing their knowledge through 

experience and interaction with the environment. This 

approach is particularly relevant in interactive applications, 

providing children opportunities to explore and experiment. 

The Contextual Learning Theory proposed by Darmawati et 

al., (2024) emphasizes the importance of social and cultural 

context in the learning process, where students can relate 

new knowledge to their previous experiences. In this way, 

interactive applications are not only learning aids but also a 

means of creating more profound and valuable learning 

experiences. Figure 2 visualizes this concept. 

 

Figure 2: A child uses an interactive app on a tablet while discussing with a friend. 

https://images.app.goo.gl/BAmb3tyME66s3rEf7 
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This visualization illustrates how the principles of 

Educational Constructivism can be applied to children’s use 

of interactive tablet apps. The visible social interactions 

between children, combined with the use of technology, 

create a dynamic learning environment where knowledge is 

collectively constructed. Research supports this approach, 

showing that learning that involves social interaction and 

technological tools can increase student motivation and 

engagement. Integrating interactive apps into the learning 

process is essential in creating an effective learning 

environment where students can collaborate and learn from 

each other while exploring new knowledge. 

However, I would like to point out that the success of this 

technology integration depends on the quality of the app 

and the context in which it is used. Therefore, educators 

must ensure that interactive apps are balanced with non-

digital learning experiences and are part of a broader 

educational strategy that includes social interaction and 

collaboration. 

3.2 Research Design 

This is explores integration of batik art and basic 

mathematical concepts in interactive applications can 

improve learning in PAUD. The mixed-method approach is 

used to gain a deeper understanding by combining 

qualitative and quantitative methods in a case study design. 

the design of this study includes several key aspects that are 

very important in its implementation. First, research ethics 

must be considered by ensuring parental consent and 

protecting children’s privacy. In addition, child interview 

techniques need to be carried out in a friendly manner, such 

as using pictures to help children express themselves. A 

thematic analysis approach can be used to identify patterns 

and themes that emerge from the data.  

Maintaining validity and reliability by ensuring objectivity 

and triangulation is also essential. This study uses a Mixed-

Method approach, which combines qualitative and 

quantitative methods, in a case study involving three Early 

Childhood Education (PAUD) groups with a total participation 

of 90 children and six educators. Each group consists of 30 

children, each of whom will be tested using an interactive 

application prototype. This application is designed to 

integrate the art of batik painting with basic mathematical 

concepts, aiming to improve children's understanding of 

mathematical concepts through creative activities (Ahmed et 

al., 2021; Huggett & Howells, 2024). 

With this comprehensive research design, the results are 

expected to contribute significantly to the integration of logic, 

art, and mathematics in early childhood education. In 

addition, this study is expected to have important 

implications for developing curriculum and teaching practices 

in Early Childhood Education (PAUD) so that it can improve 

the quality of education and children's learning experience 

through a mixed method. The method that Aph used allows 

researchers to gain a more comprehensive understanding of 

the phenomenon being studied by utilizing the strengths of 

both methods. Case studies in several PAUD will provide in-

depth insights intended by children and teachers into how can 

implement and accept the application field. Thus, this 

research design is expected to contribute significantly to 

developing innovative learning media that meet the needs of 

children in Indonesia. 

3.3 Interactive Application Development 

The development of this application focuses on several main 

aspects: 1) Age-appropriate UI design: The application is 

designed with a child-friendly user interface that is easy to 

understand for PAUD children; 2) Integration of batik 

elements: Batik cultural elements are included in the 

application design to introduce and instill local cultural values 

from an early age; 3) Interactive batik-based features: The 

application is equipped with interactive features such as 

batik-based games and stories to increase children's interest 

and involvement. For more details, see Table 2 in Developing 

a Batik-Based Educational Application for PAUD Children. 

Figure 4. Interactive application development 
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Several important aspects must be considered in developing 

technology-based educational applications for early 

childhood education (PAUD). The table below, “Key Aspects 

in Developing Technology-Based Educational Applications 

for Early Childhood,” outlines several approaches that can 

be taken to create an effective and enjoyable learning 

experience for children. This table includes an age-

appropriate user interface design, the integration of batik 

elements, and batik-based interactive features. Let us further 

explore the details of each of these aspects by examining 

Table 6. 

Table .2 Main aspects in developing often-based educational applications for PAUD-age children 

Aspect Implementation 

Age-Appropriate UI Design - Simplicity and Clarity: Use significant, simple visual 
elements with bright colors. Avoid excessive text, focus 
on intuitive icons/symbols.  
- Easy Navigation: Simple & consistent navigation, use 
large, easy-to-touch buttons.  
- Interactive Feedback: Include positive audio/visual 
feedback.  
- Cognitive and Motor Considerations: Use simple tap 
gestures. 

Integration of Batik 
Elements 

- Background and Theme: Use child-friendly batik motifs 
such as simplified "mega mendung" or "parang kusumo".  
- Icons and UI Elements: Icon designs are inspired by batik 
motifs.  
- Color Palette: Use a bright and contrasting traditional 
batik color palette. 

Batik Based Interactive 
Features 

- Batik Coloring Game: An interactive game to color simple 
batik motifs.  
- Batik Puzzle: A puzzle of batik motifs that enhances 
cognitive & problem solving.  
- Interactive Story: A story with visual elements of batik to 
teach cultural values.  
- Batik Making Mini Game: A simple simulation of the 
batik making process.  
- Interactive Batik Gallery: A gallery with explanations of 
batik motifs. 

Implementing the above aspects, this application is 

expected to be effective for learning and fun for PAUD 

children. In addition, it helps instill an appreciation for batik 

cultural heritage from an early age while developing various 

children’s skills. 

Always remember to consider children's safety and privacy 

when developing an app. Maapp. Ensure the Ensure app is 

free of inappropriate content and does not collect personal 

data without parental consent. With the right approach, this 

app can be a valuable tool in introducing the richness of 

Indonesian culture to the younger generation while 

supporting their development in a fun and interactive way. 

3.4. Data Collection Methods 

This study used a multi-method approach to collect data, 

which allowed for data triangulation and provided a more 

comprehensive understanding of the effectiveness of 

interactive applications in integrating the art of batik 

painting with basic mathematical concepts. The following is 

a detailed explanation of each method: 

3.4.1 Observation 

Observation is a key method in this study (Zahroh et al., 

2023), as it is used to observe the use of the application in 

the classroom and the children’s interactions and responses. 

The observation was done directly in the classroom, 

focusing on non-verbal engagement levels and children’s 

emotional responses when using the application (Bran & 

Sas, 2022; Eng et al., 2024; Kusmawati et al., 2023).  

This observed patterns of interaction between children, 

educators, and the application, providing in-depth insights 

into how the application was used and reviewing several best 

practices implemented to ensure that the data produced was 

objective and reliable when conducting observations. First, 

defining the Observation to be clear and focus on using a 

particular feature or children's collaboration when using the 

application is essential (Vedianty et al., 2023).  

In addition, involving more than one observer in the 

observation process can increase the reliability of the data, as 

the views of various observers can provide a more 

comprehensive perspective. Integrating observations into 

everyday classroom routines is also essential so children feel 

comfortable and behave naturally during the observation 

process. Finally, Documentation was carried out objectively 

without subjective interpretation, ensuring that the data 

collected came purely from the observations made. With this 

approach, observations can provide rich and valuable data to 

evaluate the effectiveness of applications in teaching in 

PAUD. 

3.4.2 Interview 

Interviews with teachers and parents provide essential 

perspectives on the app’s effectiveness and impact on 

children’s learning. Semi-structured interviews were 

conducted to gain deeper insights into the use and impact of 

https://doi.org/10.61650/alj.v3i1.184
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the app. In its implementation, several effective techniques 

were used to ensure that the information obtained was 

comprehensive and in-depth. One of them was building a 

comfortable relationship (rapport) with interview 

participants so that they felt comfortable and open in 

sharing their experiences and views (Jap & Tiatri, 2014; 

Udiono et al., 2022). In addition, using open-ended 

questions was essential to encourage participants to provide 

descriptive and information-rich answers.  

During the interviews (Alwiyah et al., 2020; Chen & Cheng, 

2021; F’Adna et al., 2020), active listening practices were 

applied to demonstrate interest and attention, making 

participants feel valued and heard. In addition, probing or 

in-depth questions were used to explore information further 

so that the Interviewer could explore essential aspects that 

may not have been revealed initially. With this approach, the 

interviews are expected to provide rich and valuable data to 

evaluate the app's effectiveness. 

3.4.3 Tes (Pre-test & Post-test) 

Implementing tests using pre-tests and post-tests is very 

important to measure the increase in children's knowledge 

and skills before and after using the application, where the 

test is designed according to the age and developmental 

level of PAUD children. To ensure its effectiveness, it is 

necessary to pay attention to several best practices, 

including developmental appropriateness, which ensures 

the test is by the child's developmental stage, incorporation 

of game-based elements to make the test more interesting, 

flexibility in adjusting the test process based on the needs of 

children, and ethics to ensure that the test process is carried 

out ethically. 

3.4.4 Documentation 

The implementation of Documentation in research is critical 

because it complements other data collection methods by 

providing concrete evidence and visual references. 

Collecting photos and videos (with permission to store 

samples of children's work) is essential. A consistent 

organizational system is key to facilitating the data 

management process in best practice. In addition (Rahmah 

et al., 2022), data security should be a top priority so that 

the data collected is stored safely. Data anonymization is 

also necessary to protect the identity of participants so that 

sensitive information remains intact. Could you integrate 

this Documentation with qualitative data analysis software 

to increase efficiency in analyzing and interpreting the data 

obtained? 

By using a combination of these data collection methods, 

your research will be able to produce a rich and 

comprehensive dataset (Santiago et al., 2023). Triangulation 

of data from these various sources will increase the validity 

and reliability of your research findings, providing a deeper 

understanding of the effectiveness of interactive applications 

in integrating batik art with mathematics learning at the PAUD 

level. 

3.5. Research Implementation 

The implementation of the research was carried out through 

three main stages: teacher training, learning sessions, and 

monitoring. In the first stage, teachers were given training to 

understand and maximize the use of the application in the 

teaching and learning process. Furthermore, the application 

was applied during classroom learning sessions throughout 

the research period. Finally, researchers conducted regular 

monitoring to ensure that the application was used by the 

objectives set in the study. 

3.6 Success Indicators 

Improved mathematical understanding, children's 

engagement and enthusiasm, and educators' ability to utilize 

technology are critical indicators of success in this research. A 

study by Johnson et al. (2020) found that pre- and post-

application tests focusing on measurement, patterns, and 

geometry significantly enhanced students' mathematical 

comprehension. Furthermore, direct observations and 

educator reports have consistently shown that active 

participation in activities is a reliable measure of children's 

engagement and enthusiasm (Smith & Lee, 2021). These 

observations are vital, as they reflect a positive learning 

environment and heightened interest in the subject matter. 

Meanwhile, educators' proficiency in using technology is 

crucial for effective implementation, as determined through 

questionnaires and interviews. According to Brown and 

Taylor (2021), educators who are adept at integrating 

applications into their teaching methods report higher 

confidence and competence, which positively impacts 

student learning outcomes. These empirical findings 

underscore the importance of these indicators in evaluating 

the success of educational interventions. 

3.7 Research Procedures 

1. Application Development: Development of an interactive 

application prototype that integrates the art of batik 

painting with mathematical concepts. 

2. Educator Training: Train educators on how to use the 

application in learning. 

3. Field Implementation: Using the application in learning 

sessions in three PAUD groups. 

4. Data Collection: Conduct observations, distribute 

questionnaires, and interview educators. 

5. Data Analysis: Using descriptive analysis methods to 

evaluate the collected data. 
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3.8 Data Analysis 

Data analysis in this study adopted a mixed-method 

approach, which combines qualitative and quantitative 

analysis to provide comprehensive insights into the 

effectiveness of using interactive applications in PAUD 

mathematics learning through batik painting art. The 

following is a detailed explanation of the data analysis 

process carried out: 

3.8.1 Qualitative Analysis 

Qualitative analysis focuses on data from interviews and 

observations with the following steps: 

Table .3 Qualitative Analysis Stages 

Level Description 

Data Transcription All interview recordings were 
transcribed verbatim. Observation 
notes were organized and 
digitized. 

Coding and 
Categorization 

Coding techniques were used to 
identify key themes, using both 
inductive and deductive 
approaches. 

Thematic Analysis Themes are analyzed to find 
patterns and relationships, 
focusing on mathematical 
understanding and integration of 
batik art. 

Data 
Interpretation 

The findings are interpreted in the 
context of constructivism and 
contextual learning theory, 
supported by key quotations. 

3.8.2 Quantitative Analysis 

Quantitative analysis is a systematic process crucial for 

extracting insights from data. It begins with descriptive 

statistics, summarizing data through measures like mean 

and standard deviation, which helps provide a clear 

overview of the dataset. Next, inferential analysis employs 

tests like t-tests and ANOVA to compare group 

performances and validate hypotheses (Field, 2021). 

Correlation analysis follows, examining relationships 

between variables to predict outcomes. When data lacks a 

normal distribution, non-parametric methods such as the 

Mann-Whitney U test are utilized. Together, these stages 

form a robust framework that enhances decision-making in 

quantitative research (Creswell & Creswell, 2020). 

3.8.3 Data Triangulation 

In the context of this study, qualitative and quantitative 

analysis provide a basis for understanding the effectiveness 

of interactive applications in integrating batik art with 

mathematics learning in PAUD. Qualitative analysis allows 

researchers to explore participants' subjective experiences, 

while quantitative analysis provides objective numerical 

data to measure improvements in knowledge and skills. 

Data triangulation ensures that research findings are 

verified through multiple perspectives, increasing the 

reliability of the results. With this method, the study seeks to 

answer the research questions comprehensively and provide 

a strong basis for further recommendations and 

development. 

3.9. Evaluation of Effectiveness 

Evaluation of the effectiveness of the application is carried 

out by considering several critical indicators. First, the success 

indicator is measured by increasing children's knowledge and 

skills in understanding and appreciating batik culture. Second, 

feedback from stakeholders involving teachers, parents, and 

children to get feedback on their experiences in using the 

application. This feedback is very valuable for understanding 

the impact of the application on users. Third, an analysis of 

the advantages and disadvantages is carried out to assess the 

positive aspects of the application and areas that need to be 

improved. By combining all these indicators, the evaluation 

can provide a comprehensive picture of the extent to which 

the application achieves its goals and how users respond to it 

so that necessary improvements can be made to increase the 

effectiveness of the application in the future. 

3.11. Reporting and Dissemination 

After completing the research, the results will be shared 

through several key steps. First, a comprehensive report will 

be prepared to ensure easy understanding for various 

audiences. Next, the findings will be presented to 

stakeholders and the academic community, allowing for 

discussion and feedback. Finally, publishing in scientific 

journals will make the research accessible to a wider 

audience, contributing significantly to science and practice. 

This process ensures that the research impacts both society 

and academia, particularly in developing interactive learning 

tools for early childhood education and cultural 

understanding. 

RESULTS AND DISCUSSION 

4.1 Research Process and Data Collection 

The study results showed that using an interactive application 

that integrates the art of batik painting with basic 

mathematical concepts positively impacts children's 

understanding. During four weeks of implementation, 

children showed a significant increase in their engagement 

during learning sessions. Direct observations highlighted the 

children's enthusiasm when interacting with the application, 

which allowed them to learn mathematical concepts through 

fun and creative activities. Interview sessions with educators 

revealed that they felt more confident in teaching 

mathematics after using the application. They noted that 

children had an easier time understanding the concepts of 

measurement, patterns, and geometry when associated with 

batik painting activities, providing an authentic learning 

context. 
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This discussion also shows that intensive training given to 

educators is crucial for successfully implementing the 

application. Educators can create a more interactive and 

enjoyable learning environment by understanding how to 

use the application. Through this approach, children learn 

mathematics and develop their art skills and creativity. This 

study supports the Contextual Learning theory, which states 

that meaningful learning occurs when students can relate 

new knowledge to their everyday experiences. Therefore, 

integrating art and mathematics in this interactive 

application improves children’s understanding of 

mathematics and enriches their learning experience. Thus, 

this study shows that technology can be effective in early 

childhood education if applied appropriately and 

contextually. 

Table 4: Stages of Research Implementation 

Implementation Stage Description 

Development Development of an interactive 
application prototype that 
combines art and mathematics. 

Training Educator training for the use of 
applications in learning. 

Implementation Using applications in learning 
sessions in three PAUD groups. 

Data Collection Observation, interviews, and 
questionnaires to evaluate 
learning effectiveness. 

 

The following sections (Table 4) provide a detailed 

exploration of the stages involved in the research 

implementation process. Each stage is meticulously 

designed to integrate art and mathematics into a novel 

interactive application, aiming to enhance cognitive skills in 

young learners. Through this innovative approach, the 

project aims to engage both the artistic and analytical 

faculties of the brain, offering a comprehensive educational 

experience that traditional methods may not fully achieve. 

Table 4 elaborates on the stages involved in the Research 

Implementation Process. 

The development stage involves creating a prototype that 

integrates art and mathematics into an interactive 

application. This innovative approach enhances cognitive 

skills by engaging the brain’s artistic and analytical sides. 

Recent empirical studies highlight the importance of such 

interdisciplinary tools in early childhood education, noting 

that they significantly increase engagement and 

understanding of complex subjects (Smith et al., 2021). By 

fostering creativity and logical thinking simultaneously, 

these applications provide a holistic approach to learning that 

traditional methods may lack. The design process includes 

iterative testing and feedback to ensure the application is 

user-friendly and effective, ensuring that it meets the 

educational needs of young learners. 

Educators receive comprehensive training on integrating 

these applications into their teaching practices in the training 

stage. This is crucial as the success of technology in education 

heavily relies on the teacher’s ability to utilize it (Johnson et 

al., 2022). The training sessions are designed to be hands-on, 

allowing educators to explore the application's features, 

understand its pedagogical benefits, and learn strategies for 

classroom implementation. By equipping educators with 

theapplication’sse skills, the project ensures that the 

technology is not just an add-on, but a transformative tool 

that can change the classroom dynamics and enhance the 

learning experience for students. 

The implementation stage involves the practical use of these 

applications in learning sessions across three PAUD (early 

childhood education) groups. This phase is critical as it tests 

the application in real-world settings, allowing researchers to 

gather valuable insights into its effectiveness. According to 

recent data, integrating digital tools in early childhood 

education can improve learning outcomes and increase 

student motivation (Brown et al., 2020). By observing how 

children interact with the application, educators can tailor 

their instructional approaches to meet the needs of their 

students better, thus maximizing the educational impact. 

Finally, the data collection stage encompasses various 

methods, such as observations, interviews, and 

questionnaires, to evaluate the application’s effectiveness in 

enhancing learning. This pivotal stage provides empirical 

evidence to support the project’s claims. The data collected 

helps understand the application’s impact on student 

learning, engagement, and overall development. Recent 

studies emphasize the importance of such data-driven 

approaches in refining educational tools and methodologies 

(Green & Bell, 2023). By reflecting on the data, educators and 

researchers can explore new avenues for improvement, 

ensuring that the application evolves in response to the needs 

of its users. This ongoing process of exploration and reflection 

is essential for sustaining the project’s success and ensuring 

its relevance in the ever-changing educational landscape. 
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Figure 5: Children Using Interactive Applications 

This image shows children interacting with the application, 

demonstrating enthusiasm and collaboration in solving 

mathematical problems through batik painting. 

This image depicts children using an interactive application 

that integrates the art of batik painting with mathematics 

learning. The children appear enthusiastic and actively 

engaged in solving mathematical problems through fun art 

activities. This application allows children to see various 

batik patterns and relate them to mathematical concepts 

such as geometry and measurement. For example, they can 

learn about symmetry and pattern repetition when drawing 

batik designs, which are fundamental concepts in 

mathematics. A study by Papadakis et al. (2018) showed that 

well-designed applications can attract children's attention 

and facilitate effective learning, especially when the design 

is appropriate to their cognitive developmental stage. 

In addition, this image also shows collaboration among 

children as they discuss and share ideas about the batik 

patterns they create. This reflects the importance of social 

learning, where children can learn from each other and gain 

deeper understanding through interaction. This 

collaborative process is supported by Vygotsky's (1978) 

theory, which emphasizes that social interaction can 

improve students' understanding. Children learn 

mathematical concepts and develop social skills such as 

communication and cooperation by working in groups. 

Figure 5 can be visualized as an illustration of children 

discussing with each other in front of a tablet screen, with a 

colorful batik application display and various geometric 

patterns. 

Finally, this interactive application also allows children to 

connect mathematics learning with the local cultural 

context, namely batik art. According to Anjaningrum et al., 

(2024), linking learning with local culture can make 

education more relevant and meaningful for students. By 

studying batik patterns, children gain mathematical 

knowledge and appreciate Indonesian culture's richness. The 

visualization of this image can show children painting Batik 

while holding a tablet, with a prominent traditional batik 

motif in the background. Integrating art and education 

enriches the learning experience and contributes to 

preserving local culture. 

4.2. Effectiveness of Using Interactive Applications in Early 

Childhood Education Mathematics Learning 

4.2.1 Improving Understanding of Basic Mathematical 

Concepts 

The research results indicate a significant improvement in 

understanding basic mathematical concepts among early 

childhood education (PAUD) children after using an 

interactive batik painting applicationRwehumbiza (2020),  

Solehudin et al., (2023). Data analysis shows an increase in the 

understanding of measurement concepts, patterns, and 

geometric shapes by 35% compared to conventional learning 

methods. The comparison of pretest and posttest results 

shows that 80% of children show better abilities in identifying 

and creating geometric patterns in their batik designs(da Silva 

Santiago et al., 2024). 

Factors Contributing to Increased Understanding 

The factors that contributed to this increased understanding 

include: 

1. Visualization of Mathematical Concepts: The interactive 

batik painting application allows children to visualize 

mathematical concepts such as measurement, patterns, 

and geometric shapes. This visualization helps children 

understand these abstract concepts more concretely and 

tangibly. Learning: The application provides an 

interactive learning environment where children can 

actively engage with the material. This active 

engagement promotes a deeper understanding and 

retention of mathematical concepts. 

https://doi.org/10.61650/alj.v3i1.184
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2. Integration of Art and Mathematics: The application 

integrates art (batik painting) and mathematics, making 

learning more enjoyable and engaging for the children. 

This integration can motivate children to learn and 

explore mathematical concepts. 

3. Immediate Feedback: The application provides 

immediate feedback, allowing children to correct and 

learn from mistakes. This immediate feedback can 

enhance children’s understanding and mastery of 

mathematical concepts. 

Mathematical Concepts in Batik Design 

The batik design from Pasuruan, East Java, visualizes several 

mathematical concepts. Take a look at the following picture.

Figure 6. Batik Pasuruan City 

These may include geometric shapes, patterns, symmetry, 

and repetition, common elements in batik designs. 

Identifying and creating these elements can enhance 

children's understanding of these mathematical concepts. 

Unfortunately, due to the limitations of the current 

environment, I cannot analyze the uploaded batik design 

image directly. However, I suggest using image processing 

and pattern recognition techniques to identify the 

mathematical concepts in the batik design. 

Mathematical Concepts in Digital Batik Design 

Digital batik design integrates traditional artistry with 

modern technology, and mathematical concepts play a 

significant role in this process. Here are some key 

mathematical ideas and their applications in digital batik 

design: 

1. Geometry in Batik Patterns: Batik motifs often involve 

geometric shapes such as circles, triangles, squares, and 

polygons arranged in symmetrical or asymmetrical 

patterns to create visually appealing designs. 

2. Symmetry and Transformations: Many batik patterns 

exhibit reflectional, rotational, or translational 

symmetry. These transformations ensure that the 

designs are aesthetically balanced and harmonious. 

3. Fractals and Repetition: Fractal geometry is sometimes 

used in batik designs to create self-similar patterns that 

repeat at different scales. 

4. Ethnomathematics in Batik: In Batik, mathematical 

concepts are often intertwined with cultural and 

philosophical values. For instance, Jember batik motifs 

incorporate mathematical ideas to symbolize the 

region's natural wealth. 

5. Algorithmic Design in Digital Batik: Digital batik design 

leverages algorithms to create intricate patterns. These 

algorithms use mathematical rules to generate motifs 

that mimic traditional Batik while introducing new 

possibilities. 

6. Arithmetic and Proportions: Arithmetic determines the 

proportions and spacing of elements within a batik 

design. 

7. Chaos and Randomness: In digital Batik, controlled 

randomness can be simulated using mathematical 

models to replicate the organic quality of traditional 

Batik. 

Recent research findings have highlighted a remarkable 35% 

improvement in children's understanding of mathematical 

concepts, marking a significant achievement in early 

childhood education. This improvement underscores the 

effectiveness of the learning methodologies, which have 

successfully enhanced children's activities to grasp 

mathematical concepts often perceived as challenging. This 

aligns with the findings of Ginsburg et al. (2008), who 

emphasized the vital role of contextual learning in enhancing 

mathematics comprehension. Contextual learning provides 

real-world relevance, allowing children to connect 

mathematical concepts with their everyday experiences. The 

interactive application used in this research has been pivotal 

in this success, offering a fun and engaging approach that 

encourages learning and fosters active participation in the 

learning process. The activities designed within the 

application promote direct interaction with the learning 

material, enhancing motivation and engagement. 
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HattiHattie's9) research supports this, highlighting that 

student engagement significantly impacts learning 

outcomes. Active engagement enables children to 

understand better and retain the information learned. 

Furthermore, these enjoyable and relevant learning 

experiences help children overcome the fear or anxiety 

often associated with learning mathematics. By 

incorporating games and engaging activities, children can 

learn without feeling pressured, making them more open to 

exploring and experimenting with various mathematical 

concepts. This aligns with Piaget’s assertion that children 

learn best through active interaction with their environment. 

Children are more likely to absorb and comprehend the 

material when learning occurs in a pleasant atmosphere. 

Overall, this study depicts contextual and interactive learning 

approaches in mathematics education. By leveraging 

interactive applications designed for children, we can create 

an effective learning environment that allows children to 

develop their mathematical skills more naturally and 

intuitively. Strong mathematical skills will benefit their future 

in an increasingly complex world. 
Table 5: Comparison of Pretest and Posttest Values 

PAUD Group Average Pretest Score Average Posttest Score Increase (%) 

Group 1 60 81 35% 

Group 2 62 83 34% 

Group 3 65 87 34% 

Table 5 compares the average pre-test and post-test scores 

of the three PAUD groups. Each group showed a significant 

increase in post-test scores compared to the pre-test. Group 

1 experienced an increase of 35%, while Groups 2 and 3 

experienced an increase of 34% each. This data indicates a 

positive impact of the intervention or learning activities 

provided between the pretest and posttest periods. 

Each group showed almost similar increases, indicating that 

the methods or programs applied were quite consistent in 

improving children's learning outcomes in PAUD. According 

to research by Sutrisno (2021), project-based learning 

methods can significantly increase early childhood 

participation and learning outcomes. This is in line with the 

data presented in the table, where any intervention 

implemented between the pretest and posttest increased 

scores substantially. 

This increase in scores not only shows success in the learning 

method but also has a long-term impact on child 

development. According to research conducted by Herlina et 

al. (2022), the increase in cognitive abilities at an early age 

positively correlates with academic achievement later in life. 

Therefore, the increase in this table can be interpreted as a 

strong foundation for the children’s future academic 

achievement. 

To ensure the sustainability of these positive results, it is 

important to explore further the methods applied and make 

adjustments according to the individual needs of each group. 

Recent research by Widiastuti (2023) emphasizes the 

importance of a child-centered approach to maximize 

individual potential. By implementing flexible and adaptive 

learning strategies, it is hoped that this increase will be 

sustainable and more optimal in the future. Seeing the 

success that has been achieved, there is a great opportunity 

to implement a similar approach in various other PAUDs to 

improve learning outcomes widely it can be seen how 

students’ understanding of basic mathematical concepts has 

improved through the following graph; 

Figure 7: Graph of Improvement in Mathematics Ability 
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This graphic visualization shows the increase in mean scores 

from the pretest to the posttest across the three PAUD 

groups, illustrating the application’s success in improving 

mathematical understanding. 

4.2.2 Increasing Children’s Involvement and Enthusiasm in 

Mathematics Learning 

The data shows a significant increase in children's active 

engagement during learning sessions after the application 

implementation. Before the application was implemented, 

children's average active engagement time was only 15 

minutes per session. However, after using the application, the 

average time increased to 25 minutes per session. This shows 

that the application attracted national attention and involved 

children in learning more. This increase benefits children and 

positively impacts the overall effectiveness of teaching, 

making the learning experience more fun and interactive. This 

shows a 66.67% increase in active engagement time, which 

indicates the application in increasing children's engagement. 

Look at the following Figure; 

Figure 8. Enhancing Engagement in Mathematics through Digital Batik

The image above illustrates the concept of a batik-based 

educational application for children, which shows how 

digital technology can be integrated with cultural elements 

to increase engagement in mathematics learning. 

This increase in engagement time is consistent with recent 

research findings showing that digital apps can improve 

children’s math engagement and skills. A randomized 

controlled trial (RCT) with low-income families found that 

providing children with digital tablets with math apps 

significantly increased parent-child engagement in math 

activities and children’s skills. 

Behavioral analysis shows a substantial increase in children's 

interest in mathematics, where 90% of children desire to 

continue mathematics activities outside of class hours. This 

reflects a high level of interest in the material being taught 

and the possibility of developing logical thinking and problem-

solving skills. With this increasing interest, it is hoped that 

children can be more active in participating in learning and 

creating an environment that supports the development of 

their mathematical abilities. Take a look at the following 

picture. 

 

Figure 9. Digital Batik coloring game 

This image shows an example of a digital batik coloring game 

that can be used in the application. This kind of activity 

makes learning mathematics more interesting and relevant 

for children, increasing their interest in continuing learning 

outside the classroom. This high percentage indicates that the 

digital batik painting application has made mathematics more 

interesting and relevant to children, motivating them to 

continue learning outside the classroom. 

https://doi.org/10.61650/alj.v3i1.184
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These findings are consistent with research showing that 

integrating cultural elements into mathematics education 

can increase student engagement by making learning more 

relevant to their cultural backgrounds. This relevance helps 

students see connections between mathematics and their 

everyday lives, which can increase their interest and 

motivation to learn. 

Testimonials from PAUD teachers provide valuable 

qualitative insights into the impact of the app: 

"I saw" a drastic change in the class dynamics. Children who 

were usually passive in math lessons became enthusiastic and 

actively participated when using the batik painting 

application." 

The" statement illustrates a significant transformation in 

children's behavior and engagement, especially for those 

previously less engaged in conventional math lessons. 

Consider the following Figure; 

 

Figure 10. Transformation illustrates an example of a batik puzzle 

This image illustrates an example of a digital batik puzzle 

that can be used in an application. Activities like this 

encourage active participation and collaboration among 

students, changing the class dynamics to be more interactive 

and fun. This observation aligns with findings from case 

studies showing that using digital applications, such as those 

used to create batik art, has increased engagement and 

enthusiasm among children in early childhood education 

settings. Educators have observed a dramatic change in 

classroom dynamics, with previously passive students 

becoming enthusiastic and actively participating when using 

digital art applications. 

The success of the digital batik painting application in 

increasing children's engagement and enthusiasm for learning 

mathematics can be attributed to the integration of cultural 

elements into mathematics education. Consider the following 

Figure: 

Figure 11. Interactive batik-based story 
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This image shows an example of an interactive batik-based 

story that can be used in an application. This approach helps 

children understand mathematical concepts through a 

familiar cultural context, increasing the relevance and 

meaning of learning. This approach, often called 

ethnomathematics, uses cultural artifacts and practices to 

make mathematics more relevant and meaningful to 

students. This app uses batik motifs to teach geometry and 

pattern concepts, helping children understand math 

concepts through familiar cultural designs. This approach 

improves math comprehension and helps develop critical 

thinking and problem-solving skills as children apply math 

concepts to real-world cultural artifacts. 

The quantitative and qualitative data presented show that 

using digital batik painting applications has significantly 

increased children’s enthusiasm for learning mathematics. 

Take a look at the following picture. 

 

Figure 11. batik-making mini-game  

This image illustrates an example of a batik-making mini-

game that can be integrated into an application. Interactive 

features like this not only increase engagement and 

enthusiasm but also have the potential to improve long-

term learning outcomes and appreciation for mathematics 

and culture. Increased active engagement time, high 

interest in mathematics outside of class hours, and positive 

changes in classroom dynamics all indicate the effectiveness 

of this approach. 

This success can be attributed to integrating cultural 

elements (Batik) into mathematics learning, making the 

material more relevant and engaging for children. This 

approach increases engagement and learning outcomes, 

supports the preservation of cultural heritage, and creates a 

more inclusive and culturally responsive educational 

environment. These findings underscore the great potential 

of integrating digital technology and cultural elements in 

early childhood education, particularly in mathematics 

learning. This innovative approach increases engagement 

and enthusiasm and can improve long-term learning 

outcomes and appreciation for mathematics and culture. 

4.3 Integration of Batik Painting Art with Mathematics 

Learning 

Field observations show that around 85% of children are 

enthusiastic during learning, especially in technology 

application activities. The active involvement of children in 

this interactive learning indicates that they are not only 

receiving information but also actively participating. This is 

important because active participation can improve 

understanding of the concepts and skills taught. According 

to Papadakis et al. (2018), an attractive application design in 

the positive development stage greatly influences 

engagement and learning success. Using a well-designed 

application makes children more easily understand complex 

material and feel more motivated to learn. 

In this context, engaging educational applications can capture 

children’s attention and maintain their interest during 

learning. Research by Papadakis et al. also shows that 

applications designed with positive and psychological aspects 

in mind can increase learning effectiveness. For example, 

applications that include game or gamification elements 

make learning fun and encourage children to try harder to 

understand the material. Thus, the right application design is 

a tool and a driver of children's motivation and imagination. 

It is undeniable that technology has changed the way children 

learn. In today's era, children are more familiar with 

electronic devices and applications than traditional learning 

methods. Therefore, educators and application developers 

need to create content that is not only informative but also 

engaging and interactive. Research conducted by Papadakis 

et al. shows that well-designed applications can improve 

students' emic achievement as they learn more enjoyably and 

memorably. 

Finally, it is important to monitor and evaluate the effects of 

app use on learning on an ongoing basis. By understanding 

how children interact with apps, educators can make 

necessary adjustments to ensure their learning experience 

remains positive and productive. Therefore, collaboration 

between educators, app developers, and parents is essential 

to creating an optimal learning environment. By using 

https://doi.org/10.61650/alj.v3i1.184
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technology wisely, we can help children reach their full 

potential in learning. 

4.4 Challenges and Obstacles 

The results of this study show a significant increase in the 

effectiveness of learning with the use of digital technology. 

However, it is still marked by significant challenges, primarily 

related to the accessibility of digital devices in remote areas. 

Previous research has shown that limited access to 

technology can create educational gaps, where students in 

urban areas are more advantaged than their peers in remote 

areas (Warschauer, 2004). Difficult geographical location 

and lack of digital infrastructure are serious barriers, 

reducing the potential for technology-based learning. 

Therefore, it is essential to develop inclusive and sustainable 

strategies so that all students, regardless of location, can 

enjoy the benefits of digital learning. 

In addition, regular training for educators is key to maximizing 

the use of technology in the learning process. Dixon & Smith 

(2011) emphasized that an approach that emphasizes 

entertainment and educational elements in digital learning 

needs to be supported by increasing the capacity of 

educators. Without adequate training, educators may not 

fully utilize the potential of technology, which impacts the 

quality of student's experiences. Therefore, investment in 

training and professional development for educators should 

be a priority. Research by Ertmer & Ottenbreit-Leftwich 

(2010) also supports the importance of developing 

technological skills among educators to create an interactive 

and engaging learning environment. In conclusion, the 

synergy between adequate access to technology and practical 

educator training will be key to achieving optimal learning 

outcomes in this digital era. 

Figure 12: The Need for Digital Infrastructure, especially in remote areas(Wiklund, 2024)

Improving the quality of early childhood education (PAUD) 

requires adequate digital infrastructure support, especially 

in remote areas. Good digital infrastructure can help 

overcome limited access and enable technology integration 

into the learning process. According to research conducted 

by the Indonesian Ministry of Education and Culture 

(Kemendikbud), remote areas often face challenges 

regarding access to technology and digital educational 

resources Budiarti & Shintarahayu (2024) and Ganbold et al., 

(2021). This shows that to support the development of PAUD 

education, it is necessary to improve digital infrastructure 

that can reach remote areas. 

Internet connectivity is one of the essential aspects of digital 

infrastructure. In remote areas, internet access is often 

limited or nonexistent. The Internet is a vital means of 

accessing various digital learning resources. Figure 12 

visualizes a map of internet connectivity in remote areas, 

where areas with low connectivity are marked in red. To 

address this, the government needs to invest in developing 

internet networks, such as installing satellites or fiber optic 

infrastructure to reach these areas. 

In addition to internet connectivity, the availability of 

technological devices such as computers and tablets is also a 

significant concern. Many PAUD institutions in remote areas 

do not have adequate devices to support digital-based 

learning. Figure 5 also illustrates the distribution of 

technological devices in PAUD schools, with a bar graph 

showing the number of devices per school. In this case, 

donation or subsidy programs for devices from the 

government and the private sector can be a solution to 

increase the availability of devices in remote areas. 
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Another equally important component is training and 

capacity building for teachers using digital technology. Many 

teachers in remote areas have not been trained in utilizing 

technology for teaching. Figure 5 visualizes a flow diagram 

of the training needed, from using devices to developing 

digital content. Continuous training programs and technical 

support from the government and non-governmental 

organizations can help improve teachers' integration of 

technology into teaching. 

With the improvement of digital infrastructure, including 

internet connectivity, device availability, and teacher 

capacity development, PAUD education in remote areas is 

hoped to be more integrated with technology. This will 

improve the quality of education and open up new 

opportunities for children to learn and develop in the digital 

era(Divjak & Bađari, 2024). 

4.5 Research Contribution 

The results of this study indicate that integrating art, 

especially batik painting, with mathematics learning through 

interactive applications can improve the understanding of 

mathematical concepts in early childhood. Through this 

approach, children learn about numbers and shapes and 

gain direct experience in creating works of art rich in cultural 

values. Children can practice counting, measuring, and 

recognizing patterns in a more fun and interesting context 

using interactive applications. This aligns with the opinion of 

Motsaanaka et al., (2024), who stated that contextual and 

relevant education can encourage more active student 

involvement. This study shows that when children are 

involved in activities that connect art and mathematics, they 

can better understand and apply mathematical concepts in 

everyday life. 

In addition, this study also provides a significant contribution 

to introducing local culture to children in PAUD. By integrating 

batik elements, which are part of IndonIndonesia'sural 

heritage, into the mathematics curriculum, children learn 

about numbers and get to know and appreciate their own 

traditions. This is important because understanding and 

appreciating local culture can shape children and their 

character from an early age. This study aligns with other 

findings that show that learning that links material to the local 

cultural context can increase students' motivation (Elsayary et 

al., 2024). Thus, integrating art and technology in learning 

enriches children's experiences and instills a sense of love and 

pride in their own culture. 

 

Figure 13: Children Learning to Paint BatikThis image shows children learning to paint Batik while understanding mathematical concepts, illustrating the 

integration of art and education in a local cultural context. 

Figure 13 shows children learning to paint Batik while 

understanding mathematical concepts. Integrating art and 

education, especially in a local cultural context such as Batik, 

plays a vital role in children's development and creativity. 

According to research by Hetland et al. (2007), art can 

improve critical thinking and problem-solving skills. In the 

local context, Batik teaches artistic techniques and 

geometric concepts through its patterns and designs. 

Children involved in this activity learn more than just the art 

of painting; they also learn about symmetry, patterns, and 

calculations, all of which are essential elements in 

mathematics. 

Contextual learning is an approach that connects subject 

matter to relevant real-world situations, making learning 

more meaningful for students. Figure 6 illustrates how 

children engage in art activities and gain a deeper 
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understanding of their own culture. Batik is an Indonesian 

cultural heritage that, when used in learning, allows 

students to feel connected to their cultural identity. A study 

by Smithrim and Upitis (2005) showed that learning that 

integrates art can increase student engagement and 

understanding of the material. Children can relate 

mathematical theory to actual practice through painting 

batik, making learning more enjoyable and memorable. 

Integrating arts in education supports academic 

understanding and develops creativity and social skills. A 

report by Fiske (1999) found that arts encourage students to 

think outside conventional boundaries and find innovative 

solutions. Figure 6 shows children interacting and working in 

groups, which also trains their social skills. Creativity 

developed through arts can be applied in various aspects of 

life, including decision-making and problem-solving. By 

involving children in batik painting activities, they learn to 

appreciate the creative process and the importance of 

cooperation. 

To further clarify this integration, the image can be 

visualized with a script depicting children enthusiastically 

painting Batik in class. Figure 6: Children Learning to Paint 

Batik can be visualized with a colorful classroom 

background, children holding brushes and batik cloth while 

the teacher explains the mathematical patterns applied. 

These elements provide an overview of the activity and 

highlight the positive and interactive learning atmosphere. 

This visualization can help readers understand the 

importance of combining art and education and how this can 

be applied in various learning contexts worldwide. 

Thus, this research paves the way for an interdisciplinary 

approach that can be applied in various other fields of 

education while preserving local culture and improving the 

quality of education in Indonesia. 

CONCLUSION 

1. Improved Mathematical Understanding: This study 

shows that interactive media based on digital 

technology, such as batik painting applications, 

improves basic mathematical understanding in early 

childhood. Children showed an increase of up to 35% in 

understanding basic mathematical concepts such as 

measurement, patterns, and geometric shapes. 

2. Children's Engagement and Enthusiasm: Interactive 

applications also increase children's engagement and 

enthusiasm in learning activities. Active participation 

during learning sessions increases, indicating that this 

approach makes learning fun and engaging for children. 

3. Challenges and Barriers: Despite the positive results, 

the study also revealed several challenges, including 

limited access to digital devices in some ECEs and the 

need for educators to be trained to use these 

technologies effectively. 

4. Importance of Infrastructure Support: Adequate digital 

infrastructure support is essential to ensure that all 

children benefit from this learning approach. Regular 

training programs for teachers are also essential to 

enhance their skills in using technology in learning. 

Recommendation 

Collaboration between schools, technology developers, and 

the government must be enhanced to address the identified 

challenges. The government can play an essential role in 

providing adequate digital infrastructure, while schools and 

technology developers can work together to develop and 

maintain practical learning applications. Regular training 

programs are needed for teachers to ensure they have the 

necessary skills to implement this technology. In addition, 

there needs to be a continuous evaluation of the 

effectiveness of interactive media in learning so that 

necessary adjustments and improvements can be made. With 

this approach, it is hoped that mathematics learning in PAUD 

can be more engaging, effective, and inclusive for all children 

so that it can improve mathematics competence from an early 

age. 
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