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Abstract: Early numeracy refers to the ability to think critically using mathematical concepts, 
procedures, facts, and tools to solve everyday problems in various relevant contexts for early 
childhood. This study aims to develop early numeracy practices for young children through deep 
learning approaches. The subjects of this research are 60 Kindergarten students, divided into two 
developmental stages: 4–5 years old and 5–6 years old. The study employed a development 
research method using the ADDIE model, which consists of Analysis, Design, Development, 
Implementation, and Evaluation. Data was collected through observations, interviews, 
documentation, and numeracy performance assessments tailored to the children’s cognitive stages. 
The data were analyzed using both qualitative techniques to evaluate the effectiveness and 
developmental appropriateness of the numeracy practices. The result of this study is a validated 
early numeracy product that aligns with children's levels of cognitive development: knowing, 
applying, and reasoning. This product is adapted to each age group to ensure developmental 
suitability. The novelty of this research lies in the implementation of early numeracy through deep 
learning, which integrates meaningful, mindful, and joyful learning strategies to enhance young 
children’s mathematical understanding. Future research is recommended to explore the scalability 
of this model in various cultural and socio-economic contexts, as well as to examine its long-term 
impact on children's mathematical thinking beyond the kindergarten years. 
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INTRODUCTION 
Learning is one of the most essential things in curriculum implementation. Each level of 

education unit applies a learning concept by harmonizing the applicable curriculum (Kim et al., 
2022; Lansey et al., 2024; Saher & Kashif, 2020). Learning at the early childhood education level 
aims to lay the foundation for the development of attitudes, knowledge, skills, and creativity that 
students need to adapt to their environment and foster further growth and development (Jati et 
al., 2022). Early childhood education is generally designed to facilitate children's optimal and 
comprehensive growth and development by their norms and life values (Mithans et al., 2023).  

Through education, children are expected to develop all their potential – religious, 
intellectual, social, emotional, and physical, have the basics of religion that they adhere to, have 
expected behavioral habits, master several basic knowledge and skills according to their needs 
and developmental level, and have positive motivation and learning attitudes (Aulia et al., 2024; 
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Elvia et al., 2023; Idris et al., 2021). Concern for early childhood education shows the essence of 
education itself in responding to today's challenges and competition (Kristanto et al., 2023).  

The concept of 21st-century education emphasizes the need for students to possess a wide 
range of skills and abilities necessary to face various challenges and solve social problems in daily 
life (Ginting et al., 2024). Learning that supports 21st-century skills is urgently needed to face 
these challenges (Imran et al., 2023; Varghese & Musthafa, 2021). A person's thinking skills require 
one stimulation activity to reach a certain level of thinking maturity(Yusnadi et al., 2020), one of 
which is through the introduction of numeracy from an early age. 

Numeracy is the ability to think using concepts, procedures, facts, and mathematical tools 
to solve everyday problems in various types of contexts that are relevant to individuals as citizens 
of Indonesia and the world (Susilawati et al., 2024). Numeracy is interpreted as the ability 
possessed by a person to apply their mathematical knowledge in explaining events, solving 
problems, or making decisions in daily life (Zakaria et al., 2023). This can help students recognize 
the role of mathematics in real life, enabling them to make informed judgments and decisions 
and become responsible individuals who can reason and think logically (Olteanu, 2022). 

The application of early childhood numeracy requires an appropriate strategy as a form of 
integral learning (Novita et al., 2024). The Early Childhood Phase requires an effective strategy to 
fulfil its developmental aspects (Wang, 2023). Experts from Montessori, Peabody, Froebel, and Ki 
Hajar Dewantara view early childhood as a fundamental phase for development, including 
cognitive development (Xu et al., 2023). Assumptions about the development of an individual's 
way of thinking and the complexity of its changes through neurological development and 
environmental development (Lopuszanska & Samardakiewicz, 2020). In Piaget's theory, cognitive 
development is based on the principles of structuralism and constructivism. The point of view of 
structuralism is evident in its perspective on the thought process, which develops through a series 
of developmental stages characterized by the influence of cognitive structures (Sharma et al., 
2024). Meanwhile, the constructivist perspective is evident in his view of cognitive abilities as 
being built through interaction with the surrounding environment. Numeracy activities are 
closely related to the cognitive development process of each individual (Purnomo et al., 2022). 

The scope of numeracy implementation is extensive, not only introducing mathematics. 
Numeracy skills encompass innovation skills, technology utilization skills, life skills, and 
problem-solving skills (Dalim et al., 2023). The concept of problem-solving, an integral element in 
Piaget's theory (Cerovac & Keane, 2025), can be effectively integrated into the learning of 
mathematics. Mathematics education that emphasizes problem-solving has the potential to foster 
the development of critical and creative thinking skills in students (Lukman et al., 2023). This 
approach aligns with Piaget's perspective, which emphasizes that children actively develop their 
understanding through efforts in solving problems and building knowledge independently 
(Debora & Pramono, 2021). 

Children must learn numeracy from an early age because it serves as a strong predictor of 
future academic success, cognitive development, and social adaptability (Novita et al., 2024). 
Early math skills are a more powerful predictor of later academic achievement than early reading 
or socio-emotional skills (Little et al., 2021). Without a strong foundation in numeracy, children 
are more likely to struggle academically, require special education support, and face long-term 
social and economic disadvantages. Globally, UNESCO has reported that six in ten children are 
unable to perform basic math operations by the end of primary school, highlighting a global 
learning crisis (Hinzen et al., 2025). In Indonesia, data from the Ministry of Education shows that 
only around 60% of Grade 3 students meet the minimum competency standards in mathematics, 
indicating serious early numeracy challenges, (Doz, 2021; Nugraheni & Marsigit, 2021; Xu et al., 
2023). These findings underscore the urgency of prioritizing early numeracy development as a 
fundamental part of holistic education. 

Early childhood learning can be categorized into three approaches: independent learning, 
guided learning, and supportive learning. (Wynberg et al., 2022). Free learning emphasizes less 
structured learning activities and unrestricted freedom of play (Buldu, 2022). Guided learning is 
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influenced by the various behaviors of teachers in controlling children's learning activities. In 
contrast, conducive learning aims to strike a balance between the freedom to actively explore and 
the need to limit children's activities to ensure their safety when learning (Wulan & Syaleh, 2023). 
In implementing the right learning model, educators need to master other approaches 
(Bhagwonparsadh & Pule, 2024). For example, knowledge of holistic approaches, techniques 
involve children in determining learning (Kroufek & Nepraš, 2023; Norwich et al., 2022), 
positioning education as a facilitator (Mathisen et al., 2023) prioritizing the child's authentic work 
(Damjanovic & Ward, 2024), and the absence of a particular order or linear way of thinking 
(Michinov & Michinov, 2020), including deep learning. 

Deep learning is closely related to constructivist learning theory, which enhances the learning 
process and fosters interaction with others (Mei et al., 2023). Deep learning occurs when students 
are challenged and motivated by real-world problems that use interdisciplinary knowledge 
through an inquiry learning approach (Scott & White, 2024). Deep Learning is a development of 
various alternative approaches that build upon previous student-centered approaches, such as 
Problem-Based Learning, Flipped Classroom, and Formative Assessment, among others (Tan, 
2024). Thus, it can be demonstrated that deep learning is an approach that tailors its focus to 
students according to their uniqueness and characteristics. 

In-depth learning in PAUD does not mean teaching complex or academic concepts (Ministry of 
Education and Culture, 2025). Instead, it is an approach that respects the child's natural way of 
learning: through play, exploration, and discovery. Early Childhood is naturally characterized by high 
curiosity, and children in this stage always ask "why" about the world around them. They also enjoy 
exploring and trying new things (Yeler, 2022). This nature is very much in line with the principles of 
Deep Learning. 
 
 
 
 
 
 

 
 
 
 
 
 

 
Figure 1. Concept of deep learning 

 
The concept of meaningful learning is meaningful learning (Vargas-Hernández & Vargas-

González, 2022), mindful learning is mindful learning (Brito & Sellman, 2022), and joyful learning is 
fun learning (Anggoro et al., 2022). Deep Learning respects the natural way children learn (Pan et al., 
2023) by providing hands-on experiences, time for exploration, and opportunities to play and discover, 
helping children build a strong foundation of understanding and a love of learning early on (Lloyd et al., 
2024). 
 

METHOD 
This research employs a development model, commonly referred to as Research and 

Development (R&D), as described by Rahmawati & Cintamulya, (2025). Development research is a 
method used to produce a specific product and evaluate its effectiveness (Sugiyono, 2015). The 
development model adopted in this study is the ADDIE model, which includes five stages: Analyze, 
Design, Development, Implementation, and Evaluation (Khiftiyah & Nilamsari, 2022; Nurhasanah 
et al., 2022). 
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In this research, the ADDIE model was applied to develop educational media on disaster 
mitigation through a structured and gradual process. Disaster mitigation was chosen as the focus 
due to the unpredictable and often severe impact of natural disasters, particularly in disaster-
prone areas. Therefore, increasing awareness and preparedness through education is essential to 
reduce risks and losses. By integrating disaster mitigation into educational media, learners—
especially young children—can acquire essential knowledge and skills to respond appropriately 
before, during, and after a disaster. 

The learning content developed focuses on early numeracy based on a deep learning 
approach. The ADDIE model was selected due to its strength in providing a systematic 
development process. Each phase includes evaluation and revision components, ensuring a high 
level of validity for the resulting product. Additionally, the model is relatively simple, yet 
structured and systematic in its implementation (El Kharki et al., 2021; Rahmawati & Cintamulya, 
2025; Sulistyaningrum et al., 2023). It also enables the creation of learning media that can be 
utilized in both face-to-face and online learning environments (Adeoye et al., 2024; Arfianti et al., 
2021). 

Data collection was carried out through observation, interviews, documentation, and early 
numeracy performance assessments. These techniques were used to gather information about 
learner needs, age-appropriate media design, and the effectiveness of the developed product. The 
research involved 60 early childhood students from kindergarten, divided into two age groups: 4– 
to 5–year–olds and 5– to 6–year–olds. 

To ensure data validity, both source triangulation and method triangulation techniques 
were used. Source triangulation was conducted by comparing data from teachers, students, and 
learning documents. Method triangulation involved combining observations, interviews, 
documentation, and tests to provide a comprehensive and corroborative understanding of the 
research. Additionally, expert judgment was employed during the design and development stages 
to validate the content, language, and visual aspects of the media in accordance with the 
developmental characteristics of early childhood learners. 

Data analysis employed both qualitative and quantitative descriptive methods. Qualitative 
data were analysed through stages of data reduction, data display, and conclusion drawing. 
Quantitative data were analyzed by comparing the results of pretests and posttests on early 
numeracy, using the percentage of score improvement as an indicator of product effectiveness. 

 
 

RESULTS AND DISCUSSION 
The deep learning method offers a hands-on experience, allowing for exploration and 

encouraging full involvement from each child in the learning process. This research was carried out at 
Lestari Mulyo Pucakwangi Pati Kindergarten. The development of deep learning practice media is 
carried out using the ADDIE development model, which consists of five stages of development, 
namely: (1) analysis stage, (2) design stage, (3) development stage, (4) implementation stage, and 
(5) evaluation stage. 

This sub-chapter explains the design of early numeracy practices using deep learning media. 
Design and development of disaster education media by the product development model used in 
the research on the development of in-depth learning media practices in early numeracy. The 
stages in the implementation of development research are as follows. 
1. Analysis stage 

Analysis of the condition of Kindergarten Lestari Mulyo Pucakwangi Pati. Learning is still 
conventional. A situation analysis was conducted to achieve optimal results in mapping the 
needs of initial numeracy practice using the deep learning method. 

2. Design Stage 
Building on the analysis of the initial numeracy practice's needs, an appropriate design needs 
to be implemented that targets these needs. Design of in-depth learning methods in early 
childhood numeracy practice.  
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3. Development Stage 
Development of deep learning implementation design to meet the needs of continuous 
education. Development was carried out to determine the optimal formula for the initial 
numeracy practice model, utilizing deep learning, based on the child's developmental age and 
the level of numeracy implementation. 

4. Implementation stage 
The right level of numeracy has been tailored to the child's age and development. Each initial 
numeracy practice is adjusted to the child's developmental level. Deep learning media is the 
ideal approach to implementing it according to these stages of development. 

The implementation stage focused on applying early numeracy practices using deep 
learning media that had been developed and aligned with children's cognitive development 
stages. Each numeracy activity was tailored to the age and cognitive abilities of the children, 
specifically targeting two age groups: children aged 4–5 years and those aged 5–6 years. 

The implementation trial was conducted in Kindergarten Lestari Mulyo, Pucakwangi, 
Pati, involving 60 early childhood learners, divided equally between the two age groups. The 
aim was to assess the effectiveness of the early numeracy practice model through quantitative 
analysis. 

A pretest-posttest design was used to measure numeracy development. The pretest 
assessed children's initial numeracy skills before using the deep learning media, while the 
posttest evaluated their skills after the intervention. The results showed a significant 
improvement in numeracy abilities across both age groups: 

 
Table 1. Comparison of Pretest, Posttest, and Score Increase in Early Numeracy Practice 

 

 
These results indicate that the deep learning-based early numeracy practices were 

effective in enhancing children's understanding of numeracy. Additionally, observational data 
collected during implementation revealed increased engagement, curiosity, and joyful 
participation, notably when learning activities incorporated storytelling, games, and hands-on 
materials. The media developed proved suitable and accessible for early childhood learners 
across both age categories. 
 

5. Evaluation Stage 
Evaluation is carried out at each level of initial numeracy practice. The evaluation was carried 
out comprehensively, encompassing the readiness of Human Resources (HR), learning 
planning, the three aspects of deep learning, and children's readiness to learn.  
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Figure 2. Deep learning in childhood education 

 
 

Numeracy is not only about arithmetic, but also about the application of mathematical 
concepts in everyday life. Here are three levels of thinking processes in early childhood numeracy 
(Johnston & Bull, 2022; Khasanah & Purnamasari, 2023; Maharani et al., 2024; Novita et al., 2024). 
1. Understanding (Knowing). These basic levels include: 

a. Remembering the math facts 
b. Identify basic conceptsPerform simple calculations 

2. Applying. At the intermediate level, students are expected to: 
a. Applying mathematical concepts in real-life situations 
b. Solve problems of daily routine 
c. Using the math procedures that have been learned 

3. Reasoning. The highest level in numeracy includes: 
a. Complex data analysis 
b. Non-routine troubleshooting 
c. Provide a mathematical justification for a given solution 

 
Table 1. Early Numeracy Practice at the age of 4 – 6 years in deep learning 

According to the level of thinking (cognition) 

Numeracy Level 
 

Practice 
Age 4 – 5 years old 

Practice 
Age 5 – 6 years 

Knowing 
Songs with simple vocabulary 
Counting by objects according to the 
topic 

Songs with more complex 
vocabulary 

Applying 

Counting by objects according to the 
topic 
Getting to know the numbers 1 - 10 with 
consumables 
Getting to know numbers with APE 
media 

Counting objects with various 
subtopics 
Getting to know the numbers 11 
– 20 with consumables 
Getting to know the numbers 
with various APE media 

Reasoning 
Use numbers to count from 1 to 10 and 
compare the number of objects. 
 

Use numbers to count 11 - 20 
and compare the number of 
objects. 
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Numeracy Level 
 

Practice 
Age 4 – 5 years old 

Practice 
Age 5 – 6 years 

Sort objects by number, size, 
and color 

 
Table 2. Strategies to improve higher numeracy levels through deep learning. 

Deep Learning Reflection 

Meaningful Learning Help learners evaluate their thought processes.  
Mindful Learning Students become independent learners, active and able to regulate 

themselves. Ability to apply knowledge 
Joyful Learning Be happy in learning and provide a comfortable learning 

environment for students.  

 
Teaching numeracy through deep learning is essential for building meaningful and 

developmentally appropriate experiences (Winarno et al., 2024). Deep learning involves a 
sequence of pedagogical steps: activating prior knowledge, exploring numerical concepts through 
contextual problem-solving, deepening understanding with reflection and collaboration, applying 
concepts across situations, and engaging in formative evaluations that focus on student thinking 
(Reilly & Reeves, 2024). 

Learning progression is a continuous sequence of stages in learning (Nugroho & Hanatan, 
2019; Zhou & Liang, 2023). The continuity encompasses aspects of the characteristics, breadth, 
and depth of learning materials that align with the child's age level. The scope of the material 
must be formulated based on the development of students, ensuring that the scientific concepts 
learned align with their development (Jad et al., 2021; Soledad et al., 2021). The implementation of 
learning must be aligned with students' abilities in the context of mastering tiered competencies. 
 

CONCLUSION 
The concept of 21st-century education is a demand for students to possess a variety of skills 

and abilities necessary to face various challenges and solve social problems in daily life. Early 
childhood numeracy is a form of learning material that requires good practice development. One 
form of practice applied is the use of the deep learning method. Deep learning encompasses three 
key concepts: meaningful learning, mindful learning, and joyful learning. A person's thinking 
skills require one stimulating activity to reach a certain level of thinking maturity. One of them is 
through the introduction of numeracy from an early age. The development of this initial 
numeracy practice includes 3 (three) levels of thinking processes, namely the level of knowing, 
applying, and rationalizing. These three levels are integrated with 3 three deep learning concepts. 
The result of the integration is the development of innovative early numeracy practices with the 
ADDIE method. 
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