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1. INTRODUCTION 

 

Early childhood is a critical period for developing 

foundational mathematical concepts. Research shows 

that young learners are capable of engaging with 

complex mathematical ideas. When education is 

developmentally appropriate, culturally sensitive, and 

empirically supported, young students may interact 

effectively with difficult mathematical concepts, 

according to research, emphasizing successful teaching 

techniques that encourage early mathematical reasoning 

(Clements et al., 2023). 

Early mathematical reasoning is crucial for later 

academic success and cognitive development. Published 

an empirical synthesis that highlights successful 

teaching methods and examines how young children 
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acquire mathematical concepts through a methodical 

evaluation of peer-reviewed research (Meylani, 2024). 

The study emphasizes how early math abilities begin 

with the ability to identify characteristics, categorize, 

identify patterns, and compare numbers. These 

fundamental cognitive abilities are crucial conceptual 

building parts. The basis of children's procedural 

learning and problem-solving abilities is their intuitive 

number sense, which encompasses an awareness of 

quantity and numerical relationships (Yee et al., 2022).  

The significance of play-based learning in fostering 

children's meaningful engagement and mathematics 

comprehension is a key discovery. Children can interact 

with concepts in play environments, which fosters 

curiosity and a greater understanding of concepts 

(Parker et al., 2022). Additionally, combining 

conversation and reflection with explicit instruction 

helps kids express their mathematical reasoning, which 

is essential for conceptual development (Mulligan et al., 

2020). The study also emphasizes the importance of 

technology, which, when applied properly, improves 

interactive learning and offers a variety of settings for 

applying mathematical ideas. Children's math skills are 

also further facilitated by inclusive, culturally sensitive, 

and supportive learning environments (Jenny & 

Duppins, 2023).      

Early mathematical thinking research summarizes peer-

reviewed studies conducted between 2014 and 2024 and 

emphasizes the cognitive growth, teaching methods, and 

encouraging surroundings that enhance young children's 

math learning. The foundation for later arithmetic 
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fluency and problem-solving is laid by children's early 

math skills, which arise from their comprehension of 

qualities, classification, pattern recognition, and 

numerical relationships (Botha et al., 2005). Engaging 

young learners and promoting conceptual 

comprehension are two key goals of play-based 

learning. Research demonstrates that play based 

learning is more successful than rote learning alone at 

fostering curiosity and mathematical reasoning 

(Bucciero et al., 2023). 

Explicit conversations combined with structured play 

help kids express and develop their mathematical ideas. 

Through engaging and inclusive encounters, technology 

and culturally sensitive settings further improve 

learning. Children's arithmetic learning is also vitally 

maintained outside of formal settings by parental and 

community involvement, which provides more genuine 

opportunities for math engagement (Omer et al., 2025). 

A strategic framework is crucial because it offers a 

methodical, evidence-based approach to assisting young 

children in developing solid mathematical foundations. 

Here are some reasons for its significance. Early 

mathematical proficiency is associated with improved 

scholastic achievement, problem-solving skills, and 

preparedness for the workforce (Svane et al., 2023). A 

framework encourages deeper learning and long-term 

retention by ensuring that kids comprehend why 

arithmetic works rather than just how to perform it. It 

assists teachers in modifying their lessons to 

accommodate students with varying learning 

preferences, backgrounds, and skill levels. Logic, 

mathematical language, and the capacity to defend and 

explain solutions are all enhanced by strategic teaching. 

A well-thought-out framework fosters an upbeat, 

stimulating atmosphere that boosts self-esteem and 

lessens math anxiety (Siregar, 2025). 

The gaps that need to be filled in this study is as follows: 

In order to develop conceptual knowledge throughout 

the early years, a systematic strategy that goes beyond 

simple counting and colouring is the most important in 

a strategic framework. There is lack of a structured, 

empirically supported framework that effectively 

incorporates active play, demanding conceptual 

knowledge, and ongoing formative evaluation into 

regular instructional activities. Key Themes in 

Mathematical Conceptual Development are discussed 

below (Ukobizaba et al., 2021). 

 

2. MATERIAL AND METHOD  

A systematic review served as the study's methodology. 

The researcher employs a systematic process to find, 

collect, and assess a body of literature on a certain topic 

relating to the present study according on a set of 

predetermined criteria. In addition to summarizing the 

research papers' findings, a systematic review frequently 

include a critical evaluation of the included studies. This 

study reviewed a few published studies that looked at 

the framework for improving young learners' 

comprehension of mathematics. These sources were 

chosen on the ground of relevance to the study. These 

reviewed papers were evaluated and appraised for the 

study. Few empirical researches that tested the different 

approaches, elements, or concepts were analyzed. This 

is to give a thorough, objective overview of the state of 

the art in order to assess if the research supports the 

strategic framework for improving young learners' 

mathematics comprehension. 

 

3. RESULTS AND DISCUSSION 

3.1 Result 

A trajectory from Concrete (physical things) to 

Representational (pictures/diagrams) to abstract 

(numbers/symbols) is necessary for effective education. 

Kids who used actual blocks outperformed those who 

solely used virtual tools on standardized tests and 

demonstrated a greater variety of problem-solving 

techniques. According to recent research, digital 

manipulatives may also be very useful, occasionally 

offering more clean and adaptable representations than 

physical ones (Al-hassan & Al-barakat, 2025). 

Physical manipulatives are better for basic tactile sense, 

but digital manipulatives offer clean and adaptable 

models that facilitate children's transition to abstract 

thought (Louw & Claassens, 2025). The framework 

shifts from passive, worksheet-led instruction to joyful 

learning approaches that incorporate digital media, group 

projects, and regional culture. In order to improve 

conceptual understanding, mathematical discourse 

facilitation is essential.  

Children internalize and adapt exact terminology used by 

teachers, like which group has more? or how do you 

know? to their own logical thinking. Game based 

approaches show the most increases in student 

involvement and achievement. Activities such as number 

board races or matching exercises promote risk-taking in 

problem-solving and cultivate a positive mindset. When 

arithmetic is incorporated into everyday activities, such 

as monitoring plant growth, counting food, or comparing 

sizes while playing, youngsters are more likely to view 

math as a useful life skill than as a stand-alone subject 

(Nurtamam & Jannah, 2025).  

According to recent studies, teachers who have low math 

self-efficacy frequently feel anxious, which might affect 

children (Gonulates & Gilbert, 2023). As a result, a 

strategic framework has to contain ongoing professional 

development: Focusing on math pedagogy rather than 

just content implementation 

3.2 Discussion 

This study provides a comprehensive discussion of the 

factors that enhance mathematical understanding in 

young learners by synthesizing evidence from prior 
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research. The findings indicate that early mathematical 

development is a multifaceted process shaped by 

cognitive foundations, pedagogical approaches, 

instructional practices, and contextual influences. 

Cognitive components such as numerical cognition, 

executive function, spatial reasoning, and language 

development emerge as critical predictors of later 

mathematical achievement. These cognitive skills do not 

develop in isolation; rather, they interact dynamically 

with environmental inputs and instructional experiences 

during early childhood. Early exposure to numerical play, 

spatial activities, and mathematical language 

significantly strengthens children’s conceptual 

understanding and problem-solving abilities. 

In addition to cognitive foundations, the discussion 

highlights the importance of play-based and 

interdisciplinary learning in fostering deeper 

mathematical comprehension. Play-based learning 

environments allow children to explore mathematical 

concepts in meaningful, engaging, and low-pressure 

contexts, which supports motivation and sustained 

interest. Interdisciplinary approaches further enhance 

understanding by enabling learners to apply 

mathematical reasoning across domains such as science, 

art, and technology. The role of educators is equally 

central, as effective instructional strategies including 

scaffolding, questioning, manipulatives, and active 

learning techniques bridge intuitive understanding and 

formal mathematical knowledge. Furthermore, 

technological tools and supportive home environments 

extend learning beyond the classroom, making 

mathematics more accessible, relevant, and connected to 

real-world challenges, including environmental and 

sustainability issues. 

Children's early mathematical skills, such as number 

sense, spatial reasoning, and pattern recognition, are 

reliable indicators of their future academic performance. 

These abilities, which are impacted by both intrinsic 

cognitive characteristics and environmental inputs, start 

to develop as early as age three (Decarli et al., 2023). 

Preschoolers' enthusiasm in arithmetic is a reliable 

predictor of their future mathematical proficiency. The 

cognitive processes that underpin mathematical learning 

start to take shape in early childhood. These 

underpinnings include language proficiency, spatial 

thinking, executive function, and numerical cognition, all 

of which support mathematics comprehension and 

performance.  

Numerical cognition is the capacity to comprehend and 

work with numbers. Both non-symbolic (like quantities) 

and symbolic (like digits) representations are included. 

By using the Approximate Number System (ANS), 

people can compare and approximate quantities without 

counting. Early exposure to this system is associated with 

later success in mathematics. Both humans and many 

other animals can estimate and compare quantities 

utilizing the Approximate Number System (ANS), a 

cognitive system that does not require language or 

symbols. In essence, it's our brain's natural ability to 

recognize numbers, as demonstrated by the instantaneous 

recognition of which of two fruit bowls contains more, 

even without counting.   

Important ANS Features:  Non-symbolic-ANS functions 

without the use of number words or formal mathematics.  

Ratio-based: Rather than the absolute difference, its 

accuracy is dependent on the ratio between quantities.  

For instance, it is simpler to discern between 10 and 20 

items than between 110 and 120.  Universal and Innate:  

Existing from birth and present in all animals and 

societies complies with Weber's Law:  As the ratio 

between two quantities rises, so does the capacity to 

distinguish between them. Activity in the brain's 

intraparietal sulcus, a part engaged in numerical 

reasoning, is connected to the ANS. In the development 

of formal mathematical abilities like arithmetic and 

number sense, it is fundamental. Research indicates that 

the accuracy of a child's ANS can forecast their future 

academic achievement in mathematics. Signs of ANS can 

be seen in nonhuman creatures including as fish, birds, 

and monkeys. They employ it for survival activities such 

as selecting the bigger food pile or dodging larger 

predatory groups. 

Early math development depends heavily on numerical 

cognition, especially the ANS. Early exposure to 

numerical play and games improves school arithmetic 

performance and strengthens core number understanding. 

The term Executive function (EF) describes a group of 

neurocognitive mechanisms that help people effectively 

organize, concentrate, recall directions, and handle 

several activities at once. Goal-directed behaviour, 

problem-solving, and self-regulation all depend on these 

processes, which are mostly controlled by the prefrontal 

cortex (Casanova et al., 2025). EF includes essential 

elements like: Working memory is the capacity to store 

and process information in the mind. The ability to 

restrain impulsive reactions and distractions is known as 

inhibitory control. Cognitive flexibility is the ability to 

change viewpoints and adjust to demands that change 

throughout time (O. E. Onoshakpokaiye, 2023).   

The ability to control attention, retain information in 

working memory, and suppress prepotent responses are 

the most basic reductions of these cognitive processes. 

When combined, they encourage behavioural patterns 

such as postponing gratification, refraining from rash 

decisions, and working toward long-term objectives. 

Cognitive abilities including working memory, inhibitory 

control, and cognitive flexibility are all included in 

executive function.  EF skills are particularly predictive 

of performance in activities such as number line 

estimating. These abilities aid kids in effectively 

applying tactics and handling challenging problem-

solving.      

For mathematical activities that call for strategy and 

planning, EF skills are crucial. The ability to see and 

work with items in space is a component of spatial 

reasoning. Arithmetic performance and spatial skills are 

closely related; particularly when it comes to activities 

that require the composition and breakdown of numbers. 

The adoption of more sophisticated addition techniques 

https://gomit.id/
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by kids with high spatial skills influences their overall 

math performance.   

Spatial visualization plays a major role in the formation 

of mathematical strategies. Language and Symbolic 

Representation: Because language permits verbal 

reasoning and symbolic representation, language is 

essential to mathematical cognition. Children benefit 

from mathematical language as it fosters the development 

of numeracy and helps them understand abstract ideas (E. 

O. Onoshakpokaiye, 2020). More than and equal to are 

examples of math-related vocabulary that improves 

comprehension of relationship ideas.    

Numeracy growth is predicated on the formation of 

mathematical language. Integrated Cognitive Models: 

According to recent studies, spatial, EF, and numerical 

skills are all separate but connected cognitive structures. 

According to factor analysis, a general intelligence model 

is not as predictive as modeling these skills 

independently (Whitehead & Hawes, 2023). This implies 

that specific interventions ought to focus on every 

cognitive domain separately. 

In mathematics education, play-based and 

interdisciplinary learning strategies have become more 

popular, particularly in early childhood and primary 

settings. These approaches incorporate mathematical 

ideas into entertaining and interdisciplinary contexts, 

which promotes participation, creativity, and deeper 

comprehension. Children are more engaged and have a 

better conceptual comprehension in playful learning 

situations. Discovered that adding math to games, 

storytelling, and art projects greatly enhances 

understanding and recall. Early mathematical growth is 

observable when learning occurs through play and 

multidisciplinary techniques. 

 In play-based learning, kids use either structured or 

unstructured activities to explore ideas. This can include 

digital apps, games, puzzles, and role-playing that 

promote problem-solving, spatial thinking, and 

numerical sense in mathematics. Play based learning 

improves children's social relationships and emotional 

development while encouraging creativity and problem-

solving abilities. Emphasizes the value of 

interdisciplinary approaches, play-based learning, and 

parental participation in developing early math abilities. 

Supportive settings and culturally appropriate content 

greatly improve engagement and retention, according to 

thematic synthesis.     

Tablets and educational apps are examples of interactive 

technology that has demonstrated potential in improving 

numeracy abilities in play-based settings. Concepts in 

mathematics looked into Number recognition and 

counting Sequencing and patterns. Geometry and 

measuring Solving problems using games. Mathematical 

Multidisciplinary Learning: By combining mathematics 

with other areas like science, art, and technology, 

interdisciplinary learning produces engaging, practical 

learning opportunities. This method teaches pupils to use 

mathematical reasoning in a variety of contexts.  

Interdisciplinary work creates linked and structured 

knowledge systems and creates opportunities for 

information transfer between fields. Integration of STEM 

Data modeling and representation can play a key role in 

math and scientific education, as the Interdisciplinary 

Mathematics and scientific (IMS) initiative showed. 

Through inquiry-based projects in physics, ecology, and 

astronomy, students used math to represent and interpret 

data. Advantages for the Brain Boosts the ability to depict 

encourages the development of knowledge and reasoning 

promotes teamwork in tackling problems When using 

play-based or transdisciplinary methods, educators 

frequently encounter difficulties with evaluation, lack of 

resources, and time limits. To help instructors 

successfully implement these strategies, professional 

development and group preparation are crucial. 

It's crucial to use effective teaching strategies including 

questioning, scaffolding, and manipulatives. When 

teacher-led interventions are adapted to developmental 

stages, they can hasten mathematical growth (Björklund 

et al., 2020). Teachers mold students' mathematical 

thinking by creating assignments that encourage 

communication, reasoning, and problem-solving. Claim 

that the teacher, the assigned tasks, and the methods 

employed to present them all have a significant influence 

on students' learning of mathematics (Vale, 2023).   

Teachers need to provide chances for critical thinking, 

encourage more than one way to solve the problem. 

Encourage conversation and introspection about 

mathematics. Promoting social and cognitive 

engagement is another important role that educators 

perform. In non-threatening settings, kids can work 

together, reflect, and learn using active learning 

techniques including math trails, gallery visits, and paper 

folding. By bridging the gap between formal math and 

intuition, this sequence aids pupils in developing a 

profound grasp. Active Learning Techniques 

Engaging students in activities that call for idea 

application, discussion, and thought is known as active 

learning. Math trails (exploration of the real world) are 

one example. Gallery walks (evaluation and comment by 

peers) Folding paper (geometry and spatial thinking) 

Often overlooked in conventional math education, these 

techniques foster mobility, problem-solving, and 

visualization. Differentiation and Intervention: To help 

challenging students, teachers also employ focused 

interventions. Timed testing and repetition were seen to 

be useful techniques for improving performance, 

particularly in word and computational problem-solving 

abilities. Parental attitudes regarding arithmetic and 

home settings are crucial. In the right context, technology 

can facilitate the depiction and investigation of abstract 

ideas (Meesak et al., 2025).  

Not only is mathematics a theoretical field, but it is also 

a dynamic instrument that changes to meet the demands 

https://gomit.id/
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of society. Technological developments and 

environmental issues have had a big impact on how 

mathematics is taught, used, and understood. These 

influences have resulted in pedagogical improvements, 

multidisciplinary methods, and new mathematical 

models. Climate change and other environmental 

concerns have led teachers to incorporate sustainability 

into math curricula. Carbon footprint analysis, climate 

trend prediction, and resource optimization all depend on 

mathematical modeling. Teaching mathematics can 

promote climate literacy by giving pupils the critical 

thinking abilities they need to tackle environmental 

issues (Peter et al., 2025).   

Environmental systems are modeled, and results are 

predicted, using ideas like statistics, differential 

equations, and optimization. In ecological studies, such 

as those involving population dynamics, species 

interaction, and resource management, mathematics is 

essential. While game theory aids in resource allocation 

and conservation tactics, models such as the Leslie 

Matrix are used to investigate age-structured population 

increase.  

Students' understanding of environmental issues is being 

raised through the use of mathematics. Students can 

better relate abstract ideas to concrete situations when 

real-world environmental data is incorporated into 

arithmetic problems. This method encourages 

multidisciplinary education and equips pupils to be 

environmentally conscientious adults. The teaching and 

learning of mathematics has been completely 

transformed by technology. Graphing software, 

interactive platforms, and simulations enable pupils to 

visualize difficult ideas. These days, math instruction is 

personalized and student performance is evaluated in real 

time using AI and machine learning 

3.2.1 Implication  
The implications of this study suggest that early 

mathematics education should be designed using an 

integrated and holistic framework. Educational programs 

should intentionally address multiple cognitive domains 

numerical, spatial, linguistic, and executive functioning 

rather than focusing solely on procedural skills. 

Curriculum developers are encouraged to embed play 

based and interdisciplinary activities into early 

mathematics instruction, as these approaches support 

both conceptual understanding and learner engagement. 

Such integration can help children develop flexible 

problem-solving strategies and positive attitudes toward 

mathematics from an early age. 

For educators, the findings imply a need for ongoing 

professional development focused on active learning 

methodologies, differentiation, and the effective use of 

educational technologies. Teachers should be supported 

in designing tasks that encourage multiple solution 

strategies, collaborative learning, and reflective thinking. 

At the policy level, there is a strong implication for 

investment in early childhood learning environments that 

promote parental involvement, provide access to 

developmentally appropriate digital tools, and 

incorporate real-world contexts such as environmental 

data. These measures can contribute to more equitable 

and meaningful mathematics learning experiences for 

young learners. 

3.2.2 Research Contribution 

This study contributes to the growing body of literature 

on early childhood mathematics education by offering a 

synthesized and integrative perspective on the 

determinants of mathematical understanding in young 

learners. Unlike studies that focus on isolated variables, 

this review highlights the interconnected roles of 

cognitive development, instructional strategies, learning 

environments, and technological influences. By drawing 

together findings from diverse theoretical and empirical 

sources, the study provides a comprehensive conceptual 

framework that can guide both future research and 

instructional practice. 

Moreover, the study advances existing knowledge by 

emphasizing the importance of modeling cognitive 

domains independently rather than relying solely on 

general intelligence models. It also extends current 

discussions by incorporating environmental and 

sustainability contexts into mathematics education, an 

area that is gaining increasing relevance. As a result, this 

research serves as a valuable reference for educators, 

researchers, and policymakers seeking to design 

evidence-based and contextually responsive early 

mathematics programs. 

3.2.3 Limitation 

Despite its contributions, this study has several 

limitations that should be acknowledged. The primary 

limitation lies in its reliance on literature review and 

secondary data sources, which restricts the ability to 

establish direct causal relationships between instructional 

strategies and learning outcomes. Without empirical 

fieldwork, the study cannot fully capture the complexities 

of classroom interactions, learner diversity, or contextual 

variations across educational settings. 

Additionally, the findings are dependent on the scope and 

quality of the existing literature reviewed. Variations in 

research design, cultural contexts, and measurement 

approaches across studies may influence the 

generalizability of the conclusions. The absence of 

longitudinal or experimental data also limits insights into 

the long-term effects of early mathematical interventions. 

These limitations highlight the need for complementary 

empirical research to strengthen and validate the 

conclusions drawn. 

3.2.4 Suggestion    
Based on the findings and limitations of this study, future 

research is strongly recommended to adopt empirical and 

mixed-methods approaches. Longitudinal studies could 

provide deeper insights into how early cognitive and 

instructional factors influence mathematical achievement 

over time. Experimental and classroom-based research 

would also be valuable in assessing the effectiveness of 

specific play-based, interdisciplinary, and technology-

enhanced interventions in diverse educational contexts. 
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Further research should explore culturally responsive 

teaching practices and examine how socio-economic 

factors, parental involvement, and access to digital 

resources shape early mathematics learning. 

Investigating the integration of environmental and 

sustainability themes in mathematics instruction may 

also offer promising directions for innovation. Such 

studies would not only expand the theoretical 

understanding of early mathematics education but also 

provide practical guidance for improving teaching and 

learning practices. 

 

4. CONCLUSION 

For mathematics education to be successful, teachers are 

essential. Student engagement and accomplishment can 

be greatly increased by their capacity to choose and apply 

efficient teaching techniques, such active learning, and 

focused interventions. Making math classes places of 

inquiry and development requires a careful, 

introspective, and student-centered approach. 

Mathematical instruction that is play-based and 

transdisciplinary provides dynamic avenues for student 

engagement and comprehension expansion. These 

methods are useful in contemporary education despite 

certain difficulties, as they offer advantages such as 

improved cognitive growth and increased involvement. 

Technology and environmental factors have made 

mathematics a more multidisciplinary, practical, and 

socially important discipline. By incorporating these 

ideas into research and instruction, mathematics develops 

into a potent instrument for resolving global issues. Early 

childhood math achievement is based on integrated 

cognitive development that is promoted by play, explicit 

teaching, supportive surroundings, and community 

involvement, according to this comprehensive synthesis. 

These findings should inform the development of 

curriculum and strategies that support early conceptual 

growth in mathematics by educators and policymakers. 
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