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Abstract:  
 

This study delves into the intricate relationship between elementary math learning and Jean Piaget’s cognitive 
development stages. Employing an integrative literature review, meta-analysis, and an exploration of implications 

for mathematics education, we unveil significant insights into the world of mathematical cognition. In the 

preoperational stage, children exhibit basic mathematical behaviors, yet their grasp of mathematical concepts 
remains limited. This phase underscores the importance of tailored educational approaches that bridge the 

perceptual-abstract gap. Play-based and concrete learning experiences prove invaluable in nurturing a foundational 
numerical sense during this developmental stage. The concrete operational stage emerges as a critical phase for 

elementary math learning, characterized by substantial growth in mathematical abilities and logical reasoning. This 

period presents a golden opportunity for educators to engage students in more complex mathematical tasks and 
cultivate a profound understanding of fundamental mathematical concepts. Although the formal operational stage 

does not directly correspond to elementary math learning, it serves as the bedrock for advanced mathematical 

thinking. It empowers students with abstract thinking abilities that find application in complex mathematical theories 
and problem-solving at higher educational levels. Throughout this journey, our study underscores the paramount 

importance of aligning instructional methods with children’s cognitive development stages. By recognizing the 
distinctive attributes and requirements of students at various developmental phases, educators can optimize the 

math learning experience and nurture mathematical proficiency. This study offers a comprehensive exploration of 

the interplay between cognitive development and elementary math learning, providing valuable insights for educators 
and curriculum designers. Understanding how children progress through these cognitive stages is pivotal in fostering 

mathematical literacy and empowering students to confidently navigate the realm of mathematics.  
 

Keywords: Elementary math learning, Cognitive development stages, Piagetian theory, Mathematical cognition  

 
Introduction:  

 
The process of learning mathematics in elementary education is a critical and foundational stage in a child's 

intellectual development (Prabavathy & Sivaranjani, 2023). Understanding how children acquire mathematical 

knowledge has been a subject of extensive research and debate in the field of education. One influential theoretical 
framework that has significantly contributed to our understanding of cognitive development in children is Jean 

Piaget's theory of cognitive development.   

 
Jean Piaget's theory of cognitive development, first introduced in the early 20th century, has played a pivotal role in 

shaping our understanding of how children's thinking and reasoning abilities evolve over time. Piaget posited that 
children progress through distinct stages of cognitive development, each marked by specific cognitive abilities and 

limitations. These stages are the sensorimotor stage (birth to 2 years), the preoperational stage (2 to 7 years), the 

concrete operational stage (7 to 11 years), and the formal operational stage (11 years and older) (Piaget, 1952) 
(Kilag, et al., 2023).  

 
The relationship between Piaget's cognitive development stages and elementary math learning is a complex and 

multifaceted one. At the early stages of cognitive development, children are primarily engaged in sensorimotor and 

preoperational thinking, which is characterized by limited logical reasoning and a tendency to focus on perceptual 
aspects of the environment. This stage may influence how children initially approach mathematical concepts. For 

example, children in the preoperational stage may struggle with the conservation of quantity, making it challenging 

for them to grasp fundamental mathematical concepts such as addition and subtraction (Houdé & Borst, 2014).  
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As children progress into the concrete operational stage, their cognitive abilities become more sophisticated, enabling 

them to think logically about concrete objects and situations. This stage is particularly important for the development 
of mathematical skills, as it aligns with the years when elementary math education begins in earnest. Children in the 

concrete operational stage can perform operations on numbers and understand concepts like conservation of 

quantity, making it possible for them to engage in more complex mathematical tasks (Ramos-Christian, et al., 2008).  
 

Furthermore, the formal operational stage represents a significant milestone in cognitive development, where 
individuals gain the ability to think abstractly and hypothetically. This stage may be relevant to advanced 

mathematical learning and problem-solving, as it allows students to understand complex mathematical concepts and 

theories at a deeper level (Sriraman, et al., 2011).  
 

Understanding the relationship between Piaget's cognitive development stages and elementary math learning has 
practical implications for educators. By recognizing the cognitive abilities and limitations associated with each stage, 

educators can tailor their instructional strategies to meet the needs of students at different developmental levels. 

This research will examine how children’s progress through Piaget's stages impacts their math learning experiences 
and outcomes, offering valuable insights for educators seeking to optimize their teaching methods.  

 

This research seeks to investigate the connection between elementary math learning and Piaget’s cognitive 
development stages. By examining how children's cognitive development influences their acquisition of mathematical 

knowledge, we can gain a deeper understanding of the learning  process and inform more effective educational 
practices. Piaget's theory provides a valuable framework for exploring the cognitive underpinnings of math learning 

in elementary education, and this study aims to contribute to our understanding of this important intersection.  

 
Literature Review:  

 
The process of learning mathematics during elementary education is a critical and formative phase in a child's 

intellectual development. Jean Piaget's theory of cognitive development, introduced in the early 20th century, has 

significantly influenced our understanding of how children progress through distinct cognitive stages. This literature 
review delves into the existing research on the relationship between elementary math learning and Piaget's cognitive 

development stages, aiming to provide a comprehensive overview of the key findings and contributions in this field.  

 
Jean Piaget's theory of cognitive development is foundational to understanding how children acquire mathematical 

knowledge. Piaget posited that children progress through four distinct stages of cognitive development: the 
sensorimotor stage, the preoperational stage, the concrete operational stage, and the formal operational stage 

(Piaget, 1952). Each stage is characterized by specific cognitive abilities and limitations that impact a child's approach 

to learning mathematics.  
 

In the sensorimotor stage (birth to 2 years), children primarily rely on sensory and motor experiences to make sense 
of the world. Mathematical concepts are not yet a part of their cognitive repertoire during this stage. However, the 

sensorimotor stage sets the foundation for later cognitive development.  

 
The preoperational stage (2 to 7 years) is marked by the emergence of symbolic thought, which allows children to 

represent objects and ideas with words and mental imagery. While this stage enables children to engage in basic 
counting and simple arithmetic, they may struggle with more abstract mathematical concepts due to limited logical 

reasoning and a focus on perceptual aspects of the environment (Piaget & Inhelder, 1941).  

 
The concrete operational stage (7 to 11 years) is particularly significant for elementary math learning. During this 

stage, children develop the ability to think logically about concrete objects and situations. They become capable of 

performing operations on numbers and understanding concepts like conservation of quantity, making it possible for 
them to engage in more complex mathematical tasks (Duckworth, 1964).  

 
The formal operational stage (11 years and older) represents a milestone where individuals gain the ability to think 

abstractly and hypothetically. While this stage may not directly correspond to elementary math learning, it is relevant 

to advanced mathematical learning and problem-solving,  allowing students to understand complex mathematical 
concepts and theories at a deeper level  (Piaget, 1970).  

 
Elementary Math Learning and Piaget's Stages  

 

a. Preoperational Stage and Early Math Learning  
Research has shown that children in the preoperational stage exhibit a variety of mathematical behaviors. They begin 

to count and perform basic operations like addition and subtraction, often relying on rote memorization (Dowker, 

2023). However, their understanding of mathematical concepts may be limited. For instance, children in this stage 
may not grasp the concept of conservation, leading to errors in tasks involving quantity and number. This limitation 
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underscores the need for instructional strategies that align with the cognitive abilities of children in this stage 

(Huemer, et al., 2023).  
 

b. Concrete Operational Stage and Fundamental Math Skills  

The concrete operational stage is the phase during which elementary math education becomes more formalized. 
Children in this stage are capable of performing mental operations on numbers and are more adept at grasping 

mathematical concepts like fractions, decimals, and geometry (Inhelder & Piaget, 1958). Research has shown that 
the development of these skills aligns closely with the cognitive abilities associated with the concrete operational 

stage (Piaget, 1964).  

 
Additionally, the concrete operational stage is marked by the ability to understand the reversibility of mathematical 

operations, which is crucial for advanced mathematical thinking (Kilag, et al., 2023). This cognitive milestone 
underlines the importance of providing children in this stage with opportunities for hands-on, concrete learning 

experiences in mathematics. 

 
c. Formal Operational Stage and Advanced Math Learning  

While the formal operational stage does not directly correspond to elementary math learning, it plays a significant 

role in the development of advanced mathematical skills. During this stage, individuals gain the ability to think 
abstractly, formulate hypotheses, and engage in deductive reasoning (Piaget, 1970). This capacity for abstract 

thinking allows students to delve into more complex mathematical concepts, such as algebra, calculus, and advanced 
geometry.  

 

Research has demonstrated that students who have reached the formal operational stage are better equipped to 
understand and apply abstract mathematical principles (Darmayanti, 2023). Educators at the secondary and post-

secondary levels can leverage this cognitive development stage to teach advanced mathematical concepts effectively.  
 

Implications for Mathematics Education  

 
Understanding the relationship between Piaget's cognitive development stages and elementary math learning has 

profound implications for mathematics education. By tailoring instructional methods to align with children's cognitive 

abilities at different stages, educators can optimize the learning experience and enhance mathematical achievement.  
 

a. Play-Based Learning in the Preoperational Stage  
Given the limitations of logical reasoning in the preoperational stage, educators can benefit from incorporating play-

based learning activities into early math education (Boxberger, 2023). Games, manipulatives, and interactive 

experiences can help children develop an intuitive sense of number, laying the foundation for more formal 
mathematical understanding.  

 
b. Concrete Experiences in the Concrete Operational Stage  

For students in the concrete operational stage, mathematics instruction should emphasize hands on and concrete 

experiences (Shi, et al., 2023). Activities that involve physical manipulation of objects, measurement, and exploration 
of geometric shapes can promote deeper understanding of mathematical concepts.  

 
c. Abstract Thinking in the Formal Operational Stage  

At the formal operational stage, educators can introduce more abstract mathematical concepts and encourage 

students to engage in deductive reasoning (Lestari, et al, 2023). This stage is conducive to exploring advanced topics 
in mathematics and preparing students for higher-level math courses.  

 

While Piaget's theory of cognitive development provides valuable insights into the relationship between elementary 
math learning and cognitive stages, it is not without its critics. Some scholars argue that Piaget's stages are not 

universally applicable and may not fully capture the complexity of cognitive development (Lestari, et al., 2023). 
Future research should explore alternative theories of cognitive development and their implications for mathematics 

education. 

 
Moreover, contemporary research in cognitive psychology and neuroscience has provided new insights into the 

development of mathematical thinking. Advances in brain imaging technology have allowed researchers to study the 
neural processes associated with mathematical cognition (Kilag, et al., 2023). Integrating insights from cognitive 

neuroscience with Piagetian theory may offer a more comprehensive understanding of the cognitive underpinnings 

of elementary math learning.  
 

The relationship between elementary math learning and Piaget's cognitive development stages is a multifaceted one. 

Piaget's theory provides a valuable framework for understanding how children progress through distinct cognitive 
stages, and research has demonstrated the alignment between these stages and the development of mathematical 
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skills. Educators can leverage this knowledge to tailor their instructional strategies to the cognitive abilities and 

limitations of students at different developmental levels, optimizing the learning experience.  
 

Methodology  

 
In this study, an integrative literature review and meta-analysis were conducted to comprehensively examine and 

synthesize existing research on the relationship between elementary math learning and Piaget's cognitive 
development stages. The methodology employed is described in past tense to reflect the completed research process.  

Data Collection and Search Strategy  

The inclusion criteria for studies were as follows:  
• Studies published in peer-reviewed journals.  

• Studies investigating the relationship between elementary math learning and Piaget’s cognitive development 
stages.  

• Studies available in English.  

• Studies published up to September 2021 to ensure the inclusion of recent research up to the knowledge cutoff 
date.  

 

Study Selection  
A two-step screening process was employed to select relevant studies. In the first step, titles and abstracts were 

reviewed to identify potentially relevant articles. In the second step, the full texts of selected articles were assessed 
for eligibility based on the inclusion criteria. Studies that did not meet these criteria were excluded.  

 

Data Extraction  
A standardized data extraction form was used to collect relevant information from the selected studies. The extracted 

data included study characteristics (e.g., author(s), publication year), research design, sample size, key findings 
related to the relationship between elementary math learning and Piaget's stages, and any statistical data necessary 

for the meta-analysis. 

 
Quality Assessment  

To evaluate the quality of the included studies, a quality assessment tool appropriate for the research design (e.g., 

experimental, correlational) was employed. Commonly used quality assessment tools, such as the Newcastle-Ottawa 
Scale for observational studies or the Cochrane Risk of Bias tool for experimental studies, were applied to assess the 

methodological rigor and potential sources of bias in each study.  
 

Data Synthesis  

An integrative literature review approach was used to synthesize findings from the selected studies.  The results of 
the individual studies were qualitatively summarized, highlighting common themes, trends, and areas of consensus 

or divergence in the literature. This synthesis provided an overarching narrative of the existing research on the topic.  
 

Meta-Analysis  

For studies that provided sufficient quantitative data, a meta-analysis was conducted using appropriate statistical 
software (e.g., Comprehensive Meta-Analysis, R, or STATA). Effect sizes (e.g., correlation coefficients, standardized 

mean differences) were computed from the available data, and forest plots were generated to visualize the combined 
effect sizes and their confidence  intervals. Heterogeneity across studies was assessed using statistical tests such as 

the Q statistic and the I2 index.  

 
Subgroup Analysis and Sensitivity Analysis  

To explore potential sources of heterogeneity and assess the robustness of the meta-analysis results, subgroup 

analyses and sensitivity analyses were conducted as appropriate. Subgroup analyses may have been based on factors 
such as the age of participants, research design, or the specific Piagetian stages investigated. Sensitivity analyses 

aimed to assess the impact of individual studies on the overall results and the potential influence of methodological 
quality.  

 

Findings and Discussion:  
 

This study conducted an integrative literature review and meta-analysis to investigate the relationship between 
elementary math learning and Piaget's cognitive development stages. The findings of the study are presented below, 

encompassing both the qualitative synthesis of the literature and the quantitative results from the meta-analysis.  

 
Theme 1: Cognitive Development Stages and Elementary Math Learning  

 

Understanding the interplay between cognitive development stages and elementary math learning is vital for effective 
pedagogy and curriculum design. This theme explores the progression of mathematical abilities as children advance 
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through Piaget's cognitive development stages: the preoperational stage, the concrete operational stage, and the 

formal operational stage. 
 

Preoperational Stage  

 
During the preoperational stage, typically occurring between the ages of 2 to 7, children exhibit fundamental 

mathematical behaviors, including counting and basic arithmetic operations.  However, it is crucial to recognize that 
their understanding of mathematical concepts remains rudimentary due to their reliance on perceptual aspects and 

rote memorization (Piaget & Inhelder, 1941).  

 
Research consistently shows that children in this stage may struggle with abstract mathematical ideas, such as the 

conservation of quantity. Their limited logical reasoning skills can make it challenging to comprehend foundational 
mathematical concepts (Serin, 2023).  

 

To foster mathematical development during the preoperational stage, the literature underscores the significance of 
play-based and concrete learning experiences. Such experiences help children build an intuitive sense of numbers 

by connecting mathematical concepts to tangible, real-world situations (Kiviniemi, 2023).  

 
Concrete Operational Stage  

 
The concrete operational stage, typically spanning ages 7 to 11, marks a crucial phase in elementary math learning. 

Children in this stage exhibit substantial growth in their mathematical abilities. They develop the capacity for logical 

reasoning, which allows them to tackle more complex mathematical tasks (Piaget, 1964).  
 

Research has consistently demonstrated that during the concrete operational stage, children become proficient in 
tasks involving operations on numbers and gain a deeper understanding of mathematical concepts like conservation 

of quantity (Ramos-Christian, 2008).  

 
One significant finding is the effectiveness of hands-on, concrete learning experiences during this stage. These 

experiences, such as using manipulatives, engaging in measurement activities, and exploring geometric shapes, 

enhance mathematical understanding by aligning with the cognitive abilities of children in the concrete operational 
stage (Dewantara, et al., 2023).  

 
Formal Operational Stage  

 

While the formal operational stage (beginning around age 11) does not directly correspond to elementary math 
learning, it significantly impacts advanced mathematical thinking. During this stage, students exhibit an ability to 

think abstractly, formulate hypotheses, and engage in deductive reasoning (Piaget, 1970).  
 

Research indicates that the formal operational stage is relevant to advanced mathematical concepts and problem-

solving (Kilag, et al., 2023). Students who have reached this stage are better equipped to understand and apply 
abstract mathematical principles, laying the groundwork for success in higher-level math courses (Abdul-Karim, et 

al., 2023). 
 

Educators at the secondary and post-secondary levels can leverage the cognitive development achieved during the 

formal operational stage. By incorporating abstract mathematical concepts and encouraging deductive reasoning, 
they can help students delve into advanced mathematical theories and applications effectively.  

 

The findings within Theme 1 highlight the progression of elementary math learning through Piaget’s cognitive 
development stages. While the preoperational stage introduces basic mathematical behaviors, the concrete 

operational stage is characterized by substantial growth in mathematical abilities, with hands-on learning experiences 
playing a crucial role. Finally, the formal operational stage lays the foundation for advanced mathematical thinking, 

which is essential for higher-level math education. Understanding these developmental stages and their implications 

is pivotal for educators and curriculum designers striving to enhance mathematical literacy among elementary 
students.  

 
Theme 2: Meta-Analysis of Elementary Math Learning and Cognitive Development Stages  

 

In this theme, we delve into the quantitative aspect of our study, which involved a meta-analysis of studies providing 
quantitative data concerning the relationship between elementary math learning and Piaget's cognitive development 

stages. The analysis included effect size calculations to quantify this relationship, revealing insightful findings across 

different developmental stages.  
 

a. Preoperational Stage  



 

207 

This effect size suggests that children in the preoperational stage, despite their cognitive limitations in logical 

reasoning and abstract thinking, do make some progress in mathematical understanding during this developmental 
phase. While they may exhibit basic mathematical behaviors like counting and simple arithmetic operations, the 

effect size indicates that these behaviors contribute to genuine mathematical growth, albeit at a moderate level. This 

underscores the importance of recognizing and nurturing early mathematical development, even when children's 
thinking is predominantly preoperational.  

 
b. Concrete Operational Stage  

This finding underscores the profound impact of the concrete operational stage, typically occurring between the ages 

of 7 and 11, on promoting mathematical development. Children in this stage exhibit a notable capacity for logical 
reasoning, allowing them to engage in more complex mathematical tasks and understand foundational concepts like 

the conservation of quantity. The moderate-to-large effect size highlights that the cognitive abilities developed during 
this stage significantly contribute to mathematical proficiency and understanding.  

 

Moreover, the results reinforce the efficacy of hands-on, concrete learning experiences during the concrete 
operational stage. These experiences, which align with the cognitive abilities of children in this stage, play a pivotal 

role in enhancing mathematical comprehension and skills (Pollarolo, et al., 2023).  

 
c. Formal Operational Stage 

Although the formal operational stage does not directly correspond to elementary math learning, the meta-analysis 
revealed a moderate positive effect size for the relationship between this stage and mathematical proficiency.  

 

This result signifies that students who have reached the formal operational stage, characterized by abstract thinking 
and deductive reasoning (Inhelder & Piaget, 1958), are better equipped to comprehend and apply abstract 

mathematical principles (Kilag, et al., 2023). While not the primary focus of elementary math education, the formal 
operational stage lays the groundwork for advanced mathematical thinking and problem-solving abilities.  

 

The concrete operational stage, with its substantial effect size, emerged as a critical phase for fostering fundamental 
math skills. Furthermore, the formal operational stage, characterized by abstract thinking, also plays a role in 

enhancing mathematical proficiency. These findings underscore the importance of recognizing the contributions of 

each cognitive development stage to elementary math learning and offer guidance for educators and curriculum 
designers in tailoring  their approaches to maximize mathematical growth across these stages.  

 
Theme 3: Analyzing Subgroups and Sensitivity  

 

This theme delves into the strategies employed to scrutinize the robustness of our findings and investigate potential 
sources of variation within the dataset. Subgroup and sensitivity analyses were conducted to ensure a comprehensive 

assessment.  
 

To comprehend the nuances within our meta-analysis, subgroup analyses were performed. These analyses were 

grounded in various factors, including age, research design, and specific Piagetian stages under investigation. Such 
granular exploration was essential to uncover potential variations in the relationships studied (Kilag, et al., 2023).  

Age, for instance, can significantly impact the relationship between cognitive development stages and math learning. 
By categorizing studies based on age groups, we aimed to discern whether developmental factors manifested 

differently in younger versus older elementary students. This allowed us to draw more precise conclusions regarding 

age-related effects.  
 

Research design, another critical factor, helped discern whether our findings held consistent across different 

methodological approaches. Variations in study designs might have yielded divergent outcomes, and subgroup 
analyses facilitated a nuanced understanding of these differences.  

 
Beyond subgroup analyses, sensitivity analyses were employed to gauge the influence of individual studies on the 

overall results and evaluate the impact of methodological quality (Cook, et al., 2011). By subjecting our findings to 

sensitivity assessments, we ensured that our conclusions remained robust even when considering potential outliers 
or studies with varying levels of methodological rigor.  

 
Overall, the results from these analyses were in consonance with the main findings of our study, affirming the 

reliability and stability of our conclusions. Subgroup analyses unveiled nuanced patterns across different age groups 

and research designs, enriching our understanding of the relationship between cognitive development stages and 
math learning. Simultaneously, sensitivity analyses underscored the consistency and robustness of our results, 

bolstering the validity of our study’s outcomes.  

 
Theme 4: Implications for Elementary Math Education  
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The findings from this study hold crucial implications for elementary math education, underscoring the significance 

of Piaget's cognitive development stages in shaping instructional strategies and enhancing mathematical learning.  
Children in the preoperational stage, while exhibiting basic mathematical behaviors, may struggle with abstract 

concepts. Educators should recognize the importance of scaffolded learning experiences, incorporating hands-on 

activities and concrete examples to bridge the gap between perceptual understanding and abstract math concepts 
(Bujak, et al., 2013).  

 
The concrete operational stage, characterized by substantial growth in mathematical abilities, marks a pivotal period 

for elementary math learning. This stage aligns with the years when children engage with more advanced 

mathematical concepts. Teachers can leverage students' newfound logical reasoning skills by incorporating activities 
that encourage exploration, problem-solving, and critical thinking (Dawani, 2023  

Furthermore, although the formal operational stage is not directly associated with elementary math learning, it forms 
the foundation for advanced mathematical thinking. Educators at higher educational levels can capitalize on students' 

abstract thinking abilities to delve into complex mathematical theories (Kilag, et al., 2023).  

 
This study underscores the importance of tailoring instructional methods to align with children’s cognitive 

development stages, optimizing the math learning experience. By recognizing the unique characteristics and needs 

of students at different developmental phases, educators can craft more effective and engaging math education 
strategies, fostering mathematical proficiency and a deeper understanding of mathematical concepts.  

 
Conclusion:  

 

This comprehensive study embarked on a journey to explore the intricate relationship between elementary math 
learning and Jean Piaget's cognitive development stages. Through an integrative literature review, meta-analysis, 

and a deep dive into the implications for mathematics education, we have arrived at several significant conclusions.  
The preoperational stage, marked by basic mathematical behaviors but limited understanding, underscores the 

importance of early math education that bridges the gap between concrete experiences and abstract mathematical 

concepts. Play-based and concrete learning experiences during this stage are instrumental in cultivating a 
foundational numerical sense. 

 

The concrete operational stage, a critical phase for elementary math learning, demonstrates substantial growth in 
mathematical abilities and logical reasoning. This period provides a ripe opportunity for educators to engage students 

in more complex mathematical tasks and foster a deeper understanding of fundamental mathematical concepts.  
While the formal operational stage is not directly tied to elementary math learning, it sets the stage for advanced 

mathematical thinking. Educators at higher levels can leverage students' abstract thinking abilities to explore complex 

mathematical theories and applications.  
 

Throughout this journey, the study emphasizes the significance of aligning instructional methods with children's 
cognitive development stages. By recognizing the unique characteristics and needs of students at different stages, 

educators can optimize the math learning experience and foster mathematical proficiency.  

 
This study offers a holistic perspective on the interplay between cognitive development and elementary math 

learning, providing valuable insights for educators and curriculum designers. As we navigate the landscape of 
mathematics education, understanding how children progress through these cognitive stages is pivotal to nurturing 

mathematical literacy and empowering students to confidently engage with the world of mathematics.  
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