
 

 

 

Journal of Qualitative Research in Education  
Eğitimde Nitel Araştırmalar Dergisi

 
82 

Mathematical Thinking and Learning in Early 
Childhood: A Consolidated Qualitative 

Synthesis of Cutting-Edge Research Literature 
 

Rusen Meylani* 

To cite this article: 

Meylani, R. (2024). Mathematical Thinking and Learning in Early Childhood: A Consolidated Qualitative 
Synthesis of Cutting-Edge Research Literature. Journal of Qualitative Research in Education, 82-
127. Doi: 10.14689/enad.40.1966 

 

Abstract: The primary goal of this study is to synthesize current research on 
early childhood mathematical thinking and learning, focusing on cognitive 
development, instructional strategies, and environmental influences. The 
study provides a comprehensive qualitative analysis, integrating diverse 
theoretical frameworks and recent empirical findings for a nuanced 
understanding of early math education. Methodologically, the study 
systematically reviews peer-reviewed studies published between 2013 and 
2024, employing thematic synthesis to identify patterns and themes. Key 
stages included coding, developing descriptive themes, and generating 
analytical themes. The primary outcomes highlight the significant impact of 
play-based learning, interdisciplinary approaches, and parental involvement 
on early mathematical development. Additionally, the study underscores the 
role of technology and supportive learning environments in enhancing 
children's math skills. Conclusions emphasize the importance of holistic and 
culturally responsive educational practices. The practical implications provide 
valuable insights for educators, policymakers, and researchers aiming to 
improve early childhood math education. 
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Introduction 
Background and Significance 

Early childhood mathematical thinking is foundational for academic success and 
cognitive development. Research emphasizes the long-term significance of early math 
skills for future academic achievements. Claessens and Engel (2013) demonstrated that 
these foundational skills are integral to later academic success, and Fisher et al. (2012) 
similarly noted the predictive role of early math abilities, including literacy, for cognitive 
development. This body of research suggests that preschoolers' interest in math acts as 
a strong indicator of future mathematical competence (Ribner et al., 2017). Moreover, 
executive function, which includes skills like working memory and cognitive flexibility, 
has been shown to mitigate the relationship between early math skills and subsequent 
academic performance, emphasizing the value of cognitive and socioemotional 
development in young learners (Isbell et al., 2019). 

Further studies expand on the diverse predictors of mathematical reasoning in 
adolescence. Cortes et al. (2022) found that early fine motor skills are precursors to 
visuospatial deductive reasoning, illustrating how physical developmental milestones 
support cognitive advancements in mathematics. Similarly, Gashaj et al. (2022) 
indicated that the home environment, parenting style, and children's innate abilities 
contribute significantly to early math skill formation. Educators are advised to foster 
diverse opportunities for spatial concept exploration, as spatial reasoning is fundamental 
for understanding and interacting with the world, which Deans and Cohrssen (2015) 
highlight as crucial for children’s mathematical development. 

Research also shows a direct relationship between various cognitive skills—such as 
working memory, primary numeracy, and spatial skills—and later math anxiety and 
performance in adulthood (Douglas & LeFevre, 2018). Isbell et al. (2019) further 
emphasize that cognitive functions like conflict monitoring and control skills are tied to 
emerging academic abilities in early childhood through primary school years, while 
inhibitory control established in preschool correlates with math proficiency in first grade 
(Ng et al., 2015). These findings collectively underscore the impact of cognitive 
predictors, with Vasilyeva (2019) noting that executive function and intelligence together 
shape young children’s development of symbolic number skills, foundational for more 
complex math understanding. Moreover, Cohrssen et al. (2016) observed that play-
based math activities shape educators’ positive attitudes toward teaching math, thus 
supporting more engaging and effective math instruction. 

The home environment and intergenerational patterns also affect early math learning, 
as Bernabini et al. (2020) documented. These factors, combined with cognitive and 
linguistic skills, support young children’s early math abilities, while regular home math 
activities directly relate to four-year-olds’ math skills (Leyva et al., 2021). Similarly, the 
interplay between math and behavioral skills is evident in early childhood, as 
demonstrated by Fisk and Lombardi (2021). 
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The influence of math anxiety on children's engagement in math activities is also 
significant, indicating a need for targeted interventions that can reduce stress and foster 
a positive math learning environment (DePascale et al., 2023). Play-based math 
activities not only shape educators' attitudes but also instill positive perceptions toward 
mathematics, providing a foundation for children’s engagement and learning (Cohrssen 
et al., 2016). Furthermore, bilingual math instruction, involving code-switching, reveals 
important insights into the influence of language on math learning (Prabowo & Ambarini, 
2022). The integration of interactive media into math instruction enhances learning by 
making abstract concepts more accessible (Journal et al., 2018). For instance, Breive 
(2022) presents new perspectives on children’s mathematical conceptualization, 
challenging traditional approaches to abstraction, while Bakar and Karim (2019) 
highlight the role of visualization and multiple representations in developing 
mathematical understanding. 

Parental attitudes also significantly shape early childhood math development. Positive 
parental engagement in math activities has been associated with enhanced 
mathematical skills in children, underscoring the need for a supportive home 
environment that fosters numeracy. Eason and Ramani (2018) report that parents’ 
positive attitudes toward math are linked to greater child engagement in math-related 
activities, enhancing math achievement. Zippert and Ramani (2016) further emphasize 
the importance of parents' understanding of their children’s numerical abilities, which is 
instrumental in optimizing developmental math experiences. 

Parental math anxiety, however, poses challenges to children’s math learning. Research 
shows that math-anxious parents may hinder their children's progress by negatively 
impacting homework interactions (Poisall, 2023; Oh et al., 2022). Maloney et al. (2015) 
found that math-anxious parents tend to engage in less effective math-related 
interactions, increasing children’s math anxiety and lowering achievement levels. This 
suggests that while parental involvement generally supports children’s learning, the 
quality of engagement—supportive and constructive rather than anxiety-driven—
remains crucial (Retanal et al., 2021). 

Furthermore, the home math environment extends beyond the frequency of math 
activities to encompass parents' beliefs and expectations regarding math learning. 
Keyser et al. (2020) argue that parental expectations profoundly influence early cognitive 
outcomes, highlighting how a nurturing home environment can offer valuable learning 
opportunities before formal education begins. In support, Oh et al. (2022) suggest that 
autonomy-supportive parental involvement can counteract the effects of parental math 
anxiety, thereby enhancing children's math achievement. 

Cultural and socio-economic contexts also shape parental attitudes toward children’s 
math learning. Daucourt et al. (2021) found that parents from lower socio-economic 
backgrounds might underestimate their children's math potential, leading to lower 
expectations and potentially poorer outcomes. This highlights the need for interventions 
that educate parents on the importance of their attitudes and involvement, particularly 
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across diverse socio-economic settings (Pan et al., 2022). Such an approach underscores 
the importance of fostering positive parental attitudes toward math, addressing parental 
anxiety, and educating parents on effective involvement strategies, essential steps for 
optimizing early math learning experiences and promoting equitable educational 
outcomes. 

This study synthesizes existing research to create a cohesive framework that informs early 
childhood math education practices. Integrating aspects of pedagogy, language, and 
instructional media offers a holistic approach to advancing the teaching and learning of 
foundational mathematical concepts. The synthesis demonstrates the impact of early 
math thinking on children's academic success and cognitive development, underscoring 
the interconnected roles of cognitive abilities, socioemotional skills, and environmental 
influences in shaping early math proficiency. 

Theoretical Underpinnings 

The theoretical framework guiding early childhood mathematical thinking and learning 
includes developmental, learning, and mathematics education theories. These 
frameworks are crucial for synthesizing qualitative research on early childhood 
mathematical development's cognitive, social, and pedagogical aspects. 

Sociocultural theory, particularly Vygotsky's (Vygotsky & Cole, 1978), emphasizes the 
role of social interaction, cultural tools, and the zone of proximal development in 
children's learning. This synthesis will examine how social interactions, language, and 
cultural tools influence children's mathematical thinking and understanding (Edwards, 
2003). 

Constructivist approaches, emphasizing learners' active role in constructing 
understanding, will also be integrated. This perspective informs how children engage 
with mathematical concepts through exploration, play, and problem-solving, aligning 
with their developmental characteristics (Ririn et al., 2019). 

Additionally, the synthesis will draw on developmental theories such as Piaget's cognitive 
development theory (Inhelder & Piaget, 1958; Piaget, 1952; Piaget, 1970), which 
provides insights into children's cognitive stages and their construction of mathematical 
knowledge. Understanding the developmental progression of mathematical thinking in 
early childhood will offer nuanced insights into age-appropriate pedagogical strategies 
and the emergence of mathematical concepts (Van de Rijt et al., 2003). 

By integrating sociocultural, constructivist, and developmental perspectives, this 
theoretical approach provides a comprehensive understanding of the factors shaping 
children's mathematical development. This holistic framework will inform effective 
pedagogical strategies and educational practices in early childhood mathematics 
education. 
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Research Questions 

This qualitative synthesis explores early childhood mathematical concepts to identify 
effective teaching methodologies. It analyzes studies on how children best learn math, 
focusing on school and home environments. In essence, this paper tries to answer the 
following research questions: 

 What teaching strategies significantly impact early mathematical skill acquisition 
in young children? 

 How do different home environments influence early math skills, considering 
factors such as parental involvement, socioeconomic status, and exposure to 
mathematical language? 

 In what ways do cognitive, linguistic, and non-symbolic skills interact and 
contribute to the development of early mathematical skills in children? 

 How does math anxiety affect children's engagement and performance in math-
related activities, and what interventions alleviate this anxiety? 

  

Methodology 

Research Design 

This study uses a qualitative thematic synthesis to analyze and consolidate early 
childhood mathematical learning research. This approach comprehensively explains the 
cognitive processes and the interplay between mathematical aptitude and creative 
thinking. Thematic synthesis helps identify, categorize, and integrate themes across 
qualitative studies, offering a detailed map of current research and highlighting gaps for 
further exploration. 

Data Collection 

A systematic literature search was conducted across ERIC, PsycINFO, Google Scholar, 
Scopus, Web of Science, and TR-Dizin databases, targeting studies from 2013 to 2024. 
Keywords included "early childhood mathematics," "mathematical thinking," "cognitive 
development," "playful learning," "creativity in math," "math anxiety," and "early math 
education." Boolean operators were used to refine search results for comprehensive 
coverage. 

Inclusion and Exclusion Criteria 

The studies included in this synthesis focused on mathematical thinking and learning in 
early childhood (ages 3-8), were published in English or Turkish in peer-reviewed 
journals from 2013 to 2024, and addressed cognitive processes, creative thinking, and 
playful learning strategies. The studies excluded were those on older children or adults; 
non-English or non-Turkish articles; and those focusing on subjects other than 
mathematics. 
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Data Extraction 

Data was extracted using a standardized form, capturing information such as study title, 
authors, publication year, research aims, theoretical framework, methodology, sample 
characteristics, main findings, and identified themes. 

Data Analysis 

Thematic synthesis followed Thomas and Harden’s (2008) three-step process, with 
additional measures to ensure coding consistency and reliability. 

 Coding of Text: The researcher read the data line by line, identifying significant 
phrases and concepts and assigning succinct labels. A rigorous process of 
reflexive journaling was employed to enhance reliability, where notes were made 
on coding decisions, interpretations, and any uncertainties that arose during the 
process. This reflexive approach allowed the researcher to track and 
systematically address potential biases. 

 Development of Descriptive Themes: After establishing initial codes, the 
researcher grouped them into broader descriptive themes that captured various 
aspects of early childhood mathematical learning. To ensure consistency, the 
researcher revisited the themes multiple times, comparing them against the 
original data to verify that they accurately represented the data’s nuances and 
patterns. 

 Generation of Analytical Themes: Higher-order analytical themes were developed 
to provide deeper insights into the processes influencing early childhood 
mathematical thinking and learning. The researcher used peer debriefing by 
consulting with a colleague in the field who reviewed the analytical themes for 
coherence and relevance to the study’s objectives. This peer consultation offered 
an additional layer of reliability by ensuring that the final themes were well-
grounded and logically derived from the data. 

These steps enhanced the consistency and reliability of the thematic synthesis process, 
ensuring a thorough and systematic approach to data analysis. 

Critical Appraisal for Quality Assessment 

The quality of included studies was assessed using the Critical Appraisal Skills 
Programme (2023) checklist for qualitative research. Criteria included clear research 
aims, appropriate methodology, research design, recruitment strategy, data collection 
methods, reflexivity, ethical considerations, data analysis rigor, and clarity of findings. 
Studies scoring poorly were discussed among peer researchers to decide on their 
inclusion based on their potential contribution. 

Researcher Reflexivity 

The researcher maintained a reflexive stance, acknowledging potential biases. Reflexive 
journals documented thoughts and decisions during the research process, with regular 
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team meetings to critically evaluate emerging themes and ensure the synthesis remained 
data grounded. 

Ethical Considerations 

Formal ethical approval was not required as the study analyzed the existing research 
literature. However, ethical principles were adhered to, with proper attribution given to 
all original studies included in the synthesis, ensuring the integrity and transparency of 
the research process. 

 

Findings 

The qualitative thematic analysis and synthesis of the research literature yielded the main 
themes, sub-themes, and codes depicted in Figure 1. Also, Table 1, the summary table, 
portrays the big picture of findings across multiple early childhood math education 
themes. The summary table presents significant focus areas and offers research synthesis 
from diverse sources. Overall, this analysis presents a multi-layered understanding of 
early childhood math education, highlighting the interplay between cognitive 
development, curriculum strategies, technological integration, global trends, and 
challenges/opportunities in the field.
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Figure 1. 

The main themes, sub-themes, and codes yielded by the qualitative analysis. 
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Table 1. 

The summary table, which depicts the main themes, sub-themes, and codes emerging from the qualitative analysis, along with the references associated with each code. 

Main Theme Sub-Theme Code The Number 
of References 

Actual References 

Foundations 
and Cognitive 
Development 

Cognitive 
Development and 
Early Mathematics 
Education 

Piaget’s Theory and Stages of Cognitive 
Development Related to Math  

4 Van de Rijt et al. (2003); Piaget (1952); Piaget 
(1970); Inhelder and Piaget (1958) 

Role of Numeracy in Early Cognitive Development  2 Segers et al. (2015); Khasanah and Purnamasari 
(2023) 

Math Anxiety, Motivation, and Mathematical 
Development  

2 Wang et al. (2015); Betz (2004) 

Link Between Math Skills and General Cognitive 
Development  

3 Gunderson et al. (2012, 2017); Cowan et al. 
(2011); Decker and Roberts (2015) 

Theories of Intelligence Supporting Early Math 
Learning  

3 Bressan (2018); Aragón et al. (2016); Villeneuve et 
al. (2019) 

Foundational 
Mathematics in Early 
Childhood Education 

Counting and Number Recognition  2 Bahnmueller et al. (2021); Kreilinger et al. (2021) 

Essential Operations Addition and Subtraction  1 Susanti (2021) 

Understanding Shapes and Spatial Relationships  1 Bahnmueller et al. (2021) 

Curriculum 
Design and 

Interdisciplinary 
Approaches in Early 

Integration of Math with Other Subjects  3 English (2016); Schaeffer et al. (2018); Cary et al. 
(2021) 

Art-Based Approaches to Teaching Math Concepts 1 Fisher et al. (2012) 
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Instructional 
Strategies 

Childhood Math 
Education 

Impact of Interdisciplinary Approaches on STEM 
Involvement and Gender Equity 

2 Dika and D’Amico (2016); Anaya et al. (2017) 

Incorporating Play in 
Early Childhood Math 
Learning 

Importance of Manipulatives and Hands-On 
Learning  

1 Istiono (2021) 

Role-Playing Games That Incorporate Math  1 Öngören and Gündoğdu (2021) 

Designing Playful Math Activities  1 Siklander et al. (2022); Barman and Kjällander 
(2022) 

Storytelling in Early 
Childhood Math 
Education 

Using Narratives to Teach Mathematical Concepts  1 Wahyuni and Rakimahwati (2022) 

The Effectiveness of Storytelling in Engaging Young 
Learners  

1 Cohrssen et al. (2016) 

Effective Curriculum 
Design in Early Math 
Education 

Principles of Effective Curriculum Design  3 Duncan et al. (2007); Bailey et al. (2017); Lange et 
al. (2022) 

Case Studies of Successful Early Math Programs  2 Pitchford et al. (2016); Supekar et al. (2015) 

Technology and 
Environmental 
Influences 

Integration of Digital 
Technologies in Early 
Childhood Math 
Education 

Digital Tools and Apps for Math Learning  3 Outhwaite et al. (2023); Chen (2019); Ahmad and 
Junaini (2020) 

Interactive Whiteboards and Their Use in Math 
Instruction  

2 Outhwaite et al. (2019); Moyer-Packenham (2019) 

Enhancing Math 
Learning Through 
Classroom 
Environment 

Impact of Classroom Environment on Math 
Learning  

2 Eccles and Roeser (2011); O’Hara et al. (2022) 

Effective Use of Materials and Resources  2 Van Dijk et al. (2019); Blazar (2015) 

Differences in Math Education Across Cultures  1 Marsh and Hau (2004) 



 

 

 

Journal of Qualitative Research in Education  
Eğitimde Nitel Araştırmalar Dergisi

 
92 

Cultural and 
Socioeconomic 
Influences on Math 
Education 

The Impact of Socioeconomic Status on Math 
Education  

1 Olsen and Huang (2021) 

Addressing Cultural Biases in Education and 
Curriculum 

1 Turner et al. (2024) 

Community 
Engagement 
and 
Professional 
Development 

Parental Support in 
Early Childhood Math 
Learning 

Strategies for Parents to Support Math Learning at 
Home  

2 Pan et al. (2023); Schaeffer et al. (2018) 

Impact of Parental Attitudes on Children’s Math 
Learning  

5 Maloney et al. (2015); Hildebrand et al. (2023); 
Silver et al. (2023); Gürgah Oğul and Aktaş Arnas 
(2022); Leyva et al. (2021) 

The Role of Educators 
in Early Childhood 
Math Instruction 

Essential Skills and Knowledge for Early Childhood 
Math Teachers  

1 Depaepe et al. (2020) 

Professional Development and Training  4 Gaumer Erickson et al. (2017); Mulcahy et al. 
(2021); Wood and Hedges (2016); Demir (2022) 

Addressing Math 
Anxiety in Young 
Learners 

Identifying Signs of Math Anxiety in Children  1 Ramirez et al. (2016) 

Strategies to Mitigate Anxiety and Build Confidence  2 Wu et al. (2012); Cargnelutti et al. (2017) 

Role of Professional Development in Addressing 
Math Anxiety  

2 Maloney et al. (2015); Van Mier et al. (2018) 

Global Trends 
and Ethical 
Perspectives 

Global Trends in Early 
Childhood Math 
Education 

International Benchmarks and Outcomes  2 Moss et al. (2016); Moss and Urban (2019) 

Global Initiatives and Their Impact on Local 
Practices  

2 Mueller and File (2015); Gibbs et al. (2017) 

Professional Development in Response to Global 
Trends  

1 Piasta et al. (2015) 
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Ethical Considerations 
in Early Childhood 
Math Education 

Equity and Inclusion in Math Classrooms  2 Priniski and Thoman (2020); Yu (2022) 

Ethical Use of Data and Assessments  2 Briggle et al. (2016); Angermund and Plant (2017) 

Challenges and 
Opportunities 

Challenges in Early 
Childhood Math 
Education 

Techniques for Assessing Math Skills  2 Jordan et al. (2009); Fuchs et al. (2005) 

Adaptive Instruction and Comprehensive 
Assessment  

3 O’Malley et al. (2014); Elliott and Bachman (2018); 
Dunphy (2009) 

Educator Attitudes and Mathematical Inquiry  2 Johnston and Bull (2022); Schillinger (2021) 

Technology Integration and Home Numeracy  2 Utama et al. (2022); Zaranis et al. (2013) 

Opportunities in Early 
Childhood 
Mathematics 
Education 

Core Mathematical Areas and Everyday Integration  2 Dyson et al. (2013); Lee (2014) 

Play-Based Activities and Spatial Reasoning  2 Cohrssen et al. (2016); Cohrssen et al. (2017) 

Holistic Approach to Mathematical Development  3 Elia et al. (2021); Hedge and Cohrssen (2019); Yair 
and Chis (2022) 

Emerging Research and Innovative Teaching 
Methods  

3 Duncan et al. (2007); Libertus (2024); Pan et al. 
(2023) 

The Role of Non-Cognitive Skills in Math Learning  2 Björklund et al. (2020); Lange et al. (2022) 

 



 

 

 

Journal of Qualitative Research in Education  
Eğitimde Nitel Araştırmalar Dergisi

 
94 

Results 

Theme 1: Foundations and Cognitive Development 

This theme elaborates the sub-themes and codes given in Figure 2 in 18 references. 

Figure 2. Thematic representation of “Foundations and Cognitive Development” 

 

Cognitive Development and Early Mathematics Education 

Jean Piaget's theory of cognitive development provides a framework for understanding 
children's mathematical thinking through the sensorimotor, preoperational, concrete 
operational, and formal operational stages of development. Each stage introduces 
cognitive abilities essential for developing math skills. Numeracy is crucial in early 
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 Role of Numeracy in Early Cognitive Development: Numeracy forms the 
foundation of children's academic and practical skills. Cognitive and linguistic 
abilities predict numeracy skills, nurtured by a home environment where parents 
actively engage in numeracy-related activities. Interactive activities like role-
playing enhance counting and numeracy literacy (Segers et al., 2015; Khasanah 
& Purnamasari, 2023). 

 Math Anxiety, Motivation, and Mathematical Development: Math anxiety and 
motivation significantly affect math skills development. Math anxiety deters 
engagement, while high motivation and self-efficacy promote positive attitudes 
toward learning math (Betz, 2004; Wang et al., 2015). Longitudinal studies are 
recommended to understand these factors' long-term impact (Wang et al., 2015). 

 Link Between Math Skills and General Cognitive Development: Math and cognitive 
development are closely linked. Working memory and inhibitory control are tied 
to math problem-solving (Decker & Roberts, 2015). Improvements in basic 
calculations are predicted by conceptual knowledge and cognitive development 
(Cowan et al., 2011). A growth mindset enhances responses to academic 
challenges and improves math achievement (Gunderson et al., 2012; Gunderson 
et al., 2017). 

 Theories of Intelligence Supporting Early Math Learning: Theories of intelligence 
provide insights into cognitive styles affecting math abilities. Systemizing, a 
cognitive style focused on analyzing systems, is linked to mathematical 
intelligence (Bressan, 2018). Structural equation models show the complex 
relationship between cognitive and non-cognitive factors in developing math skills 
(Aragón et al., 2016). An integrated approach is needed to understand and foster 
mathematical thinking (Villeneuve et al., 2019). 

Foundational Mathematics in Early Childhood Education 

In early childhood education, foundational math skills like counting, number recognition, 
and basic operations are crucial for later mathematical abilities. Developing these skills 
through tactile and visual methods, such as using fingers for counting, helps children 
form mental representations of numbers. Cultural and contextual aspects of learning 
basic arithmetic, like addition and subtraction, highlight the importance of integrating 
cultural perspectives to enhance comprehension and application. 

 Counting and Number Recognition: Counting and number recognition are critical 
foundational skills in early childhood education. Using tactile and visual cues, 
such as fingers for counting, is vital in forming mental representations of numbers. 
Children associate specific finger patterns with numerical quantities, helping 
develop number sense (Bahnmueller et al., 2021). This tactile involvement 
supports counting skills and enhances the ability to recognize numbers through 
structured patterns, such as those seen on dice or fingers, further linking physical 
representations to mental arithmetic skills (Kreilinger et al., 2021). 

 Basic Operations: Addition and Subtraction: Developing basic arithmetic 
operations, like addition and subtraction, is essential in early mathematical 
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education. Research in ethnomathematics reveals that cultural and contextual 
factors significantly influence how these operations are understood and applied, 
suggesting that mathematical concepts are cognitively and culturally embedded 
(Susanti, 2021). This highlights the importance of considering cultural context in 
teaching arithmetic, shaping how children understand and perform mathematical 
operations. 

 Understanding Shapes and Spatial Relationships: Understanding shapes and 
spatial relationships is crucial for mathematical development in young children. 
Recognizing and making sense of various shapes and their spatial relationships 
is critical for developing geometric thinking. Engaging children in tactile and 
visual interactions with shapes enhances spatial awareness and the ability to 
understand complex spatial relationships (Bahnmueller et al., 2021). 

Theme 2: Curriculum Design and Instructional Strategies 

This theme elaborates the sub-themes and codes given in Figure 3 in 16 references. 

Figure 3. Thematic representation of “Curriculum Design and Instructional Strategies” 
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Interdisciplinary Approaches in Early Childhood Math Education 

Interdisciplinary approaches in early childhood math education enhance learning 
outcomes and address challenges. Integrating math with other disciplines, such as art 
and science, makes learning more inclusive and engaging, reducing math anxiety 
among students and parents. This approach enriches the educational experience, closes 
knowledge gaps, and fosters appreciation for math in different contexts. 

 Integration of Math with Other Subjects: Integrating math with other subjects 
enhances educational outcomes and addresses learning challenges. Schaeffer et 
al. (2018) show that using math applications reduces parental math anxiety, 
improving attitudes toward math. Cary et al. (2021) highlight the need for 
targeted strategies to address initial math knowledge gaps. Integrating math with 
STEM fields promotes a holistic understanding and relevance of math concepts in 
scientific and technological contexts (English, 2016). 

 Art-Based Approaches to Teaching Math Concepts: Art-based approaches use 
creative expression to teach math, making abstract concepts more tangible 
(Fisher et al., 2012). This method involves painting, drawing, or sculpting, 
enhancing children's understanding and engagement with math. Integrating art 
into math education increases children's interest and enthusiasm. 

 Impact of Interdisciplinary Approaches on STEM Involvement and Gender Equity: 
Interdisciplinary approaches significantly impact students' interest and persistence 
in STEM fields. These methods enhance engagement and persistence, developing 
math skills and positive attitudes (Dika & D’Amico, 2016). They also address 
gender gaps in STEM, promoting equity and inclusion (Anaya et al., 2017). 

Incorporating Play into Early Childhood Math Learning 

Integrating play into early childhood math learning engages young learners and 
enhances their understanding of mathematical concepts. Using manipulatives and 
hands-on tools makes abstract ideas tangible, helping children grasp complex principles. 
Integrating math into role-playing games and designing playful activities provides 
dynamic, context-rich learning experiences that stimulate interest and foster more 
profound understanding. 

 Importance of Manipulatives and Hands-on Learning: Manipulatives are crucial 
in early childhood math education. They make abstract concepts more concrete, 
aiding children's transition from concrete to abstract thinking (Istiono, 2021). 
These tools help children visualize and physically manipulate mathematical 
elements, enhancing understanding and retention. 

 Role-Playing Games Incorporating Math: Role-playing games that integrate math 
offer dynamic and contextualized learning. These games encourage children to 
apply math in practical scenarios, leading to a deeper understanding of 
mathematical principles (Öngören & Gündoğdu, 2021). Role-playing games 
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make math relevant and exciting by simulating real-life situations and fostering 
engagement through interactive play. 

 Designing Playful Math Activities: Creating playful activities fosters an engaging 
learning environment. These activities develop positive attitudes toward math and 
increase motivation by making math fun and accessible (Barman & Kjällander, 
2022; Siklander et al., 2022). Playful learning integrates the joy of play with 
education, allowing children to explore mathematical concepts in a relaxed, 
supportive setting. This approach promotes cognitive, social, and emotional 
development. 

Storytelling in Early Childhood Math Education 

Storytelling is a powerful tool in early childhood math education. It engages young 
learners and contextualizes mathematical concepts. Narratives transform abstract ideas 
into relatable content, helping children understand complex concepts through familiar 
stories. 

 Using Narratives to Teach Mathematical Concepts: Narratives effectively teach 
early childhood math by contextualizing and demystifying abstract ideas 
(Wahyuni & Rakimahwati, 2022). Storytelling frames mathematical problems in 
engaging contexts, making complex ideas more understandable for young 
children. 

 Effectiveness of Storytelling in Engaging Young Learners: Storytelling captures 
children's attention and stimulates their imagination, creating a dynamic learning 
environment (Cohrssen & Page, 2016). Integrating storytelling with play-based 
activities has transformed educators' teaching approaches, making math 
educational and engaging (Cohrssen et al., 2016). 

Effective Curriculum Design in Early Math Education 

Effective curriculum design in early math education focuses on creating a framework 
supporting critical mathematical thinking development. Research shows that early math 
skills significantly predict future academic success, highlighting their importance in 
educational planning. An effective curriculum integrates a constructivist approach, 
promoting active learning through interaction and exploration and aligning with national 
educational standards. 

 Principles of Effective Curriculum Design: Effective early math curriculum design 
fosters comprehensive mathematical thinking. Early math skills are critical 
predictors of later academic achievement, making them central to curriculum 
planning (Duncan et al., 2007). Quality learning environments that sustain gains 
post-intervention are crucial for maintaining early skill development (Bailey et al., 
2017). A constructivist approach, advocating for active learning, aligns with 
national standards for math and science education (Lange et al., 2022). 

 Case Studies of Successful Early Math Programs: Successful programs integrate 
various skills into the curriculum. For instance, fine motor skills correlate with math 
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ability, emphasizing the need for a curriculum that promotes a broad skill set 
(Pitchford et al., 2016). Remedial programs addressing math anxiety, such as 
cognitive tutoring, reduce anxiety and neurological reactivity related to fear and 
stress, improving learning outcomes (Supekar et al., 2015). 
 

Theme 3: Technology and Environmental Influences 

This theme elaborates the sub-themes and codes given in Figure 4 in 12 references. 

Figure 4. Thematic representation of “Technology and Environmental Influences” 
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reduces math anxiety, showing its value in math education (Ahmad & Junaini, 
2020; Chen, 2019). 

 Interactive Whiteboards in Math Instruction: Interactive whiteboards facilitate 
math instruction by offering a dynamic and visual learning platform. They 
enhance student engagement and participation (Outhwaite et al., 2019). Digital 
math games with interactive whiteboards help children understand practical math 
applications, improving learning outcomes (Moyer-Packenham, 2019). 

Enhancing math learning through the classroom environment 

The classroom environment significantly shapes young children's math learning 
experiences. A favorable climate and effective use of materials impact students' emotions, 
motivation, and learning outcomes, helping to reduce math anxiety. Creating a 
supportive atmosphere increases children's engagement and success in mathematics. 

 Impact of Classroom Environment on Math Learning: A positive classroom 
environment shapes children's math learning. Supportive and engaging 
atmospheres influence students' emotions, motivation, and outcomes (Eccles & 
Roeser, 2011; O’Hara et al., 2022). Such environments reduce math anxiety, 
enhancing engagement and success in math. 

 Effective Use of Materials and Resources: Effectively using materials and resources 
promotes mathematical thinking in early childhood. Hands-on and interactive 
materials are essential for developing foundational math skills (Blazar, 2015; Van 
Dijk et al., 2019). The quality and integration of these resources determine 
student engagement and understanding. Selecting resources that align with 
educational goals and cater to diverse needs is critical. 

Cultural and Socioeconomic Influences on Math Education 

Math education varies across cultures and is shaped by cultural norms that influence 
teaching methods, curriculum design, and student attitudes. Understanding these 
cultural elements is essential to effectively addressing the needs of diverse student 
populations. Socioeconomic status also plays a significant role, impacting access to 
quality resources and contributing to disparities in math achievement. 

 Differences in Math Education Across Cultures: Math education is influenced by 
cultural norms and values, affecting teaching methods, curriculum design, and 
student attitudes (Marsh & Hau, 2004). These differences result in diverse 
educational practices and experiences, highlighting the need to integrate cultural 
elements into teaching to serve diverse students better. 

 Impact of Socioeconomic Status on Math Education: Socioeconomic status affects 
access to quality math education, with students from lower socioeconomic 
backgrounds facing barriers to resources and opportunities. This leads to 
significant differences in math achievement, underscoring the need for 
interventions to address these inequalities (Olsen & Huang, 2021). Equitable 
access to resources is essential for mitigating these disparities. 
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 Addressing Cultural Biases in Education and Curriculum: Cultural biases in 
education disadvantage certain student groups by influencing content and 
teaching methods. Addressing these biases is crucial for inclusive and equitable 
math education (Turner et al., 2024). Culturally responsive teaching recognizes 
and values students' cultural backgrounds, integrating these perspectives into the 
curriculum to create a respectful learning environment. 

Theme 4: Community Engagement and Professional Development 

This theme elaborates the sub-themes and codes given in Figure 5 in 17 references. 

Figure 5. Thematic representation of “Community Engagement and Professional Development” 
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games and math talks at home enhances their numerical understanding. Integrating 
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 Impact of Parental Attitudes on Children’s Math Learning: Parental attitudes 
toward math significantly influence children's learning. Negative attitudes and 
math anxiety in parents lead to similar feelings in children, affecting their 
performance and engagement (Hildebrand et al., 2023; Maloney et al., 2015). 
Positive attitudes are linked to reduced anxiety and increased engagement in 
math activities (Silver et al., 2023). The home educational environment, including 
socioeconomic status and parental involvement, also shapes children's math 
development (Gürgah Oğul & Aktaş Arnas, 2022; Leyva et al., 2021). 

The Role of Educators in Early Childhood Math Instruction 

Educators need solid skills and knowledge to foster young children's mathematical 
understanding. A profound grasp of foundational math concepts and strategies for 
encouraging mathematical thinking is essential. Additionally, teachers must create an 
inclusive environment encouraging engagement and supporting students' interest in 
math. 

 Essential Skills and Knowledge for Early Childhood Math Teachers: Teachers need 
robust skills and knowledge to foster mathematical thinking. This includes a deep 
understanding of early math concepts and effective pedagogical strategies 
(Depaepe et al., 2020). Creating a supportive and inclusive learning environment 
is crucial for engaging children and cultivating their interest in math from an early 
age. 

 Professional Development and Training: Professional development is critical for 
enhancing teachers' skills and knowledge in early childhood math. Ongoing 
training improves instructional practices and content knowledge (Gaumer 
Erickson et al., 2017; Mulcahy et al., 2021). Programs should also address 
culturally responsive teaching, socioeconomic impacts, and cultural biases in the 
curriculum (Demir, 2022; Wood & Hedges, 2016). 

Addressing Math Anxiety in Young Learners 

Identifying and addressing math anxiety in young learners is crucial for their 
mathematical development. Signs of anxiety, such as avoidance, negative attitudes, and 
emotional distress during math activities, hinder learning. Recognizing these signs helps 
parents and educators tailor support strategies to promote confidence and foster a 
positive attitude toward mathematics. 

 Identifying Signs of Math Anxiety in Children: Early signs of math anxiety, such as 
avoiding math activities, negative attitudes, and emotional distress, are crucial for 
timely intervention (Ramirez et al., 2016). Recognizing these signs allows 
educators and parents to provide the necessary support. 

 Strategies to Mitigate Anxiety and Build Confidence: Several strategies mitigate 
math anxiety and build confidence. Creating a supportive and inclusive learning 
environment with hands-on and interactive math experiences is fundamental (Wu 
et al., 2012). Promoting a growth mindset, developing a positive math self-
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concept, and providing targeted support for struggling learners are practical 
approaches (Cargnelutti et al., 2017). 

 Role of Professional Development in Addressing Math Anxiety: Professional 
development for educators is essential in addressing math anxiety. Training 
programs should focus on creating positive math learning environments, 
implementing evidence-based strategies, and encouraging a growth mindset 
(Maloney et al., 2015). Collaboration among educators, parents, and mental 
health professionals enhances the support system, providing a holistic approach 
to tackling math anxiety (Van Mier et al., 2018). 

Theme 5: Global Trends and Ethical Perspectives 

This theme elaborates the sub-themes and codes given in Figure 6 in 9 references. 

Figure 6. Thematic representation of “Global Trends and Ethical Perspectives” 

 

Global Trends in Early Childhood Math Education 

Global trends in early childhood math education influence local policies and teaching 
practices. International assessments like the IELS provide data-driven insights but raise 
concerns about over-standardization, highlighting the need for culturally relevant 
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 International Benchmarks and Outcomes: The Organisation for Economic Co-
operation and Development (OECD) establishes international benchmarks for 
early childhood education through initiatives like the International Early Learning 
and Child Well-being Study (IELS) (Moss et al., 2016). These benchmarks 
influence local policies by providing data-driven insights. However, concerns 
about reducing education to a technical exercise and the risk of global 
standardization exist (Moss & Urban, 2019). 
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outcomes. They also prompt reevaluation of teacher preparation programs to 
align with contemporary standards (Mueller & File, 2015). Cultural and societal 
factors also influence these trends, as seen in the Asian American Advantage in 
Math (Gibbs et al., 2017). 

 Professional Development in Response to Global Trends: Professional 
development is essential for educators to adapt to global trends in math 
education. Effective programs enhance pedagogical content knowledge and 
instructional quality (Piasta et al., 2012; Piasta et al., 2015). They equip educators 
to meet international benchmarks and address diverse learner needs. 

Ethical Considerations in Early Childhood Math Education 

Ethical considerations in early childhood math education focus on fostering equity, 
inclusion, and responsible use of assessment data. Creating a respectful classroom 
environment that acknowledges diverse cultural perspectives and systemic biases ensures 
equitable access to meaningful math learning. Fair and transparent assessments further 
contribute to this goal by informing instructional practices and helping bridge 
educational gaps. 

 Equity and Inclusion in Math Classrooms: Equity and inclusion are essential for 
creating a respectful learning environment that accommodates diverse cultural 
perspectives and addresses systemic biases. Educators promote these values by 
integrating social justice and utility-value approaches to teaching, which help 
bridge gaps in educational equity (Priniski & Thoman, 2020). Combatting 
stereotypes and using culturally inclusive pedagogies significantly enhance 
student achievement and ensure an equitable learning environment for all 
students (Yu, 2022). 

 Ethical Use of Data and Assessments: Ethical use of data and assessments ensures 
fair and unbiased evaluations of students’ mathematical abilities. Key 
considerations include protecting student privacy, maintaining valid and reliable 
assessment tools, and using assessment data to guide equitable instructional 
practices (Briggle et al., 2016). It is crucial to evaluate how assessment practices 
affect students' learning experiences and outcomes, focusing on fairness and 
transparency. These practices help build an ethical organizational culture and 
promote ethical decision-making among educators (Angermund & Plant, 2017). 

 

Theme 6: Challenges and Opportunities 

This theme elaborates the sub-themes and codes given in Figure 7 in 21 references. 
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Figure 7. Thematic representation of “Challenges and Opportunities” 

 

 

Challenges in Early Childhood Math Education 

Early childhood math education challenges include assessing math skills, adapting 
instructional strategies, and integrating technology. Early math competence predicts 
future academic success, emphasizing the need for comprehensive assessment 
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understanding the home numeracy environment helps meet diverse learning needs. 

 Techniques for Assessing Math Skills: Assessing math skills in early childhood is 
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competence predicts later academic success (Jordan et al., 2009). Predictors of 
math difficulties include nonverbal problem-solving, working memory, and 
phonological processing (Fuchs et al., 2005). Comprehensive evaluations of 
cognitive determinants are necessary to understand math difficulties fully. 
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inclusive education, ensuring a solid foundation for future math learning (Dunphy, 
2009). 

 Educator Attitudes and Mathematical Inquiry: Educators' attitudes toward math 
influence how they teach mathematical concepts. Developing positive dispositions 
and self-efficacy in teaching math is crucial (Johnston & Bull, 2022; Schillinger, 
2021). Emphasizing conceptual understanding and mathematical inquiry in the 
curriculum is vital. 

 Technology Integration and Home Numeracy: Technology enhances early 
childhood math education. Tools like iPads enrich learning and meet diverse 
educational needs. Understanding the home numeracy environment ensures that 
learning extends beyond the classroom, accommodating various backgrounds 
and family structures (Utama et al., 2022; Zaranis et al., 2013). 

Opportunities in Early Childhood Mathematics Education 

Early childhood math education opportunities involve integrating core mathematical 
areas and everyday activities, which help build a solid foundation. Play-based activities 
enhance spatial reasoning and foster positive attitudes toward math. Recent research 
highlights the role of cognitive and non-cognitive skills, socioeconomic factors, and 
home environments in math learning. 

 Core Mathematical Areas and Everyday Integration: The National Research 
Council identifies number sense and geometry as core areas needing attention in 
preschool and kindergarten. Integrating these concepts into daily activities is 
crucial for establishing a solid foundation and making math relevant to children's 
lives (Dyson et al., 2013; Lee, 2014). 

 Play-Based Activities and Spatial Reasoning: Play-based activities positively impact 
educators' attitudes toward teaching math and enhance children's spatial 
reasoning. Emphasizing geometry and spatial reasoning through play benefits 
children's understanding and application of mathematical concepts (Cohrssen et 
al., 2016; Cohrssen et al., 2017). 

 Holistic Approach to Mathematical Development: A holistic approach integrates 
mathematical concepts into daily experiences and fosters positive attitudes. This 
method supports children's overall development and lays a robust foundation for 
future mathematical success (Elia et al., 2021; Hedge & Cohrssen, 2019; Yair & 
Chiș, 2022). 

 Emerging Research and Innovative Teaching Methods: Recent research identifies 
effective strategies for fostering math skills. Early math competence predicts later 
success (Duncan et al., 2007). Home learning opportunities significantly influence 
math abilities (Libertus, 2024). Family socioeconomic status also shapes children's 
math experiences (Pan et al., 2023). 

 The Role of Non-Cognitive Skills in Math Learning: Non-cognitive skills are crucial. 
Early education promotes equality and provides a solid foundation for all children 
(Björklund et al., 2020). Participation in STEM experiences during training 
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enhances non-cognitive skills like perseverance, benefiting math teaching (Lange 
et al., 2022). 

Discussion 

Foundations and Cognitive Development  

Research indicates that early mathematical thinking develops through cognitive growth 
stages, as outlined by Jean Piaget, and is supported by home environments and parental 
involvement. Math anxiety and motivation significantly impact children's engagement, 
making emotional and motivational factors crucial for success. Studies show a 
connection between cognitive abilities, like working memory and problem-solving, and 
math proficiency, emphasizing a comprehensive educational approach. Recognizing 
cognitive styles can enhance math capabilities, advocating for tailored educational 
strategies. Tactile and visual methods in early childhood education help children form 
concrete mental representations of numbers. Considering cultural factors in arithmetic 
teaching improves comprehension. Integrating cognitive, cultural, and emotional 
dimensions provides an effective educational framework for early mathematical learning 
and future success. 

Curriculum Design and Instructional Strategies  

Effective curriculum design integrates interdisciplinary approaches, playful learning, and 
storytelling. Combining math with art and science creates a holistic educational 
framework, reducing math anxiety and engaging learners. Play-based activities and 
storytelling make abstract concepts tangible and relatable. A robust curriculum supports 
mathematical thinking through constructivist approaches and remedial strategies, 
addressing diverse learning needs. These methods create inclusive environments that 
foster cognitive, social, and emotional growth. 

Technology and Environmental Influences  

Incorporating digital technologies and shaping the classroom environment are crucial 
in early childhood math education. Tools like educational apps and interactive 
whiteboards provide personalized learning experiences that enhance understanding and 
engagement. A supportive classroom atmosphere influences students' motivation and 
emotions, while effective educational materials enable interactive exploration of math 
concepts, building foundational skills, and reducing math anxiety. Addressing cultural 
and socioeconomic factors is essential for equitable learning opportunities. A 
comprehensive approach to math education incorporates technology, optimizes the 
learning environment, and considers cultural and socioeconomic contexts. 

Community Engagement and Professional Development  

Parental support is fundamental in nurturing early math skills, integrating math into daily 
activities at home, and enhancing educational outcomes. Educators need strong 
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pedagogical and content knowledge, supported by professional development to refine 
teaching practices and address challenges like cultural biases. Recognizing and 
addressing math anxiety involves creating inclusive, interactive learning environments. 
Promoting a growth mindset and providing targeted support builds confidence in 
struggling learners. Collaboration among educators, parents, and mental health 
professionals creates a support system that nurtures resilience and confidence in math. 

Global Trends and Ethical Perspectives  

Global trends in early childhood math education are influenced by international 
benchmarks and assessments. Initiatives like the OECD's International Early Learning 
and Child Well-being Study provide data-driven insights, though over-standardization 
concerns highlight the need for culturally relevant practices. Ethical considerations 
involve fostering equity, inclusion, and responsible data use and creating respectful 
classroom environments that acknowledge diversity. Fair and transparent assessments 
ensure unbiased evaluations, guiding instruction and bridging educational gaps. 
Promoting inclusive teaching and responsible data use ensures equitable learning 
opportunities, allowing educators to uphold every child's dignity and potential. 

Challenges and Opportunities  

Challenges in early childhood math education include assessing skills, adapting 
instruction, and integrating technology. Early math competence predicts future success, 
requiring comprehensive assessment techniques. Adaptive instruction must cater to 
diverse learning needs, and technology integration enhances engagement. Educator 
attitudes significantly impact teaching; positive dispositions toward math are essential. 
Effective professional development boosts confidence in teaching mathematical inquiry. 
Opportunities involve integrating core mathematical areas into daily activities and 
fostering positive attitudes through play-based activities. Emerging research highlights 
the importance of non-cognitive skills and socioeconomic factors in shaping 
engagement and success. Leveraging these opportunities helps educators navigate 
challenges with adaptive methods, fostering inclusive environments, and building a solid 
foundation for future math success. 

Insights for Teachers Aiming to Improve Early Mathematics Instruction 

These findings offer valuable insights for teachers aiming to improve early mathematics 
instruction. Educators can use these insights to create engaging and supportive learning 
environments, fostering mathematical abilities in young children through targeted, 
evidence-based strategies. 

Teachers might begin by emphasizing play-based and hands-on learning activities that 
build foundational skills through interactive experiences. Manipulatives, such as blocks 
and counters, provide a tactile approach, helping children explore concepts like counting, 
sorting, and basic arithmetic. Incorporating storytelling and role-playing games can 
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make abstract mathematical ideas more tangible and relatable, as Cohrssen et al. 
(2016) observed, supporting both engagement and comprehension. 

The study also highlights the importance of fostering spatial skills through activities that 
encourage spatial reasoning, like puzzles and shape-based tasks, which contribute to 
mathematical development (Deans & Cohrssen, 2015; Cortes et al., 2022). Teachers 
can embed these tasks within daily routines or use them as part of guided play sessions 
to promote children’s ability to visualize and manipulate spatial relationships, a skill 
foundational for more advanced mathematical thinking. 

In terms of social and emotional factors, educators should be aware of math anxiety's 
role in shaping children’s learning experiences. Teachers can adopt strategies that 
cultivate a growth mindset and confidence in math-related activities. Positive 
reinforcement, a supportive atmosphere, and gradual exposure to math tasks can help 
reduce stress and build resilience (DePascale et al., 2023; Douglas & LeFevre, 2018). 
Additionally, by fostering positive interactions during math-related play, teachers can 
instill a love for mathematics and mitigate the effects of anxiety. 

Finally, technology integration offers unique ways to enhance engagement and learning. 
Digital tools, such as educational math apps and interactive whiteboards, can provide 
customized learning experiences, cater to diverse learning styles, and support students 
who benefit from visual or interactive content (Ahmad & Junaini, 2020; Chen, 2019). 
These tools also make abstract concepts more accessible and can be used in both 
individual and group settings to reinforce foundational skills. 

Overall, findings of this study underscore the value of a holistic approach, blending 
cognitive, social, and technological strategies to foster early mathematical thinking. 
Teachers who integrate these practices are well-positioned to enhance early childhood 
math education and promote a lifelong positive attitude toward mathematics. 

Research Gaps Identified and Suggestions for Future Research 

This research endeavor on early childhood mathematical development reveals several 
gaps that limit our understanding. Key gaps include: 

 Cultural Contexts: Most studies focus on Western contexts, overlooking the 
influence of diverse cultural backgrounds on mathematical understanding. 

 Longitudinal Data: There is a lack of longitudinal studies tracking children's 
mathematical development, limiting insights into the evolution of early 
mathematical thinking and the long-term impacts of teaching strategies. 

 Teacher Training: Limited research examines training programs that enhance 
teachers' abilities to foster mathematical thinking in young children. 

 Parental Involvement: Studies often overlook the nuances of parental involvement 
and its interaction with educational practices, despite its significant influence on 
early mathematical learning. 
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 Technology Integration: The role of technology in early childhood mathematics 
learning is underexplored, with insufficient research on the benefits and 
challenges of digital tools. 

Future research should address these gaps through innovative approaches and diverse 
methodologies: 

 Cross-Cultural Studies: Conduct cross-cultural comparisons to understand how 
cultural norms influence early mathematical learning, leading to tailored 
educational strategies. 

 Longitudinal Impact Studies: Track children's progress over several years to 
identify which educational practices have the most significant long-term impacts 
on mathematical development. 

 Mixed-Methods Approach: Combine qualitative and quantitative methods for a 
comprehensive analysis of early mathematical learning. 

 Evaluating Teacher Training: Design studies to evaluate teacher training 
programs, focusing on methods that improve teachers' abilities to foster early 
mathematical thinking. 

 Enhancing Parental Engagement: Investigate programs that improve parental 
involvement in early mathematical learning, supporting diverse socioeconomic 
backgrounds and examining their influence on children's math skills. 

 Technology-Based Interventions: Evaluate technology-based interventions to 
explore how digital tools complement traditional teaching methods and identify 
best practices for integration. 

 Practical Intervention Models: Develop and test intervention models that bridge 
theoretical insights with practical application, adaptable to various educational 
contexts. 

 Comprehensive Developmental Factors: Adopt a holistic approach in future 
research, considering emotional, social, and physical development alongside 
cognitive and creative processes. 

Addressing these directions will enhance our understanding of early mathematical 
development and improve educational practices to support young learners effectively. 

 
Conclusion 

Key Findings and Theme-Specific Conclusions 

Theme 1: Foundations and Cognitive Development 

 Findings: Early math skills correlate with foundational cognitive processes, such 
as memory and attention, supported by Piaget’s stages of cognitive development. 
Math anxiety and motivation impact young learners’ attitudes and engagement, 
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while tactile and visual methods enhance early numeracy skills by helping 
children develop mental representations of numbers. 

 Conclusion: These findings underscore the necessity for early math programs to 
integrate cognitive development strategies, emphasizing supportive, hands-on 
learning to foster foundational skills and mitigate anxiety that may hinder long-
term mathematical growth. 

Theme 2: Curriculum Design and Instructional Strategies 

 Findings: Effective early math education leverages interdisciplinary methods, 
combining subjects like art and science, and embraces play-based and 
storytelling strategies to teach abstract concepts through relatable experiences. 
Constructivist approaches allow active learning, while tailored interventions 
address diverse learning needs. 

 Conclusion: A well-rounded early childhood math curriculum should integrate 
interdisciplinary and play-based methods, supporting cognitive, social, and 
emotional development while ensuring inclusive learning environments that cater 
to various developmental needs. 

Theme 3: Technology and Environmental Influences 

 Findings: Digital tools, including educational apps and interactive whiteboards, 
enhance engagement by making abstract math concepts more accessible. The 
classroom atmosphere, combined with hands-on resources, positively impacts 
children’s motivation and reduces math anxiety. 

 Conclusion: Integrating digital resources in early math education offers new 
avenues for engagement and understanding, and should be complemented by 
supportive, resource-rich classroom environments that consider students' cultural 
and socioeconomic backgrounds. 

Theme 4: Community Engagement and Professional Development 

 Findings: Parental involvement, including math-related activities at home, 
enhances children’s numerical skills, while teachers' competencies in early math 
instruction benefit significantly from professional development. Addressing math 
anxiety through targeted strategies encourages positive math engagement. 

 Conclusion: Effective early math education relies on the collaborative efforts of 
parents, educators, and communities, emphasizing the need for continuous 
professional development to equip teachers with skills to foster positive attitudes 
and support diverse student needs. 

Theme 5: Global Trends and Ethical Perspectives 

 Findings: Global education benchmarks influence local practices, but over-
standardization poses risks. Ethical considerations in math education stress equity, 
inclusion, and fair assessments to ensure all students access quality math learning. 
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 Conclusion: Educators and policymakers must balance global standards with 
culturally responsive practices, fostering equitable and inclusive math education 
by employing fair assessment practices and addressing cultural and 
socioeconomic differences. 

Theme 6: Challenges and Opportunities 

 Findings: Challenges include assessing early math skills, adapting instruction for 
diverse needs, and integrating technology effectively. Opportunities lie in the daily 
integration of core math concepts, play-based learning, and leveraging recent 
research on non-cognitive skills to foster positive math attitudes. 

 Conclusion: While early childhood math education faces obstacles, embracing 
adaptive instruction, play-based learning, and technology offers opportunities for 
fostering an inclusive and engaging environment that builds a strong foundation 
for lifelong math success. 

Limitations of the Study 

This study has presented a thorough analysis and synthesis of the existing research 
literature on mathematical thinking and learning in early childhood. However, it is not 
without limitations. Recognizing the study's limitations will help understand its scope and 
identify areas for future research: 

Scope and Generalizability 

 Limited Cultural Contexts: The study mainly draws from Western contexts, which 
may limit its generalizability to non-Western settings. 

 Focus on Qualitative Analysis: Lacking quantitative data, the study may not 
capture the full spectrum of early childhood math learning experiences. 

Methodological Constraints 

 Selection Bias in Literature Review: Relying on existing literature may introduce 
biases based on selection criteria and database scope. 

 Lack of Longitudinal Data: The study emphasizes the need for longitudinal 
research but does not include such data. 

Practical and Implementation Challenges 

 Application in Diverse Settings: Recommendations may face implementation 
challenges in under-resourced or differently structured educational environments. 

 Focus on Cognitive and Creative Processes: Other critical factors, such as 
emotional, social, and physical development, are not fully addressed. 

 Intervention Strategies: While suggesting interventions for math anxiety, the study 
lacks detailed, tested models for practical implementation. 
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Future research can build on this study’s findings by addressing these limitations, 
contributing to a more comprehensive understanding of early childhood mathematical 
learning and enhancing educational practices globally. 

Recommendations 

Effective early childhood math education policies should focus on equity, customized 
assessments, and improved teacher training. These recommendations aim to provide 
educational equity, responsible technology use, and culturally responsive curricula. 

Recommendations for Policy 

 Promote Equity and Inclusion: Ensure equal access to quality math education, fund 
programs for disadvantaged communities, implement culturally responsive 
curricula, and provide targeted interventions for at-risk students. 

 Standardize but Customize Assessments: Design standardized assessments that 
accommodate diverse learning needs and offer insights for tailored instruction. 

 Enhance Teacher Training Programs: Support comprehensive teacher training that 
focuses on cultural competence, adaptive strategies, and effective use of 
classroom technology. 

Recommendations for Practice 

Recommendations for practice address the classroom environment. The classroom 
should be structured for engagement, exploration, and skill-building to foster early 
mathematical thinking. Here are practical suggestions for implementation: 

 Incorporate Play-Based Learning: Set up math stations with toys like blocks and 
puzzles to encourage sorting, counting, and constructing. 

 Math-Integrated Daily Routines: Use daily activities like attendance and snack 
time to practice counting, addition, and fractions. 

 Mathematical Language: Use math vocabulary in everyday conversations and 
encourage students to explain their reasoning. 

 Real-World Problem Solving: Present practical problems that require math, such 
as measuring plant growth or estimating quantities. 

 Guided Math Discussions: Foster peer discussions on math ideas and problem-
solving approaches. 

 Visual Aids and Manipulatives: Provide tools like number lines and geometric 
shapes to represent abstract ideas tangibly. 

 Storybooks and Songs: Engage children with storybooks and songs incorporating 
math concepts like counting and patterns. 

 Scaffolded Instruction: Break tasks into manageable steps and offer individualized 
or small group instruction. 

 Parent and Caregiver Involvement: Share strategies for continuing math learning 
at home and suggest related games and activities. 
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 Assessment and Feedback: Use formative assessments and provide constructive 
feedback to encourage growth and learning from mistakes. 
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Genişletilmiş Türkçe Özet 

Giriş 

Bu çalışmanın amacı, erken çocukluk döneminde matematiksel düşünme ve öğrenmeye 
dair güncel araştırmaları sentezleyerek, etkili öğretim metotlarını belirlemek ve bu 
alandaki bilgi birikimini sentezlemektir. Jean Piaget'in bilişsel gelişim teorisi, çocukların 
matematiksel düşünme becerilerinin farklı aşamalarını açıklamaktadır. Bu bağlamda, 
erken sayısal becerilerin gelişiminde ev ortamının ve ebeveyn katılımının rolü önemlidir. 
Matematik kaygısı ve motivasyon gibi duygusal ve motivasyonel faktörler, çocukların 
matematikteki başarısını etkileyen kritik unsurlardır. 

Yöntem 

Bu çalışma, erken çocukluk dönemindeki matematiksel öğrenme üzerine yapılan 
araştırmaları tematik bir yapı altında analiz edip bunun sonucunda bütünsel bir sentez 
sunmaktadır. Bu yaklaşım, bilişsel süreçleri ve matematiksel yetenek ile yaratıcı düşünme 
arasındaki etkileşimi kapsamlı bir şekilde açıklamayı amaçlamaktadır. Tematik sentez, 
mevcut araştırmaları kategorize ederek, ana temaları ve eksiklikleri belirlemeyi sağlar.  

Kodlayıcı güvenirliğini sağlamak için tek bir araştırmacı tarafından gerçekleştirilen bu 
çalışmada, Thomas ve Harden’in (2008) üç aşamalı tematik sentez süreci izlenmiştir. 
Kodlama sürecinde, araştırmacı, güvenirliği artırmak amacıyla refleksif günlük yöntemi 
kullanarak kodlama kararları, yorumlar ve karşılaşılan belirsizlikler hakkında detaylı 
notlar almıştır. Bu refleksif yaklaşım, kodlama sürecindeki olası önyargıların farkına 
varılmasını ve sistematik olarak ele alınmasını sağlamıştır. 

Bu sürecin adımları şu şekildedir: 

 Metnin Kodlanması: Veriler, önemli ifadeler ve kavramları belirlemek amacıyla 
satır satır okunarak analiz edilmiştir. Kodlama işlemi sırasında araştırmacı, 
yorumlarını ve gözlemlerini refleksif günlükte kaydederek kodlama sürecinin 
şeffaflığını ve tutarlılığını sağlamak için adımlar atmıştır. 

 Tanımlayıcı Temaların Geliştirilmesi: Kodlar, erken çocukluk dönemindeki 
matematiksel öğrenme ile ilgili daha geniş temaları tanımlamak için 
gruplanmıştır. Kodlamada tutarlılık sağlamak amacıyla araştırmacı, kodları 
orijinal verilerle tekrar karşılaştırmış ve verilerin anlamını yansıttıklarından emin 
olmuştur. 

 Analitik Temaların Oluşturulması: Tanımlayıcı temalardan hareketle daha üst 
düzeyde analitik temalar geliştirilmiştir. Araştırmacı, bu aşamada bir meslektaşı 
ile akran değerlendirmesi yaparak temaların tutarlılığını ve çalışmanın 
amaçlarıyla uyumunu sağlamıştır. Akran değerlendirmesi, analitik temaların 
verilerle uyumlu ve mantıksal olarak çıkarıldığını doğrulamak için ek bir güvenlik 
katmanı sunmuştur. 
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Bu adımlar, tematik sentez sürecinin güvenirliğini ve tutarlılığını güçlendirmiştir. Böylece, 
tek araştırmacı tarafından yürütülen çalışmanın sistematik ve güvenilir bir veri analizi 
sağlaması hedeflenmiştir. 

Bulgular 

Erken çocukluk döneminde matematiksel düşünme becerilerinin gelişimi, gelecekteki 
akademik başarı ve bilişsel gelişim açısından kritik öneme sahiptir. Bu çalışma, erken 
yaş matematik eğitimi üzerine yapılan araştırmaları analiz ederek bilişsel gelişim, 
müfredat tasarımı, teknoloji kullanımı ve çevresel faktörler gibi ana temalar altında 
toplamakta ve öğretmenler ile eğitimcilere yönelik stratejik çıkarımlar sunmaktadır.  

Elde edilen bulgular, oyun temelli öğrenme, disiplinler arası yaklaşımlar ve aile 
katılımının matematiksel gelişime katkı sağladığını göstermektedir. Bu kapsamda, 
çalışmanın bulguları öğretmenlerin matematik eğitimi stratejilerini zenginleştirip 
çocukların matematiğe karşı olumlu bir tutum geliştirmelerine destek olacak pratik 
öneriler sunmaktadır.  

Bulgular aşağıdaki biçimde altı tema altında gruplanmıştır: 

 Temel Bilişsel Gelişim: Matematiksel beceriler, Piaget'in gelişim aşamalarıyla 
paralel olarak bilişsel süreçlerle yakından ilişkilidir. Çalışmalar, kaygı ve 
motivasyonun matematikle ilgiyi etkilediğini göstermektedir. Somut materyaller, 
çocukların soyut düşünceye geçişini destekler. Matematik eğitiminin temelleri, 
bilişsel ve duygusal becerilere dayandırılarak, kaygıyı azaltmak ve motivasyonu 
artırmak üzerine kurulmalıdır. 

 Müfredat ve Öğretim Stratejileri: Oyun temelli ve disiplinler arası yaklaşımlar, 
erken yaş matematik eğitimi için önemlidir. Hikâye anlatımı, oyunlar ve somut 
materyaller kullanılarak soyut kavramlar somut hale getirilir. İyi tasarlanmış bir 
müfredat, çocukların matematiksel anlayışını güçlendirerek kapsayıcı bir 
öğrenme ortamı yaratır. 

 Teknoloji ve Çevresel Etkiler: Dijital araçlar ve interaktif sınıf materyalleri, 
kişiselleştirilmiş öğrenme imkânı sunarak motivasyonu artırır. Destekleyici bir sınıf 
atmosferi, çocukların matematik kaygısını azaltmada etkili olur. Teknoloji destekli, 
materyal açısından zengin sınıflar matematik öğrenimini teşvik eder. 

 Toplum ve Mesleki Gelişim: Aile desteği, matematiksel becerilerin gelişiminde 
kritik rol oynar. Öğretmenlerin mesleki gelişimi, kültürel duyarlılık ve etkili öğretim 
stratejileri ile desteklenmelidir. Aile katılımı ve öğretmen eğitimi, erken yaş 
matematik başarısını artırmada hayati önem taşır. 

 Küresel Eğilimler ve Etik Perspektifler: Uluslararası standartlar yerel uygulamaları 
etkiler, ancak kültürel duyarlılık önemlidir. Etik ilkelere bağlı kalarak eşitlikçi 
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eğitim sağlanmalıdır. Eğitimde kültürel uyum ve etik veri kullanımı, kapsayıcı 
matematik eğitimi için elzemdir. 

Zorluklar ve Fırsatlar: Matematik eğitimindeki zorluklar arasında değerlendirme ve 

bireyselleştirilmiş öğretim bulunur. Oyun temelli öğrenme ve günlük hayatla 

ilişkilendirme, olumlu matematik tutumu geliştirmeye yardımcı olur. Zorlukların 

üstesinden gelmek için uyarlanabilir öğretim ve günlük yaşantıya entegre matematik 

eğitimine odaklanılmalıdır. 

Sonuç 

Bu çalışma, erken çocukluk dönemi matematik eğitim politikalarının eşitlik ve 
kapsayıcılığı artırılması, öğrenme süreci ile ilgili değerlendirmelerin standartlaştırılırken 
bireyselleştirmesi, ve öğretmen eğitim programlarını geliştirmesi gerektiğini 
vurgulamaktadır. Sınıf ortamı, çocukların matematiksel düşünme becerilerini geliştirecek 
şekilde yapılandırılmalıdır. Bu bağlamda, ebeveyn ve öğretmenlerin iş birliği, çocukların 
matematik becerilerini güçlendirmekte ve öğrenmeye olan ilgilerini artırmaktadır. 
Gelecek araştırmalar, uzun vadeli etkileri anlamak ve çeşitli kültürel bağlamlarda en iyi 
uygulamaları belirlemek için kesitsel ve boylamsal çalışmalara odaklanmalıdır. 

Özetle, erken çocukluk matematik eğitimi, çocukların bilişsel, duygusal ve motivasyonel 
gelişimlerini destekleyen bütünsel bir yaklaşımla ele alınmalıdır. Matematik kaygısını 
azaltan ve motivasyonu artıran stratejiler, çocukların matematikle ilgili olumlu tutumlar 
geliştirmelerine ve başarılı olmalarına yardımcı olacaktır. Disiplinlerarası yaklaşımlar ve 
oyun temelli öğrenme, çocukların matematiksel kavramları daha iyi anlamalarını 
sağlayarak, STEM alanlarında cinsiyet eşitliğini teşvik edecektir. Teknoloji ve çevresel 
faktörlerin etkili kullanımı, öğrenme deneyimlerini zenginleştirerek, çocukların 
matematik becerilerini geliştirmelerine katkıda bulunacaktır. 

Bu nedenle, erken çocukluk matematik eğitim politikaları ve uygulamaları, çocukların 
gelecekteki akademik başarılarını desteklemek için eşitlikçi ve kapsayıcı bir yaklaşım 
benimsemelidir. Eğitimcilerin profesyonel gelişimi, öğretim stratejilerinin etkililiğini 
artıracak ve çocukların öğrenme deneyimlerini daha zengin hale getirecektir. 
Ebeveynlerin ve toplulukların katılımı, çocukların matematiksel düşünme becerilerini 
desteklemekte ve öğrenmeye olan ilgilerini artırmaktadır. Bu bütünsel yaklaşım, her 
çocuğun kendi potansiyelini hayata geçirmesine olanak tanıyacaktır. 
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