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Abstract 

 
This study examines the effects of focused instructional strategies on young 

children’s conceptual growth in mathematical reasoning and explores how early 

numeracy abilities influence later mathematical achievement and broader 

cognitive development. Drawing on empirical research from diverse 

educational settings, it compares traditional instruction and play-based learning 

(PBL), both of which are shown to support the development of early 

arithmetic skills, with particular attention to student engagement, cognitive 

growth, and numeracy competence. The review analyzes how early 

mathematical skills, such as number sense, spatial reasoning, and problem-

solving—shape academic performance into adolescence and discusses the roles 

of play-based learning, technology-enhanced approaches, and structured 

instruction in fostering these foundational concepts. Employing a qualitative 

approach, the study synthesizes relevant literature on cognitive readiness, early 

childhood mathematics development, instructional and play-based 

interventions, and conceptual growth in early mathematics, as well as the 

longitudinal impact of early childhood mathematics on later academic 

outcomes. Overall, the findings underscore early intervention as a critical 

foundation for early childhood mathematics learning and highlight the need for 
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carefully designed pedagogical strategies that integrate play, explicit instruction, 

and rich learning environments to optimize young children’s mathematical and 

cognitive development. 

Keywords: Early Intervention; Early Childhood Mathematics; Numeracy 

Development; Play-Based Learning; Cognitive Development 

 

 

Introduction 

For young children, early intervention in mathematics is essential because it can 

stop learning gaps from growing and establishes the groundwork for future arithmetic 

learning (Onoshakpokaiye, 2007). Interventions that address such challenges early can help 

kids develop a solid foundation in fundamental math skills, preparing them for success in 

later schooling. For kids from underprivileged homes, who might have more difficulty 

learning these fundamental skills, this is especially crucial. In the context of education, early 

intervention is the deliberate application of educational experiences throughout a child's 

formative years, usually from birth to age six. Building fundamental mathematical abilities 

like number sense, spatial thinking, and problem-solving all of which are indicative of 

future academic success requires these kinds of interventions. Effective early interventions 

can close achievement gaps, especially for disadvantaged children, and have a helpful 

impact on their math development for many years after this. 

Early childhood mathematics is the basis for later academic success and everyday 

problem-solving (Clements & Sarama, 2011). By addressing foundational early numeracy 

(EN) skills before they enter formal schooling, early intervention prevents future math 

difficulties. Intensive, small-group programs, such as the PreK Mathematics Tutorial, that 

use hands-on activities and focus on number, operations, and spatial reasoning have 

consistently shown positive results, improving outcomes for children at risk for math 

challenges. Mathematics is essential in forming children's analytical, reasoning, and 

problem-solving abilities during the crucial early years of cognitive development. Studies 

regularly demonstrate that early involvement programmes can greatly improve young 

children's mathematical skills, especially for those from underprivileged families (National 

Research Council, 2009). The empirical data in favour of early intervention as a 

cornerstone approach to early childhood math education is examined in this research. 

Teachers sometimes argue between organized teaching strategies and play-based learning. 
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This study looks into both, concentrating on how they affect numeracy abilities including 

arithmetic, counting, and number recognition. 

The basis for future academic achievement and cognitive improvement is laid by 

mathematics education in early infancy. While rote learning is frequently emphasized in 

traditional teaching approaches, current empirical research shows how successful play-

based strategies are at promoting deeper mathematical knowledge. This study examines 

how early numeracy and mathematical thinking are improved by fusing formal educational 

methods with play-based learning. Children in preschool and primary school have the 

capacity to learn a lot of mathematics, but many do not have the opportunity. In addition 

to falling behind their better advantaged peers, far too many kids start off on a bad track in 

math. Interventions aimed at helping youngsters learn mathematics between the ages of 

three and five have a profoundly positive impact on their lives for many years to come 

(Sarama & Clements (2011). It has been demonstrated that kindergarten math proficiency 

predicts math proficiency throughout elementary, middle, and high education (Watts et al., 

2015, Svane et al, 2023). Even after adjusting for intellect, executive function, and parents' 

educational attainment,          

Geary et al. (2017) showed that children who had a stronger grasp of the cardinality 

principle in preschool had superior math abilities when they entered the first grade. 

Additionally, it has been demonstrated that a fundamental comprehension of numerical 

magnitudes that is, the knowledge of how numbers accurately depict the magnitude of 

things, events, and objects is a necessary precondition for mathematical knowledge and 

success over time (Siegler & Braithwaite, 2017, Svane et al, 2023). Thus, early numerical 

and magnitude comprehension in children seems to have long-term effects on math 

proficiency in particular and academic success in general.     

 Cognitive readiness is the term used to describe a child's mental fitness for 

structured learning, which includes working memory, reasoning abilities, and attention 

management. The fundamental numeracy skills development of like counting, pattern 

identification, and spatial awareness in early life is closely related to these cognitive abilities. 

According to Duncan et al. (2007), early arithmetic competency is a strong indicator of 

future academic success and frequently predicts early literacy. For early childhood 

education programs to be effective, it is essential to comprehend the long-term 

implications of math exposure.   
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Early infancy is a critical time for the development of fundamental mathematical 

ideas. Whether they are inquiry-driven, play-based, or organized, teaching interventions are 

crucial in forming kids' conceptual grasp of math. Beyond procedural fluency to conceptual 

development, empirical research has increasingly concentrated on how certain teaching 

strategies might promote deep mathematical thinking (Björklund et al, 2020, Atakpo, 2020, 

Onoshakpokaiye, 2025),. It is now well acknowledged that early mathematical proficiency is 

vital for future achievement academically in both mathematics and other areas. According 

to longitudinal research, children's early math proficiency at preschool enrollment is a 

reliable indicator of their future academic success, including their literacy and overall 

cognitive development (Duncan et al., 2007, Onoshakpokaiye, 2020).). 

 

Cognitive Readiness and Early Childhood Math Development 

The term cognitive readiness describes a child's level of attention, executive 

functioning memory, and language that makes them ready for learning activities. These 

cognitive abilities serve as the cornerstone for mathematics development in young kids. 

Math achievement is strongly predicted by children's early cognitive abilities, particularly 

working memory and language comprehension, according to research (Atakpo, 2024, 

Cahoon et al., 2025).. Yildiz, Koca, and Elaldi (2025) performed a meta-analysis of ten 

experimental investigations assessing programmes like the Pre kindergarten Mathematics 

Intervention Program, Building Blocks, and Big Math for Little Kids. Preschool and 

kindergarten students' mathematics skills are greatly enhanced by early intervention 

programmes in line with analysis substantial impact size. Interestingly, program type and 

participant age did not exhibit statistically significant variations, however the length of the 

intervention had an impact on results. Other critical academic abilities, including language 

skills (Peng et al., 2020, Svane et al., 2023, Onoshakpokaiye, 2023) and executive functions 

(Clark et al., 2013; Cameron et al., 2019; Simanowski & Krajewski, 2019), have been 

demonstrated to be strongly connected to math proficiency.      It has 

been hypothesized that early reading proficiency is a predictor of future success in math 

(Bailey et al., 2020; Hübner et al., 2022)., nonetheless, several studies have demonstrated 

that children's early math proficiency predicts their later reading proficiency (Duncan et al., 

2007). Additionally, early numeracy knowledge has been connected to children's early 

language abilities (Purpura & Reid, 2016). All things considered, these results imply that 
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children's language and arithmetic abilities are interchangeably related with each ability 

assisting the other (Peng et al., 2020).. Early arithmetic proficiency is a better indicator of 

future academic success than early reading proficiency, according to research (Duncan et 

al., 2007). Preschoolers who receive specialized arithmetic training perform noticeably 

better on math tests in elementary school. Poor arithmetic skills are linked to less 

favourable educational and employment prospects, while excellent math skills are 

recognized to be highly associated with successful jobs and high wages (Svane et al., 2023). 

Early math proficiency is a better indicator of future academic performance than 

early reading, according to Claessens and Engel (2013). Preschoolers with high cognitive 

preparedness, especially in executive functioning, had faster development in math 

achievement throughout primary school, according to the authors’ longitudinal study. Even 

after adjusting for socio-emotional and literacy characteristics, early math proficiency at 

kindergarten admission was substantially linked to subsequent academic achievement 

(Claessens & Engel, 2013). Preschool arithmetic interest is a strong predictor of future 

proficiency, as shown by Ribner et al. (2017). Their research highlighted the significance of 

cognitive engagement, curiosity, perseverance, and fun in the mathematical skills. 

development. Regardless of starting skill level, preschoolers' enthusiasm in math predicted 

increases in arithmetic achievement over time (Ribner et al., 2017).    

 A review of qualitative research by Meylani (2024) demonstrated that 

interdisciplinary education, play-based learning, and supportive environments improve 

mathematical thinking and cognitive preparedness. Early exposure to mathematical ideas in 

a cognitively challenging setting promotes deeper conceptual grasp, the study underlined. 

According to Meylani (2024), cognitive development and early mathematical education are 

greatly impacted by playful learning techniques and encouraging surroundings.. Structured 

equation modeling was employed by Aragón et al. (2016) to determine the early math 

predictors’ proficiency. Preschoolers' comprehension of numbers and problem-solving 

skills were established to be strongly predicted by cognitive variables including working 

memory..           

 Early math performance was discovered to be significantly influenced by cognitive 

factors, indicating their fundamental function (Aragón et al., 2016). In line with these 

results, early arithmetic instruction may be a catalyst for long-term academic growth rather 

than just a stepping stone. Early numeracy training is crucial, as shown by its constant 

predictive power across a range of demographics and educational environments. Math's 
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influence on working memory, attention management, and mental adaptability is further 

highlighted by the reciprocal relationship with executive function.     

 

Enhancing early childhood mathematics through play-based and instructional 

strategies          

 Early mathematical thinking is much improved by play-based learning, 

interdisciplinary approaches, and parental participation, according to a unified qualitative 

synthesis (Meylani, 2024). These techniques encourage participation and mental 

adaptability, which both are critical for understanding abstract mathematical ideas. The 

study emphasizes how play-based education and nurturing surroundings have a big impact 

on young children's mathematical development (Meylani, 2024). Meylani (2024) identified 

important themes in early math development by conducting a comprehensive qualitative 

synthesis of research literature from 2013 to 2024. To help promote cognitive 

preparedness, the study highlighted the value of play-based learning, parental participation, 

and technologically improved surroundings. Crucially, the synthesis demonstrated that 

children's aptitude for mathematical language and their enthusiasm in the subject were 

reliable predictors of future proficiency.       

 An actual experimental design was used in a kindergarten classroom in Ghana. At 

random, sixty students were split up into two groups, regular education being group one 

while play-based interventions group two. Numeracy enhancements were assessed using 

pre-and post-tests and observational data recorded levels of participation (University of 

Education Winneba, 2025). The results indicate that the play-based group's numeracy 

improved statistically significantly. The Mann-Whitney U test validated the play-based 

approach's advantage. It was found through the study that pupils in the play-based group 

were more imaginative and engaged. Games that involved counting and visual assistance 

promoted greater comprehension and memory.      

 Play-based learning was more beneficial for kids who have greater initial 

competencies, while structured instruction was more beneficial for those with lower 

competencies, according to a study conducted in Switzerland by Vogt et al. (2018) to 

compare play-based pedagogy with traditional instruction in Swiss kindergartens. Play-

based approaches were preferred by educators due of their flexibility and child-

centeredness. According to Louw and Claassens (2024), play-based tactics encourage 

problem-solving, creativity, and active learning. Although instructional tactics work well for 
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teaching core skills, they could not engage students enough to maintain their attention over 

time. A hybrid approach to direct play could provide the best of both worlds (Medwell, 

2023),.            

 In two public schools in Ghana, Adawurah (2025) carried out a true experimental 

study that taught numeracy with counting games and visual aids. After a four-day play-

based intervention, the experimental group's numeracy abilities improved statistically 

significantly, but the control groups did not. Data from observations showed that students 

were more engaged and used the resources well. The literature on play-based learning in 

South African early childhood classrooms was evaluated by Louw and Claassens (2024). 

They discovered that whereas play-based learning encouraged exploration, problem-

solving, and imaginative reasoning, traditional teacher-led instruction frequently lacked 

interest. Considering the review, incorporating play into arithmetic lessons improves 

cognitive preparedness and vestibular development.     

 Ugalde and Manginga(2024) summarized the outcomes of several studies on play-

based numeracy education. Apart from highlighting issues like time and resource limits, 

their review also highlighted the benefits of community engagement, collaborative 

planning, and differentiated education. It was discovered that using manipulative and non-

digital activities enhanced students' attentiveness and academic performance.   

   

Crucial Techniques to Improve Math Learning 

Strategy Description 

Play-Based Activities Using role-playing, games, and puzzles to teach counting, and 
patterns 

Guided Instruction Using scaffolding lead by teachers to introduce mathematical 
concepts and vocabulary 

Visual Aids & Manipulative Charts, blocks, and number lines are examples of tools that promote 
tangible comprehension. 

Parental Involvement Using storytelling and math games at home to supplement classroom 
instruction 

Professional Development Teaching teachers to strike a equilibrium between formal education 
and play 

 

Teaching interventions and conceptual growth in early childhood mathematics

 According to Duncan et al. (2007) and Onoshakpokaiye (2020), early development 

in mathematics is a strong indicator of future academic achievement and life outcomes. By 
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offering structured, interesting, and developmentally appropriate learning experiences, early 

childhood teaching interventions seek to scaffold conceptual growth (Svane et al., 2023). 

According to Björklund et al. (2020), systematic educational interventions in early 

childhood settings aid in children's internalization of important mathematical ideas like 

geometry, measurement, and counting. Additionally, by encouraging metacognitive growth, 

these interventions help children think critically about how they solve problems. What 

supports children's mathematics learning and development is demonstrated by lessons 

learned from instructional interventions (Björklund et al., 2020).    

 Using PRISMA principles, a systematic evaluation of 75 randomized controlled 

trials (RCTs) carried out between 2001 and 2021 was examined. The research focused on 

treatments for children ages 3–6 and covered the spectrum from early childhood education 

(ECE) to high education (Svane et al., 2023). In order to evaluate conceptual growth 

outcomes, the review incorporated both qualitative and quantitative studies. The most 

notable improvements in conceptual understanding were shown in interventions that 

emphasized spatial reasoning, and number sense based on the main findings on conceptual 

growth outcomes (Björklund et al., 2020). Deeper understanding of mathematical 

relationships was shown by kids who received guided discovery and manipulative-based 

education. According to Svane et al. (2023), children's capacity to generalize mathematical 

concepts was enhanced by explicit instruction paired with visual aids.    

 When combined with curriculum-aligned activities, playful learning settings 

improved retention and engagement (Meylani, 2024). Contextual influences: of the 

intervention effectiveness was significantly moderated by parental participation and 

socioeconomic background. Especially in marginalized areas, technology-enhanced 

therapies (such augmented reality) have demonstrated promise in fostering conceptual 

growth (Ahmad & Junaini, 2020).. For teaching interventions to promote conceptual 

growth, structure and exploration must be balanced. According to Björklund et al. (2020), 

conceptual knowledge flourishes in settings that promote inquiry, manipulation, and 

reflection, whereas direct instruction works well for core abilities. Learning outcomes are 

further improved by combining culturally sensitive education with digital resources. 

Björklund et al. (2020) synthesized the outcomes of international research on teaching 

math to young children. Several successful interventions were found during their review, 

such as structured number sense exercises, manipulative-based spatial reasoning tasks, and 

pattern recognition games incorporated into daily activities. It was discovered that these 
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therapies greatly improved children's capacity for mathematical reasoning and cross-

context application.         

 A comprehensive qualitative synthesis of research literature from 2014 to 2024 was 

carried out by Meylani (2024). Based on the study, instructional interventions that foster 

mathematical discourse make use of visual aids and practical instruments, and stimulate 

metacognitive reflection through guided questioning are the most efficient ways to foster 

conceptual progress. In order to serve varied learners, the synthesis also emphasized the 

significance of multidisciplinary approaches and culturally responsive training. With an 

emphasis on teaching practices, Linder and Simpson (2017) examined fifteen years of 

research on early childhood mathematics education. They observed that the secret to 

carrying out effective interventions was reflective teaching techniques and professional 

growth. Students were more likely to develop conceptually when teachers employed 

formative evaluations and collaborative planning.       

 

Essential Elements of Successful Teaching Interventions 

Component Description 

Inquiry-Based Learning Promotes inquiry and investigation to develop conceptual 
understanding 

Manipulative Use Encourages the tangible manifestation of abstract concepts 

Mathematical Talk Encourages the articulation of cognitive processes and reasoning 

Formative Assessment Adapts instruction to pupils' conceptual development 

Teacher Training Gives teachers the tools they need to differentiate and scaffold 
education. 

 

The longitudinal impact of early childhood mathematics on later academic 

Achievement          

 Early math treatments, particularly those involving both teachers and parents show 

long-term advantages across different educational contexts, according to a comprehensive 

evaluation of 75 randomized controlled trials (Svane et al., 2023). These advantages include 

better academic paths, decreased anxiety, and increased math fluency. A longitudinal meta-

analysis of 54 research involving students in kindergarten through the twelfth grade was 

carried out by Liu, Peng, and Yan (2025). From six months to twelve years, the research 

evaluated early numeracy skills such as counting, number relations, and arithmetic 
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operations and monitored their impact on subsequent math ability. The results 

demonstrate that later math achievement was significantly predicted by early numeracy. 

Longer time between the initial and follow-up evaluations improved the predictive 

strength, indicating a snowballing effect. Later math results were equally predicted by 

numbering, relations, and arithmetic operations. Compared to fundamental skills like fact 

fluency, early numeracy was more closely associated with advanced math abilities (such as 

word problems).         

 . Early math and executive functioning (EF) were found to be strongly correlated in 

a different meta-analysis conducted by Hutchison et al. (2025). It's interesting to note that 

arithmetic proficiency was a better indicator of future EF development than the opposite, 

suggesting that math instruction may promote more general cognitive development. 

Children that get early arithmetic instruction perform better in subsequent schooling, 

according to the National Research Council (2009). Their thorough analysis revealed that 

early arithmetic proficiency is much more indicative of future academic performance than 

early reading proficiency. This emphasizes how important it is to incorporate math-rich 

activities into early childhood settings.  128 students were followed from preschool through 

the first year of primary school in a 15-month longitudinal study conducted by Cahoon et 

al. (2025). Cardinality comprehension and receptive vocabulary were found to be important 

indicators of first math achievement using latent development curve modeling. Even while 

math skill development was rather consistent, early variations were closely linked to 

measures of cognitive preparedness including language and numerical awareness. Using 

data from 2,343 students in the LSAC, MacDonald and Carmichael (2017) examined their 

performance on national standardized examinations (NAPLAN) in Years 3, 5, 7, and 9 as 

well as their mathematical proficiency at years 4–5. They discovered that there were 

moderate relationships between early math proficiency and subsequent numeracy scores. 

Initial academic levels (Year 3) were predicted by early skills, but the rate of advancement 

beyond that was not. The caliber of math education in subsequent years has a big impact 

on sustained success.          

 Early arithmetic proficiency was the best indicator of subsequent academic success, 

even more so than early reading or attention abilities, according to Duncan et al.'s 2007 

meta-analysis of six longitudinal datasets from the United States. Early math proficiency 

predicts success in both reading and arithmetic, according to their study. Preschool math 

interventions have long-term positive effects on students' academic performance. Adam 
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(2024) investigated the experiences of educators in the Philippines' elementary schools in 

fostering numeracy abilities. The study emphasized the value of contextualized training and 

manipulative, difficulties remembering and grasping fundamental functions. Early 

intervention is necessary to avoid long-term academic disparities.    

      

Key Findings 

Finding Evidence Source 

Later academic achievement is predicted by early 
math skills. 

Duncan et al. (2007); MacDonald & 
Carmichael (2017) 

The biggest predictive power occurs during school 
entry 

LSAC longitudinal data  

The caliber of subsequent education is important LSAC growth trajectory analysis  

Literacy outcomes are correlated with math 
proficiency. 

Duncan et al. (2007) 

Teaching in context improves retention. Adam (2024)  

 

Conclusion         

 Cognitive preparedness is a fundamental aspect of math early development, not 

only a prelude. Children with high executive functioning, interest, and involvement are 

better able to comprehend mathematical topics, according to numerous empirical 

investigations. Long-term academic results can be significantly enhanced by early 

interventions that foster these cognitive qualities through play, education, and 

surroundings. In early childhood education, early involvement is not only advantageous but 

also fundamental. Early arithmetic experiences that are well-structured, interesting, and 

developmentally appropriate are linked to long-term academic performance, according to 

the empirical data. These treatments should be comprehensive, sensitive to cultural 

differences, and inclusive of community and family assistance.    

 Early mathematics instruction has a significant and long-lasting effect on cognitive 

development and academic performance, according to empirical data. To promote long-

term success, educators and stakeholders should give priority to early math initiatives; 

particularly in underprivileged neighborhoods where early deficits can gradually expand.. 

The use of play-based learning in early childhood arithmetic instruction agrees with 

empirical data. While instructional methodologies offer structure, play-based approaches 

improve cognitive flexibility and engagement. When creating math courses, educators 
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should take student variety into account.       

 The worth of deliberate, well-thought-out instructional interventions in early 

childhood mathematics is supported by empirical data. To maximize conceptual growth, 

educators should use a combination of teaching tactics that are suited to the developmental 

periods of their pupils and their contextual demands. The blending of play-based and 

instructional tactics in early childhood mathematics is firmly supported by empirical 

research. These methods foster engagement, cognitive development and creativity, in 

addition to improving numeracy abilities. A well-rounded teaching approach that 

emphasizes both discipline and play can make studying arithmetic enjoyable and fulfilling 

 

References 

Adam, H. B. (2024). The impact of early math and numeracy skills on academic 
achievement in elementary school. International Journal of Advanced Multidisciplinary 
Studies, 4(4), 97–107. https://www.ijams-bbp.net/archive/vol-4-issue-4-april/the-
impact-of-early-math-and-numeracy-skills-on-academic-achievement-in-elementary-
school/ 

Adawurah, M. (2025). Enhancing early numeracy through play-based learning: A case study 
using counting games and visual aids in a Ghanaian kindergarten classroom 
[Preprint]. Research Square. https://doi.org/10.21203/rs.3.rs-6787623/v1 

Ahmad, N. I. N., & Junaini, S. N. (2020). Augmented reality for learning mathematics: A 
systematic literature review. International Journal of Emerging Technologies in Learning 
(iJET), 15(16), 106–122. https://doi.org/10.3991/ijet.v15i16.14961 

Aragón, E., Navarro, J. I., Aguilar, M., Cerda, G., & García-Sedeño, M. (2016). Predictive 
model for early math skills based on structural equations. Scandinavian Journal of 
Psychology, 57(6), 489–494. https://doi.org/10.1111/sjop.12317 

Atakpo, T. E. (2020). Early childhood developmental experiences as a tool for combating 
future security challenges in Nigeria. Journal of Educational and Social Research, 10(1), 
198–205. https://doi.org/10.36941/jesr-2020-0018 

Atakpo, T. E. (2024). Digital natives and digitalization for building early childhood 
education future in Nigeria. International Journal of Research and Innovation in Social 
Science (IJRISS), 8(11), 3657–3663. 
https://rsisinternational.org/journals/ijriss/articles/digital-natives-and-
digitalization-for-building-early-childhood-education-future-in-nigeria/ 

Bailey, D. H., Duncan, G. J., Cunha, Flávio, Foorman, B. R., & Yeager, D. S. (2020). 
Persistence and fade-out of educational-intervention effects: Mechanisms and 
potential solutions. Psychological Science in the Public Interest, 21(2), 55–97. 
https://doi.org/10.1177/1529100620915848 

Björklund, C., van den Heuvel-Panhuizen, M., & Kullberg, A. (2020). Research on early 
childhood mathematics teaching and learning. ZDM Mathematics Education, 52(4), 
607–619. https://doi.org/10.1007/s11858-020-01177-3 

https://www.ijams-bbp.net/archive/vol-4-issue-4-april/the-impact-of-early-math-and-numeracy-skills-on-academic-achievement-in-elementary-school/
https://www.ijams-bbp.net/archive/vol-4-issue-4-april/the-impact-of-early-math-and-numeracy-skills-on-academic-achievement-in-elementary-school/
https://www.ijams-bbp.net/archive/vol-4-issue-4-april/the-impact-of-early-math-and-numeracy-skills-on-academic-achievement-in-elementary-school/
https://doi.org/10.21203/rs.3.rs-6787623/v1
https://doi.org/10.3991/ijet.v15i16.14961
https://doi.org/10.1111/sjop.12317
https://doi.org/10.36941/jesr-2020-0018
https://rsisinternational.org/journals/ijriss/articles/digital-natives-and-digitalization-for-building-early-childhood-education-future-in-nigeria/
https://rsisinternational.org/journals/ijriss/articles/digital-natives-and-digitalization-for-building-early-childhood-education-future-in-nigeria/
https://doi.org/10.1177/1529100620915848
https://doi.org/10.1007/s11858-020-01177-3


Onoshakpokaiye E. Odiri & Onyekeshin Ishioma Blessing 

Volume 4, Issue 1, 2026 13 

Cahoon, A., Simsek, E., Gilmore, C., & Simms, V. (2025). The cognitive and numerical 
predictors of early mathematical achievement: A latent growth curve analysis. 
Journal of Cognition and Development, 26(3), 443–463. 
https://doi.org/10.1080/15248372.2024.2434036 

Cameron, C. E., Kim, H., Duncan, R. J., Becker, D. R., & McClelland, M. M. (2019). 
Bidirectional and co-developing associations of cognitive, mathematics, and literacy 
skills during kindergarten. Journal of Applied Developmental Psychology, 62, 135–144. 
https://doi.org/10.1016/j.appdev.2019.02.004 

Claessens, A., & Engel, M. (2013). How important is where you start? Early mathematics 
knowledge and later school success. Teachers College Record, 115, 060306. 

Clark, C. A. C., Sheffield, T. D., Wiebe, S. A., & Espy, K. A. (2013). Longitudinal 
associations between executive control and developing mathematical competence 
in preschool boys and girls. Child Development, 84(2), 662–677. 
https://doi.org/10.1111/j.1467-8624.2012.01854.x 

Clements, D. H., & Sarama, J. (2011). Early childhood mathematics intervention. Science, 
333(6045), 968–970. https://doi.org/10.1126/science.1204537 

Duncan, G. J., Dowsett, C. J., Claessens, A., Magnuson, K., Huston, A. C., Klebanov, P., 
Pagani, L. S., Feinstein, L., Engel, M., Brooks-Gunn, J., Sexton, H., Duckworth, K., 
& Japel, C. (2007). School readiness and later achievement. Developmental Psychology, 
43(6), 1428–1446. https://doi.org/10.1037/0012-1649.43.6.1428 

Geary, D. C., vanMarle, K., Chu, F. W., Rouder, J., Hoard, M. K., & Nugent, L. (2018). 
Early conceptual understanding of cardinality predicts superior school-entry 
number-system knowledge. Psychological Science, 29(2), 191–205. 
https://doi.org/10.1177/0956797617729817 

Hübner, N., Merrell, C., Cramman, H., Little, J., Bolden, D., & Nagengast, B. (2022). 
Reading to learn? The co-development of mathematics and reading during primary 
school. Child Development, 93(6), 1760–1776. https://doi.org/10.1111/cdev.13817 

Hutchison, J. E., Tabrizian, B., Bajnauth, N., Avdellas, A., Phillips, D., & Lyons, I. M. 
(2025a). A meta-analysis of the cross-sectional and longitudinal relations between 
executive functioning and math in early childhood. Journal of Numerical Cognition, 11, 
Article e14335, 1–28. https://doi.org/10.5964/jnc.14335 

Hutchison, J. E., Tabrizian, B., Bajnauth, N., Avdellas, A., Phillips, D., & Lyons, I. M. 
(2025b). A meta-analysis of the cross-sectional and longitudinal relations between 
executive functioning and math in early childhood. Journal of Numerical Cognition, 11, 
Article e14335. https://doi.org/10.5964/jnc.14335 

Linder, S. M., & Simpson, A. (2018). Towards an understanding of early childhood 
mathematics education: A systematic review of the literature. Contemporary Issues in 
Early Childhood, 19(3), 274–296. https://doi.org/10.1177/1463949117719553 

Liu, Y., Peng, P., & Yan, X. (2025). Early numeracy and mathematics development: A 
longitudinal meta-analysis on the predictive nature of early numeracy. Journal of 
Educational Psychology, 117(6), 863–883. https://doi.org/10.1037/edu0000925 

Louw, J., & Claassens, H. (2025). Enhancing mathematical skills of learners in the early 
childhood phase through play-based learning. Journal of Education and Learning, 14(2), 
172–185. https://doi.org/10.5539/jel.v14n2p172 

https://doi.org/10.1080/15248372.2024.2434036
https://doi.org/10.1016/j.appdev.2019.02.004
https://doi.org/10.1111/j.1467-8624.2012.01854.x
https://doi.org/10.1126/science.1204537
https://doi.org/10.1037/0012-1649.43.6.1428
https://doi.org/10.1177/0956797617729817
https://doi.org/10.1111/cdev.13817
https://doi.org/10.5964/jnc.14335
https://doi.org/10.5964/jnc.14335
https://doi.org/10.1177/1463949117719553
https://doi.org/10.1037/edu0000925
https://doi.org/10.5539/jel.v14n2p172


Onoshakpokaiye E. Odiri & Onyekeshin Ishioma Blessing 

 Asian Journal of Early Childhood and Elementary Education 14 

MacDonald, A., & Carmichael, C. (2017). Early mathematical competencies and later 
achievement: Insights from the Longitudinal Study of Australian Children. 
Mathematics Education Research Journal, 29(4), 397–414. 
https://doi.org/10.1007/s13394-017-0230-6 

Medwell, C. (2023). Play-based learning in the early years classroom [Webinar]. Cambridge 
International Education. 

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, 40, 82–127. https://doi.org/10.14689/enad.40.1966 

National Research Council. (2009). Mathematics learning in early childhood: Paths toward excellence 
and equity. The National Academies Press. https://doi.org/10.17226/12519 

Onoshakpokaiye, E. O. (2007). Promoting good beginnings of early childhood 
mathematics. Journal of Educational Research and Policies, 2(3), 36–38. 

Onoshakpokaiye, E. O. (2020). Methods to build, develop mathematical concepts and skills 
in the early childhood mathematics in Nigeria. Journal Plus Education, XXVII(2), 
211–225. 

Onoshakpokaiye, E. O. (2023). Early childhood mathematics: An insight into strategies for 
developing young children mathematical skills. Mathematics Education Journals, 7(1), 
16–30. 

Onoshakpokaiye, E. O. (2025). The effective mathematics teaching: The roadmap to 
developing pupils’ interest and understanding of mathematics. Journal Plus Education, 
XXXVII(1), 369–380. 

Peng, P., Lin, X., Ünal, Z. E., Lee, K., Namkung, J., Chow, J., & Sales, A. (2020). 
Examining the mutual relations between language and mathematics: A meta-
analysis. Psychological Bulletin, 146(7), 595–634. https://doi.org/10.1037/bul0000231 

Purpura, D. J., & Reid, E. E. (2016). Mathematics and language: Individual and group 
differences in mathematical language skills in young children. Early Childhood 
Research Quarterly, 36, 259–268. https://doi.org/10.1016/j.ecresq.2015.12.020 

Ribner, A. D., Willoughby, M. T., Blair, C. B., & Family Life Project Key Investigators. 
(2017). Executive function buffers the association between early math and later 
academic skills. Frontiers in Psychology, 8, Article 869. 
https://doi.org/10.3389/fpsyg.2017.00869 

Sarama, J., & Clements, D. H. (2015). Learning and teaching early math: The learning trajectories 
approach. Routledge. 

Siegler, R. S., & Braithwaite, D. W. (2017). Numerical development. Annual Review of 
Psychology, 68, 187–213. https://doi.org/10.1146/annurev-psych-010416-044101 

Simanowski, S., & Krajewski, K. (2019). Specific preschool executive functions predict 
unique aspects of mathematics development: A 3-year longitudinal study. Child 
Development, 90(2), 544–561. https://doi.org/10.1111/cdev.12909 

Svane, R. P., Willemsen, M. M., Bleses, D., Krøjgaard, P., Verner, M., & Nielsen, H. S. 
(2023). A systematic literature review of math interventions across educational 
settings: From early childhood education to high school. Frontiers in Education, 8, 
Article 1229849. https://doi.org/10.3389/feduc.2023.1229849 

https://doi.org/10.1007/s13394-017-0230-6
https://doi.org/10.14689/enad.40.1966
https://doi.org/10.17226/12519
https://doi.org/10.1037/bul0000231
https://doi.org/10.1016/j.ecresq.2015.12.020
https://doi.org/10.3389/fpsyg.2017.00869
https://doi.org/10.1146/annurev-psych-010416-044101
https://doi.org/10.1111/cdev.12909
https://doi.org/10.3389/feduc.2023.1229849


Onoshakpokaiye E. Odiri & Onyekeshin Ishioma Blessing 

Volume 4, Issue 1, 2026 15 

Ugalde, A. B., & Manginga, A. M. G. (2024). Exploring the efficacy of play-based 
approaches for enhancing numeracy instruction: A literature review. Cognizance: 
Journal of Multidisciplinary Studies, 4(3), Article 025. 
https://doi.org/10.47760/cognizance.2024.v04i03.025 

University of Education Winneba. (2025). Enhancing early numeracy through play-based learning: 
A case study using counting games and visual aids in a Ghanaian kindergarten classroom. 

Vogt, F., Hauser, B., Stebler, R., Rechsteiner, K., & Urech, C. (2018). Learning through 
play pedagogy and learning outcomes in early childhood mathematics. European 
Early Childhood Education Research Journal, 26(4), 589–603. 
https://doi.org/10.1080/1350293X.2018.1487160 

Watts, T. W., Duncan, G. J., Chen, M., Claessens, A., Davis-Kean, P. E., Duckworth, K., 
Engel, M., Siegler, R. S., & Susperreguy, M. I. (2015). The role of mediators in the 
development of longitudinal mathematics achievement associations. Child 
Development, 86, 1892–1907. https://doi.org/10.1111/cdev.12416 

Yildiz, E., Koca, Ö., & Elaldi, Ş. (2025). Effectiveness of early intervention programs in 
developing early mathematical skills: A meta-analysis. Journal of Theoretical Educational 
Science, 18(1), 54–80. https://doi.org/10.30831/akukeg.1462376 

 

https://doi.org/10.47760/cognizance.2024.v04i03.025
https://doi.org/10.1080/1350293X.2018.1487160
https://doi.org/10.1111/cdev.12416
https://doi.org/10.30831/akukeg.1462376

