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Abstract: 

 

This study investigates the influence of phonological awareness and Rapid Automatized Naming 

(RAN) on early numeracy development in young children. Through a systematic literature 

review and meta-analysis, the study examines the interconnected nature of these cognitive 

processes and their combined impact on the acquisition of early numeracy skills. The findings 
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reveal a positive correlation between phonological awareness and early numeracy, emphasizing 

the critical role of phonological processing abilities in facilitating numerical understanding and 

proficiency. Additionally, the study highlights the significant impact of RAN on numerical 

fluency, underscoring the pivotal role of rapid cognitive processing in promoting efficient 

numerical reasoning and problem-solving. Furthermore, the analysis elucidates the interactive 

effects of phonological awareness and RAN on early numeracy, emphasizing the synergistic 

relationship between these cognitive processes and their combined influence on comprehensive 

numerical development. The implications for educational interventions and instructional 

practices underscore the importance of integrated approaches that address the diverse cognitive 

needs of young learners, emphasizing the value of tailored interventions that foster a holistic 

understanding of numerical concepts and promote comprehensive mathematical proficiency. 

This study contributes to a comprehensive understanding of the cognitive foundations underlying 

early numeracy development and highlights the significance of adopting a multidimensional 

approach to early numeracy instruction. 

 

Keywords: phonological awareness, Rapid Automatized Naming, early numeracy, cognitive 

development, educational interventions, instructional practices 

 

Introduction: 

 

Early numeracy skills are foundational for a child's academic success and overall cognitive 

development (Domingo, 2023). While the significance of numerical proficiency has long been 

recognized, recent research has begun to highlight the crucial role of various cognitive processes, 

including phonological awareness and rapid automatized naming (RAN), in the development of 

early numeracy skills. Phonological awareness refers to the ability to recognize and manipulate 

the sounds of language (Sastrawati, et al., 2023), whereas RAN is the capacity to quickly and 

accurately retrieve and name familiar stimuli, such as letters or numbers (Gordon, et al., 2021).  

 

Several studies have demonstrated a strong correlation between phonological awareness and 

early literacy skills, suggesting that children who exhibit advanced phonological awareness tend 

to display superior reading and writing abilities (Saygin, et al., 2013). Similarly, the literature has 

indicated a significant association between RAN and reading fluency, with children who possess 

strong RAN skills demonstrating improved reading speed and comprehension (Poulsen, et al., 

2023). 

 

However, despite the established relationships between these cognitive processes and language-

related skills, the precise influence of phonological awareness and RAN on early numeracy 

remains a topic of ongoing investigation. While some studies have suggested a potential link 

between phonological awareness and numerical cognition (Kilag, et al., 2023), the specific 

nature of this relationship and its interaction with RAN in the context of early numeracy require 

further exploration. 

 

The present study aims to investigate the individual and combined influences of phonological 

awareness and RAN on early numeracy skills in children aged 4 to 6 years. By examining these 

cognitive processes in tandem, this research seeks to contribute to a deeper understanding of the 
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cognitive foundations underlying early numerical development, thereby informing educational 

interventions and instructional practices aimed at enhancing early numeracy acquisition. 

 

Literature Review: 

 

The development of early numeracy skills has gained considerable attention in educational and 

psychological research due to its critical role in shaping children's cognitive abilities and 

academic success. As scholars and educators strive to understand the cognitive mechanisms 

underlying numerical acquisition, studies have increasingly emphasized the role of phonological 

awareness and rapid automatized naming (RAN) in early numeracy development. This literature 

review examines existing research on the influence of phonological awareness and RAN on early 

numeracy, providing insights into their interrelated contributions and implications for 

instructional practices. 

 

Phonological awareness, defined as the ability to detect and manipulate the sound structure of 

language, has primarily been studied in the context of literacy development. However, recent 

research has highlighted its relevance in the acquisition of early numeracy skills as well. Nogues, 

et al. (2023) emphasized the close relationship between phonological awareness and numerical 

cognition, suggesting that phonological processing abilities may play a crucial role in 

understanding numerical concepts. Moreover, Fernández-Otoya, et al study’s (2022) 

comprehensive report underscored the importance of phonological awareness in the development 

of both literacy and numeracy skills, emphasizing its role in fostering a strong foundation for 

cognitive processes associated with mathematical understanding. 

 

Additionally, studies have demonstrated that children with language-based learning difficulties 

often exhibit deficits in both phonological awareness and early numeracy skills, indicating a 

potential link between these cognitive processes (Marks, et al., 2023). Santos, et al. (2022) 

highlighted the overlap between language and numerical difficulties in children with 

developmental challenges, suggesting that phonological deficits may contribute to difficulties in 

acquiring basic numerical concepts. This alignment between phonological awareness and early 

numeracy underscores the need for educators to incorporate language-based interventions that 

support both literacy and numeracy development in young learners. 

 

In parallel, the influence of RAN on early numeracy has garnered significant interest within the 

field of developmental psychology. RAN, characterized by the rapid retrieval and naming of 

familiar stimuli, has primarily been associated with reading fluency. A study by McWeeny, et al. 

(2022) emphasized the pivotal role of RAN in predicting reading abilities, suggesting that 

children with strong RAN skills exhibit improved reading fluency and comprehension. These 

findings imply that rapid cognitive processing skills, such as those involved in RAN tasks, may 

also contribute to the development of early numeracy skills. 

 

Furthermore, recent research has indicated a potential connection between RAN and basic 

arithmetic skills. Studies have suggested that children with proficient RAN abilities demonstrate 

enhanced arithmetic fluency and problem-solving capabilities (Escobar, et al., 2021). Hoff, et al. 

(2023) highlighted the predictive value of RAN in assessing mathematical performance, 

indicating that rapid retrieval processes may facilitate the manipulation and retrieval of 
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numerical information. This alignment between RAN and early numeracy highlights the 

importance of considering cognitive processing speed and efficiency in the context of numerical 

skill acquisition. 

 

While individual studies have elucidated the separate impacts of phonological awareness and 

RAN on early numeracy, limited research has explored their combined influence on numerical 

development. Kilag, et al. (2023) suggested that the interplay between linguistic and numerical 

concepts is more intricate than previously understood, emphasizing the need for a comprehensive 

examination of the relationship between phonological awareness, RAN, and early numeracy. 

Thompson, et al. (2023) further emphasized the necessity of considering both linguistic and 

cognitive factors in understanding the multifaceted nature of early numeracy acquisition, 

highlighting the potential synergistic effects of phonological and cognitive processing abilities. 

 

In light of the existing research, it is evident that phonological awareness and RAN significantly 

contribute to the development of early numeracy skills. While phonological awareness lays the 

groundwork for understanding numerical concepts through its influence on language-based 

cognitive processes, RAN facilitates the rapid retrieval and manipulation of numerical 

information, promoting efficient numerical reasoning and problem-solving abilities. However, 

the interdependence of these cognitive processes in the context of early numeracy remains an 

area requiring further investigation, calling for comprehensive studies that elucidate the 

combined influence of phonological awareness and RAN on early numerical development. 

 

This literature review highlights the interconnected nature of phonological awareness and RAN 

in shaping early numeracy skills. The reviewed studies collectively emphasize the significance of 

these cognitive processes in fostering a strong foundation for numerical acquisition, underscoring 

the need for educational interventions that integrate language-based and cognitive strategies to 

support early numeracy development. Moving forward, further research examining the 

simultaneous influence of phonological awareness and RAN on early numeracy will contribute 

to a comprehensive understanding of the cognitive mechanisms underlying numerical 

proficiency, ultimately informing the design of effective instructional approaches and 

interventions aimed at enhancing early numeracy skills in young learners. 

 

Methodology: 

 

A systematic literature review was conducted to identify relevant studies exploring the influence 

of phonological awareness and rapid automatized naming (RAN) on early numeracy. The search 

process encompassed electronic databases, including PubMed, PsycINFO, ERIC, and Google 

Scholar, with predefined search terms, such as "phonological awareness," "RAN," "early 

numeracy," "mathematical development," and related keywords. Inclusion criteria were 

established to select peer-reviewed articles published between 2015 and 2023, focusing on the 

relationship between phonological awareness, RAN, and early numeracy in children aged 4 to 6 

years. Studies that met the predefined criteria were included for further analysis. 

 

Data Extraction and Synthesis: 
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Data extraction involved the systematic compilation of key variables, including sample 

characteristics, research design, assessment tools, and statistical outcomes, from the selected 

studies. The extracted data were organized and synthesized to identify common themes, trends, 

and discrepancies across the literature. The synthesis process involved the categorization of 

studies based on methodologies, findings, and theoretical frameworks, enabling a comprehensive 

overview of the existing research landscape pertaining to the influence of phonological 

awareness and RAN on early numeracy. 

 

Quality Assessment: 

 

To ensure the reliability and validity of the included studies, a rigorous quality assessment was 

conducted using predefined criteria, including sample representativeness, research design 

robustness, measurement validity, and statistical rigor. Each study was critically evaluated to 

assess the methodological strengths and limitations, with a focus on minimizing bias and 

enhancing the overall quality of the systematic literature review. 

 

Meta-Analysis: 

 

A meta-analysis was performed to quantitatively analyze the aggregated data from the selected 

studies, enabling the synthesis of effect sizes and the identification of significant relationships 

between phonological awareness, RAN, and early numeracy. Effect sizes were computed using 

standardized mean differences and correlation coefficients, depending on the nature of the 

reported statistical analyses in the primary studies. Subgroup analyses were conducted to explore 

potential moderating variables, such as age, socioeconomic status, and intervention strategies, to 

provide a nuanced understanding of the complex interactions between phonological awareness, 

RAN, and early numeracy. 

 

Sensitivity Analysis and Publication Bias: 

 

A sensitivity analysis was conducted to assess the robustness of the meta-analytic findings, 

examining the impact of individual studies on the overall effect sizes and statistical significance. 

Additionally, publication bias was examined through funnel plots and Egger's regression tests to 

evaluate the potential influence of unpublished or overlooked studies on the synthesized results. 

 

Ethical Considerations: 

 

Ethical guidelines were adhered to throughout the systematic literature review and meta-analysis, 

ensuring the responsible and transparent dissemination of research findings while upholding the 

confidentiality and integrity of the included studies and their participants. 

 

Findings and Discussion: 

 

Theme 1: Positive Correlation between Phonological Awareness and Early Numeracy 

 

The examination of the literature consistently unveiled a robust positive correlation between 

phonological awareness and early numeracy skills in young children. Numerous empirical 
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studies have highlighted the integral role of phonological awareness in fostering proficiency in 

basic numerical tasks, such as number recognition, counting, and fundamental arithmetic 

operations. For instance, Langdon, et al. (2023) emphasized the importance of phonological 

awareness in facilitating the acquisition of foundational mathematical concepts, suggesting that 

children with well-developed phonological processing abilities tend to demonstrate heightened 

numerical aptitude. Similarly, the Dowker’s study (2023) emphasized the shared cognitive 

processes between language and numerical development, emphasizing the significance of 

phonological awareness in laying the groundwork for early numeracy skills. 

 

Moreover, longitudinal research conducted by Agostini, et al. (2022) has indicated that children 

with strong phonological awareness skills exhibit sustained numerical proficiency over time, 

further emphasizing the enduring impact of phonological processing abilities on numerical 

development. The findings collectively underscore the intricate relationship between language-

based cognitive processes and early numeracy, highlighting phonological awareness as a 

fundamental cognitive precursor that facilitates the comprehension of numerical concepts and 

supports the overall development of early numeracy skills in young learners (Kilag, et al., 2023. 

 

Furthermore, studies have demonstrated that phonological awareness interventions contribute to 

substantial improvements in early numeracy abilities among children with developmental 

challenges. Agostini, et al. (2022) highlighted the efficacy of phonological awareness training in 

enhancing numerical cognition in at-risk populations, suggesting that targeted interventions 

aimed at strengthening phonological processing abilities can effectively foster numerical 

development in children with learning difficulties. These findings emphasize the practical 

implications of integrating phonological awareness interventions into early numeracy instruction, 

underscoring the potential for targeted educational practices to bridge the gap between language-

based and numerical cognitive processes and enhance early numeracy skills in diverse learner 

populations. 

 

The literature consistently supports the notion of a positive correlation between phonological 

awareness and early numeracy, highlighting the pivotal role of phonological processing abilities 

in facilitating numerical understanding and proficiency in young children. The findings 

underscore the interconnected nature of linguistic and numerical cognitive processes, 

emphasizing the importance of integrating phonological awareness interventions into early 

numeracy instruction to support comprehensive numerical development in diverse learner 

populations. 

 

Theme 2: Significant Impact of Rapid Automatized Naming (RAN) on Numerical Fluency 

 

The meta-analysis conducted in this study provided compelling evidence for the significant 

impact of Rapid Automatized Naming (RAN) on the development of numerical fluency and 

problem-solving abilities in young children. Consistent with previous research, the analysis 

revealed that children demonstrating proficient RAN skills exhibited heightened numerical 

retrieval and manipulation capabilities, thereby contributing to improved mathematical fluency 

and accuracy. This finding resonates with the assertions made by Reinhold, et al. (2020), who 

emphasized the pivotal role of rapid cognitive processing in facilitating efficient numerical 

reasoning and problem-solving in children. 
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Moreover, the study findings align with the notion that RAN transcends its established 

association with reading fluency and extends its influence to the domain of early numeracy. 

Notably, Jawad, et al. (2023) highlighted the multifaceted nature of RAN, emphasizing its 

relevance in the context of numerical development and problem-solving skills. The meta-analysis 

results further underscore the significance of rapid cognitive processing abilities in fostering 

numerical fluency, highlighting RAN as a critical cognitive precursor that contributes to the 

enhancement of early numeracy skills in young children. 

 

Furthermore, the meta-analysis identified a direct relationship between proficient RAN skills and 

improved mathematical performance, suggesting that children with advanced RAN abilities 

demonstrated enhanced numerical fluency and computational accuracy compared to their peers. 

These findings are consistent with the research conducted by Jawad, et al. (2023), who 

emphasized the predictive value of RAN in assessing mathematical performance and problem-

solving abilities in children. The study's results further emphasize the role of rapid cognitive 

processing in facilitating efficient numerical retrieval and manipulation, highlighting the pivotal 

contribution of RAN to the development of early numeracy skills beyond its traditionally 

recognized association with reading abilities (Kilag, et al., 2023). 

 

The meta-analysis findings provide robust evidence for the significant impact of RAN on the 

development of numerical fluency and problem-solving abilities in young children. The findings 

underscore the pivotal role of rapid cognitive processing in fostering efficient numerical 

reasoning and manipulation, emphasizing the multifaceted nature of RAN and its influential role 

in shaping early numeracy skills. 

 

Theme 3: Interactive Effects of Phonological Awareness and RAN on Early Numeracy 

 

The synthesis of the literature revealed compelling evidence regarding the interactive effects of 

both phonological awareness and Rapid Automatized Naming (RAN) on the development of 

early numeracy skills. Notably, the findings underscored the synergistic relationship between 

these cognitive processes, highlighting their combined influence on the acquisition of numerical 

proficiency and comprehensive mathematical understanding in young children. Studies have 

consistently indicated that children who demonstrate a combination of strong phonological 

processing and rapid cognitive retrieval abilities exhibit heightened numerical aptitude and 

enhanced problem-solving skills (Kilag, et al., 2023). 

 

Furthermore, the interactive effects of phonological awareness and RAN on early numeracy were 

found to extend beyond their individual contributions, emphasizing the critical role of integrated 

instructional strategies that target both linguistic and cognitive processes in numerical 

interventions. The literature supports the notion that interventions simultaneously addressing 

phonological awareness and RAN are more effective in fostering a holistic understanding of 

numerical concepts and promoting comprehensive early numeracy development in young 

learners (Georges, et al., 2023). This emphasizes the need for educational practices that 

recognize the interconnected nature of these cognitive processes and their combined influence on 

early numeracy acquisition. 
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Moreover, the interactive effects of phonological awareness and RAN underscore the necessity 

of incorporating multifaceted instructional approaches that integrate language-based and 

cognitive strategies to optimize early numeracy instruction. By recognizing the synergistic 

relationship between these cognitive processes, educators and practitioners can design targeted 

interventions that holistically support the development of both linguistic and numerical cognitive 

skills, thereby fostering comprehensive early numeracy proficiency in diverse learner 

populations. 

 

Theme 4: Implications for Educational Interventions and Instructional Practices 

 

The comprehensive analysis of the findings has significant implications for educational 

interventions and instructional practices aimed at enhancing early numeracy skills in young 

learners. The results emphasize the critical role of integrated instructional strategies that 

encompass both language-based and cognitive approaches, highlighting the importance of 

incorporating phonological awareness activities and Rapid Automatized Naming (RAN) 

interventions in early numeracy instruction. By recognizing the interconnected nature of these 

cognitive processes, educators and practitioners can adopt a comprehensive approach to early 

numeracy development that fosters a deeper understanding of numerical concepts and promotes 

holistic mathematical proficiency. 

 

The findings underscore the value of tailored educational interventions that address the interplay 

between phonological awareness and RAN, emphasizing the potential for targeted instructional 

practices to effectively support the comprehensive development of early numeracy skills. 

Incorporating phonological awareness activities, such as rhyming games, sound manipulation 

exercises, and phonemic awareness tasks, can enhance children's cognitive abilities and lay a 

strong foundation for numerical understanding (Kilag, et al., 2023). Additionally, integrating 

RAN interventions, such as rapid naming tasks and timed retrieval exercises, can further 

strengthen cognitive processing abilities and promote efficient numerical reasoning and problem-

solving skills (Capodieci, et al., 2022). 

 

Furthermore, the implications for educational interventions underscore the need for a 

multidimensional approach that integrates both linguistic and cognitive strategies in early 

numeracy instruction. By implementing a balanced instructional framework that addresses the 

diverse cognitive needs of young learners, educators can create a supportive learning 

environment that fosters the simultaneous development of language-based and numerical 

cognitive skills. This approach aligns with the concept of holistic education, which emphasizes 

the integration of various cognitive domains to promote comprehensive skill acquisition and 

cognitive development (Azar, et al., 2023). 

 

Moreover, the findings highlight the importance of incorporating dynamic and engaging 

instructional practices that cater to the diverse learning styles and cognitive abilities of young 

learners. By integrating interactive and play-based activities that integrate phonological 

awareness and numerical concepts, educators can create an immersive learning experience that 

promotes active engagement and fosters a positive attitude towards numeracy. This approach 

aligns with the principles of constructivist learning, emphasizing the importance of hands-on 

experiences and active participation in the learning process (Marougkas, et al., 2023). 
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The implications drawn from the comprehensive analysis emphasize the significance of adopting 

a holistic and multidimensional approach to early numeracy instruction. By integrating language-

based and cognitive strategies, educators can create a supportive learning environment that 

fosters the simultaneous development of phonological awareness, RAN, and early numeracy 

skills in young learners. Through dynamic and engaging instructional practices that cater to 

diverse learning styles, educators can promote an immersive learning experience that lays a 

strong foundation for comprehensive numerical development and cognitive growth in early 

childhood education. 

 

The study's findings elucidated the multifaceted relationships between phonological awareness, 

RAN, and early numeracy, highlighting their interdependence and collective influence on 

numerical development in young children. The identified themes provided valuable insights into 

the intricate cognitive processes underlying early numeracy acquisition, underscoring the 

significance of integrated educational interventions and instructional practices that encompass 

both linguistic and cognitive dimensions of numerical proficiency. 

 

Conclusion: 

 

This study has provided a comprehensive examination of the influence of phonological 

awareness and Rapid Automatized Naming (RAN) on early numeracy development in young 

children. The findings consistently underscore the interconnected nature of these cognitive 

processes and their significant impact on the acquisition of early numeracy skills. The positive 

correlation between phonological awareness and early numeracy emphasizes the critical role of 

phonological processing abilities in fostering numerical understanding and proficiency. 

Similarly, the significant impact of RAN on numerical fluency highlights the pivotal role of 

rapid cognitive processing in facilitating efficient numerical reasoning and problem-solving. 

 

Moreover, the study has revealed the interactive effects of phonological awareness and RAN on 

early numeracy, emphasizing the synergistic relationship between these cognitive processes and 

their combined influence on comprehensive numerical development. The implications drawn 

from the analysis emphasize the importance of integrated instructional practices that target both 

linguistic and cognitive dimensions of early numeracy, suggesting the adoption of a holistic 

approach that fosters a deeper understanding of numerical concepts and promotes comprehensive 

mathematical proficiency. 

 

The study's findings have significant implications for educational interventions and instructional 

practices, emphasizing the value of tailored interventions that address the diverse cognitive needs 

of young learners. By incorporating a multidimensional approach to early numeracy instruction 

that integrates language-based and cognitive strategies, educators can create a supportive 

learning environment that promotes the simultaneous development of phonological awareness, 

RAN, and early numeracy skills. 

 

Moving forward, it is imperative to recognize the dynamic and multifaceted nature of early 

numeracy development, emphasizing the importance of creating dynamic and engaging learning 

experiences that cater to diverse learning styles and cognitive abilities. By fostering a positive 
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and inclusive learning environment that integrates interactive and play-based activities, educators 

can promote an immersive learning experience that nurtures a strong foundation for 

comprehensive numerical development and cognitive growth in early childhood education. 

 

This study contributes to a deeper understanding of the cognitive mechanisms underlying early 

numeracy acquisition and highlights the importance of integrated educational practices that 

recognize the interconnected nature of phonological awareness, RAN, and early numeracy 

development. The findings underscore the significance of fostering a comprehensive and holistic 

approach to early numeracy instruction that encompasses both linguistic and cognitive 

dimensions, ultimately laying the groundwork for enhanced numerical proficiency and cognitive 

growth in young learners. 
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