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Abstract

This systematic literature review examines the intricate dynamics of numerical intuition and
number sense competencies among junior high school students. Through an analysis of key
themes, including the cognitive development of numerical intuition, the influence of educational
practices, socio-cultural factors and individual differences, as well as the challenges and
opportunities for enhancing students’ mathematical cognition, this study highlights the critical
role of tailored educational interventions in fostering students' conceptual understanding of
numerical concepts and promoting a positive learning environment. The findings underscore the
significance of interactive and adaptive instructional strategies in facilitating students'
engagement with mathematics and deepening their comprehension of numerical relationships.
Moreover, the study emphasizes the importance of acknowledging and addressing the impact of
socio-cultural factors and individual differences on students' mathematical learning experiences,
advocating for inclusive educational practices that cater to diverse learning styles and foster an
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equitable learning environment. This study calls for a comprehensive approach to mathematical
education in junior high schools, emphasizing the need for holistic educational interventions that
nurture students' numerical intuition and prepare them for future academic success.

Keywords: numerical intuition, number sense, junior high school students, cognitive
development, educational practices

Introduction

Numerical intuition, often regarded as an inherent cognitive skill, plays a crucial role in the
development of mathematical reasoning and problem-solving abilities (Hawes & Ansari, 2020).
Research in cognitive psychology and education has highlighted the significance of number
sense in shaping students' mathematical proficiency, conceptual understanding, and overall
academic achievement (Nelwan, et al., 2022). Consequently, investigating the extent and nature
of numerical intuition in junior high school students has emerged as a central focus in
contemporary educational research.

Recent studies have emphasized the importance of nurturing and harnessing students' intuitive
grasp of numbers and mathematical concepts during their formative years (Payadnya, et al.,
2023). The exploration of numerical intuition in the context of junior high school education
becomes particularly pertinent as it is a critical period when students transition from elementary
to more complex mathematical concepts. Understanding the underlying cognitive processes and
innate mathematical abilities of students at this juncture is essential for designing effective
instructional strategies and interventions that can enhance their mathematical learning
experiences.

This research aims to delve into the nature of numerical intuition and number sense
competencies in junior high school students, with a focus on exploring the factors influencing the
development of these skills. By analyzing students' inherent mathematical abilities and their
understanding of numerical concepts, this study seeks to contribute to the existing literature on
the cognitive mechanisms underlying mathematical learning in adolescence. Additionally, this
research intends to provide insights into the potential implications for curriculum development
and instructional practices that can better cater to the diverse learning needs of junior high school
students in the realm of mathematics.

Through a comprehensive investigation of students' numerical intuition and number sense, this
study aspires to illuminate the significance of fostering a solid foundation in mathematical
reasoning and problem-solving skills during the critical years of junior high school education. By
shedding light on the underlying cognitive processes and competencies that contribute to
students’ mathematical development, this research endeavors to pave the way for more effective
pedagogical approaches that can support and enhance students' mathematical learning
experiences during this crucial phase of their academic journey.
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Literature Review

Numerical intuition, an integral aspect of mathematical cognition, has garnered significant
attention in the educational psychology literature due to its profound impact on students'
mathematical learning and problem-solving abilities. The literature review on numerical intuition
and number sense competencies among junior high school students provides valuable insights
into the underlying cognitive processes, developmental trajectories, and educational implications
of these crucial skills.

Conceptualizing Numerical Intuition

The conceptual framework of numerical intuition involves the innate ability to comprehend
numerical quantities, recognize patterns, and apply mathematical reasoning in various contexts.
According to Thompson, et al. (2023), numerical intuition encompasses a multifaceted
understanding of numbers, numerical relationships, and operations, which allows individuals to
develop a deeper conceptual understanding of mathematical principles. This intuitive grasp of
numerical concepts serves as a foundation for more advanced mathematical reasoning and
problem-solving skills in later academic stages (Kilag, et al., 2023).

Studies have highlighted the developmental trajectory of number sense during adolescence,
emphasizing the importance of early exposure to meaningful and contextualized mathematical
experiences (Nketia, et al., 2021). During the junior high school years, students undergo
significant cognitive and neurological changes, which influence their cognitive processing of
numerical information. Guhn, et al. (2020) suggest that the enhancement of number sense
competencies during this critical period is closely linked to students' overall academic
achievement and readiness for more complex mathematical concepts in high school and beyond.

Factors Influencing Numerical Intuition

Various factors contribute to the development of numerical intuition and number sense
competencies in junior high school students. Pan, et al. (2022) emphasize the role of instructional
strategies, curriculum design, and educational interventions in fostering students' intuitive
understanding of numbers and mathematical operations. Additionally, the socio-cultural context
and individual differences in cognitive processing styles significantly influence students'
acquisition of numerical intuition (Ho and Kozhevnikov, 2023). These factors highlight the need
for tailored educational approaches that accommodate diverse learning styles and promote the
holistic development of students' mathematical abilities.

The implications of understanding numerical intuition and number sense competencies in junior
high school students are far-reaching in terms of educational practices and curriculum
development. Abdul-Karim, et al. (2023) suggest that incorporating interactive and hands-on
learning activities, such as manipulatives and real-world problem-solving tasks, can enhance
students' conceptual understanding of mathematical concepts and foster their numerical intuition.
Furthermore, the integration of technology-based learning tools and adaptive instructional
approaches can facilitate personalized learning experiences that cater to students' individual
learning needs and promote the development of robust number sense competencies (Alda, et al.,
2020).
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While the existing literature underscores the significance of nurturing numerical intuition and
number sense competencies among junior high school students, several challenges and areas for
further research remain. One critical challenge involves addressing the potential barriers to
fostering students’ numerical intuition, such as math anxiety, negative attitudes towards
mathematics, and insufficient teacher training in implementing effective instructional practices
(Anero & Tamayo, 2023). Future research endeavors should focus on designing comprehensive
intervention programs that target these challenges and promote a positive learning environment
conducive to the development of students' mathematical abilities and numerical intuition (Kilag,
et al., 2023).

The literature review underscores the pivotal role of numerical intuition and number sense
competencies in shaping students' mathematical learning experiences during the crucial phase of
junior high school education. By elucidating the conceptual underpinnings, developmental
trajectories, and educational implications of these innate mathematical abilities, the literature
highlights the significance of implementing tailored instructional practices and interventions that
foster a deeper understanding of numerical concepts and promote the holistic development of
students' mathematical reasoning and problem-solving skills.

Methodology

A systematic literature review was conducted to investigate the nature of numerical intuition and
number sense competencies among junior high school students. The review process followed a
predefined protocol to ensure a comprehensive and unbiased examination of relevant scholarly
articles and empirical studies. The methodology encompassed the following key steps:

A comprehensive search strategy was developed to identify pertinent scholarly articles and
research studies from reputable academic databases, including Google Scholar, JSTOR, PubMed,
and PsycINFO. The search strategy encompassed a combination of keywords and controlled
vocabulary terms, such as "numerical intuition,” "number sense,” "adolescents," and "junior high
school students,” to ensure the inclusion of relevant studies in the field of mathematical cognition
and education.

In accordance with the predefined research question, specific inclusion and exclusion criteria
were established to ensure the selection of high-quality and pertinent literature. The inclusion
criteria encompassed studies published in peer-reviewed journals, empirical research papers, and
scholarly articles that focused on numerical intuition, number sense competencies, and
mathematical cognition among junior high school students. Studies with a clear focus on the
cognitive processes and developmental aspects of numerical intuition were prioritized.
Conversely, literature that did not align with the research question or lacked empirical evidence
was excluded from the review.

The selected studies were critically evaluated, and relevant data were systematically extracted to
identify key themes, theoretical frameworks, and empirical findings related to the nature of
numerical intuition and number sense competencies in junior high school students. The
synthesized data were organized and analyzed using thematic analysis and qualitative synthesis
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techniques to identify recurring patterns, trends, and significant insights pertaining to students'
innate mathematical abilities and their understanding of numerical concepts.

The quality and rigor of the included studies were assessed using established criteria, including
the validity of research methods, reliability of findings, and the coherence of theoretical
frameworks. Studies that met the predefined quality standards were accorded higher significance
in the analysis, while studies with methodological limitations were critically appraised to ensure
the integrity of the review process.

Findings and Discussion
Theme 1: Cognitive Development of Numerical Intuition

The systematic literature review on the cognitive development of numerical intuition among
junior high school students has unveiled the pivotal role played by both inherent cognitive
processes and educational experiences in shaping students' mathematical cognition. Notably, the
findings emphasized the significant evolution of students' intuitive grasp of numerical concepts
during this developmental phase, enabling them to discern complex numerical patterns, establish
interconnections within mathematical concepts, and apply sophisticated reasoning strategies
across diverse problem-solving contexts. This enhancement in their numerical intuition lays a
critical foundation for fostering a deeper conceptual understanding of fundamental mathematical
principles and nurturing a more comprehensive mathematical competence (Bhatia, 2021).

Furthermore, the reviewed studies indicated that the progression of students’ cognitive
development in numerical intuition is not solely reliant on innate abilities but is significantly
influenced by the quality and relevance of the educational experiences provided. Effective
pedagogical practices that encourage active engagement, critical thinking, and meaningful
application of mathematical concepts have been found to be instrumental in fostering the
refinement of students' numerical intuition (Kilag, et al., 2023). Studies have highlighted the
importance of incorporating interactive learning activities, such as real-world problem-solving
tasks and hands-on manipulative exercises, to stimulate students' cognitive development and
promote a more profound understanding of numerical relationships (Tobe, 2023).

The reviewed literature underscores the crucial role of educators in creating a learning
environment that nurtures students' cognitive development in numerical intuition through the
integration of relevant and contextualized mathematical experiences. By emphasizing the
significance of providing students with meaningful and engaging mathematical activities, the
findings of this review underscore the importance of fostering a solid foundation in numerical
intuition to promote students' overall mathematical proficiency and conceptual understanding,
thereby setting the stage for their continued success in more advanced mathematical concepts
and applications (Insorio & Librada, 2020).

Theme 2: Influence of Educational Practices on Number Sense Competencies

The systematic literature review highlighted the crucial role of educational practices and
instructional strategies in shaping and enhancing students' number sense competencies within the
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context of junior high school education. Notably, the findings emphasized the effectiveness of
interactive and hands-on learning methodologies, including the utilization of manipulatives,
problem-solving tasks, and technology-based learning tools, in fostering students' conceptual
understanding of numerical principles and mathematical operations (del Olmo-Mufioz, et al.,
2023). These pedagogical approaches have been shown to promote active engagement and
provide students with practical experiences that facilitate a deeper comprehension of numerical
relationships and mathematical concepts.

Furthermore, the integration of adaptive instructional approaches tailored to accommodate
diverse learning styles has been identified as instrumental in nurturing students’ numerical
intuition and fostering a positive attitude towards mathematics. The literature review emphasized
the significance of personalized learning experiences that cater to students' individual learning
preferences and cognitive abilities, thereby promoting a sense of inclusivity and empowerment
within the learning environment (Kilag, et al., 2023). Studies have underscored the importance of
implementing flexible instructional strategies that encourage students to explore mathematical
concepts through various learning modalities, fostering a deeper appreciation for the practical
applications of numerical intuition in real-world scenarios (Lagura, 2022).

Moreover, the findings of the systematic literature review highlighted the need for educators to
prioritize the integration of interactive and technology-driven learning tools to enhance students'
engagement and promote a more holistic understanding of number sense competencies. The
incorporation of digital learning platforms and educational software has been found to provide
students with dynamic learning opportunities that facilitate self-directed exploration and
experimentation, thereby reinforcing their conceptual understanding of numerical concepts and
fostering a positive disposition towards mathematical learning (Tobe, 2023).

The findings of this review underscore the significance of integrating interactive and adaptive
instructional practices that foster a deeper conceptual understanding of numerical concepts and
promote students' positive engagement with mathematics. By highlighting the importance of
hands-on learning experiences and technology-driven educational tools, this review emphasizes
the pivotal role of educational practices in nurturing students' number sense competencies and
fostering a conducive learning environment that encourages the development of robust numerical
intuition among junior high school students.

Theme 3: Socio-Cultural Factors and Individual Differences in Mathematical Cognition

The systematic literature review illuminated the substantial influence of socio-cultural factors
and individual differences on students' acquisition of numerical intuition and number sense
competencies within the context of junior high school education. Notably, the findings
underscored the profound impact of socio-cultural contexts, including family dynamics, cultural
norms, and societal expectations, on students’ mathematical learning experiences and their
development of numerical intuition (Bernardo, et al., 2022). Studies have emphasized the
significance of considering the socio-cultural background of students in the design and
implementation of educational interventions aimed at nurturing their mathematical cognition and
fostering a more inclusive learning environment.
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Furthermore, the literature review highlighted the critical need for tailored educational
interventions that address individual differences in cognitive processing styles, learning
preferences, and mathematical abilities among junior high school students. The findings
emphasized the importance of accommodating diverse learning modalities and providing
personalized learning experiences that cater to students' unique cognitive strengths and areas of
growth. Studies have emphasized the significance of implementing inclusive educational
practices that acknowledge and respect the individuality of students, thereby fostering an
equitable and supportive learning environment that encourages the development of robust
numerical intuition and number sense competencies (Warren, 2023).

Moreover, the review underscored the importance of fostering a culturally responsive and
empathetic learning environment that recognizes and values students' diverse socio-cultural
backgrounds and individual perspectives. Studies have highlighted the role of culturally relevant
pedagogical approaches in promoting students' engagement and participation in mathematical
learning activities, thereby fostering a sense of belonging and empowerment within the learning
community. By acknowledging and accommodating the socio-cultural diversity of students,
educators can create a more inclusive and equitable learning environment that fosters the
development of students' mathematical cognition and numerical intuition, thus ensuring their
academic success and personal growth (Baria & Gomez, 2022). By emphasizing the importance
of tailored educational interventions and culturally responsive pedagogical practices, this review
highlights the need for fostering an inclusive learning environment that values students' diverse
socio-cultural backgrounds and promotes their holistic development in the realm of mathematical
cognition and numerical intuition.

Theme 4: Challenges and Opportunities for Enhancing Numerical Intuition

The comprehensive review of the literature delineated various challenges and opportunities
associated with enhancing students' numerical intuition and number sense competencies within
the context of junior high school education. Notably, the study highlighted the detrimental
impact of challenges such as math anxiety, negative attitudes towards mathematics, and
insufficient teacher training on the development of students' intuitive grasp of numerical
concepts (Refugio, et al., 2020). The findings underscored the critical need for addressing these
challenges to create a supportive learning environment that fosters students' confidence and
competence in the realm of numerical intuition and mathematical cognition.

Furthermore, the review elucidated the potential opportunities for implementing comprehensive
intervention programs that promote a positive learning environment and cultivate a growth
mindset towards mathematics among junior high school students. The findings emphasized the
significance of integrating innovative instructional practices that cater to the diverse learning
needs and cognitive abilities of students. Studies have highlighted the efficacy of adaptive
teaching strategies, such as differentiated instruction, peer-assisted learning, and collaborative
problem-solving tasks, in fostering a positive attitude towards mathematics and nurturing
students' numerical intuition (Cherry, 2021). These opportunities serve as catalysts for creating a
dynamic and engaging learning environment that fosters students' enthusiasm and motivation for
exploring numerical concepts and mathematical operations.
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Moreover, the review underscored the importance of providing professional development
opportunities for educators to enhance their pedagogical skills and strategies in addressing the
challenges associated with nurturing students' numerical intuition. Studies have emphasized the
role of teacher training programs in equipping educators with the necessary tools and resources
to create a supportive and inclusive learning environment that promotes students' mathematical
learning experiences and fosters the development of robust numerical intuition and number sense
competencies (Suguitan & Natividad, 2022). By prioritizing the professional development of
educators, educational institutions can create a collaborative and nurturing learning environment
that fosters students' mathematical competence and promotes their academic success and
personal growth.

This review underscore the critical importance of addressing the challenges and harnessing the
opportunities associated with enhancing students' numerical intuition and number sense
competencies in the context of junior high school education. By emphasizing the significance of
creating a supportive learning environment and providing professional development
opportunities for educators, this review highlights the potential for fostering a positive attitude
towards mathematics and nurturing students’ numerical intuition, thereby ensuring their
academic success and holistic development.

The findings of this study underscore the multifaceted nature of numerical intuition and number
sense competencies among junior high school students, emphasizing the significance of tailored
educational practices, inclusive pedagogical approaches, and holistic interventions that promote
the development of students’ mathematical reasoning, problem-solving skills, and overall
numerical intuition.

Conclusion

This systematic literature review has shed light on the multifaceted nature of numerical intuition
and number sense competencies among junior high school students. Through the exploration of
key themes, including the cognitive development of numerical intuition, the influence of
educational practices, socio-cultural factors and individual differences, as well as the challenges
and opportunities for enhancing students' mathematical cognition, this study has underscored the
crucial role of tailored educational interventions in fostering a deeper conceptual understanding
of numerical concepts and promoting a positive learning environment.

The findings have emphasized the significance of providing students with meaningful and
contextually relevant mathematical experiences that stimulate their cognitive development and
nurture their numerical intuition. Additionally, the review has highlighted the effectiveness of
interactive and adaptive instructional strategies in fostering students' positive engagement with
mathematics and facilitating a deeper comprehension of numerical relationships.

Moreover, the study has underscored the importance of recognizing and addressing the influence
of socio-cultural factors and individual differences on students' mathematical learning
experiences, emphasizing the need for inclusive educational practices that accommodate diverse
learning styles and foster an equitable learning environment for all students.
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Furthermore, the review has identified the challenges associated with nurturing students'
numerical intuition, such as math anxiety and inadequate teacher training, and has underscored
the potential opportunities for implementing comprehensive intervention programs that promote
a growth mindset towards mathematics and encourage the integration of innovative instructional
practices.

This study calls for a holistic approach to mathematical education in junior high schools, one that
acknowledges the significance of cognitive development, embraces diverse learning modalities,
and fosters a supportive and inclusive learning environment. By prioritizing tailored educational
interventions and equipping educators with the necessary tools and resources, educational
institutions can create a dynamic and engaging learning environment that nurtures students'
numerical intuition, fosters their mathematical competence, and prepares them for continued
success in their academic journey.
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