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Abstract

Aim: This study aimed to assess Grade 9 and Grade 10 students’ understanding of polynomials and functions by
measuring their proficiency in foundational mathematics and analyzing the relationships among these skills to inform
instructional support.

Methodology: A quantitative descriptive-correlational design was utilized, with 200 students selected through
stratified random sampling. Data were gathered using a 120-item mathematics proficiency test covering foundational
and advanced concepts, and analyzed using descriptive statistics and gamma correlation.

Results: Findings revealed that many students had low proficiency in foundational mathematics, particularly in
patterns and algebra (M = 42%, SD = 19) and geometry (M = 38%, SD = 17), while performance in number and
number sense was nearly proficient (M = 51%, SD = 18). Proficiency in polynomials and functions was low (M =
35%, SD = 12). Gamma correlation analysis showed that algebra (Y’ = 0.622, p = 0.025) and geometry (Y = 0.681,
p = 0.013) were significantly associated with success in advanced mathematics, whereas number sense (Y = 0.168,
p = 0.16) was not.

Conclusions: Weak foundations in algebra and geometry were found to hinder mastery of polynomials and
functions. The study recommends strengthening these areas through scaffolded and spiral approaches, problem-
based learning, and the integration of digital tools such as GeoGebra and Desmos. Remediation programs and
targeted teacher professional development are also advised to enhance instructional effectiveness and students’
readiness for advanced mathematics.

Keywords: Foundational Mathematics, Polynomials and Functions, Algebra, Geometry, Number Sense, Instructional
Support

INTRODUCTION

Mathematics is widely recognized as a cornerstone of education and human development. Beyond its role as
a school subject, it equips learners with logical reasoning, problem-solving, and analytical skills that are essential in
the workforce and in navigating everyday life. Just as buildings, bridges, and technological innovations rely on
precision and structure, students’ intellectual growth depends on mastering foundational mathematical concepts that
serve as the scaffolding for higher-order thinking and advanced studies (Warren, 2024). Proficiency in mathematics is
therefore not only a prerequisite for success in STEM-related fields but also a fundamental skill for lifelong learning
and global competitiveness (Sanchez, 2023).

Foundational knowledge is crucial for STEM (Science, Technology, Engineering, and Mathematics)
education, as it provides students with the necessary skills and understanding to succeed in complex, rapidly
changing fields and the modern workforce. Similarly, enhancing STEM performance is essential for fostering
economic competitiveness and technological innovation, preparing the 21st-century workforce, and cultivating a
skilled population capable of addressing complex global challenges. Research indicates that the implementation of
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integrated STEM education, rather than separate disciplinary approaches, can lead to improved student outcomes
(Roehrig et al., 2021). Students engaged in STEM curricula exhibited superior mathematics scores compared to their
counterparts receiving traditional instruction. Thus, when students have a solid foundation in science, technology,
engineering, and mathematics, it equips them to succeed in a rapidly changing world driven by technology and
innovation (Khan, 2024). This underscores the efficacy of STEM education in improving academic performance across
all subjects (Carvajal et al., 2025).

Despite its importance, evidence from local and international assessments reveals persistent challenges in
mathematics education. In the Performance Implementation Review (PIR 2024) of Samar Division, results indicate
that 20.42% of the students enrolled in Grade 9 and Grade 10 in Daram I District were low proficient in mathematics.
These results are evident at Daram National High School, where Grade 9 and Grade 10 students consistently struggle
with solving problems in algebra and geometry. Premesti and Retnawati (2019) explained that students’ difficulties in
learning algebra include understanding problems, interpreting the meaning of variables, and operating on algebraic
expressions. Results from the Trends in International Mathematics and Science Study (TIMSS) and the Programme
for International Student Assessment (PISA) show that Filipino learners consistently score below the global average,
performing only at the level of average students in neighboring countries such as Malaysia and Thailand, and far
behind their peers in Singapore (EDCOM 2, 2024). The World Bank and other education specialists emphasize that
these performance gaps are rooted in weak mastery of foundational numeracy, which hinders students’ ability to
transition successfully to higher-level mathematical concepts. Locally, similar patterns are observed, where many
junior high school students remain at a low proficiency level in mathematics, limiting their capacity to cope with the
demands of advanced learning (Pangilinan, 2025).

Among the critical areas in mathematics, polynomials and functions are particularly important because they
serve as a bridge between arithmetic and advanced algebra. By thoroughly learning the basics, learners not only
progress in their studies but also gain the ability to tackle complex challenges with ease. Ultimately, a solid
foundation is key to long-term success (Kumon Philippines, 2025). However, research shows that students often
struggle with these concepts due to weak foundations in number sense, algebraic manipulation, geometric reasoning,
and initial perceptions of mathematics (Waswa & Al-kassab, 2023). Without targeted interventions, such gaps in
understanding create cumulative difficulties that persist throughout students’ academic journeys and restrict their
future opportunities in STEM education and careers (Bontuyan, 2025).

Given these concerns, this study addresses a critical research gap by examining the predictors of student
performance in understanding polynomials and functions, with particular focus on their relationship to foundational
mathematical skills such as number sense, patterns, algebra, and geometry. While prior studies (e.g., Aunio et al.,
2015) have established the importance of early numeracy for long-term achievement, few have explored how specific
foundational domains influence mastery of advanced topics at the junior high school level in the Philippine context.
By generating empirical evidence on these linkages, this study contributes to the global discourse on mathematics
education while offering practical insights for curriculum development, teacher training, and support programs.
Ultimately, it provides a basis for designing an extension support program aimed at strengthening students’
understanding of polynomials and functions and improving their readiness for advanced mathematics.

Theoretical Framework

The study was anchored in three interrelated learning theories—Constructivist Theory of Learning, Bruner's
Spiral Curriculum Theory, and Cognitive Load Theory—which together provide a strong foundation for understanding
the relationship between foundational mathematics concepts and advanced mathematical knowledge among junior
high school students. These perspectives collectively emphasize the significance of prior knowledge, structured
learning progression, and cognitive capacity in shaping students’ mastery of mathematics.

Constructivist learning theory suggests that learners actively build their knowledge through experiences and
interactions. Learners use their prior knowledge as a foundation and build upon it as they acquire new information.
According to this theory, education should focus on problem-solving and critical thinking, encouraging learners to
connect new information with prior knowledge (McLeod, 2025). In the context of mathematics, mastering
fundamentals is crucial for effective problem-solving. This process starts with basic operations such as addition,
subtraction, multiplication, and division (Lakha, 2025). Thus, gaps in foundational learning can hinder the
construction of deeper mathematical understanding, making this theory highly relevant to the present study (Amihan
et al., 2023).

Jerome Bruner, a well-known psychologist who made significant contributions to the field of education,
developed the concept of a spiral curriculum (Borkala, 2022), a type of curriculum that emphasizes revisiting and
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building upon previously taught content cyclically. In mathematics, the spiral approach promotes better student
retention, problem-solving skills, a deep understanding of concepts, and flexible thinking by revisiting topics
repeatedly, such as foundational mathematics and fundamental operations (Baez et al., 2025). While Bruner’s Spiral
Curriculum Theory (1960) complements this by stressing the value of revisiting fundamental concepts at increasing
levels of complexity, mathematics learning is developmental, and by reintroducing ideas such as patterns, algebra,
and geometry at progressively advanced stages, learners can connect earlier knowledge to more complex
representations like functions and equations. This cyclical reinforcement not only strengthens retention but also
facilitates the transition from foundational to advanced mathematics, aligning directly with the research objectives
(Sanchez et al., 2023).

Finally, Cognitive Load Theory (CLT), developed by John Sweller, posits that learning effectiveness is
constrained by working memory's limited capacity. This theory revolves around the idea that human cognitive
capacity is limited, and this limitation plays a crucial role in how learners absorb and retain new information. Sweller’s
work has been foundational in shaping the principles of instructional design and e-learning strategies (Sweller, 2023).
In mathematics, cognitive load plays a key role in learners’ abilities to solve complex problems like polynomials and
functions. Many factors affect cognitive load in learning, including instructional strategy, task difficulty, and prior
knowledge. In this study, the theory provides a rationale for investigating how foundational proficiency influences
students’ ability to engage with higher-order mathematical concepts.

The three theories create a coherent framework that justifies the current study, which focuses on predictors
of students’ proficiency in polynomials and functions. Constructivism explains the necessity of strong prior
knowledge, Bruner's theory underscores the structured revisiting of mathematical ideas, and Cognitive Load Theory
stresses the importance of managing cognitive demands in learning. Based on the cited theories, the study situates
its investigation within established theoretical traditions, ensuring that the findings contribute not only to local
instructional practices but also to the broader discourse on effective mathematics education.

Conceptual Framework

The conceptual framework of this study illustrates the relationships between foundational mathematics
concepts—such as number and number sense, patterns and algebra, and geometry—and students’ advanced
mathematical knowledge in polynomials and functions. It provides a systematic understanding of how proficiency in
fundamental skills influences the ability of Grade 9 and 10 students to grasp more complex concepts, thereby
informing instructional practices and interventions aimed at enhancing mathematical proficiency.

The independent variable consists of foundational mathematics concepts that serve as the building blocks
for advanced learning. These include number and number sense (measured through test scores on arithmetic
operations and numerical fluency), patterns and algebra (assessed through quizzes on algebraic manipulation and
problem-solving), and geometry (evaluated through exercises on spatial reasoning and geometric relationships).
Mastery of these areas equips students with essential tools for reasoning, computation, and problem-solving. For
instance, strong number sense enables accurate calculations required in algebraic expressions, while solid geometry
fundamentals foster spatial awareness necessary for higher-level mathematics.

The dependent variable is students’ advanced mathematical knowledge, specifically in polynomials and
functions. This is assessed through performance tasks, quizzes, and written tests that are aligned with the learning
competencies outlined in the curriculum. Proficiency in these areas reflects not only the successful transfer of
foundational skills to more complex contexts but also the development of critical thinking, generalization, and
application of mathematics in real-world problem-solving. Students who performed well in polynomials and functions
demonstrate both conceptual understanding and procedural fluency, indicating stronger readiness for higher
mathematics.

This framework is grounded in the study’s theoretical foundations. The Constructivist Theory of Learning
explains how students build new knowledge upon prior understanding, highlighting why gaps in nhumber sense or
algebraic concepts hinder success in functions. Bruner’s Spiral Curriculum Theory justifies the progressive link
between foundational and advanced concepts, as ideas are revisited and deepened across levels of complexity.
Cognitive Load Theory emphasizes the importance of secure foundational knowledge to prevent learning overload
when tackling advanced topics. Together, these theories support the framework’s assumption that proficiency in
foundational mathematics significantly predicts success in advanced concepts and justify the development of targeted
extension support programs (Carvajal et al., 2024).
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Figure 1. Conceptual Framework of the Study

Statement of the Problem

Students’ persistent difficulties in mathematics, particularly in polynomials and functions, hinder their
mastery of advanced topics in junior high school. Despite the recognized importance of strong foundations in number
sense, algebra, and geometry, many learners continue to perform below proficiency levels, as evidenced by PIR,
TIMSS, and PISA results. In Daram I District, Grade 9 and 10 students show low proficiency in foundational
mathematics, limiting their readiness for advanced concepts. Addressing these gaps is crucial to improving student
outcomes and supporting future STEM readiness. This study sought to determine which foundational skills
significantly predict understanding of polynomials and functions, thereby providing a basis for an extension support
program.

Research Objectives

General Objective:

e To examine the predictors of Grade 9 and 10 students’ understanding of polynomials and functions in

Daram I District as basis for an extension support program.
Specific Objectives:

1. To determine the proficiency level of Grade 9 and Grade 10 students in foundational mathematics concepts
(number and number sense, patterns and algebra, and geometry) and in advanced concepts (polynomials
and functions).

2. To analyze the relationship between students’ levels of proficiency in foundational mathematics and their
performance in polynomials and functions.

3. To identify which foundational mathematics skills significantly predict students’ understanding of
polynomials and functions.

4. To design an extension support program for Grade 9 and 10 students in Daram I District based on the
study’s findings.
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Research Questions

1. What is the level of proficiency of Grade 9 and Grade 10 students in foundational mathematics concepts
(number and number sense, patterns and algebra, and geometry) and in advanced concepts (polynomials
and functions)?

2. Are the students’ levels of proficiency in foundational mathematics significantly related to their performance
in polynomials and functions?

3. Which foundational mathematics skills significantly predict students’ understanding of polynomials and
functions?

4. How can the findings be used to develop an extension support program for Grade 9 and 10 students in
Daram I District?

Hypothesis
Based on the objectives of the study, the hypothesis was formulated as follows:
e There is no significant relationship between the student’s level of proficiency in foundational mathematics
and advanced mathematical concepts. among Grade 9 and 10 students in Daram National High School.

METHODS

Research Design

This study employed a quantitative descriptive-correlational design, which was appropriate for evaluating
both the proficiency levels of students in foundational mathematics and their performance in advanced topics,
specifically polynomials and functions. The descriptive aspect provided a clear picture of students’ competencies,
while the correlational aspect examined the strength of relationships between foundational knowledge and advanced
mathematical understanding. This design directly supported the study’s aim of identifying predictors that can guide
the development of an extension support program. Similar approaches have been effectively applied in previous
studies that measured relationships between learner competencies and performance outcomes (Amihan & Sanchez,
2023; Pangilinan, 2025).

Population and Sampling

The study population included all Grade 9 and Grade 10 students at Daram I District for the school year
2024-2025. Using stratified random sampling with proportional allocation, 200 students were selected from the total
population of 364, with 116 drawn from Grade 9 and 84 from Grade 10. This ensured fair representation of both
grade levels while maintaining reliability within a 5% margin of error. Participation was voluntary, requiring parental
consent and student assent. Employing systematic sampling and clear ethical safeguards has been recognized as vital
in enhancing research credibility and validity (Sanchez, 2025; Salendab & Sanchez, 2023).

Instrument

A structured test questionnaire served as the main research instrument. It was composed of 120 items, with
Part I covering foundational mathematics concepts—number and number sense, patterns and algebra, and
geometry—and Part II focusing on advanced concepts of polynomials and functions. It underwent pilot testing and
was validated by mathematics experts to ensure clarity, reliability, and alignment with learning standards. Cronbach’s
alpha was utilized to analyze the reliability of the instrument, and no necessary modifications were made. Scores
were converted into proficiency levels based on DepEd benchmarks. Establishing content validity and ensuring
alignment with learning outcomes are essential practices that strengthen instrument reliability (Carvajal et al., 2025;
Abenojar et al., 2025).

Data Collection

Data collection was carried out over three weeks, with the researcher coordinating with school
administrators to administer the tests during students’ free periods. Standardized instructions were given, and
completed questionnaires were anonymized by assigning unique codes to protect respondents’ identities. Clear
coordination with institutional stakeholders and structured protocols have been emphasized in prior research as
important to minimizing bias and maximizing data quality (Mufioz & Sanchez, 2023).
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Treatment of Data

Descriptive statistics such as mean, frequency percentage, and standard deviation were utilized to describe
the proficiency level of the learners. To assess the relationship and the predictors between foundational mathematics
concepts and advanced topics in polynomials and functions with a large number of tied ranks, gamma correlation
was used. The data were systematically presented through tables, charts, and graphs to enhance clarity and
emphasize the significance of the findings. Prior studies highlight the importance of using both descriptive and
inferential statistics to provide comprehensive and interpretable insights into student learning outcomes (Bontuyan,
2025).

Ethical Considerations

Ethical considerations were strictly observed throughout the study. Informed consent and assent ensured
voluntary participation, while confidentiality was maintained by de-identifying responses and reporting only
aggregated results. All collected data were securely stored and assigned unique identification codes to ensure that
individual responses remained confidential and could not be traced back to the students. Upon completion of the
research, data were destroyed in accordance with institutional policies. These measures safeguarded participants’
welfare and reinforced the integrity of the research process. Upholding ethical safeguards and transparency in data
management has been consistently emphasized as integral to research integrity (Carvajal & Sanchez, 2023).

RESULTS and DISCUSSION

This section provides an overview of the student’s level of proficiency in foundational concepts in humber
and number sense, algebra and pattern, and geometry, and their advanced mathematical concepts, particularly on
polynomials and functions, are highlighted.

Level of Proficiency in Foundational Mathematics Concepts
The table below reflects the student’s proficiency level in foundational mathematics concepts for
understanding polynomials and functions.

Table 1. Students’ Level of Proficiency in Number and Number Sense

No. of

Proficiency Level Responses Percent
90 - 100 Highly Proficient 5 2.5
75 -89 Proficient 13 6.5
50 -74 Nearly Proficient 81 40.5
25-49 Low Proficient 94 47.0
0-24 Not Proficient 7 3.5
Total 200 100.0
Mean 51 -
SD 18 -

Source: Proficiency Level Based on the DepED Order No.21, Series of 2019

The findings show that 87.5% of Grade 9 and 10 students have weak proficiency in Number and Number
Sense, with very few reaching Proficient or Highly Proficient levels. This gap suggests that many rely on rote
procedures rather than conceptual understanding, which limits their ability to engage with algebra and advanced
topics. Possible causes include teacher-centered strategies that emphasize rules over reasoning, curriculum pacing
that leaves little room for remediation, and learner factors such as math anxiety. The wide variation in scores
indicates significant disparities in classroom learning, which aligns with studies that note these gaps hinder both
instruction and student engagement. Literature confirms that number sense is foundational to algebraic reasoning
and future STEM readiness. Therefore, these results highlight an urgent need for targeted interventions—such as
concept-based instruction, scaffolding, and extension programs—to strengthen numerical fluency and prepare
students for polynomials, functions, and beyond.
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Level of Proficiency in Algebra and Pattern Concepts
This section shows the students’ level of proficiency in Patterns and Algebra.

Table 2. Students’ Level of Proficiency in Algebra and Pattern Concepts

Proficiency Level No. of
Responses Percent
90 - 100 Highly Proficient 3 1.5
75 -89 Proficient 17 8.5
50 - 74 Nearly Proficient 45 22.5
25 - 49 Low Proficient 109 54.5
0-24 Not Proficient 26 13
Total 200 100
Mean Low Proficient 42 -
SD 19 -

Source: Proficiency Level Based on the DepED Order No.21, Series of 2019

The data reveal that most students have weak algebra skills, with 54.5% classified as Low Proficient and
22.5% as Nearly Proficient, leaving 77% with insufficient preparation for higher-level mathematics. Only 10%
reached Proficient or Highly Proficient levels, while 13% showed severe difficulties. The mean proficiency score of 42
(Low Proficient) and a wide standard deviation of 19 highlight both generally weak foundations and wide
performance gaps. Since algebra underpins abstract reasoning and functions, low competency threatens students’
progression in more advanced topics.

Furthermore, the results have implications for students' readiness for Polynomials and Functions, which
require strong algebraic manipulation skills. Blanton and Kaput (2011) stress that algebra serves as the foundation
for understanding functions, and students with weak algebraic skills are likely to encounter difficulties in higher
mathematical concepts. This suggests that current proficiency levels indicate a need for targeted interventions,
curriculum modifications, and instructional innovations.

Level of Proficiency in Geometry Concepts
This section showcased the level of students’ proficiency in Geometry Concepts.

Table 3. Students’ Level of Proficiency in Geometry Concepts

Proficiency Level No. of
Responses Percent

90 - 100  Highly Proficient 1 5
75 -89 Proficient 10 5.0
50 - 74 Nearly Proficient 32 16.0
25 -49 Low Proficient 123 61.5
0-24 Not Proficient 34 17.0
Total 200 100.0
Mean Low Proficient 38 -
SD 17 -

Source: Proficiency Level Based on the DepED Order No.21, Series of 2019

The data show that most students have weak geometric skills, with 61.5% rated Low Proficient and 17%
Not Proficient, meaning 78.5% struggle with Geometry—an essential foundation for higher mathematics. Only 5.5%
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reached Proficient or Highly Proficient levels. The mean score of 38 (Low Proficient) and a standard deviation of 17
highlight generally poor performance with some variability. Since geometry underpins spatial reasoning,
transformations, and function analysis, these gaps may hinder success in algebra, polynomials, and calculus.
Researchers emphasize that difficulties often stem from weak transitions between visual, analytic, and algebraic
representations. Exhibiting negative attitudes toward learning geometry is identified as the factor leading to difficulty
in learning geometry (Butterworth, 2005; Gogo et al., 2021).

The results imply that weak geometric foundations may limit students’ readiness for advanced mathematics
courses, consequently affecting their academic trajectory in STEM-related disciplines. Low proficiency in geometry
also suggests broader challenges in critical thinking, problem-solving, and spatial reasoning—skills that are not only
vital in mathematics but also in fields such as engineering, architecture, and the sciences..

Level of Proficiency in Advanced Mathematical Concepts
This section shows the level of students’ proficiency in Advanced Mathematical Concepts

Table 4. Students’ Level of Proficiency in Advanced Mathematical Concepts

Proficiency Level No. of
Responses Percent

75 -89 Proficient 2 1.0
50 -74 Nearly Proficient 16 8.0
25 -49 Low Proficient 136 68.0
0-24 Not Proficient 46 23.0
Total 200 100.0
Mean Low Proficient 35 -
SD 12 -

Source: Proficiency Level Based on the DepED Order No.21, Series of 2019

The results indicate that students demonstrate very weak proficiency in advanced mathematical skills
related to polynomials and functions. A large majority (68% Low Proficient and 23% Not Proficient) show insufficient
competency, meaning 91% of students struggle with these critical concepts, while only 9% reached Nearly Proficient
or higher. The mean score of 35, with a relatively small standard deviation of 12, highlights consistently low
performance across the group. Since proficiency in polynomials and functions is vital for mathematical fluency and
progression in STEM fields, these findings point to serious learning gaps. Research suggests that such weaknesses
stem from underdeveloped algebraic manipulation, poor pattern recognition, and difficulty connecting abstract
concepts to real-world applications.

The findings are critical for both instruction and curriculum development. Students’ inability to master
polynomials and functions limits their readiness for advanced courses in calculus, statistics, and higher-level STEM
subjects, potentially narrowing their career pathways in science, technology, and engineering fields. Beyond
academics, weak skills in functional reasoning may hinder problem-solving and logical thinking in everyday contexts.
Kaput (2008) and Blanton et al. (2011) emphasize the importance of concept-based learning, problem-solving
strategies, and technology-enhanced instruction to improve students’ understanding of functions and polynomials.
The use of graphing software, interactive algebraic tools, and real-world problem-solving activities can help students
develop a deeper and more intuitive grasp of polynomial behavior and functional relationships.The findings are
critical for both instruction and curriculum development. Students’ inability to master polynomials and functions limits
their readiness for advanced courses in calculus, statistics, and higher-level STEM subjects, potentially narrowing
their career pathways in science, technology, and engineering fields. Beyond academics, weak skills in functional
reasoning may hinder problem-solving and logical thinking in everyday contexts. Kaput (2008) and Blanton et al.
(2011) emphasize the importance of concept-based learning, problem-solving strategies, and technology-enhanced
instruction to improve students’ understanding of functions and polynomials. The use of graphing software,
interactive algebraic tools, and real-world problem-solving activities can help students develop a deeper and more
intuitive grasp of polynomial behavior and functional relationships.
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Relationship Between Students’ Level of Proficiency in Foundational Mathematics and Advanced
Mathematical Concepts
This final section shows the relationship between students’ level of proficiency in foundational mathematics
and their level of advanced mathematical concepts.
Table 5. Relationship Between Students’ Level of Proficiency in Foundational Mathematics and Advanced
Mathematical Concepts

Foundational Math Y-value  p-value Evaluation
Number Sense -.016 0.168 Not Significant
Algebra and Pattern .622 0.025 Significant
Geometry .681 0.013 Significant

Significant at 0.05 significance level

The results show that while number sense does not significantly predict success in advanced topics like
polynomials and functions (Y = —0.016, p = 0.168), both algebra and patterns (Y = 0.622, p = 0.025) and geometry
(Y = 0.681, p = 0.013) have significant positive relationships. This underlines that strong algebraic and geometric
foundations are essential for mastering higher-level mathematics, whereas number sense primarily supports early
arithmetic rather than abstract algebraic reasoning.

The findings indicate the need to embed algebraic thinking throughout earlier grade levels, rather than
treating algebra as a single isolated subject. Kaput, Carraher, and Blanton (2017) emphasize that introducing
algebraic reasoning in the early grades and reinforcing it across the curriculum fosters deeper symbolic reasoning
and problem-solving skills. Second, the strong relationship between geometry and advanced mathematics
underscores the importance of spatial reasoning and visualization in instruction. Thus, it is also important to consider
the level of geometric thinking students achieve. Geometric thinking skills can help students develop critical thinking
skills (Hassan et al. 2020), while more recent work by Desai, Hart, and Sherard (2021) shows that digital tools such
as GeoGebra enhance students’ ability to make connections between algebraic and geometric representations.
Additionally, Duval (2006) stresses that one major challenge students face in mathematics is the difficulty of
coordinating different semiotic representations—visual, analytic, and algebraic—which are crucial for mastering
polynomials and functions.

Conclusions

The study concludes that Grade 9 and Grade 10 students demonstrate low proficiency in foundational
mathematics—particularly in algebra and geometry—which significantly affects their ability to master polynomials and
functions. Number sense does not predict success in advanced topics, while competence in algebra and geometry
showed strong positive relationships with achievement in higher-level mathematics.

The implementation of the extension support program (MATH+) was a direct response to the decline in
students' performance on advanced subjects related to polynomials and functions. This extension support initiative
will pinpoint schools in Samar Division with underperforming students across three cognitive areas and advanced
subjects in polynomials and functions. The extension support program will emphasize teachers' pedagogical methods
and practices, thus enhancing and improving teachers' skills.

Recommendations

It is recommended that schools prioritize strengthening algebra and geometry through scaffolded
instruction, spiral progression of concepts, and problem-based learning activities. Teachers should integrate digital
tools such as GeoGebra and Desmos to enhance visualization and conceptual understanding. Regular remediation
sessions should also be conducted for struggling students, while professional development programs should equip
teachers with innovative strategies for teaching algebraic and geometric concepts effectively.

710
ETCOR's Website : https://etcor.org L b . i
Facebook Page : https://www.facebook. com/EmbracmgTheCuIture fResearc Thank o for emblacmg
Twitter Account  : https://twitter.com/ETCOR _research the culture of research
YouTube Channel : https://tinyurl.com/YouTubeETCOR 3 B '
E-mail Address : embracingthecultureofresearch@etco with us!

Mobile Number  :0939-202-9035 v AN



International Journal of Open-Access, Interdisciplinary & New Educational Discoveries of ETCOR Educational Research Center (iJOINED ETCOR)

iJOINED ETCOR
/\ E'I'cu n Educational Research Genter Inc. P - ISSN 2984-7567
7 _\@ SEC Reg. No. 2024020137294-00 ﬂ; — =
Sta.Ana, P , Phili 4 € EXigency
2\"“\_/“ T Lt - na__:mpafo.,ga i Google @RUN P - ISSN 2984-7842
4 S ARCH FEREN ‘3 E:m' Website: https://etcor.org RUNﬂ E - ISSN 1908-3181

THE PROPOSED EXTENSION PROGRAM

This part presents the proposed extension program as a mechanism for intervention. These include the
proposed program title, the implementing institution, the program beneficiaries, the program component, the
budgetary proposal, and the overall mechanism procedures of the proposed extension program.

Program Title: MATH+ (Mastery, Application, Technology, and Holistic Learning for Mathematical Excellence)
Implementing Institution: Samar State University — Master of Arts in Teaching Major in Mathematics Program

Program Beneficiaries

* Primary Beneficiaries: Grade 9 and Grade 10 students from partner secondary schools in Samar with low
proficiency in foundational mathematics.

» Secondary Beneficiaries: Mathematics teachers and pre-service mathematics educators who will serve as
facilitators, mentors, and researchers.

Rationale

Mathematics proficiency is crucial for students' success in higher education and future careers, yet research
findings indicate that many Grade 9 and Grade 10 students in Samar struggle with foundational mathematics
concepts such as Number and Number Sense, Algebra, and Geometry, which are essential for mastering Polynomials
and Functions. Moreover, the study revealed that students with strong foundational skills in algebra and geometry
are more likely to excel in advanced mathematical topics like polynomials and functions. However, many students
struggle with these areas due to gaps in their early mathematics education.

As a community extension initiative of the Master of Arts in Teaching Major in Mathematics program at
Samar State University, the MATH+ Program aims to bridge learning gaps by providing targeted interventions,
hands-on learning experiences, and technology-enhanced instruction to improve students' algebraic and geometric
reasoning.

Objectives

1. To enhance students’ algebraic problem-solving skills through structured tutorials and activities.

2. To improve students’ geometric visualization and spatial reasoning using hands-on learning and digital
tools.

3. To integrate interactive learning strategies, such as gamification, real-life applications, and project-based
learning, to make math more engaging and accessible.

4. To provide teacher training and resources to improve instructional approaches in algebra and geometry.

Program Components

A. Algebra Strengthening Workshops
¢ Conceptual Approach to Algebra: Sessions on equation solving, pattern recognition, and algebraic
manipulation.

 Polynomial Mastery Classes: Activities focused on factoring, simplifying, and solving polynomials through
real-life applications.

« Interactive Algebra Games and Simulations: Use of technology (GeoGebra, Desmos) for dynamic algebra
learning.

B. Geometry Enrichment Sessions
sVisualization and Spatial Reasoning Training: Hands-on workshops using models, interactive geometry
software, and graphing tools.

e Linking Geometry to Functions: Activities demonstrating how transformations in geometry relate to
polynomial functions.

* Project-Based Learning: Real-world applications, such as designing structures using geometric principles.
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C. Teacher Training and Capacity Building
» Professional development workshops on effective algebra and geometry teaching strategies.
« Integration of technology and multimedia resources in teaching.
 Sharing of best practices through learning communities and collaboration.

D. Student Support and Mentoring
e Peer tutoring and mentoring programs to provide continuous academic support.
eMath Clinics and Help Desks to assist students struggling with algebra and geometry concepts.
 Online Learning Modules and Self-Paced Tutorials to allow flexible learning opportunities.

Implementation Strategy

The MATH+ Program will be implemented in collaboration with partner secondary schools in Samar. The faculty and
graduate students of the MAT Mathematics program will serve as facilitators, trainers, and researchers.

Phase Activity Timeline Implementing Body
Phase 1 Partnership with schools and
universities to implement the program First Quarter ~ SSU MAT Mathematics

in underperforming communities.

Phase 2 Regular assessment and progress
tracking to measure student improvements Second -Fourth Quarter SSU, Partner Schools

Phase 3 Community involvement by including
parents and stakeholders in supporting  Second — Fourth Quarter SSU, Partner Schools
students' math learning.

Phase 4 Evaluation, research dissemination, Fourth Quarter SSU MAT Mathematics
and expansion

Expected Outcomes
1. Improved algebraic and geometric proficiency, leading to better performance in advanced math.

2. Increased student engagement and confidence in learning mathematics.

3. Enhanced teacher competencies in delivering effective math instruction.
4. Greater success rates in higher-level mathematics, reducing math anxiety and dropout rates.
5. Research-based insights to improve mathematics instruction and curriculum development.

Sustainability Plan

To ensure the long-term impact and sustainability of the MATH+ Program, the following strategies will be
employed:

1. Institutionalization within the SSU MAT Mathematics program — Integrate MATH+ as a regular extension
program for graduate students to apply research-based teaching methodologies.

2. Partnership development — Establish long-term collaborations with DepEd, local government units, and
private sector organizations for continued support and funding.

3. Training of trainers (ToT) model — Train teachers and graduate students to replicate the program in
other schools.
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4. Integration of findings into teacher education — Use program research to inform and improve

mathematics education policies and curricula.

Estimated Expenses for the MATH+ Extension Program
1. Program Implementation Expenses
Item

Printing of instructional materials (modules, worksheets)
Office supplies (folders, pens, markers, bond paper)

Learning kits for students (notebooks, calculators, rulers, etc.)
Math manipulatives (flashcards, number tiles, algebra tiles)
Transportation expenses for facilitators

Meals and snacks for workshops and training

Venue rental (if not available in partner schools)

Subtotal:

2. Teacher Training & Development Expenses
Item

Training materials (handouts, manuals, teaching guides)
Projector rental or purchase

Training certificates and kits

Speaker/facilitator honoraria

Meals and snacks for participants

Subtotal:

3. Research & Evaluation Expenses

Item

Pre- and post-test materials (printing & distribution)
Data collection tools (survey forms, assessment booklets)
Research presentation and publication

Subtotal:

4, Miscellaneous & Contingency Expenses

Item

Emergency fund (for unexpected expenses)
Communication and coordination expenses

Subtotal:

Total Estimated Budget:

Quantity/Unit

Estimated Cost (PHP)

500 copies 15,000
Bulk purchase 5,000

200 sets 30,000

Bulk purchase 10,000
Per semester 15,000
5 sessions 25,000
5 sessions 10,000

PHP 110,000

Quantity/Unit Estimated Cost (PHP)

100 copies 10,000

1 unit 20,000

100 sets 10,000

3 sessions 15,000

3 sessions 15,000

PHP 70,000

Quantity/Unit  Estimated Cost (PHP)

200 copies 5,000

Bulk purchase 7,000
2 conferences 30,000
PHP 57,000

Estimated Cost (PHP)
20,000

10,000

PHP 30,000

PHP 307,000

This budget covers a one-year implementation of the MATH+ Extension Program. Funding may be sourced
from university support or partnerships with DepEd and local government units to ensure sustainability.

713

ETCOR's Website : https://etcor.org i
Facebook Page  : https://www.facebook.com/EmbracingTheCulture
Twitter Account  : https://twitter.com/ETCOR_resear i
YouTube Channel : https://tinyurl.com/YouTubeET!

E-mail Address  : embracingthecultureofresearc

Mobile Number  :0939-202-9035 o \\ ¢

Thank you for embracing
the culture of research
with us!




International Journal of Open-Access, Interdisciplinary & New Educational Discoveries of ETCOR Educational Research Center (iJOINED ETCOR)

S, Educational Research Genter Inc.
//\ ETcon SEC Reg. No. 2024020137294-00

iJOINED ETCOR
P - ISSN 2984-7567
E - ISSN 2945-3577

The Exigency

‘:J.\'Iqli‘]kp TIONA Sta. Ana, Pampaz‘zga, Philippines Go 81@ e e P - ISSN 2984-7842
DISCIPLINAR et N scholar

Lt el o S i . . o

ESEA 1 & .. \Website: https://etcor.org RUNﬂ E - ISSN 1908-3181

REFERENCES

Abenojar, M. B., Dones, V. T., Tiquis, M. V. V., Velasco, J. B., Sanchez, R. D., Pangilinan, A. M., Sanchez, A. M. P.,
Belgica, J. K. P., & Sanchez, J. J. D. (2025). Exploring Perceptions on Play-Based Kindergarten Classrooms:
Benefits and Challenges from Parents, Pupils, and Teachers. International Journal of Open-access,
Interdisciplinary and New Educational Discoveries of ETCOR Educational Research Center (JOINED ETCOR),
4(2), 1676-1683. https://doi.org/10.63498/etcor396

Amihan, S. R., & Sanchez, R. D. (2023). Connecting Workplace Literacy Gaps through Innovative Academe-Industry
Collaboration. International Journal of Open-access, Interdisciplinary and New Educational Discoveries of
ETCOR Educational Research Center (IJOINED ETCOR), 2(2), 515-528.

Aunio, P., Heiskari, P., Van Luit, J., & Vuorio, J. (2015). The development of early numeracy skills in kindergarten in
low-, average- and high-performance groups. Journal of Early Childhood Research, 13(1), 3-16.
https://www.researchgate.net/publication/268772427_The_development_of_early_numeracy_skills_in_kind
ergarten_in_low-_average-_and_high-performance_groups

Baez, R., Sanchez, H., & Pllana, D. (2025). Fostering rigor through spiraled mathematics education. International/
Journal of Research in Education, 11(4), 922-943. https://doi.org/10.46328/ijres.3757

Blanton, M., & Kaput, J. (2011). Functional thinking as a route into algebra in the elementary grades. In J. Cai & E.
Knuth (Eds.), Early algebraization: Advances in mathematics education (pp. 1-16). Springer-Verlag.
https://doi.org/10.1007/978-3-642-17735-4_1

Bontuyan, J. O. (2025). Multi-Dimensional Reflective Practices of Non-SPED Teachers: Toward Inclusive, Responsive,
and Growth-Oriented Teaching. International Journal of Open-access, Interdisciplinary and New Educational
Discoveries of ETCOR Educational Research Center (IJOINED ETCOR), 4(2), 1432-1443.
https://doi.org/10.63498/etcor376

Borkala, L. K. M. (2022, May 12). Spiral Curriculum Model: Understand its pros and cons. CollegeMarker Blog.
https://collegemarker.com/blogs/spiral-curriculum-pros-and-cons/

Carvajal, A. L. P., & Sanchez, R. D. (2023). Strategic Considerations, Challenges, and Opportunities in Establishing
the International Journal of Open-access, Interdisciplinary, and New Educational Discoveries (iJOINED).
International Journal of Open-access, Interdisciplinary and New Educational Discoveries of ETCOR
Educational Research Center (IJOINED ETCOR), 2(2), 539-546.

Carvajal, A. L. P., Fernandez, T. M., Pangilinan, A. M., Obod, M. M., Amihan, S. R., Sanchez, R. D., Sanchez, A. M. P.,
Sanchez, J. J. D. (2025). Future-Proofing Teachers in Reframing Teacher Education Curriculum in the
Philippines: Basis for Policy Recommendations. International Journal of Open-access, Interdisciplinary and
New Educational Discoveries of ETCOR Educational Research Center (IJOINED ETCOR), 4(2), 235-252.
https://doi.org/10.63498/nxz2st271

Desai, S., Hart, L. C., & Sherard, M. K. (2021). Dynamic geometry software in mathematics instruction: A meta-
analysis.  International  Electronic  Journal —of  Mathematics  Education, 16(2), em0628.
https://doi.org/10.29333/iejme/10885

Duval, R. (2006). A Cognitive Analysis of Problems of Comprehension in Learning Mathematics. Educational Studies in
Mathematics, 61, 103-131. http://dx.doi.org/10.1007/s10649-006-0400-z

EDCOM 2 (2024). Online Symposium on International Large-Scale Assessments. Press Release, Senate of the
Philippines 20th Congress. https://edcom2.gov.ph/to-improve-pisa-performance-go-back-to-basics-focus-on-
learners-foundational-skills-world-bank/

714

ETCOR's Website : https://etcor.or j S - _—
Facebook Page ; https://www.facgebook.com/EmbracingTheCuItur Thank you for emblacmg
Twitter Account  : https://twitter.com/ETCOR_research the culture of research
YouTube Channel : https://tinyurl.com/YouTubeETCOR pr g '

E-mail Address : embracingthecultureofresearch@etcor.org with us!

Mobile Number  :0939-202-9035 \




International Journal of Open-Access, Interdisciplinary & New Educational Discoveries of ETCOR Educational Research Center (iJOINED ETCOR)

= iJOINED ETCOR
= E'I'cu n Educational Research Center Inc. CiSsN 205is 567
7 _\@ SEC Reg. No. 2024020137294-00 :h' : 2
Sta. Ana, Pampanga, Philippines 4 e EXxigency
< w & Iil.l];g. . m - GO 816 %5&!5 P - ISSN 2984-7842
4 p Al il ‘3 Eum' Website: https://etcor.org RUNﬂ E - ISSN 1908-3181

Gogo, Z. 1., Qjimba, D. P., & Ikechi, A. (2021). Student and lecturer perceptions of difficult mathematics courses in a
tertiary institution. Quest Journals: Journal of Research in Applied Mathematics, 7(10), 24-34.
https://www.questjournals.org/jram/papers/v7-i10/E07102434.pdf

Hassan, M. N., Abdullah, A. H., & Ismail, N. (2020). Effects of integrative interventions with the van Hiele phase on
Students’ geometric thinking: A systematic review. Journal of Critical Reviews, 7(13), 1133—-1140.
https://www.researchgate.net/publication/342674282_EFFECTS_OF_INTEGRATIVE_INTERVENTIONS_WITH

_VAN_HIELE_PHASE_ON_STUDENTS'_GEOMETRIC_THINKING_A_SYSTEMATIC_REVIEW

Igarashi, T., & Suryadarma, D. (2023). Foundational Mathematics and Reading Skills of Filipino Students over
generations: International Journal of Educational Development, Volume 96,
https://www.sciencedirect.com/science/article/pii/S0738059322001389?via%3Dihub

Kaput, J. J. (2008). What is algebra? What is algebraic reasoning? In J. J. Kaput, D. W. Carraher & M. L. Blanton
(Eds.), Algebra in the early grades (pp. 5-18). New York: Lawrence Erlbaum Associates.
https://www.scirp.org/reference/referencespapers?referenceid=2514783

Kaput, J., Carraher, D., & Blanton, M. (2017). Algebra in the early grades. Routledge.
https://doi.org/10.4324/9781315097435

Lakha, S. (2025). Learning Math Fundamentals. Metromath. https://www.metromath.org/tutoring-benefits-learning-
math-fundamentals

McLeod, S. (2025). Constructivism Learning Theory and Philosophy of Education. Simply Psychology.
https://www.simplypsychology.org/constructivism.html

Mukuka, A., & Alex, J., (2024). Foundational Mathematical Knowledge of Prospective Teachers: Evidence from a
Professional development training: Pythagoras-Journal of Association for Mathematics Education of South
Africa ISSN: (Online) 2223-7895, (Print) 1012-2346. https://files.eric.ed.gov/fulltext/EJ1432458.pdf

Munoz, M. C., & Sanchez, R. D. (2023). Exploring Fernandino Teens TV as a supplementary learning delivery
modality: Opportunities and challenges from the lens of select learners. International Journal of Open-
access, Interdisciplinary and New Educational Discoveries of ETCOR Educational Research Center (JOINED
ETCOR), 2(1), 358-374.

Nanda, A., & Rani, R. (2025). Exploring the proficiency of basic mathematical facts among primary mathematics
students Teachers. Asian Journal for Mathematics Education, Volume 4, Issue 1.
https://journals.sagepub.com/doi/full/10.1177/27527263241307975

Pangilinan, A. M. (2025). Challenges and Commitment to Teaching: A Quantitative Descriptive-Correlational Study of
Filipino Teachers in Select Coastal Villages. International Journal of Open-access, Interdisciplinary and New
Educational Discoveries of ETCOR Educational Research Center (JOINED ETCOR), 4(2), 1684-1692.
https://doi.org/10.63498/etcor397

Pramesti, T., & Retnawati, H. (2019). Difficulties in learning algebra: An analysis of students’ errors. Journal of
Physics  Conference Seteachersries 1320(1):012061. https://iopscience.iop.org/article/10.1088/1742
6596/1320/1/012061

Roehrig, G., Dare, E., Ellis, J. & Whalen, E., (2021). Beyond the basics: a detailed conceptual framework of STEM.
Integrated  Disciplinary and Interdisciplinary  Science  Education Research 3, Article: 11.
https://diser.springeropen.com/articles/10.1186/s43031-021-00041-

Salendab, F. A., & Sanchez, R. D. (2023). Graduates Tracer Study: The Employability Status of Bachelor of

715
ETCOR’s Website : https://etcor.or; L . oy
_T_aceboc;\k PRgeN - Ettps waw facgebc;g#ccgrg\/EmbracAngTheCuItu ese Th]an}\ }j’Ou fOI;IanaCJII;g
witter Account  : https://twitter.com researc the culture of researc
YouTube Channel : https://tinyurl.com/YouTubeETCOR g '
E-mail Address : embracingthecultureofresearch@etcor.org with us!

Mobile Number  :0939-202-9035

L ¥



International Journal of Open-Access, Interdisciplinary & New Educational Discoveries of ETCOR Educational Research Center (iJOINED ETCOR)
iJOINED ETCOR

//\ E cu n Educational Research Genter Inc. P- ISSN 2984-7567
1 JATIONAI

TCOR SEC Reg. No. 2024020137294-00 :h ls:rf 2945-3577
4 N\ . 1 L

weres. A\
N ESEA| o wife

g o Website: https://etcor.org RUN*‘ E - ISSN 1908-3181

Elementary Education (BEED) of Sultan Kudarat State University — Kalamansig Campus. International

Journal of Open-access, Interdisciplinary and New Educational Discoveries of ETCOR Educational Research
Center (IJOINED ETCOR), 2(2), 642-655

Sanchez, R. D. (2025, August 24). To proceed forthwith: Basic rules, tips, and innovations in thesis and dissertation
writing [PowerPoint slides]. https://www.facebook.com/share/p/1FUwWVPnQv6/

Sweller, J. (2023). The development of cognitive load theory: Replication crises and incorporation of other theories

Can lead to theory expansion. FEducational Psychology Review, 35(4), Article 95.
https://doi.org/10.1007/s10648-023-09817-2

Warren, C. (2024). Building Blocks of Math Success: How Foundational Skills Shape Achievers. Book Nook Insights.
https://blog.booknook.com/building-blocks-math-success-how-foundational-skills-shape-achievers

Waswa, D.W., Al-kassab, M.M. (2023). Mathematics Learning Challenges and Difficulties: A Student’s Perspective.
In: Zeidan, D., Cortés, 1.C., Burgan, A., Qazza, A., Merker, J., Gharib, G. (eds) Mathematics and

Computation. IACMC 2022. Springer Proceedings in Mathematics & Statistics, vol 418. Springer, Singapore.
https://doi.org/10.1007/978-981-99-0447-1_27

716

ETCOR's Website : https://etcor.org
Facebook Page  : https://www.facebook.com/I

! Lo Thank you for embracing
Twitter Account  : https://twitter.com/ETCOR the culture of research
YouTube Channel : https://tinyurl.com/You’

E-mail Address : embracingthecul fre

® with us!
Mobile Number  :0939-202-9035



