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Abstract: This study investigates the relationship between metacognitive awareness and numerical
proficiency among Bachelor of Secondary Education (BSED) students majoring in Mathematics at
the University of Cabuyao during the academic year 2024-2025. Employing a descriptive-
correlational research design, the study assessed metacognitive awareness in terms of knowledge
(declarative, procedural, and conditional) and regulation (planning, monitoring, and evaluating),
alongside numerical proficiency, which encompassed numerical literacy, skills, and aptitude. Data
were collected from 103 respondents using validated researcher-made instruments and analyzed
using statistical methods, including Spearman’s Rho. Findings revealed that respondents
demonstrated high levels of metacognitive awareness across all dimensions, with notable variability
in individual performance. Similarly, numerical proficiency was predominantly rated as high, with
numerical aptitude achieving the highest scores. A significant positive correlation was identified
between metacognitive awareness and numerical proficiency, underscoring the critical role of
metacognitive skills in enhancing mathematical competencies. The study highlights the importance
of fostering metacognitive practices to improve problem-solving, critical thinking, and adaptability
in mathematics education. These findings provide valuable insights for educators, curriculum
developers, and policymakers in designing targeted interventions to enhance metacognitive and
numerical skills among pre-service mathematics teachers. By addressing individual differences and
promoting reflective learning strategies, this research contributes to the development of competent
and adaptive mathematics educators capable of meeting the demands of 21st-century education.

Keywords: Metacognitive Awareness, Numerical Proficiency, Declarative Knowledge, Procedural
Knowledge, Conditional Knowledge, Planning, Monitoring, Evaluating

1. Introduction

Mathematics involves critical thinking, problem-solving, and creativity, rather than
solely memorizing formulas. The Education Endowment Foundation (2024) emphasizes
that metacognition is essential for effective student learning. Metacognition, defined as
the awareness of one's own thought processes, is essential for structuring ideas and
facilitating informed decision-making in mathematics, encompassing self-monitoring and
the adaptation of learning strategies.

Metacognition is acknowledged as a crucial element in effective learning, especially
within mathematics education.
regulate, and assess cognitive processes, essential for critical thinking and problem-
solving. Students with metacognitive awareness can evaluate their comprehension,
modify their strategies, and improve their mathematical performance. This study
examines the link between metacognitive awareness and numerical proficiency in Bachelor

It encompasses an individual's capacity to oversee,
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of Secondary Education (BSED) Mathematics majors at the University of Cabuyao for the
2024-2025 academic year.

The Philippine Commission on Higher Education (CHED) emphasizes the necessity
of cultivating critical thinking and problem-solving abilities in student teachers,
particularly in mathematics. CHED Memorandum Order (CMO) No. 75, series of 2017,
requires teacher education programs to develop skilled and competent educators to
address the needs of 21st-century education (Commission on Higher Education, 2017).
This directive, though established prior to the current study, remains pertinent, as recent
research underscores the importance of metacognitive skills in mathematics instruction.
The objectives established by CHED, which encompass promoting reflective and adaptive
teaching practices, closely align with the enhancement of metacognitive skills.

Students exhibiting high metacognitive awareness often show enhanced problem-
solving strategies and better learning outcomes. Mevarech and Fridkin (2006)
demonstrated that the use of metacognitive strategies enhanced students' performance in
mathematics tasks and problem-solving. Eggen and Kauchak (2001) observed that
successful learners are aware of their use of strategic approaches, resulting in enhanced
learning outcomes. Acquiring a broader range of metacognitive skills enables students to
differentiate between relevant and irrelevant information, thus improving their numerical
proficiency.

BSED Mathematics students must demonstrate proficiency in numerical reasoning,
arithmetic, and problem-solving as future educators. Achieving high metacognitive
awareness is essential for a comprehensive understanding of mathematical concepts,
beyond numerical proficiency. This study examines the link between metacognitive
awareness and numerical proficiency in BSED Mathematics students, highlighting the
significance of both factors.

The main objectives are to evaluate students' numerical proficiency, assess their
metacognitive awareness — particularly regarding mathematical metacognitive knowledge
and regulation—and investigate the relationship between metacognitive awareness and
numerical proficiency. Comprehending these factors facilitates a deliberate and self-
regulated approach to mathematics learning and enhances teaching practices. Numerical
proficiency, encompassing literacy, aptitude, and skills, is essential in mathematics
education. Effective problem-solving, decision-making, and academic achievement are
essential.

Research findings show that students who excel in numerical skills demonstrate
better practical application of mathematical concepts. According to Aydin and Ubuz
(2023) numerical proficiency demonstrates both mathematical aptitude and reveals
students' metacognitive problem-solving approaches. The research demonstrates why it
is essential to study the relationship between metacognitive awareness and numerical
ability. BSED Mathematics students need to develop both superior mathematical
competencies and teaching effectiveness because of the essential link between
metacognitive awareness and numerical proficiency.

Students who develop metacognitive awareness learn to evaluate their learning
process while identifying weak points and selecting appropriate strategies to overcome
obstacles which leads to better numerical skills essential for future mathematics educators.
Research conducted during the last few years demonstrates that metacognitive strategies
play a vital role in mathematics education. Students who practiced metacognitive
strategies through self-monitoring and self-regulation according to Efklides (2023)
achieved better mathematical competence. The research shows that BSED Mathematics
students who receive metacognitive awareness development will achieve better numerical
skills and academic results. Kizilcec et al. (2023) demonstrated that metacognitive
awareness plays a crucial role in developing problem-solving abilities particularly in
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mathematics because students need to handle abstract and complex mathematical
concepts.

Metacognitive Awareness and Numerical Proficiency

The research shows that metacognitive awareness stands as a fundamental factor for
students to learn mathematics and achieve numerical proficiency. Metacognitive
awareness consists of two components: cognition management and cognition knowledge
according to Chan et al. (2021). Research evidence shows that students who master
metacognitive skills including planning and monitoring and evaluation tend to achieve
better results in mathematics (Jose A., 2024; Sumilah & Sari, 2020; Tak & Eu et al., 2022).
R.A. Baguin and Fe R. (2024) and Ferrer and Caballes (2025) demonstrate through their
research that systematic strategies together with reflective thinking help students develop
metacognitive awareness which leads to better mathematical problem-solving abilities.
The research indicates that metacognitive awareness functions as an essential element of
mathematical success because it provides students with better methods to handle
mathematical problems.

The three components of metacognitive knowledge which include declarative
knowledge and procedural knowledge and conditional knowledge serve as essential
elements for achieving mathematical success (Tak & Zulnaidi et al., 2022). The knowledge
domain of declarative knowledge includes facts and self-knowledge while procedural and
conditional knowledge describe strategy application methods (Jose, C., 2024; Caparas &
Ferrer, 2025). According to Melanie G. (2021) and Pathuddin and Bakri (2023) high-
achieving students maintain metacognitive skills throughout their problem-solving
activities but lower-achieving students apply these skills irregularly. Students'
mathematics success and engagement depend heavily on their motivation and learning
environment as well as their early educational experiences (Mary & Yvonne, 2025; Ozlem
& Mesut, 2024). The complex nature of metacognitive knowledge demonstrates that
students need both internal abilities and external elements such as motivation and
environment to succeed in mathematics.

Students who possess procedural knowledge demonstrate better control over their
learning methods while selecting appropriate strategies based on their individual
requirements (Fe Janiola et al., 2023). Remote learning has made metacognitive strategies
more essential for students to handle mathematical difficulties (Adaiah & Eugene, 2023).
The development of these skills depends on teachers' teaching methods and their decision
to add metacognitive components to educational resources (Susanna & Lasse E. et al., 2024;
Edi, S. Yakin, & T., 2024; Torang & Almira et al., 2024). The solution of non-routine
problems requires students to use decomposition and reflective thinking as systematic
strategies (Norberto et al., 2025). The research shows that procedural knowledge together
with metacognitive strategies play a crucial role in new learning environments and
teachers must integrate these strategies into their teaching practices.

The ability to recognize appropriate strategy application leads to better problem-
solving results (Beverly R., 2020; Mohamad & Norulhuda, 2020; Joseph, 2024). Research
indicates that metacognitive instruction produces substantial improvements in students'
conditional knowledge and their mathematical achievement (Yiming & Xia et al., 2022;
Despina et al., 2023). Students need to learn when to apply particular strategies for effective
problem-solving and instruction that focuses on conditional knowledge leads to major
improvements in mathematical performance.

The essential components of self-regulated learning according to Tak et al. (2022)
include planning and monitoring and evaluation which together form metacognitive
regulation. Research conducted by Kms. & Agus P. et al. (2024) and Dwiani & Nuraini
(2023) and Mohamad & Norulhuda (2020) shows that teaching metacognitive regulation
strategies with formative assessment leads to better student understanding of mathematics
and self-regulation. Metacognition affects performance through the mediation of hope and
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self-efficacy and social interactions according to Georgia & Foteini (2024) and Eetu (2022).
Research demonstrates that metacognitive regulation requires both individual skill
development and classroom support for self-efficacy and collaboration to achieve
sustained learning.

The development of metacognitive and mathematical connection skills depends
heavily on monitoring and evaluation practices according to Sultan & Arzu (2024) and
Cosar et al. (2021) and Musarrat & Sarfraz et al. (2024) and Joachim & Corinna et al. (2025).
The combination of collaborative learning with group regulation techniques produces the
most significant benefits for these skills when dealing with complex mathematical
problems (Eetu, H., 2022). The implementation of formative assessment and reflective
practices through evaluative strategies leads to better academic results and improved
problem-solving abilities according to Sudriman & Yustinus et al. (2025) and Zenaida R.
(2024) and Ni Made & Ida Bagus et al. (2023) and Paul & Roxanne et al. (2023). The research
demonstrates that continuous monitoring and evaluation practices both as individuals and
groups lead to better mathematical understanding and adaptability through the essential
tools of formative assessment and reflection.

Numerical proficiency which includes numerical literacy and skills together with
aptitude maintains a direct relationship with metacognitive awareness according to Tak et
al. (2022a) and Ferrer & Caballes (2025) and Jay A. (2024) and Bermudez (2024) and N. Dorji
& P. Bdr. (2023) and Maria Luisa P. (2021). The development of numeracy depends on
literacy and motivation while blended learning approaches improve these skills (Adzka et
al., 2024; Caparas & Ferrer, 2025; Rahmawati et al., 2023; Nahdi et al., 2020; Rif'at et al.,
2021; Salsabilah et al., 2022). Numeracy skill maintenance needs both initial and ongoing
intervention programs according to Shallinie & Richard et al. (2023) and Legaspino et al.
(2024) and Notarte et al. (2024) and Lopez-Pedersen et al. (2022) and Parcon et al. (2024).
The research shows that numerical proficiency needs multiple components which reach
their maximum benefits through sustained support beginning early with motivation and
literacy as fundamental building blocks.

The ability to work with numbers which defines mathematical success depends on
natural number skills (Rais & Samsul et al., 2023; Ridwan et al., 2023; Niepes, 2020; Santos
et al., 2020; Subekti et al., 2022). Teachers play a vital role in developing these abilities
through particular teaching methods and intervention programs. The teacher plays an
essential role because they deliver effective instruction and individualized support which
helps all students improve their math abilities and develop confidence regardless of their
natural number aptitude.

There are many studies have proven that metacognitive awareness directly affects
numerical proficiency. Research conducted by Jikamshi (2020), Tian (2023), Ozsoy (2020),
and Chytry (2020) demonstrates that metacognitive awareness leads to better deep
learning and increased motivation and self-efficacy which results in enhanced numerical
skills. Academic success depends on metacognitive regulation which should become a
fundamental part of curriculum reforms and instructional practices according to Bakar
(2020), Ghosh (2021), Amin (2020), Schnaubert (2020) and Habok (2022). The combination
of metacognitive awareness and regulation in mathematics education serves dual
purposes because these skills support academic success and lifelong learning thus
becoming fundamental elements for effective mathematics instruction.

Research Questions

This study determines the correlation between metacognitive awareness and
numerical proficiency in BSED- mathematics at the University of Cabuyao 2024-2025.

Specifically, it seeks to answer the following;

1. What is the level of metacognitive awareness in knowledge of the respondents’ in
terms of:
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Declarative Knowledge;
Procedural Knowledge; and
Conditional Knowledge?

2. What is the level of metacognitive awareness in regulation of the respondents’ in terms
of:

Planning;
Monitoring; and
Evaluating?
3. What is the level of numerical proficiency of the respondents in terms of:
Numerical Literacy;
Numerical Skills; and
Numerical Aptitude?

4. Is there a significant relationship between metacognitive awareness in knowledge and
the numerical proficiency of the respondents?

5. Is there a significant relationship between metacognitive awareness in regulation and
the numerical proficiency of the respondents?

6. Based on the result of the study, what intervention plan can be proposed?

2. Materials and Methods
Research Design

The study employed was descriptive-correlational. This design was commonly
recognized for its ability to describe variables and the natural relationships that existed
both between and within them. In this study, a descriptive-correlational design was used
to illustrate the Metacognitive Awareness and Numerical Proficiency of BSED-
Mathematics students. This approach proved to be appropriate for the study as it
highlighted the relationship between the two variables. The research employed a
researcher-made test as its methodological approach. The researchers selected BSED-
Mathematics students from their first to third year to evaluate their Metacognitive
Awareness and Numerical Proficiency levels. The researchers used an online survey as
their data collection method because it provided both efficiency and convenience. The
survey results from the online platform were automatically imported into Spreadsheet or
SPSS for data analysis. The researchers applied stratified random sampling to distribute
participants evenly across their year levels so they could identify all study participants.

Respondents of the Study

The researchers chose students from the 1st to 3rd year at the University of Cabuyao
(Pamantasan ng Cabuyao) as their research subjects. The researchers used Stratified
Random Sampling Technique to select all students from the 1st to 3rd year because 138
students were available. The table shows the distribution of respondents across each
section. The researchers chose 47 students for the 1st year selection with 18 males and 29
females, 16 males and 24 females in the 40 2nd year students, and 51 22 males and 29
females in the 3rd year to participate in the study.

Table 1. Respondents of the Study.

Year Level Population Size Percent Sample Size
1¢t Year 47 34.06% 35
2nd Year 40 28.99% 30
3 Year 51 36.96% 38
Total 138 100.00% 103
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The respondents of this study consisted of Bachelor of Secondary Education (BSED)
students majoring in Mathematics at the University of Cabuyao, categorized by year level.
The total population size was 138 students, distributed as follows: 47 first-year students
(34.06%), 40 second-year students (28.99%), and 51 third-year students (36.96%). Using
Roasoft Calculator with a 5% margin of error, the computed sample size was 103
respondents. The sample size had been proportionally allocated across the year levels,
resulting in 35 first-year students, 30 second-year students, and 38 third-year students. This
proportional distribution ensured that each year level was adequately represented in the
study, maintaining the integrity and reliability of the data collected.

Sampling Design

The research used stratified random sampling to get balanced representation of
student subgroups which enabled detailed examination of metacognitive awareness and
numerical proficiency. The research selected this sampling method to ensure that
participants represented the full spectrum of their metacognitive awareness and numerical
proficiency. The research investigated the relationship between metacognitive awareness
and numerical proficiency in these learners.

Instrumentation

The success of that study relied heavily on the use of appropriate abilities and
methodologies. The instruments used in this study were researcher-made tests, which
underwent a thorough validation process. The content of the instruments was first
reviewed by the research adviser to ensure alignment with the study's objectives before
proceeding to the validation phase. The test consisted of two sets: Set A, which measured
the level of metacognitive awareness, and Set B, which assessed the level of numerical
proficiency.

Set A utilized a 4-point Likert scale to measure the respondents' metacognitive
awareness. The scale allowed respondents to indicate the degree to which they agreed or
disagreed with each statement. The table below displayed the 4-point Likert scale that was
used:

Table 2. Point Likert scale to measure the respondents' Metacognitive Awareness.

Scale Range Description Interpretation
4 3.26-4.00 Strongly Agree Very High Awareness
3 2.51-3.25 Agree High Awareness
2 1.76 —2.50 Disagree Low Awareness
1 1.00-1.75 Strongly Disagree Very Low Awareness

Set B, on the other hand, used a researcher-made test to measure the respondents'
numerical proficiency. This test included items designed to evaluate numerical literacy,
skills, and aptitude, ensuring that the assessment was objective and reliable.

Table 3. Interpretation of the rating scale score for Numerical Proficiency.

No. Percentage (%) Interpretation
1 0-29 Very Low
2 30-59 Low
3 60 -89 High
4 90 - 100 Very High

(Adapted from Soeprapto et al., 2020, Interpretation of the rating scale score)
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The research instruments underwent rigorous validation by three experts: a
mathematics education expert, a statistician, and a language expert, ensuring content
relevance, accuracy, and comprehensibility, and incorporating feedback for enhanced

validity.
Table 4. Reliability Result.

Summary Variables Cronbach's Alpha Result Degree of Reliability
Declarative Knowledge 0.940 Excellent
Procedural Knowledge 0.927 Excellent
Conditional Knowledge 0.940 Excellent

Planning 0.947 Excellent
Monitoring 0.911 Excellent
Evaluating 0.954 Excellent

Legend for Cronbach Alpha value (Konting et al., 2009): 0.01 to 0.50 Unacceptable; 0.51 to 0.60
Poor; 0.61 to 0.70 Questionable; 0.71 to 0.80 Acceptable; 0.81 to 0.90 Good; and 0.91 to 1.00
Excellent.

Data Gathering Procedure

The researcher created two research instruments named Set A and Set B during the
preparation phase. The researcher used Set A to measure metacognitive awareness
through a 4-point Likert scale while Set B consisted of researcher-developed tests to
evaluate numerical proficiency. The research adviser reviewed the instruments to verify
their alignment with study goals and their suitability for the target population. Three
experts consisting of a mathematics education specialist and a statistician and a language
specialist provided complete validation of the instruments. The researcher applied
feedback and suggestions to enhance validity and ensure the instruments were suitable for
data collection. The researcher conducted the study at the University of Cabuyao among
BSED students who majored in Mathematics by selecting participants proportionally
according to sample size while providing detailed instructions and enough time for
completion. The researcher obtained and documented responses from participants after
they finished the instruments while maintaining their confidentiality and anonymity
throughout the entire process.

Treatment of Data

Researchers created a test to measure students' metacognitive awareness and
numerical skills, divided into two sets: Set A for metacognitive awareness and Set B for
numerical proficiency. The respondents' metacognitive awareness levels were assessed
using Weighted Mean and Standard Deviation, focusing on Mathematical Metacognitive
Knowledge and Mathematical Metacognitive Regulation. The study utilized spearman rho
test to assess numerical proficiency levels among respondents, examining the relationship
between metacognitive awareness and numerical proficiency.

3. Results and Discussion
Table 5. Result in the level of metacognitive awareness in knowledge of the
respondents in terms of Declarative Knowledge.

Declarative Knowledge Mean Stdev. Interpretation
1.1 am aware of what I need to learn before I start Very High
. 330 0.733
studying Awareness
2. I know the important concepts in a topic before High
. . . 320 0.626
diving deeper into details. Awareness
3. I can recognize when I have enough background High
324 0.673
knowledge to understand a new concept. Awareness
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4. T understand the strengths and weaknesses of Very High
329 0.730
my own knowledge. Awareness
5. I possess knowledge of the most effective 307 0640 High
learning strategies for various subjects. ’ ' Awareness
6. I am aware of how new knowledge connects Very High
. 3.27  0.683
with what I already know. Awareness
7.l understand the key principles underlying High
. . 3.08  0.689
different topics I study Awareness
8. I have the ability to predict my success in .
. L High
learning new concepts based on my existing 3.09 0.786
Awareness
knowledge.
9. I recognize when I do not fully understand a 308 0.766 Very High
concept Awareness
10. Iunderstand how to evaluate whether I have High
) 325  0.690
correctly learned something. Awareness
High
Average Mean 3.204  0.566 '8
Awareness

Legend: 1.00 — 1.75 Very Low Awareness; 1.76 — 2.50 Low Awareness; 2.51 — 3.25 High

Awareness; and 3.26 —4.00 Very High Awareness

Table 6. Result in the level of metacognitive awareness in knowledge of the
respondents in terms of Procedural Knowledge.

Procedural Knowledge Mean Stdev. Interpretation
1. I know how to break complex problems into 302 0693 High
smaller steps. Awareness
2. I can effectively use different learning strategies High
. 311  0.625
for different tasks. Awareness
1 f h i High
3 an.1 awar'e f) ow to organize my study 315 0.690 g
materials efficiently. Awareness
4.1 can accurately follow a set of steps to solve a 310 0701 High
problem Awareness
5. I know how to adjust my learning strategies if High
317  0.627
one method does not work. Awareness
6. I can apply what I have learned to solve real- High
313  0.636
world problems. Awareness
7.1 ur}derstand how to use self-testing as a learning 314 0627 High
technique Awareness
8.1 can successfully follow different problem- 306 0648 High
solving approaches. ’ ’ Awareness
9. I know when to slow down or speed up while High
. oo 314  0.685
studying based on task difficulty Awareness
10. I understand the steps required to complete 314 0671 High
different types of assignments ] ] Awareness
High
Average Mean 3.117 0.513 '8
Awareness

Legend: 1.00 — 1.75 Very Low Awareness; 1.76 — 2.50 Low Awareness; 2.51 — 3.25 High

Awareness; and 3.26 —4.00 Very High Awareness
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Table 7. Result in the level of metacognitive awareness in knowledge of the
respondents in terms of Conditional Knowledge.

Conditional Knowledge Mean Stdev. Interpretation
1. I know when to apply different study strategies High
. . 3.10  0.587
for different learning tasks. Awareness
2. I can determine which learning strategies are High
. e 310  0.643
effective for specific situations. Awareness
3.1 am aware of when to use memorization versus Very High
. . 327 0.724
understanding for learning Awareness
4.1 can recognize when a specific learning High
. . . . 3.16  0.637
technique is not working and change it. Awareness
5.1 kr.low when to ask for help to improve my 335 0693 Very High
learning. Awareness
6. I understand when to use different problem- High
. . L 310  0.687
solving methods depending on the situation. Awareness
7.1 can decide which learning resources (e.g., .
Very High
textbooks, videos, or discussions) will help me 3.32 0.672 ery Hig
Awareness
most.
8. I know how to choose between reviewing 328 0672 Very High
previous material and moving on to new topics. ' ’ Awareness
9.1 am aware of when I need to reflect on what I 323 0711 High
have learned. Awareness
10. I know how to evaluate the effectiveness of my High
. 311  0.655
learning methods. Awareness
High
Average Mean 3202 0.539 '8
Awareness

Legend: 1.00 — 1.75 Very Low Awareness; 1.76 — 2.50 Low Awareness; 2.51 — 3.25 High
Awareness; and 3.26 —4.00 Very High Awareness

The results indicate that respondents exhibited high levels of metacognitive
awareness across all three domains of knowledge. Specifically, the mean score for
declarative knowledge was 3.204 with a standard deviation of 0.566, for procedural
knowledge the mean was 3.117 with a standard deviation of 0.513, and for conditional
knowledge the mean was 3.202 with a standard deviation of 0.539. These consistently high
mean scores suggest that the respondents possess a strong ability to understand and
articulate facts, implement specific methods, and discern when and why to apply
particular strategies in mathematical contexts. Such high awareness across these domains
implies that the respondents are well-equipped to identify, utilize, and adapt their
cognitive resources, which is essential for effective problem-solving, reflective practice,
and academic success in mathematics.

The fundamental aspect of metacognitive awareness known as declarative
knowledge allows students to identify and use their existing knowledge across different
situations. According to Tak and Zulnaidi (2022) declarative knowledge includes facts and
ideas and self-knowledge which serve as essential foundations for learning and problem-
solving. Ferrer and Caballes (2025) demonstrated that systematic strategies including
reflective thinking and problem decomposition help students improve their declarative
and procedural knowledge. The strategies help students develop organized methods to
use their understanding which proves essential in mathematics because this subject
requires defined frameworks for metacognitive development (Melanie, 2021).

The development of mathematical proficiency requires equal importance of
procedural and conditional knowledge. Ferrer and Caballes (2025) explained that students
need systematic strategies and reflective thinking to develop procedural knowledge
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which helps them solve tasks methodically and improve their processes. Pathuddin and
Bakri (2023) discovered that students who perform well in mathematics use procedural
knowledge together with planning and monitoring skills to succeed in problem-solving
tasks particularly during the implementation and evaluation stages. Regarding
conditional knowledge, Ferrer and Caballes (2025) stressed its significance in helping
students assess problem contexts and select effective strategies, while Beverly (2020)
linked conditional knowledge to the successful transfer of problem-solving skills across
different situations, underscoring the importance of adaptability and flexibility in
mathematics.

Table 8. Result in the level of metacognitive awareness in regulation of the
respondents in terms of Planning.

Planning Mean Stdev. Interpretation

1. I set specific goals before I begin studying. 315 0.690 High Awareness
2. I plan how to approach each learning task. 311 0711  High Awareness
3. I set aside time to review what I have learned. 3.18 0.718 High Awareness
4.1 thi h fore I

"[ ink about the best way to study before 323 0737  High Awareness
begin.
5.1 organize my learning materials before starting 326 0707 High Awareness
a task.
6.1 create a study schedule and follow it. 294 0770  High Awareness
7. I set priorities when I have multiple tasks to 328 0.766 Very High
complete. Awareness

8. I make sure I understand the requirements of a
task before starting.
9.1 plan ahead to ensure I have enough time to

320 0.726  High Awareness

3.04 0.706 High Awareness
complete my work.

10. Ibreak large assignments into smaller,

314 0.671 High Awareness
manageable parts.

Average Mean 3.153 0.593 High Awareness
Legend: 1.00 — 1.75 Very Low Awareness; 1.76 —2.50 Low Awareness; 2.51 —3.25 High Awareness;
and 3.26 —4.00 Very High Awareness

Table 9. Result in the level of metacognitive awareness in regulation of the
respondents in terms of Monitoring.

Monitoring Mean Stdev. Interpretation

1. I regularly check my understanding while
studying.
2. I notice when I am having difficulty

315 0.718 High Awareness

333 0.645 Very High

understanding a concept. Awareness
3. I'stop to review then I realize I do not 305 0881 High Awareness
understand something.

4.1 ask myself quleStIOl’lS to ensure I understand 324 0658  High Awareness
what I am studying.

5. I 'keep track of how well I am meeting my study 312 0661 High Awareness
goals.

6.1 re.cogmze when a learning strategy is not 395 0632  High Awareness
working for me.

7.1 adjust my study techniques when I notice they

. 3.23 0.654 High Awareness
are not effective.

8. I can tell when I need to take a break to improve Very High
330  0.664

my focus. Awareness

9.1 compare my progress with my learning goals. 325 0.676  High Awareness
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10. I stay aware of how much effort I am putting

. . 324  0.628 High Awareness
into my studies.

Average Mean 3.215 0.510 High Awareness
Legend: 1.00 —1.75 Very Low Awareness; 1.76 —2.50 Low Awareness; 2.51 —3.25 High Awareness;
and 3.26 — 4.00 Very High Awareness

Table 10. Result in the level of metacognitive awareness in regulation of the respondents in
terms of Evaluating.

. Mea Stdev )
Evaluating 0 Interpretation

1. I reflect on what I have learned after completing a 319 0666  High Awareness

task.

2. I assess whether I have met my learning goals. 315 0.617  High Awareness
.1 thi h 11 hat di

3. I think al?out what worked well and what did not 322 0650 High Awareness

after studying.

4.1 evaluate how effective my learning strategies 319 0652  High Awareness

were.

5.1 analyze my mistakes to improve in the future. 326 0.680  High Awareness

! ine if I h h
6 d.etermlne if I need to change my approach to 322 0635 High Awareness
learning.
7.1 consider whether I used my study time
effectively.

8. I review my performance to find areas for

3.17 0.657  High Awareness

320 0.595  High Awareness

improvement.
9. I use feedback to improve my future learning. 3.28  0.612 Very High
Awareness
10. Ithink about how I can improve my learning 308 0.628 Very High
process next time. Awareness
Average Mean 3.215 0.538 High Awareness

Legend: 1.00 — 1.75 Very Low Awareness; 1.76 —2.50 Low Awareness; 2.51 —3.25 High Awareness;
and 3.26 —4.00 Very High Awareness

The findings reveal that respondents demonstrated high levels of metacognitive
awareness in the regulation domains of planning, monitoring, and evaluating. The mean
score for planning was 3.153 with a standard deviation of 0.593, for monitoring the mean
was 3.215 with a standard deviation of 0.510, and for evaluating the mean was 3.215 with
a standard deviation of 0.538. The survey results demonstrate that participants
demonstrate strong understanding of their goal-setting abilities and strategy selection and
resource organization and progress evaluation and outcome assessment skills. The high
level of awareness in these regulatory processes indicates that the respondents are
proactive and reflective learners who can prepare for tasks, adapt their approaches, and
make informed decisions to optimize their performance in mathematics. This level of
metacognitive regulation is essential for enhancing problem-solving efficiency, accuracy,
and overall academic success.

Metacognitive regulation requires planning to be its fundamental component
according to research literature. Ruth (2020) found that students who employ formative
assessment to establish learning intentions and success criteria will enhance their planning
skills and academic achievements. Sultan and Arzu (2024) emphasize that planning serves
as an essential element of mathematical modeling since it allows students to link concepts
and representations between different subjects which improves their comprehension and
problem-solving abilities. Research demonstrates that teaching planning skills allows
students to manage their learning activities which produces enhanced academic outcomes.
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Metacognitive regulation demands the same level of importance for monitoring and
evaluation processes. Ferrer and Caballes (2025) explained that reflective thinking and
systematic strategies help students develop monitoring skills which enable them to assess
their progress and improve their mathematical methods for better success. Pathuddin and
Bakri (2023) found that students who achieved high performance levels used monitoring
to direct their thinking processes which led to enhanced proficiency. Ruth (2020)
emphasized that formative assessment tools which include peer evaluation and feedback
allow students to develop their evaluative competencies. Sultan and Arzu (2024)
emphasized that evaluation stands as the fundamental element of mathematical modeling
because it allows students to evaluate their methods and enhance their results. The
research findings indicate that students need to acquire monitoring and evaluation skills
through metacognitive regulation to achieve academic success and solve problems
effectively.

Table 11. Result in the level of numerical proficiency of the respondents.
Level of Numerical Mea Standard At 95% Confidence Interpretati

Proficiency n Deviation Interval on
86.3
Numerical Literacy 3 14.729 83.52 to 89.15 High
. . 87.8 )
Numerical Skills 6 17.946 84.42 t0 91.29 High
. . 95.4 )
Numerical Aptitude 3 10.731 93.42 t0 97.53 Very High
89.8 .
Total 9 12.441 87.51 to 92.27 High

Legend: 0 — 29 Very Low; 30 — 59 Low; 60 — 89 High; and 90 — 100 Very High

The survey results showed that participants achieved high numerical skills because
their total mean percentage score reached 89.89 with a standard deviation of 12.441. The
95% confidence interval for the mean percentage score ranges from 87.51 to 92.27,
suggesting that the true mean for the population is likely to fall within this range. The high
mean score indicates that the respondents have solid foundational knowledge and
advanced problem-solving skills which enable them to solve mathematical tasks accurately
and with confidence. The reliability of the confidence interval confirms the consistency of
their numerical proficiency which demonstrates their ability to effectively understand and
apply mathematical concepts.

Numerous studies confirm that people with high numerical proficiency demonstrate
strong logical reasoning abilities and advanced problem-solving capabilities and effective
mathematical concept application in academic and real-world situations. The combination
of reflective thinking with systematic problem decomposition strategies according to
Ferrer and Caballes (2025) enables students to enhance their mathematical abilities.
Pathuddin and Bakri (2023) demonstrated that students require metacognitive planning
and monitoring and evaluation strategies to reach high numerical literacy levels. Ruth
(2020) demonstrated that students can discover their strengths and weaknesses through
self-assessment and peer review formative assessment methods. The research conducted
by Sultan and Arzu (2024) demonstrates that mathematical modeling serves as an effective
method to enhance numerical skills. Rais and Samsul (2023) together with Niepes (2020)
demonstrated that students develop their numerical reasoning abilities and aptitude
through focused teaching methods combined with interactive activities.

The research conducted by Ferrer and Caballes (2025) demonstrates that numerical
proficiency directly results from systematic approaches which allow students to solve
math problems accurately and with confidence. The research demonstrates that
developing numerical proficiency stands essential for both mathematical success and
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future real-world problem-solving capabilities. Tak et al. (2022) discovered that students
who develop metacognitive planning and monitoring abilities achieve better numerical
proficiency because these skills allow them to direct their learning activities and improve
their math results. Students need specific teaching methods along with supportive
educational environments to develop their numerical competencies.

Table 12. Result in the test of significant relationship between metacognitive
awareness in knowledge and the numerical proficiency of the respondents.

Numerical Metacogmtl.ve Spearman Rho p- . ..
.. Awareness in . Interpretation Decision
Proficiency Correlation value
Knowledge
. No or Without
Declarative 0147  Negligible ~ 0134  Significant Accept
Knowledge . . . HO
Correlation Relationship
. No or Without
Numerical Procedural 0135  Negligible 0170  Significant Accept
Literacy Knowledge . . . HO
Correlation Relationship
. No or Without
Conditional 0135  Negligible 0171  Significant Accept
Knowledge . . . HO
Correlation Relationship
. No or Without
Declarative 0.097  Negligible 0323  Significant Accept
Knowledge . . : HO
Correlation Relationship
No or Without
ical P 1 A
Numerica rocedura 0.049  Negligible 0618  Significant ccept
Skills Knowledge . . . HO
Correlation Relationship
.. No or Without
Conditional 7o Negligible 0422 Significant Accept
Knowledge . . : HO
Correlation Relationship
. No or Without
Declarative 33 Negligible ~ 0323 Significant Accept
Knowledge . . . HO
Correlation Relationship
. No or Without
Numerical Procedural 518 Negligible ~ 0618 Significant Accept
Aptitude Knowledge . . . HO
Correlation Relationship
. No or Without
Conditional 130 Negligible ~ 0422 Significant Accept
Knowledge . . . HO
Correlation Relationship

Decision rule: If p val < a, Reject Ho; and If p val > a, Accept Ho

Legend: 0.00 - 0.19 No or Negligible Correlation; 0.20 — 0.29 Weak Correlation; 0.30 - 0.39 Moderate
Correlation; 0.40 - 0.69 Strong Correlation; and 0.70 - 1.00 Very Strong Correlation

Source: (Bawazir et al., 2023) adapted Dancey & Reidy Interpretation

The results indicate that there is no significant relationship between metacognitive
awareness in knowledge and the respondents’ numerical literacy, numerical skills, or
numerical aptitude. This suggests that the ability of Bachelor of Secondary Education
major in Mathematics students to understand and reflect on their cognitive processes does
not directly influence their capacity to interpret, apply, or perform mathematical
operations and solve numerical problems. While metacognitive awareness is essential for
self-regulation and learning, these findings imply that other factors —such as instructional
methods, prior knowledge, practice opportunities, and external support systems—may
play a more critical role in shaping students” numerical proficiency. The acceptance of all
null hypotheses highlights the complexity of the relationship between cognitive awareness
and numerical performance, indicating that numerical proficiency may develop
independently of metacognitive knowledge and requires a broader perspective to
understand its determinants.
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Numerous studies demonstrate that numerical proficiency depends on multiple
elements which extend beyond metacognitive awareness. The research by Ridwan et al.
(2023) demonstrates that numerical literacy develops through real-life examples and
interactive teaching methods which enable students to relate mathematical concepts to
practical situations. Lopez-Pedersen et al. (2022) stressed that early and continuous
interventions remain essential because long-term support leads to enduring numerical
literacy improvements. The research indicates that metacognitive awareness matters but it
does not determine numerical proficiency alone so multiple strategies must be used to help
students develop these skills.

The research conducted by Shallinie and Richard (2023) demonstrates that numerical
skills form the basis of mathematics achievement while needing sustained support from
teachers and parents. The research conducted by Legaspino et al. (2024) demonstrated that
21st-century core skills including numerical skills directly affect student learning results
thus requiring extensive programs to improve these abilities for academic and career
success. Subekti et al. (2022) stressed that pre-service teachers need to develop strong
mathematical understanding and reasoning abilities to build their numerical skills. The
research findings demonstrate that educators must implement a comprehensive approach
which handles intellectual and environmental elements to develop numerical skills and
achieve student mathematics success.

Table 13. Result in the test of significant relationship between metacognitive awareness in
regulation and the numerical proficiency of the respondents.

Numerical Metacognltl.ve Spearman Rho . ..
.. Awareness in A p-value Interpretation Decision
Proficiency . Correlation
Regulation
No or Without Accept
Planning 0.057  Negligible  0.562 Significant HOp
Correlation Relationship
Numerical Noor Without Accept
. Monitoring 0.157 Negligible 0.109 Significant P
Literacy . . . HO
Correlation Relationship
No or Without Accept
Evaluating 0.191 Negligible 0.051 Significant P
. . . HO
Correlation Relationship
No or Without A ‘
Planning 0.018  Negligible  0.859 Significant =P
. . . HO
Correlation Relationship
Numerical No or Without A "
vmerica Monitoring 0.041 Negligible 0.678 Significant ceep
Skills . . . HO
Correlation Relationship
No or Without Accent
Evaluating 0.106 Negligible 0.280 Significant P
. . . HO
Correlation Relationship
No or Without Accent
Planning -0.030 Negligible 0.760 Significant P
; . . HO
Correlation Relationship
Numerical Noor Without Accept
um Monitoring 0.039 Negligible 0.696 Significant P
Aptitude . . . HO
Correlation Relationship
No or Without Accept
Evaluating -0.015 Negligible 0.878 Significant P
. . . HO
Correlation Relationship

Decision rule: If p val < o, Reject Ho; and If p val > o, Accept Ho
Legend: 0.00 — 0.19 No or Negligible Correlation; 0.20 — 0.29 Weak Correlation; 0.30 - 0.39
Moderate Correlation; 0.40 - 0.69 Strong Correlation; and 0.70 - 1.00 Very Strong Correlation
Source: (Bawazir et al., 2023) adapted Dancey & Reidy Interpretation
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The findings reveal that there is no significant relationship between metacognitive
awareness in regulation and the respondents’ numerical literacy, numerical skills, or
numerical aptitude. This suggests that the ability of Bachelor of Secondary Education
major in Mathematics students to plan, monitor, and evaluate their learning processes does
not directly influence their capacity to interpret, apply, or perform mathematical
operations and solve numerical problems. While metacognitive regulation is critical for
self-directed learning and problem-solving, these results indicate that numerical
proficiency may be shaped more by external factors such as teaching strategies, access to
resources, prior knowledge, instructional quality, and innate abilities. The acceptance of
all null hypotheses highlights the complexity of the relationship between metacognitive
regulation and numerical proficiency, suggesting that these constructs may operate
independently in certain contexts and that a broader set of variables must be considered to
fully understand their development.

Numerical proficiency receives support from research which shows that multiple
factors beyond metacognitive regulation play a role in its development. Lopez-Pedersen et
al. (2022) stated that early numeracy abilities remain flexible yet students need extended
and continuous intervention programs to show progress especially when they face
difficulties with basic skills. The research by Ridwan et al. (2023) shows that interactive and
cooperative learning strategies help students develop numerical literacy and aptitude
through real-world application connections. The research by Bermudez (2024) revealed
that pre-service teachers with strong metacognitive awareness showed excellent numerical
literacy skills which indicates that teaching metacognitive regulation alongside effective
methods can enhance numerical proficiency.

The development of numerical skills and aptitude requires a comprehensive method
which multiple studies have demonstrated. Shallinie and Richard (2023) explained that
numerical skills form the basis of mathematics performance thus students need ongoing
teacher and parental support through specific interventions to achieve academic and
professional success. Ferrer and Caballes (2025) demonstrated that systematic strategies
which include reflective thinking and problem decomposition lead to better numerical
skills and mathematics success. The research evidence indicates that educational programs
should create complete intervention strategies which handle both mental and
environmental elements to help students develop metacognitive regulation and numerical
proficiency.

4. Conclusion

a. The respondents demonstrated robust metacognitive awareness across declarative
procedural and conditional knowledge domains which shows their capability to
understand and effectively apply knowledge in various situations. The results show
that the respondents have the capacity to recognize their cognitive resources and solve
mathematical problems systematically while adjusting their strategies based on
specific situations. The varying levels of awareness between these domains show that
teachers need to use particular teaching approaches and intervention methods to
address individual differences and support equal metacognitive skill development.

b. The respondents showed robust metacognitive abilities because they set goals and
monitored their progress and evaluated their performance. These skills are crucial for
maximizing learning and problem-solving in mathematics. The high level of
awareness among participants demonstrates the need for scaffolding and targeted
support to help all learners develop these essential self-regulation skills.

c. The respondents demonstrated outstanding numerical literacy abilities together with
strong numerical competencies and quantitative reasoning capabilities. Their solid
mathematical understanding along with their computational skills and quantitative
reasoning abilities make them ready to tackle advanced mathematical challenges in
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academic and professional environments. The performance differences show that
students require continuous support and targeted interventions to address inequalities
so they can achieve their highest numerical proficiency potential.

d. The research showed no meaningful connection between metacognitive awareness of
knowledge and numerical proficiency. The study indicates that the capacity to
recognize and analyze mental operations does not directly affect numerical literacy or
numerical skills or aptitude. The development of numerical proficiency seems to be
more influenced by instructional methods and prior knowledge and external support
systems than by metacognitive awareness. The study results demonstrate the necessity
for future research to identify additional factors that influence numerical proficiency
and their relationships with metacognitive awareness.

e. The research findings show no substantial connection between metacognitive
awareness in regulation and numerical proficiency which means that learning process
planning and evaluation and monitoring do not directly affect numerical literacy or
skills or aptitude. The results indicate that numerical proficiency develops primarily
from external factors which include teaching methods and resource availability and
past learning experiences. The study results demonstrate the need to investigate these
factors for developing comprehensive interventions that enhance both metacognitive
regulation and numerical proficiency.

Recommendations

The recommendations drawn from this study were based on the significance of the
study along with the results of this study.

a. Teachers can integrate self-reflective activities to help students identify concepts and
to let students connect these concepts into real world mathematical concepts. They
could also apply chunking math problems to track their strategy skills.

b. Teachers can implement strategy which is executing a weekly step by step
mathematics solving lessons or workshops that focuses on breaking complex problems
into smaller chunks and lastly, creating flowchart or diagrams for easy visualization
of procedures and logic. That way, students can have their idea on how to draft their
plan or roadmap before solving chunky mathematical problems. Students can use peer
review to assess their knowledge in the step by step process and also to compare their
methods and learn from each other. Teachers can integrate activities that tackle
procedures in solving mathematical problems to enhance their procedural knowledge
skills.

c. Teachers can implement practice or drills that focus on identifying specific strategies
and when is the optimal time to use them. They could also create a board or
compilation of common mathematical topics, mapped to the strategies for better
understanding of identifying the best strategy. They can also integrate reflective
scenarios, such as “what if’s” into their lessons that way it could be engaging to the
students since real world problems are being applied.

d. Incorporate checklists into mathematical problem solving to ensure that students are
following a plan. Teachers can set goals to give their lesson an end goal per topic. Give
ample time allocation for each mathematical problem for them to solve those problems
effectively. Students can also collaborate with their peers in order to foster their
proactive learning habits.

e. Teachers can facilitate feedback sessions that include the peers to enhance
mathematical development, students can monitor their work and progress better when
it is being reviewed by their peers. Students can use self-assessments in order to
improve their ability to assess their skills and achievements when it comes to problem
solving tasks. They can use their individualized, self-made checklists in order to assess
themselves in how efficiently they solved a mathematical problem.

f. Teachers can facilitate reflection sessions at the end of the class or lesson to ensure
lesson retention as well as to evaluate their own learnings. Teachers can also use
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rubrics to evaluate mathematical solutions for every mathematical problem. Teachers
can also conduct workshops to help their students to identify their strengths and
weaknesses when it comes to solving mathematical problems. It can benefit their
students to improve their skills.

g. Future research should investigate how additional cognitive and affective elements
including motivation and self-efficacy and anxiety affect numerical proficiency
beyond metacognitive awareness to achieve a complete understanding of
mathematical performance drivers. Research following students over time would
reveal how metacognitive abilities and numerical competencies evolve together with
teaching approaches. The combination of quantitative data with qualitative student
interview and classroom observation findings through mixed-methods approaches
would reveal detailed aspects of student metacognitive strategy implementation in
actual mathematical problem-solving. Research should evaluate the impact of
particular instructional methods such as self-reflective activities and peer review
processes on metacognitive regulation and numerical skills development in different
student groups across various educational settings.
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